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It is great honor to write this foreword for George Romanos’s 
incredible textbook. Congratulations to him for bringing 
together experts from around the world to add their knowl-
edge and expertise to help us better know the state of the 
art when it comes to prevention and management of peri- 
implantitis. What is so impressive is that the chapters have 
both clinical and academic emphases so that the reader 
will be able to deal with the everyday problems that we all 
have in our practices.

What is so impressive is that there are many ways to treat 
this very important problem. The use of lasers, photo 
dynamics, and implantoplasty with and without bone and 

soft tissue grafting each have their own chapters. Wow, this 
is very special.

I know you will enjoy this book, and it will help you 
manage your patients at a higher level. Congratulations 
again to George and all the authors.

Well done!

Dennis P Tarnow DDS
Clinical Professor of Periodontology and  

Director of Implant Dentistry
Columbia University College of Dental Medicine

Foreword
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The increased number of peri- implant complications, such 
as peri- implant mucositis and peri- implantitis demand the 
need for a comprehensive analysis of the anatomical con-
ditions, the etiological and risk factors for the disease 
pathology, medical and prosthodontic aspects, and last but 
not least the management of these clinical entities.

The patient’s request for treatment with dental 
implants puts the responsibility on every clinician to 
present the pros and cons of this type of therapy and the 
specifics of pre- implantological diagnostics, treatment 
methodology, prosthetic concepts, and further mainte-
nance visits.

In “Saving Dental Implants,” I have tried to present global 
treatment approaches and concepts, established philosophies 
in practice for the last 20 years, but also future aspects of the 
management of the disease progression. I am excited and 
proud to have recruited leaders in this field, who have seen 
how implant therapy has an impact on patients’ lives. Our 
patients deserve the best functional and esthetic outcomes. 
The foreword in this book, written by Dr. Dennis Tarnow, 
highlights the past, present, and future of dental Implants.

I would like to thank everyone who provided the effort 
to illustrate their clinical and research expertise based 

on daily practice. This book should be a tool for every 
clinician and a resource of knowledge, to prepare the 
foundation around dental implant treatment and how to 
manage peri- implant diseases focused on long- term pre-
dictability. I highlight in this book periodontal, pros-
thetic, and biomaterial aspects and challenges, for 
sustainable and long- term successful clinical outcomes. 
It is an opportunity to gain knowledge, find inspiration, 
and engage in clinical practices that can prepare each 
one of us to build the critical thinking we need to treat 
ailing dental implants.

I would like to thank the Publisher’s team and all the 
authors for supporting me from the beginning. We took on 
the challenge of the management of peri- implant problems 
as an opportunity for education, research, and clinical 
practice advancement. Special thanks to my loving family 
for their continuous support of my academic work.

Georgios E. Romanos, DDS, PhD, Prof Dr med dent
Stony Brook University, School of Dental Medicine, 

Stony Brook, NY, USA

Preface
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Dental implants anchor into the jawbone through direct 
contact between the bone and the implant, a process 
known as “osseointegration.” Recent evidence suggests 
that the sustained success and survival of implants are 
not exclusively contingent on “osseointegration” but also 
on the soft tissues enveloping the transmucosal section 
of the implant, which serves as a barrier between the 
peri- implant bone and the oral cavity (Figure 1.1). This 
soft tissue seal, often referred to as the “peri- implant 
mucosa,” plays a crucial role in the overall health and 
longevity of dental implants [1]. The attachment of soft 
tissue to the implant functions as a biological seal, ensur-
ing optimal conditions and thwarting the onset of peri- 
implant infections, such as peri- implant mucositis and 
peri- implantitis. Consequently, the peri- implant soft tis-
sues play a pivotal role in ensuring the long- term survival 
of implants [1].

As soft tissue develops around teeth during tooth erup-
tion, it forms a seal that protects the supporting tissues – 
namely, the alveolar bone, periodontal ligament, and 
cementum – from exposure to the oral cavity [2]. In con-
trast, the peri- implant mucosa is established after the oral 
soft and hard tissues undergo a healing process to accom-
modate the osseointegrated implants. The following sec-
tion provides a concise overview of the key anatomical 
features of peri- implant tissues.

Structureof Peri-implantTissuesin Health

During the process of wound healing following the accom-
modation of dental implants, the features of the peri- 
implant mucosa are established [3] (Figures  1.2–1.4). 
Berglundh et al.  [4] conducted an examination in dogs to 

investigate the anatomical and histological features of the 
peri- implant mucosa formed in a two- stage procedure, 
comparing them with the gingiva around teeth.

It was revealed that the peri- implant mucosa consists of 
a keratinized oral epithelium located at the external sur-
face. This epithelium is connected to a thin non- keratinized 
sulcular epithelium facing the abutment and terminating 
in junctional epithelium, equivalent to the junctional epi-
thelium around teeth, termed as peri- implant junctional 
epithelium. The peri- implant junctional epithelium termi-
nates 2 mm apical to the coronal soft tissue margin and 
1.0–1.5 mm coronal to the peri- implant bone crest. The 
mean supracrestal soft tissue, including sulcus depth, 
measured 3.80 mm around implants and 3.17 mm around 
teeth (Figures 1.2–1.4).

While no statistically significant difference was observed 
in the height of the junctional epithelium and sulcus depth 
between implants and teeth, the height of the soft connec-
tive tissue was statistically significantly greater around 
implants than around teeth. The peri- implant junctional 
epithelium and the soft connective tissue adjacent to the 
abutment appeared to be in direct contact with the 
implant–abutment surface [4].

In summary, this study demonstrated that the peri- 
implant mucosa exhibits comparable anatomical features 
to those of gingiva around teeth [4].

Subsequent studies provided evidence that a similar 
mucosal attachment formed on titanium in conjunction 
with different implant systems [5, 6] and around inten-
tionally non- submerged and initially submerged implants 
[7, 8, 9]. However, the peri- implant junctional epithelium 
was significantly longer in initially submerged implants to 
which an abutment was connected later than in intention-
ally non- submerged implants [9].

Anton Sculean1, Edward Pat Allen2, Dieter D. Bosshardt 1,3, and Georgios E. Romanos4

1 Department of Periodontology, University of Bern, Bern, Switzerland
2 Center for Advanced Dental Education, Dallas, TX, USA
3 Robert K. Schenk Laboratory for Oral Histology, School of Dental Medicine, University of Bern, Bern, Switzerland
4 Department of Periodontics and Endodontics, School of Dental Medicine, Stony Brook University, Stony Brook, NY, USA
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The biologic width (i.e., the supracrestal soft tissue) was 
revisited in a further dog experiment after abutment connec-
tion to the implant fixture with or without a reduced vertical 
dimension of the oral mucosa (Berglundh and Lindhe [10]). 
While the peri- implant junctional epithelium was about 
2 mm long, the supra- alveolar soft connective tissue was 
about 1.3–1.8 mm high. Interestingly, sites with a reduced 
mucosal thickness consistently revealed marginal bone 
resorption, adjusting the width of the supracrestal soft tis-
sue. Evaluating the biologic width around one-  and two- 
piece titanium implants that healed either non- submerged 
or submerged in dog mandibles, Hermann et al.  [11] sug-
gested that the gingival margin is located more coronally, 
and the biologic width is more like teeth in association with 
one- piece non- submerged implants compared to either two- 
piece non- submerged or two- piece submerged implants. 
These findings were later confirmed in a comparably 
designed dog study with another implant system [12].

Several studies have evaluated the impact of surface 
topography (i.e., surface roughness measurements) on the 
peri- implant mucosa. Cochran et al. [13] failed to show any 
differences in the dimensions of the sulcus depth, peri- 
implant junctional epithelium, and soft connective tissue 

Figure 1.1 Clinical image depicting a healthy soft tissue 
around an osseointegrated implant. Source: Photo: Prof. 
Dr. Georgios Romanos.
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Figure 1.2 Photomigrograph of an osseointegrated titanium 
dental implant depicting the direct bone- implant contact and 
the supracrestal soft tissue implant contact. Source: Photo: 
Prof. Dieter D. Bosshardt.
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Figure 1.3 Higher magnification depicting the supracrestal 
peri- implant soft tissues consisting of oral and sulcular 
epithelium and connective tissue adhesion to the implant 
surface. Source: Photo: Prof. Dieter D. Bosshardt.
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contact to implants with a titanium plasma- sprayed (TPS) 
surface or a sandblasted acid- etched surface. Abrahamsson 
et al. [14, 15] observed similar epithelial and soft connec-
tive tissue components on a rough (acid- etched) and 
smooth (turned) titanium surface. The biologic width (i.e., 
supracrestal soft tissue) was greater on the rough surface; 
however, without a statistically significant difference from 
that around a smooth surface.

Findings from two human histologic studies revealed 
less epithelial downgrowth and a longer soft connective tis-
sue in conjunction with oxidized or acid- etched titanium 
compared to a machined surface [16]. In a study in baboons, 
Watzak et al.  [17] showed that implant surface modifica-
tions had no significant effect on the biologic width after 
18  months of functional loading. Following a healing 
period of 3  months, nano- porous TiO2 coatings of one- 
piece titanium implants showed a similar length of peri- 
implant soft connective tissue and epithelium as the 
uncoated, smooth neck portion of the control titanium 
implants in dogs [18]. Schwarz et  al.  [19] suggested that 
soft tissue integration was more influenced by hydrophilic-
ity than by microtopography.

Several studies revealed that the epithelial cells attach to 
different implant materials in a comparable way to that of 
the junctional epithelial cells to the tooth surface via 
hemidesmosomes and a basal lamina [3].

Analyzing the intact interface between soft connective 
tissue and titanium- coated epoxy resin implants, the paral-
lel orientation of collagen fibrils to the titanium layer was 
confirmed [20, 21]. Since implants lack a cementum layer 
that can invest the peri- implant collagen fibers, the attach-
ment of the soft connective tissue to the transmucosal por-
tion of an implant is regarded as being weaker than the soft 
connective tissue attachment to the surface of a tooth root. 
Therefore, improving the quality of the soft tissue- implant 
interface is considered to be of great relevance for main-
taining healthy peri- implant tissues [3].

Studies on the distribution of the collagen types on the 
peri- implant soft tissues have been evaluated by different 
research groups. Chavrier et al. [22] examined collagen types 
I, III, and IV as well as noncollagenous glycoproteins (i.e., 
laminin and fibronectin), and they could not find any signifi-
cant structural differences between peri- implant mucosa and 
gingiva. However, Chavrier et al. [22] underlined the clinical 
importance of collagen type III and fibronectin in keratinized 
mucosa surrounding implants, because these proteins seem 
to promote connective tissue repair around implants after the 
second surgical stage (implant uncovering) or in case of an 
inflammatory response.

Romanos et al. [23] emphasized the role of collagen type V 
in peri- implant soft tissues. Specifically, Romanos et al. [23] 
evaluated the extracellular matrix quality around non- 
submerged implants with clinically healthy conditions in 
humans and demonstrated a higher amount of collagenase- 
resistant matrix containing collagen type V, when implants 
are one- piece with a transmucosal highly polished neck 
(without implant- abutment microgap). These collagen fib-
ers in a filament- type distribution were oriented in a differ-
ent way in the stroma. The fibers were more intense around 
the blood vessels and nerves, and in some areas, formed par-
allel fibrillar bundles. The structural differences may be 
responsible for the defense of peri- implant keratinized gin-
gival connective tissues to bacterial penetration, because of 
the high amount of the collagen type V- component, which is 
responsible for the higher collagenase stability.

In contrast to these findings, the peri- implant inflamed 
tissues showed no difference in terms of collagen type dis-
tribution like that around teeth with inflamed gingiva. The 
collagen type V is the main component of the inflamed 
granulation tissue around teeth and implants  [24]. The 
authors concluded that quantitative analyses of peri- 
implant versus periodontal soft tissues may be important to 
confirm morphologic studies in the peri- implant soft tis-
sues. The localization of collagen type V in the tissue may 
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Figure 1.4 Higher magnification of the coronal portion of the 
supracrestal peri- implant soft tissues. The oral and sulcular 
epithelium are clearly visible. A more diffuse inflammatory infiltrate, 
located immediately adjacent to the junctional and sulcular 
epithelium is visible. Source: Photo: Prof. Dieter D. Bosshardt.
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be of great theoretical and clinical importance and may 
modify significantly soft tissue management.

The wound healing sequence leading to the establishment 
of the soft tissue sealing at implants has been evaluated by 
Berglundh et al. [25]. Immediately after implant placement, a 
coagulum occupied the implant- mucosa interface. Numerous 
neutrophils infiltrated the blood clot, and at four days, an ini-
tial mucosal seal was established. In the next few days, the 
area with the leukocytes decreased and was confined to the 
coronal portion, whereas fibroblasts and collagen dominated 
the apical part of the implant–tissue interface. Between one 
and two weeks of healing, the peri- implant junctional epithe-
lium was about 0.5 mm apical to the mucosal margin. At two 
weeks, the peri- implant junctional epithelium started to pro-
liferate in the apical direction. After two weeks, the peri- 
implant mucosa was rich in cells and blood vessels. At four 
weeks of healing, the peri- implant junctional epithelium 
migrated further apically and occupied now 40% of the total 
soft tissue implant interface. The soft connective tissue was 
rich in collagen and fibroblasts and well- organized. The apical 
migration of the peri- implant junctional epithelium was com-
pleted between six and eight weeks, and the fibroblasts 
formed a dense layer over the titanium surface at that time. 

From 6 to 12 weeks, maturation of the soft connective tissue 
had occurred, and the peri- implant junctional epithelium 
occupied about 60% of the entire implant soft tissue interface. 
Further away from the implant surface, the number of blood 
vessels was low, and fibroblasts were located between thin col-
lagen fibers running mainly parallel to the implant surface. 
The findings indicated that the soft tissue adherance to trans-
mucosal (i.e., non- submerged) implants made of commer-
cially pure titanium with a polished surface in the neck 
portion requires at least six weeks [25]. The findings from ani-
mals were corroborated also in humans by Tomasi et al. [26], 
indicating that a soft tissue barrier adjacent to titanium 
implants may form completely within eight weeks. Further 
studies provided evidence indicating that in animals (i.e., 
dogs), the dimensions of the soft tissue seal (i.e., the biological 
width or supracrestal soft tissue) around implants are stable 
for at least 12 [13, 27] or 15 months, respectively [28].

In conclusion, soft peri- implant mucosa is a physiologi-
cal barrier between the oral mucosa and peri- implant bone. 
It is the protective core of the implant surrounding bone 
and the anatomical structure promoting resistance to func-
tional loads and responsible for the immunological host- 
tissue response.
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Peri-implant disease is classified into two types: peri-
implant mucositis and peri-implantitis  [1, 2]. The defini-
tionsofperi-implantdiseaseswerefirstproposedatthefirst
European Workshop on Periodontology  [1]. Peri-implant
mucositiswasdefinedasareversibleinflammatoryreaction
inthesofttissuessurroundingafunctioningimplant,and
peri-implantitis was described as inflammatory reactions
associatedwithlossofsupportingbonearoundanimplant
in function  [1]. According to the diagnostic criteria sug-
gestedintheConsensusoftheSeventhEuropeanWorkshop
on Periodontology, peri-implant mucositis was defined as
bleedingongentleprobing(<0.25 N),andperi-implantitis
ischaracterizedbychangesinthelevelofthecrestalbone
inconjunctionwithbleedingonprobingwithorwithout
concomitant deepening of peri-implant pockets  [3, 4].
The Consensusofthe2017 WorldWorkshopontheClassi-
fication of Periodontal and Peri-Implant Diseases and
Conditions presented the main clinical characteristic of
peri-implant mucositis as bleeding on gentle probing  [5].
Erythema,swelling,and/orsuppurationmayalsobepresent
(Figures 2.1–2.3).Peri-implantitiswasdefinedasaplaque-
associated pathological condition occurring in tissues
arounddentalimplants,characterizedbyinflammationin
theperi-implantmucosaandsubsequentprogressivelossof
supportingbone [5](Figures 2.4–2.6).

Implantsaredesignedtofunctionoverlongterm [6],yet
manystudies suggest that theprevalenceofperi-implant
diseaseishigherthanexpected [7–9].In2013,Atiehet al.
reportedinasystematicreviewandmeta-analysisthatthe
summary estimates for the frequency of peri-implant
mucositiswere63.4%ofparticipantsand30.7%ofimplants,
and those of peri-implantitis were 18.8% of participants
and9.6%ofimplants [8].Anothersystematicreviewfrom
2015 reported the prevalence of peri-implant disease
rangedfrom19to65%forperi-implantmucositisandfrom
1 to 47% for peri-implantitis  [7]. Since there is evidence

suggestingthatperi-implantmucositisistheprecursorof
peri-implantitis  [10, 11], and the progression of peri-
implantitisappearstobefasterthanthatobservedinperi-
odontitis [5],itisessentialtobetterunderstandperi-implant
diseasesandimplementpreventivestrategies [12].

Prevalenceof Peri-implantMucositis
and Peri-implantitis

Several recent studies have provided more information
abouttheepidemiologyofperi-implantdiseasesindiffer-
ent geographical areas as shown in Table  2.1  [3, 13–18].
Theprevalenceofperi-implantmucositisrangedfrom23.9
to54.5%atpatient-levelandfrom27to69.2%atimplant-
level,andthoseofperi-implantitisrangedfrom9.7to56.6%
at patient-level and from 9.2 to 27.9% at implant-level
[3,14–18].

Variability in the prevalence of peri-implant disease
might be attributable to differences between studies with
different study designs, limited convenience sample, and
unstandardized diagnostic criteria for peri-implant dis-
eases. A retrospective cross-sectional study from India
reported the prevalence of peri-implant mucositis to be
0.33%,whichisevidentlylowerthanvariousotherstudies
donebyotherauthors [19].Besides,Frenchet al.reported
that the prevalence of mucositis varied from 18.2% using
the“relaxed”bleeding-on-probingscoresthreshold(moder-
atemultipointbleeding)to49.5%usinga“strict”bleeding-
on-probing scores threshold (minimal single-point
bleeding) [13],andtheprevalenceofperi-implantitis(com-
binationofmucositisandmarginalboneloss≥1.0mm)var-
ied from 3.6% using relaxed criteria to 4.7% using strict
criteria, which means the prevalence of peri-implant dis-
eases differed depending on the corresponding definition
[13, 14]. Interestingly, recent studies have defined an

Mingyue Lyu and Quan Yuan
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intermediate peri-implant health category between peri-
implant mucositis and peri-implantitis; for example,
Romandini et  al. denominated peri-implant mucositis as
presenceofbleedingandsuppurationonprobingtogether
with radiographic bone levels(BL) <1mm, pre-peri-
implantitis as presence of bleeding and suppuration on
probing together with 1mm≦BL<2mm, and peri-
implantitis as presence of bleeding and suppuration on
probingtogetherwithradiographicBL ≧2mm [14].Under
this definition, the prevalence (at patient-level) of peri-
implant mucositis was 11.1%, of pre-peri-implantitis was
31.3%,andofperi-implantitiswas56.6%;theprevalence(at
implant-level)ofperi-implantmucositiswas31.9%,ofpre-
peri-implantitis was 31.7%, and of peri-implantitis was
27.9%[14].Therefore,epidemiologicalstudieswithacross-
sectionaldesign,adequatesamplesizes,andstandardized
diagnosticcriteriaarenecessarytostudytheprevalenceand
riskindicatorsofperi-implantdiseases.

RiskFactorsof Peri-implant
Mucositisand Peri-implantitis

Many factors, such as diabetes mellitus  [20], poor oral
hygiene  [20, 21], periodontitis  [20–22], smoking  [23–26],
implant surface roughness  [23], augmentation at the
implant site  [23], type of dentition  [23], bacterial micro-
leakage at the implant–abutment interface  [27], lack of
keratinized mucosa  [27], residual excess cement  [28],
implant location  [21], and prosthetic design  [29] were
describedasfactorsenhancingtheriskofperi-implantdis-
ease.Therearelimiteddataavailabletosupportsystemic
conditionsasriskindicatorsforperi-implantmucositisand
peri-implantitis; besides, many of these studies have not
includedallthesefactorsintheirstatisticalanalysis.

AsshowninTable 2.1,ahistory/presenceofperiodonti-
tis, smoking, systemic disease, poor oral hygiene/plaque
control record (PCR) (>20%), keratinized tissue width

Figures 2.1–2.3 A case of peri- implant mucositis: the presence of inflammation in the mucosa at an implant with no sign of loss of 
supporting bone.
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(<2mm), implant position (maxilla), surgical procedure
(two-stage),frequencyofmaintenance,numberofdental
implants,andsurgicaltechnique(two-stage) [3,15,17,18]
were reported as risk factors for peri-implant mucositis
recently.Whilethecross-sectionalstudyfromSpainusing
a network of sentinel dentists reported that none of the
studied variables (including length and diameter of
implants, surface roughness, keratinized tissue-mid-
buccal,andprosthesis)weresignificantlyassociatedatuni-
variate or multivariate level with mucositis  [15]. As for
peri-implantitis,ahistory/presenceofperiodontitis,smok-
ing, poor oral hygiene/PCR (>20%), keratinized tissue

width(<2mm),implantposition/location(maxilla),surgi-
cal procedure (two-stage), number of dental implants,
diameterandsurfaceofdentalimplants,typeofprosthesis,
<16 remaining teeth, implant brand, restoration type
(bridgeversussinglecrown),supportivetherapy,traumaas
reasonof tooth loss(versuscaries),autoimmunedisease,
gender,andbisphosphonateuse [3,13–18]werereported
as risk factors for peri-implantitis recently (Table  2.1).
Among thosestudies, theuniversity-representativecross-
sectional study from Spain indicated that interproximal
flossing/brushing,protonpumpinhibitors,andanticoagu-
lantswereprotectiveindicatorsforperi-implantitis [14].

Figures 2.4–2.6 A case of peri- implantitis: the presence of inflammation in the peri- implant mucosa and loss of supporting bone.



Table 2.1 Prevalence and risk indicators of peri- implant diseases.

Study
Number,loadingtime,andbrand
of implant(ifmentioned)

Prevalenceofperi-implant
mucositis

Prevalence of 
peri-implantitis Riskfactors Othercomments

2017/Japan/Ogataet al. [3].
Cross-sectionalmulticenter
study.

267patients(atleastthreeyears
ofloadingtime).
NobelReplace,Straumann,and
Brånemarksystemsweremost
frequentlyused.

33.3%atpatient-level. 9.7%atpatient-level. Poororalhygieneandahistoryof
periodontitiswerestrongrisk
factorsforperi-implantdisease.(+)
Implantdesignandprosthesistype
werenotsignificantlyassociated
withperi-implantdiseases.(−)

Thepresentprevalences
werelowerthanthose
previouslyreported.

2018/Spain/Rodrigo
et al. [15].
Cross-sectionalstudyusing
networkusinganetworkof
sentineldentists.

275patientswith474implants
(atleastfiveyears).

27%(bothpatient-based
andimplant-based
prevalence).

24%atpatient-level
and20%at
implant-level.

Mucositis:noneofthestudied
variables(includinglengthand
diameterofimplants,surface
roughness,keratinizedtissue-
midbuccal,andprosthesis)were
significantlyassociatedatunivariate
ormultivariatelevelwithmucositis.
(−)
Peri-implantitis:significant
associationsforperi-implantitis
werefoundforgender,peri-implant
supportivetherapy,implant
location,diameterandsurface,type
ofprosthesis,andaccessto
interproximalhygiene.(+)

Theperi-implant
condition:visualsignsof
inflammation,presenceof
plaque,meanprobing
depth,andpresenceof
suppuration.(+)

2018/Brazil/Matarazzo
et al. [16].
Cross-sectionalstudybased
onauniversity.

211 individualswith748
implants(atleastoneyearin
function)
Alltheimplantsinstalledwere
differentfromBrazilianbrands.

54.5%atpatient-level
and69.2%at
implant-level.

39.8%atpatient-level
and20.5%at
implant-level.

Gendermale,numberofimplants
4,implantsinstalledinthe

maxilla,cementedprosthesis,and
keratinizedmucosawidth<2mm
weresignificantlyassociatedwith
theeventperi-implantitis.(+)

Severeperi-implantitis
wasfoundin36patients
(17.1%)and67implants
(9%).

2018/Japan/Wadaet al. [17].
A multicenterretrospective
study.

543subjectswith1613implants.
Nobelbiocare,Dentsply,Zimmer
biomet,GC,Straumann,and
others.

23.9%atpatient-level
and27.4%at
implant-level.

15.8%atpatient-level
and9.2%at
implant-level.

Asignificantcorrelationwasfound
betweenperi-implantmucositisand
smoking,plaquecontrolrecord
(>20%),presenceofperiodontitis,
implantposition(maxilla),surgical
procedure(two-stage),and
keratinizedtissuewidth(<2mm)by
univariateanalysis.(+)
Peri-implantitiswasassociatedwith
PCR>20%,smoking,insertionin
themaxilla,andkeratinizedtissue
width<2mm.(+)

Thisrateissimilarto
somestudies,but
relativelylowcompared
withotherprevious
studies.

(Continued )
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Study
Number,loadingtime,andbrand
of implant(ifmentioned)

Prevalenceofperi-implant
mucositis

Prevalence of 
peri-implantitis Riskfactors Othercomments

2019/Canada/French
et al. [13].Aretrospective
opencohortstudy.

4591dentalimplants(5-–10-year
follow-up)
StraumannDentalImplant
System.

Prevalenceofmucositis
variedusinga“strict”
threshold(49.5%)
comparedwith18.2%if
usingthe“relaxed”
threshold.

Prevalenceof
periimplantitiswas
4.7%and3.6%when
usingstrictversus
relaxedcriteria,
respectively.

Thefollowingpatient-relatedrisk
indicatorswerefoundtobe
significantwithregardtomarginal
boneloss:autoimmunedisease,
smoking,andbisphosphonateuse.
(+)
Asforimplantfactors,including
location,diameter,anddesign,all
werefoundtobesignificantwith
regardtomarginalboneloss.(+)

Theprevalenceof
peri-implantdiseaseswas
loweratboththeimplant
andthepatientwhen
usingstrictversusrelaxed
criteriabasedonthe
assessmentoforalhealth
surroundingdental
implants.

2020/Spain/Romandini
et al. [14].Auniversity-
representative
cross-sectionalstudy.

99patientswith458implants.
Straumann,NobelBiocare,and
AstraTech.

31.3%atpatient-level,
and31.7%atimplant
level.

56.6%atpatient-
level,and27.9%at
implantlevel.

Riskindicatorsforperi-implantitis:
smoking,moderate/severe
periodontitis,<16remainingteeth,
plaque,implantmalposition,
implantbrand(Nobelversus
Straumann),restorationtype
(bridgeversussinglecrown),and
traumaasreasonoftoothloss
(versuscaries).(+)
Protectiveindicatorsforperi-
implantitis:interproximalflossing/
brushing,protonpumpinhibitors,
andanticoagulants.(−)

Anintermediateperi-
implanthealthcategory
betweenperi-implant
mucositisandperi-
implantitiswasdefinedby
thepresenceofbleeding
andsuppurationon
probingtogetherwith
1mm≦BL<2mm.

2020/Turkey/Gunpinar
et al. [18].cross-sectional
study.

382subjectswith1415implants. 41.1%atpatient-level
and53.6%at
implant-level.

36.9%atpatient-level
and21.7%at
implant-level.

Patientlevel:patientswitha
maintenance<2/year,having
periodontitisandhigherPIhad
significantassociationswiththe
developmentofperi-implant
mucositis.Patientswitha
maintenance<2/year,having
numberofimplants 4,diagnosed
withperiodontitis,andhigherPI
hadsignificantassociationswiththe
developmentofperi-implantitis.(+)
Implantlevel:
Keratinizedtissuewidth<2mm,
PPD,PI,andBoPindependent
variablesweresignificantly
associatedwithbothperi-implant
mucositisandperi-implantitis.(+)

Withinthelimitsofthis
study,theprevalenceof
mucositisandperi-
implantitiswasshownto
behighinTurkish
population.

Table 2.1 (Continued)
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SystemicRiskFactors

Periodontitis
Periodontitis (history or presence of periodontitis) was
describedasfactorsenhancingtheriskofperi-implantdis-
easeinmanystudies [3,17,18,20–22].Gunpinaret al. [18]
recently revealed the importance of current periodontal
statusasariskindicator.Ahistoryofperiodontitiswasalso
indicatedasastrongriskfactorforperi-implantdiseasesin
arecentcross-sectionalmulticenterstudyfromJapan,and
theprevalenceofperi-implantmucositismayberelatedto
theseverityofperiodontitis [3].Intheirstudy,periodontal
conditionbeforeimplanttreatmentwasclassifiedintosix
groups: healthy, gingivitis, slight chronic periodontitis
(CP),moderateCP,severeCP,andaggressiveperiodontitis.
AmongpatientswithslightCP,moderateCP,orsevereCP
before implant treatment,17.8,34.5,and43.9%hadperi-
implant mucositis and 11, 8.6, and 10.6% had peri-
implantitis  [3]. While Wada et  al.  [17] did not find an
associationbetweenthepresenceofperiodontitisandperi-
implantdiseasebecauseofstrongmulticollinearityofthe
presenceofperiodontitisandthePCR.

Smoking
Smokinghasalsobeenhighlightedasastrongriskindica-
torforperi-implantdisease [23–26].Ahigherfrequency
of occurrence of peri-implant diseases was recorded for
smokersinasystematicreviewandmeta-analysisofnine
studies with 1497 participants and 6283 implants
included  [8]. In contrast, studies by Romanos et  al.
showed that no negative impact of heavy smoking on
implantfailureandnosignificantdifferenceinthebleed-
ingonprobingorcrestalbone losswhen implantshave
platformswitchingandareplacedinone-stageapproach,
loadedwiththefinalabutmentatthedayofsurgery [30].
Recently significant correlations were found between
smoking and both peri-implant mucositis and peri-
implantitis in a multicenter retrospective study in
Japan [17].WhileinanotherrecentstudyamongJapanese
patients, among the 22 smokers, 8 (36.4%) had peri-
implant mucositis, but none had peri-implantitis (0%);
among the 52 former smokers, 17 (32.7%) had peri-
implant mucositis, and 4  had peri-implantitis (8%); and
amongthe193 nonsmokers,64(33.2%)hadperi-implant
mucositis, and 22  had peri-implantitis (11.4%), which
suggestthatsmokingisnotassociatedwithdevelopment
ofperi-implantdiseases [3].Thosecontroversialconclu-
sions might be interpreted as a “masking effect” due to
periodontitis  [14],andanotheruniversity-representative
cross-sectional study in2020byRomandiniet al. found
that smoking had stronger association with peri-
implantitisthanperiodontitis [14].

SystemicDiseases
Afour-yearretrospectiveanalysisreportedthatoddsratio
foranimplantfailurewasmostclearlyelevatedfordiabe-
tes [31],whereasanotherpatientcohortfoundnoassocia-
tionbetweendiabetesmellitusandimplantsurvival [26].
Theimpactofsystemicdiseasesonperi-implantmucositis
isstillcontroversial.Gunpinaret al.recentlyreportedthat
patients with systemic diseases (cardiovascular disease,
hypertension,anddiabetes)haveincreasedriskformucosi-
tis (OD  =  2.1) and peri-implantitis (OD  =  3.7) develop-
ment than patients who were systemically healthy  [18],
whileMonjeet al.foundthatpatientswithdiabeteswereat
highriskforperi-implantitisdevelopmentbutnotforperi-
implantmucositis [32].Autoimmunediseaseandbisphos-
phonate therapy were recently found as significant risk
indicatorsformarginalboneloss [13].

Gender
It remains unclear whether and how gender acts as risk
indicatorforperi-implantdisease.Apreviousretrospective
analysis did not identify any significant contribution of
gendertothepresenceofperi-implantitis [33].Interestingly,
according to two cross-sectional studies in 2018, statisti-
cally significant associations for peri-implantitis were
foundforgender(malegenderbeingprotective)byRodrigo
et  al.  [15]; meanwhile, Matarazzo et  al. reported gender
male to be significantly associated with the event
peri-implantitis [16].

LocalRiskFactors

Plaque
Basedonthedataavailable,itisclearlydemonstratedthat
poor oral hygiene  [3] were strong risk factors for peri-
implantdisease,andplaqueaccumulationforperi-implant
mucositis [11 17] and peri-implantitis, respectively  [14,
17]. According to the Consensus of the 2017, World
Workshop on the Classification of Periodontal and Peri-
ImplantDiseasesandConditions,thereisstrongevidence
fromanimalandhumanexperimentalstudiesthatplaque
is the etiological factor for peri-implant mucositis, and
peri-implantitisisaplaque-associatedpathologicalcondi-
tion  [5]. In a cross-sectional analysis of 512 implants in
2015,plaque(oddsratio[OR],8.415)wassignificantlycor-
related with the event peri-implant mucositis, and when
furtherevaluatingthestudyvariablesatthepatientlevel,it
was noted that PI scores ≥33% were significantly associ-
ated with the event peri-implant mucositis and peri-
implantitis  [34]. A significant correlation was also found
between PCR (>20%) with both peri-implant mucositis
and peri-implantitis by a recent univariate analysis  [17].
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Theseresultssuggestthatahighplaquescoreincreasesthe
riskofdevelopingperi-implantdiseases.

Dimensionsof KeratinizedTissue
Itremainsunclearwhetherazoneofkeratinizedmucosais
required to maintain the health of peri-implant tissue.
According to a systematic review in 2013, a lack of ade-
quate keratinized mucosa around implants is associated
with more plaque accumulation, tissue inflammation,
mucosalrecession,andattachmentloss [35].Andevidence
forsurfaceroughness,residualcement, thedimensionof
thekeratinizedtissueandtimeofimplantinfunctionwas
reportedweakasariskindicatorforperi-implantmucosi-
tisfromanothersystematicliteraturereviewin2014 [11].
Recently,Sadiyeet al.reportedthatimplantswithkerati-
nized tissue<2mmhavegreaterchange forperi-implant
mucositis (OD  =  5.38) and peri-implantitis (OD  =  8.01)
development, respectively, than implants having kerati-
nizedtissue≥2mm [18].AccordingtostudiesbyRomanos
et al.,awidebandofKM(KMwidth≥2mm)wasassoci-
atedwithasignificantlowerbleedingindex,plaqueindex,
andmucosalrecession(MR) [36].Asignificantcorrelation
wasalsofoundbetweenperi-implantdiseasesandkerati-
nized tissue width (<2mm) by univariate analysis in
anotherstudy [17]. Interestingly, if thekeratinized tissue
widthwasadequate,smokingwasnotconsideredasarisk
indicator for peri-implantitis development  [17]; and the
“regular” and “irregular” implant maintenance therapy
didnotrejecttheprotectiveroleofKMagainstinflamma-
tionneither [36].Resultsfromthesestudiessuggestedthat
inadequatekeratinizedtissueisacontroversialriskindica-
torforperi-implantdiseasesandkeratinizedtissue<2mm
mayinduceanindirectcorrelationwithsofttissuehealth.

ProstheticConcepts
Plaqueaccumulationandpoororalhygienearounddental
implants have been listed as major risk factors for peri-
implantdiseases  [3,11,17]. Ina recent reviewexploring
thefactorsassociatedwithimplantrestorativedesignand
risks for peri-implant diseases, Dixon and London pro-
posedthatprostheticdesignsmayalsobeassociatedwith
peri-implantdiseaseiftheprosthesisobstructshygiene [29].
For example, bacterial penetration was observed at the
implant–abutment interface and  [37] and the implant–
abutment interface dictated peri-implant inflammatory
cellaccumulationfor two-piece implants [38].According
toanotherstudyinvestigatingtheuseofimplantsdesigned
withalongsmoothhyperbolicneckplacedinatransmu-
cosalconfiguration,neckexposureduringthehealingtime
displayedlimitedplaqueaccumulationandwasfreefrom
complications such as gingivitis, mucositis, and implant
failures during the healing time  [39]. Similarly, the

association of the restoration type (bridges versus single
crowns) with peri-implantitis has also been reported by
Rodrigo et  al. in 2018  [15] and by Romandini et  al. in
2020 [14],whichmayalsobeexplainedbythemorediffi-
cultaccesstooralhygieneprocedures [15].Theassociation
between cemented fixed prosthesis and peri-implantitis
found here has already been identified  [16, 34] and
explained by the presence of excess cement in the peri-
implantsulcus [34].Fromanotherpointofview,undesir-
able emergence profiles may be crucial for the plaque
accumulation, poor oral hygiene, and thus peri-implant
diseases [29].DixonandLondonadvisedasubtle,vertical
emergencepatternthatmostcloselyresemblesthenatural
tooth emergence contours, which would be amenable to
probingandhygieneinstrumentation [29].

There are also studies suggesting that some restorative
designshavenosignificanteffectonperi-implantdiseases.
Forexample,implantdesignandprosthesistypewerenot
significantly associated with peri-implant diseases in a
recent multicenter retrospective study analyzing associa-
tionsofimplantdesign(soft-tissuelevelorbonelevel)and
prosthesis type (screw- or cement-retained) with peri-
implant diseases  [3]. Interestingly, there were different
conclusionsinperi-implantmucositisandperi-implantitis.
As Rodrigo et  al. reported, none of the studied variables
(includinglengthanddiameterofimplants,surfacerough-
ness, keratinized tissue-mid-buccal, and prosthesis) were
significantlyassociatedatunivariateormultivariate level
withperi-implantmucositis,whilesignificantassociations
forperi-implantitiswerefoundfortypeofprosthesisand
access to interproximalplaquecontrol  [15].Asignificant
correlation was found between peri-implant disease and
implant position (maxilla) and surgical procedure (two-
stage)byaunivariateanalysis  [17].Therefore,prosthetic
designallowingfordailyhygienemayplayacrucialrolein
peri-implantdiseasesinsomeconditions.

ImplantFactors
Implant diameter  [13, 15], implant location  [13, 15, 17],
andimplantbrand [14]havebeenlistedasapossiblefactor
for peri-implant diseases recently. Different studies have
listedthelocationofthemaxillary [17],anterior [13],and
loweranterior [15]implantsasfactorsforcrestalboneloss
orperi-implantitis.Inamultipleregressionanalysis,statis-
tically significant associations for peri-implantitis were
foundforimplantdiameter [15],inwhichhigherriskfor
diameters of 3.3mm was reported based on a study per-
formed in private practice. Significant risk indicators for
bone loss were also found to include implant location,
diameter,anddesignrecently [13],wherebyanincreaseof
1mmindiameterwasassociatedwithadecreaseincrestal
bonelossbyabout0.11mm.
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Additionally, different surface characteristics (implants/
abutments)mayplayaroleinplaqueaccumulation,theover-
allevidenceisweak.Somescholarsproposedthatmicrobial
formationmayberelatedmoretotheindividualthemselves
ratherthanthematerialbeingused [40].Somestudiessug-
gest that certain materials (e.g. zirconium) may be more
resistanttobacterialcolonizationthanpuretitaniumwiththe
samesurfaceroughness [41]andgold–platinumalloyappears
to be useful material for abutments when considering the
accumulationofplaque [40].Besides,areviewin2011 has
shownthatbasedon the limiteddataavailable, there isno
evidencethatimplantsurfacecharacteristicscanhaveasig-
nificanteffectontheinitiationofperi-implantdiseases [42].
Anotherstudyalsovalidatedtheassumptionofasignificantly
higherbacterialadhesiontoroughtitanium(e.g.sandblasted
andacid-etched)thantopurelymachined,andthereforethe
micro-structuredpartsofanimplantthatareexposedtothe
oralcavityshouldbehighlypolishedtopreventplaqueaccu-
mulationandperi-implantdisease [43].Whileauniversity-
representativecross-sectionalstudyin2018 havenot found
significant association between surface roughness and
mucositisatunivariateormultivariatelevel [15].

Overall, the prevalence of peri-implant mucositis
rangedfrom23.9to54.5%atpatient-levelandfrom27to
69.2% at implant-level, and those of peri-implantitis
rangedfrom9.7to56.6%atpatient-levelandfrom9.2to
27.9%atimplant-levelaccordingtorecentstudiesindif-
ferentgeographicalareas.Variabilityintheprevalenceof
peri-implantdiseasemightbeattributabletodifferences
betweenstudieswithdifferentstudydesigns,limitedcon-
veniencesample,andunstandardizeddiagnosticcriteria
forperi-implantdiseases.Periodontitismayhaveassocia-
tion with the plaque and may mask the influence of
smoking. A common finding was that peri-implant dis-
easecanprimarilybeattributedtoplaqueaccumulation.
Apotential factorforcausinginadequatehygienemeas-
uresmaycomefromtheimplantprosthesisitself.Surface
characteristics or width of keratinized tissue may not
directlyrelatetoperi-implantdiseases,butrelatemoreto
plaqueaccumulationandthus indirectlyaffect theperi-
implant diseases. There is a need for more adequately
poweredprospectivelongitudinalstudiestotryandiden-
tify the epidemiology and potential risk indicators for
peri-implantdiseases.
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 Introduction

Replacement of missing teeth using implant–supported 
prostheses is a widely accepted treatment modality [1–5]. 
Although survival rates of greater than 90–95% have been 
for dental implants  [1–5], the survival of implants is not 
equal to a treatment success [6, 7]. Rather, the long- term 
success of the therapy depends on several factors that affect 
the stability of the implant–prosthetic complex such as 
health and stability of peri- implant soft and hard tis-
sues  [6–10]. One of the key elements in maintaining the 
stability of peri- implant tissue is early detection of any 
peri- implant soft and hard tissue changes  [11, 12]. Long- 
term and regular maintenance care has been shown to be 
essential for maintaining the health and stability of peri- 
implant soft and hard tissues  [13–16]. Radiographs are 
used to evaluate and monitor the hard- tissue levels around 
implants at regular maintenance visits. In this chapter, the 
applications of radiographs in the maintenance of health 
and stability of peri- implant tissues are outlined. In this 
regard, the factors affecting marginal bone levels as well as 
type and frequency of radiographs for monitoring the 
health and stability of peri- implant tissues are discussed.

 Peri- implant Bone Levels

Stability of marginal peri- implant bone levels is crucial for 
successful long- term treatment outcomes [17, 18], and con-
tinuous crestal bone loss results in the failure of implant 
therapy [19–21]. The reasons for crestal bone loss around 
dental implants are still debated, but in general, bone 
loss  can occur due to several reasons, such as lack of 

osseointegration, trauma from surgery, bone remodeling 
following loading, or peri- implantitis [21–25].

Lack of osseointegration results in early implant failure 
that occurs during the healing period prior to the implant 
loading. Several factors, such as infection, poor primary 
stability, or impaired wound healing can lead to the early 
implant failure [26–30]. On radiographs, lack of osseointe-
gration can be diagnosed by the presence of continuous 
radiolucency around the implant (Figure 3.1). To rule out 
early implant failure, it is recommended to obtain a peria-
pical radiograph prior to the second- stage surgery or prior 
to final impression for one- stage implants. The treatment 
for the early implant failure is the removal of failed implant.

Trauma from the surgery can result in crestal bone loss 
or lack of osseointegration [19, 22, 28, 31]. The trauma can 
be a result of overheating of bone during the sur-
gery  [32–34] or excessive insertion torque  [35–37]. The 
excessive heat generated at the time of surgery causes a 
certain degree of bone necrosis [33, 38]. Poor irrigation or 
lack of irrigation during the implant surgery can cause 
thermally induced bone necrosis. Hence, the bone temper-
ature must not exceed 44–47 °C during the site prepara-
tion [33]. In addition, excessive insertion torque can also 
lead to bone necrosis and result in peri- implant crestal 
bone loss  [35–37]. Bone necrosis as a result of surgical 
trauma can be detected on radiographs as peri- implant 
bone loss of greater than 2 mm before the loading of the 
implant (Figure  3.2). The treatment for these lesions 
depends on the degree of the bone loss and shape of the 
defect, and it can be implanting removal or bone grafting 
around the implant.

Bone remodeling occurs following the loading of 
implants, and it can result in some crestal bone loss [39–42]. 
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It has been shown that the amount of crestal bone loss fol-
lowing the loading depends on several factors such as 
implant design [43–45], implant positioning [46–49], and 
location of the implant–abutment interface (micro-
cap) [50–52]. Hence, the amount of crestal bone loss due to 
remodeling varies between implant different brands/sys-
tems and implant–abutment connections  [42]. This bone 
remodeling mainly occurs during the first year following 
the loading (Figure 3.3) and most implants experience less 
than 1–2 mm of bone loss during this period [53–55].

Bone loss of greater than 2 mm following the loading is 
considered pathologic, [14, 56–58] and it is a result of peri- 
implant diseases such as peri- implantitis (Figure  3.4), 
which is the main cause of implant failure after osseointe-
gration [55, 59, 60]. Peri- implantitis is diagnosed based on 

the presence of bleeding on probing and/or suppuration, 
increased probing depths, radiographic bone loss beyond 
bone level changes resulting from the initial bone remodeling 
following the loading [14, 58]. It has been suggested that, 
in clinical situations where baseline radiographs are not 
available, the diagnosis of peri- implantitis can be made 
based on the presence of bleeding on probing and/or sup-
puration, pocket depth of 6 mm or greater, and alveolar 
bone loss of 3 mm or greater from implant shoulder  [14, 
58]. Several treatment approaches have been used for the 
treatment of peri- implantitis  [11, 55, 59–66]. In general, 
non- surgical mechanical treatment alone seems to be inef-
fective in the treatment of peri- implantitis [67–69]. A sur-
gical approach that includes open flap debridement and 
surface decontamination has been shown to be more 

(a) (b)Figure 3.1  Periapical radiographs of 
two implants with early failure. Lack 
of osseointegration is evident by the 
presence of continuous radiolucency 
around the implants: (a) radiograph of 
the implant in an edentulous 
mandible at site # 22 four months 
following the placement. 
(b) radiograph of the implant at site 
# 8 three months following extraction 
and immediate implant placement.

(a) (b)Figure 3.2  Crestal bone loss three 
months following implant placement 
likely due to surgical trauma: 
(a) radiograph of implants placed at 
sites # 4 and #5 at the day of the 
surgery. (b) crestal bone loss noted 
around implants # 4 and #5 three 
months after the placement.
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effective than non- surgical approaches for the treatment of 
peri- implantitis [70, 71]. The decision on utilizing resective 
or regenerative approach following the open flap debride-
ment is based on the morphology of peri- implant 
defects [72–74]. Contained three- wall and four- wall defects 
can be treated with regenerative approach using a combi-
nation of bone grafting materials, a barrier membrane, 
and/or biological factors.

 Type of Radiographs

Monitoring the hard and soft tissues around dental 
implants is vital during maintenance care  [25]. Unlike 
around teeth, there is no defined range of probing depth 
associated with peri- implant health [42, 75, 76]. However, 
peri- implant bone levels can be readily assessed using radi-
ographs. Hence, radiographic evaluations are crucial not 
only for early diagnosis of peri- implantitis, but also in 
determining the therapeutic approach for treatment of 
peri- implantitis defects.

Parallel periapical radiographs are routinely used to 
monitor peri- implant hard tissue levels due to their accu-
racy, low radiation exposure, and cost- effectiveness [25, 77].  

Nevertheless, periapical radiographs have some limitations 
such as two- dimensional projection of three- dimensional 
structures, low spatial resolution, and inability to represent 
the bone around buccal and lingual areas of implants 
(Figure 3.5) [25, 77]. In addition, periapical radiographs have 
been associated with relatively low sensitivity and high portion 
of false negative in early changes in peri- implant bone lev-
els [25, 78–80]. Hence, the application of three- dimensional 
(3D) imaging such as cone- beam computed tomography 
(CBCT) has been advocated to monitor implants during 
maintenance care [81–85].

Although CBCT images provide valuable 3D volumetric 
data for planning the surgical placement of dental implants, 
application of CBCT for monitoring peri- implant hard tis-
sue level during maintenance care is still questionable [25, 
86]. The challenges for the application of CBCT for this 
purpose are high radiation dose and imaging artifacts that 
significantly affect the image quality and diagnostic value 
of these scans  [87, 88]. High- density objects such as tita-
nium implants and other metallic objects in the field of 
view result in noise and beam- hardening artifacts [88, 89]. 
These artifacts can mask bony defects around implants and 
limit visualization of buccal and lingual/palatal plates as 
well as bone- implant interface [25, 86].

(a) (b)

(c) (d)

Figure 3.3  Bone remodeling around 
tissue- level and bone- level implants after 
one year following the loading: (a) minimal 
bone loss around a tissue- level implant at 
site # 19 one year following loading. 
(b) 1–2 mm of bone loss noted around 
tissue- level implants at the mesial of 
implant #19 and the distal of implant # 20 
one year after loading. (c) minimal bone loss 
around a bone- level implant at site # 28 one 
year after the loading. (d) a bone- level 
implant at site # 19 with 1–2 mm bone loss 
after one year following the crown delivery.
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The accuracy of periapical digital radiographs and 
CBCT images has been compared by several groups [77, 
90, 91]. Dave and colleagues compared the accuracy of 
digital long cone periapical radiographs with that of lim-
ited field of view and large field of view CBCT for diag-
nosis of circumferential peri- implant crestal bone 
defects  [90]. They found that periapical radiographs 
were more accurate in diagnosing peri- implant defects 
that were smaller (0.35 mm). However, there were no 

significant differences between periapical radiographs 
and CBCT scans for larger (0.675 mm) peri- implant 
defects  [90]. In addition, a cadaver study conducted by 
Kuhl and colleagues compared the accuracy of intraoral 
periapical radiography, panoramic radiography, CBCT, 
and Computer Tomography (CT) for the diagnosis of 
peri- implant defects [91]. They created 1 mm-  and 3 mm- 
depth two- wall, three- wall, and four- wall defects around 
dental implants. They reported that the highest sensitiv-
ity was found for intraoral periapical radiographs and 
CBCT scans compared to panoramic radiography and 
CT. In addition, it was found that intraoral periapical 
radiographs had the highest specificity for both 1 mm-  
and 3 mm- depths defects  [91]. A meta- analysis con-
ducted on this topic compared the accuracy of different 
imaging techniques for the detection peri- implant 
defects [77]. This meta- analysis found that the sensitiv-
ity and specificity of CBCT for diagnosis of peri- implant 
defects were 59 and 67%, respectively. Similar values 
were reported for intra- oral periapical radiographs 
which were 60 and 59% for  sensitivity and specificity, 
respectively. It was concluded that both CBCT and intra- 
oral radiographs result in acceptable diagnosis accuracy 
for detecting peri- implant bone defects [77].

Therefore, periapical radiographs are still considered 
the preferred method for monitoring peri- implant bone 
levels during maintenance care despite their limitations.

 Radiographic Intervals

There is still no clear guideline regarding the frequency of 
radiographs for monitoring peri- implant bone levels. 
Baseline radiographs need to be obtained on the day of 
implant placement and day of implant loading [14, 25]. In 
addition, obtaining one- year post- loading radiographs is 
recommended to monitor marginal bone level changes fol-
lowing the delivery of prosthesis [12, 14].

Following the implant loading, radiographs must be 
obtained if any clinical sign of peri- implantitis is observed 
at maintenance care visits  [14, 58]. If peri- implantitis is 
diagnosed, proper treatment must be performed. Authors 
recommend that follow- up radiographs be obtained every 
six months to ensure the effectiveness of the provided 
treatment.

In the absence of any clinical signs of peri- implant dis-
eases, it is recommended to obtain radiographs at one- year, 
three- year, and five- year recall visits following the implant 
loading [12, 91]. Thereafter, radiograph for monitoring the 
implant should be obtained every 24–36  months during 
recall visits.

(a)

(b)

(d)

(c)

Figure 3.4  A clinical case of peri- implantitis: (a) patient 
presented with clinical signs of peri- implantitis including 
erythema, swelling, bleeding on probing, suppuration, and 
increased probing depths. (b) baseline radiograph at the time of 
loading. (c) periapical radiograph obtained three years following 
the loading demonstrated more than 3 mm of bone loss. 
(d) peri- implant defects after reflection of the flap and removal 
of granulation tissues.
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(a) (c) (d)

(b)

(e) (f) (g)

(h)

Figure 3.5  A clinical case demonstrating limitations of periapical radiographs. Patient is referred for evaluation of implant # 13 due 
to discomfort at site # 13. Implant had been placed four months ago. (a) Periapical radiograph demonstrating the crestal bone levels 
around # 13 are within normal limits, but a periapical radiolucency noted around tooth # 12. (b) occlusal photo demonstrating 
erythema around implant # 13 that is placed buccally. (c) a limited field of view CBCT was obtained to further assess implant # 13. 
Although, imaging artifacts affected the diagnostic quality of the scan, it was noted that the apical portion of implant # 13 is outside 
the alveolar housing. Therefore, removal of implant # 13 and apicoectomy for tooth # 12 was recommended. (d) surgical photo 
demonstrating more than 50% of implant # 13 is outside the alveolar housing. (e) implant # 13 was explanted and apicoectomy was 
done for tooth # 12. (f) defects were grafted using an allograft and it was covered with a resorbable collagen membrane. (g) re- entry 
was done four months following the surgery and an implant was placed at site # 13. (h) periapical radiograph following implant 
placement at site # 13 demonstrating the positioning of implant # 13 and the healing of periapical defect around tooth # 12.
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 Introduction

Osseointegrated dental implants have undoubtedly 
advanced reconstructive dentistry, by adding a powerful 
treatment alternative to the armament of the clinician. 
They can be further considered in the treatment planning 
for restoring masticatory, occlusal, and esthetic functions 
of missing teeth. A unique feature, amid other types of 
endosseous implants, of being partially exposed to a 
microbial- rich environment, the oral cavity, which natu-
rally renders them prone to biofilm colonization. Not unex-
pectedly, the increasing number of implants inserted 
worldwide coincides with an overall increase in peri- 
implant infections [1].

Because dental implants are expected to functionally 
substitute to natural teeth, there is also a tendency to per-
ceive diseases of ailing implants as pathologies analogous 
to gingivitis and periodontitis [2]. Yet, a number of factors 
attributed to the structural and immunological variability 
of the peri- implant tissues render them more susceptible to 
endogenous oral infections, compared to natural teeth 
[2–4]. However, as further described in this chapter, the 
etiopathological basis of these two groups of oral diseases 
is not entirely the same. Increasing evidence indicates that 
the peri- implant ecosystem differs from the natural one 
established in the gingival crevice around periodontal tis-
sues, reflecting a compositionally distinct microbiota  [5]. 
Whereas this microbiota may evolve in homeostasis with 
the host, ecological changes may readily trigger and dysbi-
otic compositional shifts that further induce inflammatory 
alterations and ultimately lead to the destruction of the 
implant- supporting tissues.

 Diagnostic Epidemiological Aspects 
of Peri-implantInfections

Diagnosis of peri- implant infections primarily relies on the 
clinical and radiographical signs of the induced inflamma-
tory changes. Accordingly, diagnostic criteria for peri- 
implant mucositis include bleeding on probing (BOP), yet 
without radiographic signs of crestal bone loss beyond the 
initial remodeling  [6]. In contrast, radiographic evidence 
of osteolysis, typically appearing as a symmetrical “saucer- 
shaped” crestal defect around the implant, is central to the 
diagnosis of peri- implantitis. Clinically, an increased prob-
ing pocket depth (PPD), as compared to previous examina-
tions is also indicative of peri- implantitis; however, the 
angulation, insertion depth, and threads of some implants 
may render peri- implant probing challenging  [6]. BOP- 
positive peri- implant sites run a higher probability to be 
diagnosed with peri- implantitis  [7], whereas suppuration 
appears to be very much limited to peri- implantitis 
cases [8], and its presence is a good discriminant between 
health or peri- implant mucositis and actual peri- 
implantitis [9]. The prevalence of peri- implantitis has been 
reported at 28–56% of implant- baring patients, or 12–43% 
of the total number of implants [10], with a weighted mean 
prevalence at 22%  [11]. Overall, about 1/3 of all patients 
and 1/5 of all implants will be affected by peri- 
implantitis  [12]. Major risk factors associated with these 
epidemiological observations include past history of perio-
dontitis, smoking, and diabetes, particularly in the absence 
of adequate oral hygiene [13–17]. Ill- fitting or ill- designed 
fixed and cement- retained restorations are also evident fac-
tors of local plaque accumulation [12].
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EarlyPeri-implantBoneLoss
and AssociatedRiskFactors

The process of wound healing following implant insertion 
is accompanied by bone remodeling that may eventually 
lead to a slight reduction of the marginal bone level and 
mild immunological reactions. As described further in this 
section, the process of early bone loss is multifactorial and 
involves intrinsic as well as extrinsic causes.

Stability of peri- implant crestal bone (PICB) level is one 
of the pivotal issues that dictate both biological and esthetic 
long- term success of dental implants [18]. In order to reach 
this goal clinicians should thoroughly understand the bio-
logical mechanisms of peri- implant bone behavior to local 
and systemic factors associated with its remodelation as 
well as how to manage them.

Immediately after dental implant surgery, bone and soft 
tissue structures surrounding the implant site go through 
acute alterations. As the consequence of surgical interven-
tion both submerged and non- submerged implant place-
ment procedures trigger wound healing and remodeling 
mechanisms in bone and mucosa that includes initiation 
and ultimately resolution of inflammation, matrix deposi-
tion, bone resorption/apposition, neurogenesis, and angio-
genesis. This healing response is mediated by activated 
resident and migrating cells and related biological cascades 
involving cell–cell and cell–tissue interactions which are 
modulated by various cytokines, chemokines, and growth 
factors [19, 20].

Generally, 12 weeks after implant and/or healing abut-
ment installation, integration of implant (osseointegra-
tion) at the bone- implant interface and formation of 
attachment apparatus/biological seal at the soft tissue- 
transmucosal part interface are almost entirely com-
pleted [20–23]. However, tissues, particularly peri- implant 
crestal bone, continue to undergo dimensional changes, a 
phenomenon called “early/initial peri- implant bone loss” 
(EPBL), which is generally accepted to continue up to one 
year following occlusal loading [24–26]. On marginal bone 
level changes around dental implants, EPBL indicates that 
the establishment of the implant integration with sur-
rounding tissues to attain homeostasis is not a static state 
that is reached in several weeks following implant inser-
tion, but rather a dynamic equilibrium process that may 
last more than a year. After one year of definitive prosthesis 
placement tissue, stability is expected. Minimal modeling 
of crestal bone around a successful implant of no more 
than 0.1–0.2 mm per year is favorable in the following peri-
ods of implant function [27, 28]. Cochran and colleagues 
have reported that the most significant amount of PICB 
which was independent from arch, type of restoration, or 
implant length, accounting for the 86% of the total bone 

loss in five years, occurred between the time of implant 
placement and the time that the final prosthesis was 
placed [29].

Peri- implantitis is frequently defined as inflammation 
of the peri- implant soft tissues associated with progres-
sive marginal bone loss (Figure 4.1) [30]. The changes in 
PICB at early healing and maturation phases often occur 
as a consequence of physiological processes alone or in 
combination with individual adaptive response to intrin-
sic and extrinsic factors [26]. Since this reduction in peri- 
implant bone level is not primarily of infectious origin 
and limited (<2 mm), it is believed to be a “condition” or 
a “complication” rather than a disease and quite distinct 
from peri- implantitis- related bone loss (Figure  4.2)  [26, 
31, 32]. EPBL may be indicative of a remodeling response 
and does not represent a clinical condition that needs 
therapeutic intervention. Therefore, it is pivotal to distin-
guish between limited early physiological bone remode-
ling and advancing PICB namely peri- implantitis, with 
the latter implying a pathological state of infectious ori-
gin. According to “Statements from the Estepona 
Consensus Meeting on Peri- Implantitis, 2012” it is not 
appropriate to name entire universe of peri- implant bone 
losses as  “ peri- implantitis”  [33]. Therefore, to name 
“EPBL” as “peri- implantitis” at the initial stage is not con-
venient; however, the scenario that peri- implant tissue 
inflammation may occur due to plaque accumulation on 
previously exposed rough implant surface as a result of 
early bone loss and can serve as a “locus minoris resisten-
siae” for further progressive bone loss can not be entirely 
ruled out [25, 26, 34, 35]. This assumption of secondary 
infectious etiology may be questioned by some experts 
because presence of increased plaque accumulation and 
inflammation does not necessarily lead to peri- implantitis 
and initially remodeled crestal bone may be maintained 
unchanged for prolonged periods in the absence of other 
risk factors  [35–37]. There is a tendency to admit that 
bone resorption around dental implants beyond “early 
peri- implant bone loss” which is within acceptable limits 
following the implants’ first year in function, ≥2 mm may 
represent a disease condition namely peri- implantitis [38]. 
This type of additional marginal bone loss coupled with 
inflammation and profuse bleeding has been defined as a 
situation in which clinicians should be alerted and care-
fully monitored if the site needs therapeutic 
intervention [39].

Evidence also suggests that progressive PICB loss in the 
absence of mucosal inflammation is not likely to occur [30]. 
Also, inflammation may be present but may only be con-
tained in the mucosal region farther from PICB which is 
in a steady equilibrium state thus limited EPBL may remain 
stable and may exhibit a non- progressing character  [35]. 



Figure 4.1 Peri- implantitis refers to a biofilm- driven pathological state that causes inflammation of the peri- implant connective tissues, 
increased probing depths, and/or mucosal recession associated with progressive marginal bone loss. Whereas distal implants show 
peri- implantitis and associated clinical and radiological findings, mesial aspects of the mesial implants remain otherwise unaffected.

Figure 4.2 PICB alterations during early stages of healing and maturation are often consequences of adaptive responses to intrinsic 
and extrinsic factors. The above case showing a limited bone loss (<2 mm) of non- infectious cause is to be distinguished from 
peri- implantitis- driven PICB osteolysis. EPBL may represent a remodeling response that does not require therapeutic intervention. 
Therefore, it is indicative of a “condition” or “complication” rather than a “pathological state” or a “disease”. Following submerged and 
subcrestal placement (top left), uncovering implants and connecting healing abutments (top right, bottom left), slight radiological 
PICB loss and exposure of the implant neck six months following functional loading is not accompanied by inflammation, bleeding, 
or increased probing depths (bottom middle and right).
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However, presence of combined potential risk factors that 
will result in disequilibrium of the host- implant interac-
tion such as smoking, history of periodontal disease, lack 
of proper plaque removal and maintenance may favor a 
secondary opportunistic microbial etiology in time and 
thus jeopardize the long- term survival of the implants by 
extending the borders of the immune- inflammatory 
response to crestal bone  [32, 39, 40]. From this point of 
view, EPBL especially occurring at pre- loading period may 
act as a predictor for future and advancing bone loss, lead-
ing to the development of peri- implantitis and resulting in 
implant failure (Figure  4.3)  [25, 41, 42]. Wandael et  al. 
have reported that implant surface exposure as a conse-
quence of EPBL exceeding 0.5-  and 1- mm threshold results 
in higher prevalence and odds ratio (four to six times 
higher) of peri- implantitis and implant loss, especially in 
combination with smoking and/or a history of periodonti-
tis. Non- smokers presenting <5 mm EPBL showed the 
least probability of future peri- implantitis [40]. Similarly, 
it has been shown that almost all implants with an 0.44 mm 
or more at 6 months after loading had shown progression 

in PICB loss and lost >2 mm marginal bone at 18 months 
post- loading [43].

Although earlier literature has reported up to 1.5–2 mm 
of early bone loss to be within the limits of the acceptable 
thresholds, parallel to contemporary implant technology 
and increasing esthetic demands clinicians expect to 
maintain crestal bone for prolonged periods and to mini-
mize or prevent PICB loss occurring at early periods of 
implant function to ensure the longevity of implants. 
EPBL is a multifactorial entity depending on factors 
related to patients, implant design, surgical protocols, 
and restorative protocols which are generally managea-
ble or avoidable (Figure 4.4) [42, 44, 45]. In the following 
parts, these factors and recommended strategies to main-
tain the stability of peri- implant tissues will be discussed 
in detail.

FactorsRelatedto EarlyPeri-implantBoneLoss

Several factors associated with EPBL should be taken into 
consideration from the planning phase to the loading stage 

Large scale bone loss due
to microbial etiology

(biofilm associated infection/
inflammation due to
bacterial colonization on
the implant surface)

Needs therapeutic intervention

Limited bone loss/remodeling
(<2 mm) related to multiple
factors due to non-microbial
etiology

(initial/early bone loss)

Does not need therapeutic
intervention

Observed during establishment
of osseointegration

Acute bone loss pattern resulting
in incomplete or no

osseointegration

(failure)

Observed after completion of
osseointegration/loading

(periimplantitis)

Non-linear and progressive bone
loss pattern with increased MBL

(>2 mm following first year in
function)

Observed between implant
placement and one year

following functional loading
(mostly between implant
placement and loading)

May favor secondary
opportunistic microbial etiology
in time in the presence of other

potential risk factors

(smoking, history of periodontal
disease, lack of proper plaque

removal/maintenance)

May remain steadily for
prolonged periods in the
absence of risk factors

Peri-implant
crestal bone loss

Figure 4.3 Schematic representation of early peri- implant bone loss and putative mechanism underlying the predisposition to 
peri- implantitis. MBL, marginal bone loss.
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of the dental implant rehabilitation in order to keep the 
PICB loss rate at minimum.

Patient

Patient- related factors might be more effective in the 
long- run since their potential effects last longer than the 
locally- acting factors however clinicians might question 
their possible association with EPBL in order to assess the 
risk. Smoking is a well- documented risk factor for oral 
and periodontal health. Although smoking strongly shifts 
the peri- implant microbiome to a disease- associated state 

even in healthy sites, smokers and non- smokers may 
exhibit similar probing depth and inflammation 
scores [46, 47]. No convincing evidence has been reached 
to date for smoking as being a risk factor/indicator of 
peri- implant bone loss [30]. Similarly, the association of 
peri- implantitis with diabetes and patient genetics is 
somewhat unclear. In contrast to the above factors cause 
and effect relation between peri- implantitis and history of 
periodontitis, poor plaque control and lack of regular 
maintenance therapy is robust [30]. The relation between 
peri- implantitis and cardiovascular disease, rheumatoid 
arthritis, osteoporosis, thyroid disorders, hepatitis, 

Patient

Smoking
Dimension and

position of
microgap

Abutment
connection and

interface

Keratinized
tissue

Loading
protocol

Abutment
manipulation

Abutment
height

Suprastructure
design
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Excess cement

Occlusal
relations and

force distribution
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Surgical trauma
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and closure
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Crestal stress

Collar/neck
design
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Post-op care
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diseases and
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Implant
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Figure 4.4 Factors that may result in early bone loss and that thereby may favor further biofilm accumulation may ultimately 
predispose to peri- implantitis. Adverse effects of these factors can be mitigated by an appropriate risk assessment/management of the 
patient, implant selection, and controlling surgical and restorative factors.
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radiation therapy, chemotherapy, body mass index, hyper-
lipidemia, obesity, vitamin deficiency, serotonin reuptake 
inhibitors, and proton pump inhibitors present limited 
evidence and needs to be further cleared [21, 30].

Patients should be instructed thoroughly about the 
proper post- operative care to avoid flap dehiscence and 
infection- related EPBL including protection of the surgical 
site from trauma borne by wearing dentures and chewing 
on hard foods, usage of anti- inflammatory drugs and 
abstaining from consumption of hot beverages to minimize 
the tissue edema, gentle brushing in conjunction with 
application of antiseptic agents and antibiotic prescription 
when necessary.

Implant Design

Two- piece implant systems mainly consist of an abutment 
interlocking with the fixture by screws and anti- rotational 
geometry or friction only. Under high chewing load vectors, 
the interface between the two components shows elastic 
deformations (micromovement) and forms a void (micro- 
gap) that opens and closes repeatedly [48]. This gap inter-
connects the inner part of the implant and peri- implant 
tissues which may lead to transfer of the bacteria, bacterial 
toxins, and acidic compounds (microleakage) in close prox-
imity to the peri- implant bone where they may induce 
inflammatory bone loss [49]. Although none of the different 
contemporary IAC’s (integrated abutment crown) designs 
are free of gap and totally prevent leakage through the inter-
face, conical (morse taper) connections are likely to present 
increased resistance to micromovements and reduced 
micro- gap/microleakage formation compared both to exter-
nal and non- conical internal connections thus may be asso-
ciated with reduced bone loss (Figure 4.5) [50–52]. All morse 
taper- like connections form a narrower abutment diameter 
namely horizontal offset (platform switch- PS) at the IAC 
due to internal cone structure. PS- structured implants have 
been linked with reduced bone loss compared to non- PS 
ones, but the association seems to be indirect [53]. Proposed 
mechanisms of actions for PS in decreasing bone loss are; (i) 
movement of the IAJ thus microleakage away from crestal 
bone, modification of the biological width by adding a hori-
zontal component, and more desirable distribution of forces 
which may interfere with the integrity of bone- implant con-
tact at the crestal portion of the implant [42, 50].

Based on the design of the two- piece implants the vertical 
position of micro- gap relative to bone may vary. The gap is 
located at the mucosal margin for the “soft tissue level” 
implants, above the crest but below the mucosal margin 
for the “polished collar” implants, and at or below the bone 
crest for the “fully rough- surfaced” implants  [54]. 
Theoretically “soft tissue level” implants harbor the most 

coronal micro- gap location, which is equimucosal; however, 
this design can not prevent bone loss in both early and late 
periods [55]. In addition, sub- crestal positioning of transmu-
cosal part of soft tissue level implants and polished collar 
implants should be avoided since this approach increases 
bone resorption possibly due to lack of appropriate distribu-
tion of occlusal stress associated with absence of threads, 
approximation of the micro- gap to bone and increased pos-
sibility of submucosal cement remnants [55–57].

Neck portion design of the implants have been long 
focused as a site where the majority of forces are transmit-
ted and cortical crestal bone-  implant- connective tissue 
intersects. Closely placed tiny threads at the most coronal 
part (micro- threads) of the implants and gradual decreas-
ing of the thread width from implant apex to the neck are 
designs directed toward reducing the excess pressure at the 
neck portion. Also, laser- microtextured implant design 
both at collar area and abutment have been introduced. 
Although rough- collared implants present lower PICB loss 

Figure 4.5 Abutment and fixture frequently interconnect by 
screws and geometrical structures in two- piece implants to 
provide a tight and stable seal. Contemporary internal 
connections are widely preferred types of interfaces although, to 
some extent, all types of internal connections display microgaps. 
Conical internal connections are likely to present increased 
resistance to micromovements and reduced microgap/
microleakage formation over non- conical IAC’s. However, 
engineering quality of the implants incorporating a well- 
designed IAC may be of greater importance than the type of IAC 
to minimize both technical and biological complications. Note 
the lack of crestal bone loss around an implant with an internal, 
non- conical IAC after six years of loading.
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compared to smooth- collar ones, evidence is lacking on the 
addition of micro- threads and laser micro- texture to rough 
collar regarding PICB loss [58–60].

SurgicalProtocols

Abundant vascularization of soft and hard tissues is critical 
for healing and remodeling of peri- implant bone. Therefore, 
proper 3D positioning of the implants in bone relative to cor-
tical plates and nearby teeth and/or implants is critical to 
keep the EPBL at minimum. Implants at the crestal portion 
often neighbor dense cortical bone with a limited blood sup-
ply, thereby making the bone to be more prone to necrosis 
when excessive insertion torque is applied during placement 
of implants especially those of large implant diameter [45]. 
Hence EPBL related to surgical trauma is observed more 
pronounced at sites where cortical bone proportion is much 
greater than the cancellous bone (Figure 4.6) [61]. In order 
to facilitate preparation of properly shaped implant osteot-
omy and to reduce strain on crestal bone, usage of adequate 
final, pre- tap, and cortical drills according to the manufac-
turer’s recommendations are the practical solutions to over-
come necrosis of dense bone. In addition, overheating of the 

bone should be avoided by copious irrigation to prevent 
bone damage. When implants are placed following 
osteotome- assisted crestal sinus lift or crest splitting 
increased trauma to bone may be anticipated thus slight sub-
merged placement might be encouraged (Figure 4.7). Novel 
strategies alternative to conventional drilling such as osseo- 
densification and piezosurgery might offer some benefits. 
Biomaterial and biomechanical considerations to prevent 
risks in implant therapy [31, 62, 63].

Spontaneous exposure of cover screw is another issue 
associated with EPBL (Figure 4.8) [64]. To overcome this 
complication, principles for atraumatic surgical flap man-
agement from incision to suturing and correct vertical 
positioning of the implant should be strictly followed par-
ticularly when the mucosa is thin (Figure  4.9). Mucosal 
height determines whether the bone resorption will occur 
during the establishment of the biological width around 
the transmucosal portion of implants as evidenced by the 
presence of thick (≥3 mm) mucosa results in lower EPBL 
(Figure  4.10)  [65]. Also, keratinized mucosa (KM) width 
<3 mm might be associated with EPBL  [66]. Therefore, 
practitioners should be familiar with the techniques to 
augment the mucosa and to modify the implant site 

Figure 4.6 Early peri- implant bone 
loss related to surgical trauma may 
be more noticeable at sites with 
dense cortical bone due to the 
limited blood supply. Therefore, large 
diameter implants may be a preferred 
choice at maxillary posterior sites, 
which bare abundant cancellous bone 
more frequently than at mandibular 
posterior sites. Radiographs of a 
6 × 8 mm plateau design, press- fit, 
locking- taper implant immediately 
after placement (left), and uncovering 
surgeries (right).

Figure 4.7 Implant’s bed can be 
prepared with osteotoms in the 
maxilla in order to place an implant, 
which length would exceed the 
vertical bone height below the 
neighboring maxillary sinus (left). In 
case of insufficient bone width crest 
splitting may be applied. Because 
these techniques increase intra- 
operative trauma, placing a slightly 
submerged implant may help 
compensating for post- operative bone 
remodeling (right).
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accordingly to reduce the bone loss related to mucosal 
height and KM insufficiency.

RestorativeProtocols

Abutment height that is surprisingly seemed to not relate 
with mucosal thickness and space for biological width 
establishment is a pivotal determinant of EPBL since it 
may influence the vertical position of the crown margin 
and short and divergent abutments may exert excess pres-
sure on surrounding bone  [67–70]. Intermittent connec-
tion and then disconnection of the healing abutments 
during the preparation of the final prosthesis causes dis-
ruption and then reestablishment of the mucosal seal 
which then in turn may lead to EPBL [71, 72]. In this con-
text, choice of definitive abutment placement instead of 
healing abutment may be a viable method [73, 74].

Planning and restorative principles should be carefully 
followed to decide the optimal timing of loading, to provide 
a suprastructure design that presents a natural restoration 
emergence profile angle, to prevent improper marginal fit 
and abutment seating, to form a concave configuration of 
the transmucosal component with a narrow abutment pro-
file, to exclusively select the retaining method (cemented 
versus screwed) in the context of excess cement avoidance 
and to allow for fabricating a prosthesis with a hygienic 
contour (Figure  4.11)  [75–80]. In addition, prosthetic 

Figure 4.8 Traumatic surgical procedures may result in flap 
dehiscence, exposure of cover- screws and eventually in early 
peri- implant bone loss. The patient from the intra- oral 
photograph was referred 10 days following implant insertion for 
correction of the soft tissue problem.

Figure 4.9 Following basic principles in incision, flap 
reflection, management, suturing, and tension- free closure of 
the mucosal flap serves atraumatic implant surgery, allows 
sufficient vascularization, and predisposes to an uneventful 
and timely healing. Primary flap closure with 5.0 polypropylene 
interrupted, crisscross, and horizontal mattress sutures (top) 
and healed site at four weeks (bottom).

1 mm 2 mm 3 mm 4 mm

Mucosa thickness Figure 4.10 In order to avoid PICB loss 
related to the formation of the biological 
width following abutment placement, 
presence of at least 3 mm of mucosa 
thickness is critical. Implants surrounded 
with mucosa <3 mm of height experience 
crestal bone loss whereas implants with 
peri- implant mucosal thickness ≥3 mm 
show no loss associated with the 
establishment of the biological width 
(BW) (purple arrow: Vertical dimension of 
BW = 3 mm).
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factors associated with, material selection, occlusal rela-
tions, distribution of occlusal forces, crown to implant ratio 
should be analytically considered to prevent technical 
complications leading to loosening of the components and 
titanium particle release/metallic leakage and ultimately 
to inflammation- associated EPBL [25, 31, 81–83].

Radiologically- detected EPBL is a multifactorial entity 
that constitutes one of the academical controversial issues 
of implantology. It should be underlined that early limited 
reductions in PICB are not indicative of peri- implant dis-
ease. Each individual factor given above seems to exert a 
minimal effect on PICB loss however may be of clinical 
significance regarding long- term success when several of 
them conjoins. To sum- up, total precise engineering of the 
implants incorporating an IAC which presents a stable 
connection with biological benefits and a crestal module 
that allows appropriate distribution of the forces and tight 
tissue integrity may be critical in the longevity of implants. 

Additionally, since EPBL might be associated with surgi-
cal trauma utmost attempt should be given in order not to 
jeopardize the healing capacity and vascularization of 
peri- implant tissues. Restorative protocols should be fol-
lowed with the consideration of eliminating and control-
ling prosthesis- related issues on PICB loss. Reducing the 
number of peri- implant inflammatory situations by mini-
mizing EPBL related to above factors may lower the inci-
dence of PI. Therefore, implant practitioners are 
responsible to be competent in surgical and restorative 
interventions in the context of life- long learning attitude, 
to work with well- documented implant systems in which 
they have comprehensive and analytical knowledge, to 
perform adequate planning regarding aesthetics and 
restoration- driven implantology, to properly perform the 
risk assessment of the patient and plan the maintenance 
schedule on the patient basis to reach the goal of “predict-
able and long- term implant stability” (Figure 4.12).

Figure 4.11 Restorative and surgical 
principles are critical to the fabrication of 
prosthetic crowns that respect a natural 
restoration emergence angle (REA) to 
minimize EPBL. A REA <30° is favorable in 
terms of avoiding early peri- implant bone 
loss. Stability of the crestal bone around a 
4 × 9 mm, subcrestally- placed, platform 
switch, conical connection, implant after 
three years (left) and seven years (right) of 
loading can be observed.
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regarding

aesthetics and
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Minimal MBL
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Figure 4.12 Predictable and long- term implant 
stability are paramount goals that should be 
considered in any surgical implant insertion. 
Appropriate training in surgical and restorative 
interventions, utilizing well- documented implant 
systems, an adequate planning of aesthetics and 
restoration outcomes as well as a cautious 
assessment of the patient’s risks and a well- 
understood maintenance plan are all decisive 
factors to avoid post- operative complications such 
as early peri- implant bone loss. MBL, marginal 
bone loss.
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TheOralEnvironmentand Microbial 
Ecology

The oral environment represents is a unique ecosystem, 
which is both spatially and ecologically diverse, as it is con-
tinuously bathed in saliva [84, 85], lined by shedding epi-
thelia of various degrees of keratinization, and framed by 
the non- shedding dental surfaces, whereas the gingival sul-
cus interface between teeth and the gingiva physiologically 
contains a nutrient- rich, serum- derived transudate [86]. 
Occasionally, dental implants will replace natural teeth, 
and their metallic surface will also constitute a non- 
shedding surface in the oral cavity, with a peri- implant crev-
ice that is deeper than that of the natural gingival sulcus. 
These anatomical and spatial diversities generate ecological 
gradients of temperature, redox potential, pH, and nutrient 
availability, which differentially support growth of the 
residing oral microbiota [87]. The spatial gradients of these 
conditions determine the distinct distribution and composi-
tion of microbial communities among the different niches 
of the oral cavity [88], described as “biogeography” [89].

TheMicrobialEcosystemof the
Peri-implantNiche

Dental implants offer a pristine, non- shedding titanium 
surfaces onto which a salivary pellicle rapidly adsorbs, just 
like onto natural teeth, with nonetheless slight composi-
tional variations (apparent absence of low- molecular- 
weight mucins and cystatins)  [90]. The dynamics of 
bacterial colonization on implant surfaces are initially 
slower than on natural teeth [91], although the sequence 
and composition of early colonizing communities appear 
unaffected [92, 93]. We now understand that early coloniz-
ers adhere to implant surfaces within thirty minutes fol-
lowing implant insertion  [94], and evolve toward the 
formation of organized biofilm communities in the next 
two weeks  [91]. The composition of the microbial com-
munities that have colonized the peri- implant niche at 
this stage resemble those of healthy neighboring gingival 
sulci [95], but they are less diverse [96]. Typically, in times 
of peri- implant health, the submucosal microbiota dis-
plays high relative abundances of Leptotrichia spp., 
Veillonella dispar, V. parvula, Fusobacterium spp., Neisseria 
spp., and Streptococcus spp. (including S. sanguinis, S. par-
asanguinis, S. gordonii), and to a lesser extent species of 
Rothia (R. aeria, R. dentocariosa)  [97–99]. These species 
are all commensals and from an ecological standpoint, 
they mostly catabolize saccharides as nutrient source and 
thrive in aerobic environments, aside from Leptotrichia 
spp. that favors anaerobic milieus despite aerotolerant 

abilities  [100]. Whereas microbial colonization and bio-
film formation are completely normal processes compati-
ble with peri- implant health, ecological shifts may drive 
this microbial ecosystem into a state of “dysbiosis,” as 
described further in this chapter.

Peri-implantMicrobialBiofilms

Early work on the peri- implant microbiota relied on anaer-
obic culture- based techniques and phase contrast micros-
copy [101, 102]. Based on these early methodological 
observations, the established notion was that the healthy 
peri- implant sub- mucosa is populated by Gram- positive 
cocci, non- motile bacilli, and few Gram- negative anaerobic 
species [103, 104]. Peri- implant mucositis was character-
ized by more cocci, motile bacilli and spirochetes [105], 
whereas peri- implantitis was characterized by a progressive 
increase in Gram- negative, black- pigmented, motile, and 
anaerobic species, attributed to the lower oxygen conditions 
that prevail in deepened peri- implant pockets [106]. 
Standard molecular detection methods frequently detected 
Aggregatibacter actinomycetemcomitans [107], P. gingivalis 
[107, 108], Prevotella intermedia [107, 109], Fusobacterium 
spp. [109], T. forsythia, and T. denticola [110, 111] as well as 
broader groups of coil- shaped motile Spirochaetes and 
curve- shaped non- motile Synergistetes [112]. Strong micro-
biological similarities have been identified between perio-
dontal and peri- implant diseases, which is not surprising 
given that natural teeth and dental implants share a com-
mon ecological environment of the oral cavity. Some nota-
ble microbiological differences include the frequent 
isolation of Peptostreptococcus spp., Staphylococcus spp. in 
peri- implant infections [94, 113–115].

Profilingof theFullPeri-implant 
Microbiome

“Next generation sequencing” (NGS) technologies have 
given rise to considerably broader opportunities for map-
ping the peri- implant microbiome and discovering hun-
dreds of species in a given sample as well as their 
associations. These have enabled us to understand that the 
microbial ecology around implants is somewhat less 
diverse than around natural teeth [116–120], and that nota-
ble compositional differences exist between peri- implant 
and periodontal sites [116–118], in both health and disease. 
These later studies using contemporary molecular meth-
ods have confirmed what earlier conventional method 
studies have shown, which is that peri- implant infections 
are polymicrobial opportunistic infections, caused by shifts 
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in our endogenous “normal” microbiota. Frequently found 
microbial taxa at healthy peri- implant sites include 
Eubacterium, Anaerofilum, Prevotella, Porphyromonas, 
Selenomonas, Streptococcus, Actinomyces, Leptotrichia, 
Veillonella, Propionibacterium, Peptococcus, Fusobacterium, 
Lactococcus, Rothia, and Treponema [116–120], whereas peri- 
implantitis sites foster more Treponema, Filifactor, 
Porphyromonas, Prevotella, Tannerella, Campylobacter, or 
Staphylococcus spp.  [117–121]. Compared to periodontitis, 
peri- implantitis sites foster more Desulfomicrobium orale, 
Sphingomonas, Veillonella, Actinomyces spp., and various 
streptococci, differences which are also observed in individu-
als with a past history of periodontitis (Figure 4.13) [119, 120]. 
Despite the well- established notion that existing periodon-
tal pockets are reservoirs of periodontopathogens for 
implants [123], with the help of NGS it became clearer that 
peri- implant and periodontal sites behave as distinct 
microbial ecosystems [117–120, 122]. Hence, implant colo-
nization by specific microbes is driven primarily by local 
ecological features of the peri- implant environment with 
influence from nearby niches, such as gingival crevices or 
periodontal pockets [117, 119, 120].

MicrobialEcologyin Transition
from Peri-implantHealthto Disease

Peri- implant diseases are caused by the loss of homeostasis 
between the microbiota located in the crevice and host tis-
sues. Although host inflammation is ultimately responsible 
for the most part of peri- implant tissues breakdown, it 
remains a secondary event and it is shifts in the microbial 
ecology that instigate the transition from health to dis-
ease  [124, 125]. Typically, factors that promote extensive 
and uninterrupted biofilm growth, such as poor oral 
hygiene or plaque- retentive restorations, allow the estab-
lishment of more elaborated food networks, interspecies 
signaling, and response interactions within microbial com-
munities [126]. This supports colonization of proinflamma-
tory taxa whose abundance increases relative to health, 
resulting into a synergistically more pathogenic community 
that subverts host control, i.e. a dysbiotic microbiota [127]. 
This disadvantageous relationship with the host propagates 
further inflammation in the peri- implant mucosa, thereby 
increasing the exudation of PICF and creating a protein- 
rich environment that further supports the establishment 
of proteolytic/pathogenic species  [2]. Interruption of oral 
hygiene procedures for as long as three- weeks is sufficient 
to enable the emergence of common periodontal pathogens 
on the implant surface  [126], which will, in turn, take 
advantage of the incipient inflammation as a source of their 
nutrients, in order to grow and stimulate further 

inflammation [128, 129]. Altogether, overgrowth and shifts 
in the microbial composition set- off a vicious cycle between 
microbial dysbiosis, ecological alterations, and inflamma-
tion that overwhelms host control and leads to an excessive 
inflammatory response. Beyond the conceptual under-
standing of factors driving these microbial ecological shifts, 
it would be clinically relevant to identify which microbial 
communities and specific compositional patterns appear 
associated with early bone loss [5].

MicrobiotaShiftsAssociatedwith Early
Peri-implantBoneLoss –Infection
as RiskIndicator

Most recent evidence demonstrates that the ecological 
shifts from health to peri- implant mucositis, and further 
to peri- implantitis are characterized by an increase in 
microbial diversity  [5]. During the transition to peri- 
implant mucositis especially, new microbial species are 
joining the ecological landscape of the peri- implant 
niche, building up on the pre- existing microbial commu-
nities (Figure  4.14)  [97, 98]. Specifically, higher abun-
dances of “classical” periodontopathogens such as 
Treponema spp., Prevotella intermedia, Porphyromonas 
gingivalis, P. endodontalis, and Tannerella forsythia are 
observed along with more recently emerging putative 
pathogens including Anaeroglobus geminatus, 
Capnocytophaga gingivalis or Prevotella loescheii, and 
P. tannerae. [97, 98]. In contrast to commensal communi-
ties, these strictly anaerobic taxa display a markedly 
increased pathogenic potential notably due to their pro-
teolytic activities, cytotoxin secretions, and ability to sub-
vert the host immune system [112, 130, 131]. Furthermore, 
some of these taxa such as P. gingivalis in leading position 
or A. geminatus may elevate the pathogenicity of the 
entire community by altering patterns of gene expression 
in the ecosystem [132–134]. These observations indicate 
that peri- implant mucositis acquires an inflammatory 
“high- at- risk- for- harm” ecosystem, that is likely to already 
harbor the microbiota responsible to exacerbate peri- 
implant inflammation and cause bone loss [98]. Indeed, 
because a lag in time is necessary between the establish-
ment of dysbiosis and its adverse effects, the causal dysbi-
otic microbiota must somehow precede the appearance of 
clinical peri- implantitis (bone loss). This notion is sup-
ported by evidence showing that further shifts in micro-
bial composition that accompany the transition from 
peri- implant mucositis to peri- implantitis remain more 
subtle [97, 98]. In other terms, the peri- implant pathogens 
likely responsible for bone loss are already ecologically 
established in peri- implant mucositis, mostly persist 
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Figure 4.13 Schematic aggregate of the characteristic and core microbiota associated with different peri- implant conditions. Venn 
diagrams attempt a summative qualitative illustration of the bacterial composition detected in the submucosa of healthy peri- implant, 
peri- implantitis, and periodontitis sites. Taxonomy is reported at the genus level or lower. Font size is proportionate with the 
frequency of detection among publications. (a) Bacterial taxonomic composition from periodontitis and peri- implantitis sites is 
illustrated based on Kumar et al. [116], Dabdoub et al. [117], Maruyama et al. [118], and Yu et al. [122]. (b) Bacterial taxonomic 
composition from healthy implants and peri- implantitis sites are illustrated based on Kumar et al. [116], Sanz- Martin et al. [99], 
Tsigarida et al. [98], Yu et al. [122], and Zheng et al. [97]. Note of consideration; bioinformatic pipelines, criteria of taxonomic 
identification and statistical significance may vary among studies. (Source: Belibasakis et al. [5]. Reproduced here in agreement with 
the terms of a Creative Commons CC- BY license with SAGE publishing https://creativecommons.org/licenses/by/4.0/).
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during the transition to peri- implantitis, and are gradu-
ally enriched with some more bacterial taxa. Typically, 
additional taxa that appear enriched in peri- implantitis 
include Eubacterium spp., Campylobacter spp., 
Fretibacterium fastidiosum, or anaerobic Firmicutes such 
as Mogibacterium spp., Peptococcus spp., or Filifactor alo-
cis. One also observes further increase in abundance of 
Treponema species such as T. denticola, T. maltophi-
lum [97–99, 116, 117] along with other as- yet- uncultivated 
taxa, e.g. Treponema HOT- 246, HOT- 257, and HOT- 258, 
HOT- 260, some of which tend to positively correlate with 
radiographic bone loss, PPD, and suppuration  [98, 99, 
118, 120, 122]. Another common finding also includes 
species of Staphylococcus spp. (e.g. S. aureus, S. petten-
koferi, or S. hominis) that are detected in higher levels in 
peri- implantitis, compared to peri- implant mucositis [98, 
117, 119]. These can be considered as allochthonous spe-
cies (non- oral transient contaminant) [135, 136], that may 
survive and ecologically establish, due to their ability to 
colonize artificial intra- oral surfaces, such as dentures or 
dental implants  [114, 137]. Finally, another ecological 
observation of the transition from health to peri- implant 

mucositis and to peri- implantitis, is the decrease in abun-
dance of certain commensals such as non- mutans 
Streptococcus, Lactobacillus, or Leptotrichia [98, 116, 122]. 
That said, the loss of commensals is especially pro-
nounced upon tobacco smoking [98].

In summary, the microbial diversity of submucosal bio-
films increases during the transition from health to peri- 
implant mucositis, and then to peri- implantitis, albeit to a 
more limited degree during the latter stage. In this dynamic 
process, the clinical state of peri- implant mucositis comes 
out as a key transitional phase, which establishes a host- 
disadvantageous microbial ecology that exacerbates peri- 
implant inflammation and stimulates early bone loss. This 
early turning point is characterized by a marked increase in 
abundances of anaerobic and proteolytic taxa, such as 
Porphyromonas spp., Prevotella spp., Capnocytophaga, 
Tannerella forsythia, or Aneroglobus geminatus, with a con-
current decrease in health- associated commensals. 
Detection of these microbial compositional shifts could 
become a useful early indicator of the progression of peri- 
implant infections and potentially be employed as risk fac-
tor for early peri- implant bone loss.
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Figure 4.14 Dynamics of the submucosal microbiota diversity during the typical course of peri- implant infections. The illustration 
depicts the increase in microbial diversity detected during the transition from peri- implant health to peri- implant mucositis, and 
further to peri- implantitis. (Source: Belibasakis et al. [5]. Reproduced here in agreement with the terms of a Creative Commons CC- BY 
license with SAGE publishing https://creativecommons.org/licenses/by/4.0/). The illustration was designed by the authors using the 
web interface BioRender.com.

https://creativecommons.org/licenses/by/4.0/
http://BioRender.com
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Osseointegrationand Peri-implant
TissueMicroenvironment

Biocompatibility, biostability, and biosafety are crucial 
properties of dental implants that enable the integration to 
the oral cavity, thus contributing to a newly established 
oral micro- environment. They are paramount for optimal 
performance of the implant before and after functional 
loading. Dental implant biomaterials are directly interact-
ing with the oral environment and adapt to the oral func-
tional needs as a living organ [138]. Clinical biocompatibility 
refers to the biomaterial- host interaction, which starts with 
an early inflammatory immune response of the recipient 
bone and mucosal tissue and is a hallmark of favorable 
wound healing  [139] Minimizing surgical trauma during 
implant installation is crucial for an optimal and function-
ally successful wound healing response.

Bone tissue healing around dental implants comprises of 
an initial homeostasis phase, a pro- inflammatory phase, a 
cell proliferation phase, and a final remodeling phase [140]. 
These successive phases are characterized by influxes of 
various immune cell types (e.g. polymorphonuclear leuko-
cytes, macrophages, and lymphocytes) and structural cells 
(e.g. fibroblast and osteoblasts) that interact with one 
another coordinated by local gradients of growth factors, 
cytokines, chemokines and matrix proteins [22, 141, 142]. 
These soluble mediators are progressively detectable in the 
PICF collected from the osseointegrating- healing site, peak-
ing at week 2 after implant insertion, and then decreasing 
during weeks 4–8, and remaining steady at least throughout 
week 24 [62, 63, 143]. Hence, the micro- inflammatory envi-
ronment of the healing peri- implant tissues is crucial for 
successful wound healing around implants. This type of 
immune response during the early stages of osseointegra-
tion can be considered as “ sterile inflammation” and is usu-
ally resolved without complications.

The initial immune response to implant installation is 
further modifiable by the features of the bone- implant 
interface, such as the implant surface characteristics/
design, surgical procedure for implant bed preparation or 
implant–abutment interface configuration  [144]. Early 
peri- implant bone loss has also been attributed to these fac-
tors as well as to a postulated foreign body or hypersensitiv-
ity reaction  [145–151]. The dental implant surface is 
expected to wear- off over time, resulting in to titanium cor-
rosion and titanium particle release  [152]. Although it is 
not clear whether particle release is responsible for a poten-
tial hypersensitivity reaction, titanium ions can themselves 
induce inflammasome expression by macrophages, leading 
them to release active proinflammatory cytokines  [153]. 
Indeed, a greater number of macrophages containing 

titanium particles is found in areas of close proximity to 
implant surface [154].

ImmuneResponseof thePeri-implant
Tissuesto Biofilms

Similar to gingival tissue, peri- implant mucosa possesses 
mechanisms that may control the growth of biofilms, 
including a physical flushing process by the PICF, the rapid 
epithelial turnover, the influx of immune cells to the 
affected tissue, and the transmigration of neutrophils 
beyond the tissue into the peri- implant sulcus  [2, 4]. 
Prolonged exposure to biofilms may induce both qualita-
tive and quantitative changes of the inflammatory infil-
trate around the per- implant mucosa, which can be 
reversible upon reinstitution of proper oral hygiene [155]. 
This seems to be independent of implant type, evidenced 
using experimental animal models [156]. The sequence of 
inflammatory events that take place in peri- implant 
mucositis are indeed similar to those in experimental gin-
givitis, yet the inflammation magnitude is greater and the 
inflammatory process extends faster toward the alveolar 
bone  [157]. Experimental peri- implant mucositis at 
3  weeks is characterized by a pronounced inflammatory 
cell infiltrate within the connective tissue underlying the 
oral epithelium [124]. The area of inflammatory lesion on 
the peri- implant mucosa can reach up to 0.14 mm2, and 
characterized by increased proportions of T-  and B-  lym-
phocytes [158]. The switch to peri- implantitis is accompa-
nied by further influx of inflammatory cells into the 
affected area of the peri- implant mucosa, which now 
expands to reach the bone tissue  [159, 160] whereas the 
size of the peri- implantitis lesions appears to be double 
than that of the periodontitis lesions (3.5 mm2 versus 
1.5 mm2 respectively)  [161]. Moreover, diseased tissue 
obtained from peri- implantitis sites expresses higher levels 
of inflammatory mediators, compared to healthy or peri- 
implant mucositis sites [162, 163]. Major osteolytic media-
tors, such as the cyclooxygenase- 2 pathway, or the receptor 
activator of NF- κB ligand (RANKL)/osteoprotegerin (OPG) 
ratio, are significantly more upregulated in peri- implantitis, 
compared to periodontitis. [164, 165].

DiagnosticPotentialof Peri-implant
CrevicularFluid

Periodontal indices are not as reliable diagnostic and 
 prognostic measures for investigating dental implants 
and  determining treatment needs, although it is well 
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established that they are reliable diagnostic tools when it 
comes to natural teeth (e.g. PPD). That is because routine 
probing around unaffected implants could potentially 
result in trauma to the peri- implant soft tissues, with con-
sequent mechanically- induced inflammation. It is for this 
reason that probing around dental implants is not recom-
mended until after six months, when osseointegration is 
expected to have been completed  [166]. Moreover, using 
probing to measure history of disease is less accurate 
around the peri- implant mucosa, since probes encounter 
less resistance and penetrate deeper around implants than 
around natural teeth  [167, 168]. BOP around implants is 
also a poor indicator of progressive peri- implantitis, as it 
has been shown to be consistently present at sites with 
peri- mucositis, un- treated peri- implantitis, stable peri- 
implantitis, and even in the majority of healthy sites [169].

PICF, the inflammatory exudate of the peri- implant sul-
cus, is the most proximal source of biomarkers for peri- 
implant health and disease and can be collected 
non- invasively in less than five minutes  [4, 63]. It is the 
result of increased vessel permeability of the underlying 
connective tissue, which responds to the growing biofilm 
at the implant–tissue interface [86], and is enriched with 
tissue breakdown products and inflammatory mole-
cules  [170–173]. Importantly, the molecular content of 
PICF can be easily quantified in the laboratory  [2, 174]. 
The flow of PICF is minimum in health, but its traceable 
volume is increased in peri- implant mucositis and peri- 
implantitis, according to the site- response to biofilm accu-
mulation. [175, 176]. The qualitative composition of PICF 
is modified along with the histopathological changes of 
progressive peri- implant inflammation, so its molecular 
analysis may support the early detection of clinically unde-
tectable disease [126].

Cytokinesand EarlyPeri-ImplantBone
Loss –Inflammationas RiskIndicator

Long- term implant survival can be facilitated by adequate 
surveillance and preventive measures throughout the 
implant- life. With appropriate surgical and restorative 
case management, it is possible to arrest early peri- 
implant bone loss, regenerate lost bone, and maintain a 
healthy status for more than half a decade post- loading, 
but early detection and multidisciplinary care is para-
mount to ensure this  [177]. Late implant failures have 
been associated with earlier inflammatory events, smok-
ing, surgical approach, and posterior mandibular place-
ment  [178]. The operator’s surgical and prosthetic 
rehabilitation capacity, the total number of implants in 

the reconstructive treatment and the degree of early bone 
resorption appear to largely impact on the occurrence of 
late implant failures [179]. An important operator- related 
parameter to be considered for early peri- implant bone 
loss is retained dental cement, which can result in signifi-
cant early peri- implant inflammation [180]. The diagnos-
tic accuracy of clinical and radiographic evaluations at a 
given time- point on follow- up is crucial for identifying 
the history of peri- implant bone loss and the consequent 
occurrence of peri- implantitis. Baseline documentation is 
imperative for accurate early diagnosis of peri- implant 
inflammatory bone loss. A combination of BOP or sup-
puration on probing together with bone loss ≥2 mm can 
identify moderate or severe peri- implantitis with a high 
degree of specificity [181].

Detection of early peri- implant bone loss by molecular 
methods and non- invasive means would be an innovative 
and valuable approach to supplement clinical examina-
tion and support clinical diagnosis of the implant site 
under investigation. Several potential biomarkers have 
been considered in supporting clinical diagnosis of early 
or late peri- implant bone loss, but the conclusions reached 
have often been conflicting due to the heterogeneity in 
study designs  [182]. The PICF collected at the tissue- 
implant interface is the ideal biological medium for this 
quest. Investigating early inflammatory markers in PICF 
is justifiable because the peri-implant niche displays 
cumulative levels of antigens (microbes and material) on 
site, which can activate a bone- destructive immune- 
inflammatory response [183].

Early studies showed that the presence of IL- 1β in PICF 
could be indicative of early bone loss or disease progres-
sion to peri- implantitis [184]. The role of this particular 
cytokine is further supported by recent systematic 
reviews, which underlined a link between IL- 1 genotype 
and early peri- implant inflammation, but not other stud-
ied genetic polymorphisms  [185, 186]. Mobilization of 
inflammatory markers such as TNF- α and IL- 1β, or mark-
ers of bone metabolism such as alkaline phosphatase, 
osteocalcin, and Cathepsin- K have been associated with 
early deterioration of peri- implant clinical parameters, as 
early as two weeks following implant function, which 
could serve as predictors of early implant complica-
tions [187]. Other bone remodeling regulators associated 
with early peri- implant bone loss are runt- related tran-
scription factor- 2 (Runx- 2) and bone morphogenetic pro-
tein- 2 (BMP- 2)  [188]. In addition, the cyclophilin 
A- EMMPRIN axis has been identified as an indicator of 
early peri- implant bone loss [189]. Smoking has also been 
associated with an increased early marginal bone loss 
particularly during the late phase of osseointegration, 
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characterized by disturbances in the levels of hypoxia- 
inducible factor 1 alpha (HIF- 1α) and IL- 6 expression in 
PICF cells, over a period of three months [190, 191]. The 
PICF levels of cytokines, chemokine, and growth factors 
have also been evaluated during healing and osseointe-
gration at osteotomy sites prepared either with piezo- 
surgery or drills  [62, 63]. Crestal bone levels did not 
depend on the osteotomy procedures modality. Regardless 
of the procedure, PICF levels of most studied molecular 
factors peaked at two weeks and decreased over time, 
from four or eight weeks onwards. Molecular PICF varia-
tions between the two procedures were transiently 
observed only in the case of RANTES and RANKL.

Of special consideration for the early detection of mar-
ginal peri- implant bone loss are molecules involved in con-
nective tissue proteolysis and activation of osteoclastic 
bone resorption. The former category is largely represented 
by the family of MMP enzymes and their inhibitors TIMP, 
and particularly the active form of MMP- 8 that has been 
invariably identified as a marker for progressive bone loss 
in peri- implantitis  [173, 192–195]. The latter category is 
largely represented by the RANKL- OPG system as a regu-
lator of bone resorption. Indeed, the levels of RANKL and 
OPG, as well as their relative RANKL/OPG ratio, in PICF 
have been associated with early peri- implant bone 
loss [188] or the occurrence of peri- implant mucositis, as 
compared to peri- implant health  [175], revealing the 

diagnostic potential of this molecular system. The type of 
implant–abutment connection does not appear to influ-
ence this measure over a period of one year [144].

 Conclusions

In this chapter, we identified and discussed clinical, micro-
biological, and immunological parameters as indications 
of early peri- implant inflammation (e.g. peri- implant 
mucositis) and early peri- implant bone loss (i.e. incipient 
peri- implantitis). Apart from well- established clinical 
risk factors, there are diagnostically underexploited pos-
sibilities for molecular verification of the early pathologi-
cal events associated with the peri- implant tissues. As 
such, there is a finite number of immunological factors 
and trending microbiological profiles that need to be 
more routinely implemented in clinical diagnosis, in 
order to more definitively validate their early diagnostic 
and/or therapeutic potential. Pinpointing such immune 
and microbial signatures may indeed prove to be a valua-
ble tool for the primary prevention of peri- implantitis and 
may further provide the basis for targeted antimicrobial 
action or outcome monitoring of therapeutic interven-
tions. The clinical application of such novel risk indica-
tors may ultimately allow to improve the long- term 
retention of dental implants.
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 Dental Implants

Usage of dental implants in the treatment of edentulism 
has revolutionized dentistry since the discovery of osseoin-
tegration of Per- Ingvar Branemark in the 1960s [1]. During 
the following decade, the development of the modern den-
tal implant and treatment protocols was made by the 
Swedish and a Swiss research group simultaneously [2–7]. 
Previous implants that had been used for rehabilitation of 
edentulism did not show very good success rates, and at the 
introduction of the modern titanium implant by P- I 
Branemark, it was not well received by the dental society 
[8, 9]. Previous implants had been made of different alloys 
mainly cobalt–chromium (Co–Cr), with a relatively low 
success rate [10]. While the implant introduced by Professor 
Brånemark was made of commercial- pure titanium (CP Ti) 
with a purity of 99–99.5% [9]. CP Ti is alloyed with only 
oxygen divided into grade 1–4 depending on the oxygen 
content, where grade 1 is the weakest [11]. Higher grades 
of Ti are alloyed with other elements than oxygen and the 
most commonly used in dental implants are Ti–6Al–4V or 
other Ti alloys with Zr [12]. Also, Niobium and Tantalum 
are non- toxic elements favorable for usage as alloying ele-
ments with Ti to improve mechanical properties  [13]. 
Usage of other Ti alloys than CP Ti is mainly to make it 
possible to reduce the diameter with a maintained strength 
of the implant, making it possible to install implants in an 
area with a reduced bone width [12, 14]. As materials for 
endosseous implants, c.p. Ti and Ti alloys dominate the 
current market. However, there is ongoing research into 
other materials, e.g. zirconia and PEEK (polyetheretherk-
etone), for usage in dental implants. Implants made of 
Zirconia might be a material competitor to Ti in the future, 
but more in vivo research is needed before transition to a 

different implant material than Ti can be recommended 
[15]. At the beginning of the modern implant era, solely c.p 
Ti was used in the implants and abutments. Supra con-
structions were full arch prostheses made of acrylic with a 
framework made of gold (Au). Today the core for the 
framework varies from different metallic alloys to ceramic 
materials, mainly different variants of  zirconia. While 
usage of dental Au as materials has vanished due to cost 
and the development of modern manufacturing techniques 
used instead of casting.

A now historical conference held in Toronto, Canada, 
9–11 May 1982 changed the dental community’s thoughts 
about dental implants and are today called the start of the 
modern dental implant era  [16, 17]. At this conference, 
P.- I. Branemark presented long time follow- up of his 
patient material of edentulous mandibles reconstructed 
with a fixed prosthesis anchored to titanium implants [3, 
4]. After this conference, implant treatment and research 
have exploded with thousands of papers in the subject pub-
lished today. At the start of the implant era, this treatment 
was only performed by specialists in oral surgery and pros-
thetic dentistry. Today, it is seen as a standard treatment to 
replace lost teeth used also by general dentists. The implant 
market has become a billion- dollar market with an esti-
mate of 15–20 million implants installed annually world-
wide [18]. Dental caries and periodontal problems are still 
two major diseases that haunts humans with a prevalence 
in studies of 35 and 46 % for the whole population, respec-
tively  [19–21]. Edentulism among low-  and high- income 
countries differ between 10 and 35% and are expected to 
increase due to a longer life expectancy for humans [19]. So, 
the dental implant market has a growth potential between 
5 and 11% annually in the coming five years. The possibility 
to replace lost teeth by a fixed prosthesis anchored to dental 
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implants instead of a removable denture has improved 
the quality of life for many patients [22–25].

Peri- implantitis is an inflammatory disease, causing 
inflammation and degradation of the supporting tissue with 
a progressive loss of bone around a dental implant [26]. This 
inflammatory condition was first reported by Levignac in 
1965 and described under the term periimplantation osteol-
ysis- , periimplantosis – periimplantitis [27]. Peri- implantitis 
have been reported among individuals and implants with a 
prevalence of 19.83% (95% Confidence Interval (CI) 
15.38–24.27) and 9.25% (CI 7.57–10.93), respectively. The 
criteria of peri- implantitis have been heavily discussed with 
a wide range in the prevalence. Today, a prevalence around 
20% based on subjects is accepted. Taking this number in 
consideration means that every fifth patient treated with 
dental implants will have problems with inflammation and 
degradation of the supporting tissue around one or more 
implants. With those facts, it is of great importance to find 
contributing factors to peri- implantitis disease and try to 
avoid placing implants in patients with a high risk of failure. 
Also, try to find a solution to treat or minimize the damages 
caused by this inflammatory disease. As periodontal patho-
gens also are associated with peri- implantitis, development 
of antibacterial surfaces and improved mucosal seal are 
important characteristics to reduce bacterial adhesion and 
maintain a healthy soft tissue around the implant [28, 29].

Peri- implant mucositis is an inflammation in the soft tis-
sue around a dental implant, without degradation of the 
supporting bone. It is a common condition among individu-
als treated with dental implants, with a prevalence based on 
implant level and patient level of 29.48% (CI 22.65–36.32) 
and 46.83% (CI 38.30–55.36), respectively  [30]. Bacterial 
induced peri- implant mucositis is a reversible condition if a 
good plaque control is established [31]. However, other fac-
tors than bacterial factors can induce an inflammation in 
the peri- implant tissue e.g. excess cement, to deep place-
ment of the implant, unsuitable implants, and poor surgical 
technique [32]. Inflammation in the peri- implant mucosa 
caused by these factors is not possible to influence with 
 better plaque control and if they are not handled properly 
destruction of the supporting tissue and bone are inevitable.

In a follow- up study of 10.092 implants placed between 
1980 and 2014 at a specialist clinic in Sweden, it was found 
that overall, 642 implants (6.36%) failed, of which 176 (1.74%) 
were lost prior to second- stage surgery [33]. This shows that 
dental implants are a treatment for edentulism with a high 
survival rate over time. However, when success rate is used as 
the outcome instead of survival the outcome looks a little dif-
ferent. A review study reported a range of success between 
34.9 and 100% with a mean of 89.7% (± SD 10.2%) and a 
range for survival between 73.4 and 100% with a mean of 
94.6% (± SD 5.97%)  [34]. Success rate for dental implants 
have been defined with some different measurements over 

time, which makes it harder to compare outcome of success 
between different studies [8, 10, 35, 36].

Titanium

Ti is a chemical element with the atomic number 22 in the 
periodic system. It is categorized as a shiny transition metal 
with a close- packed hexagonal crystal structure. It is the 
ninth most common element in the crust of the earth [37]. 
Ti was first discovered in 1791 by the geologist William 
Gregor; this new element was in a magnetic black sand [38]. 
But not until 1910, it was purified to 99.9% purity by metal-
lurgist Matthew Hunter [39]. Ti has commercially become 
widely used during the second half of the twentieth cen-
tury, used in items such as aircrafts, gas turbine engines, 
bicycles, and golf clubs. Ti is also used in various medical 
appliances, such as dental and orthopedic implants, metal- 
ceramic reconstructions, removable partial dentures, nee-
dles, pacemaker leads, sutures, ligature clips, orthodontic 
appliances, and eyeglasses frames. This wide range of 
applications is due to the material’s combination of 
strength, unique density, and corrosion resistance  [37]. 
Due to these characteristics, Ti is advantageous compared 
to materials such as aluminum, steel, and other high- 
performance alloys. Ti is very reactive, and a thin titanium 
dioxide (TiO2) layer (~3–5 nm) covers Ti surfaces when 
exposed to air [40]. This oxide layer on the surface pacifies 
the metal and makes it very corrosion- resistant. Also, inter-
actions between the metal and biomolecules are prevented 
by the oxide layer. While interactions between the oxide 
layer and biomolecules will occur, for instance different 
types of bonding e.g. van der Waals bonding, <4.184 kJ/
mol; hydrogen bonding, ~4.184–41.84 kJ/mol; and covalent 
and ionic bonding, 41.84–418.4 kJ/mol [41]

American Society for Testing and Materials (ASTM) clas-
sifies c.p. Ti in five grades (gr.; 1–4 and 7) based on the con-
centration of oxygen (O; 0.18–0.40 wt.%) and iron (Fe; 
0.2–0.5 wt.%) content. Ti impurities include nitrogen (N; 
0.03–0.05 wt.%), carbon (C; 0.1 wt.%), and hydrogen (H) 
(0.015 wt.%)  [42]. Ti grades, gr. 1 is the purest and softest 
form, with a tensile strength of 240 MPa up to gr. 4 with a 
tensile strength of 515 MPa. Grade 2 of c.p. Ti is the most 
commonly used in industrial services because it offers a 
good combination of high corrosion and erosion resistance, 
good cold formability, and excellent weldability [43].

 Immune System

The immune system has evolved through millennia in the 
evolution of mankind, with powerful defense mechanisms 
to protect the host against a large variety of invaders that 
could enter the body  [44]. A working immune system is 
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essential for the survival of the host, not only for the pro-
tection against invading pathogens (bacteria, viruses, and 
parasites), but also for tissue repair and eradication of dam-
aged cells, that otherwise could evolve into tumor cells [45].

To prevent entry into the body for pathogens is the main 
function for the immune system. The skin could be seen as 
a part of the immune system; there it works as the first 
barrier for pathogens to enter the body [44]. An intact skin 
barrier works as a good protection against pathogens, while 
the mucosa of the mouth and gut is easier for pathogens to 
penetrate [44]. The immune system host defense is divided 
into two major groups, the innate and the adaptive immune 
system. There the innate immune system is the first defense 
against pathogens, while the adaptive immune system is 
more specialized to recognize specifically molecules called 
antigen [45]. Antigens represent a large variety of both of 
foreign origin (pathogens, proteins, or molecules), but also 
self- molecules that can provoke autoimmune responses [44].

Innate and Adaptive Immune System

The main function of the innate system (fast immune 
response) is to be the first responder to a pathogen or for-
eign molecule entering the body. This type of immune 
response is immediate and consists of a number of differ-
ent types of cells, macrophages, dendritic cells, mast cells, 
neutrophil- , eosinophil- , and basophil granulocytes, and 
natural killer cells [45]. Also, the epithelial barrier, natural 
antibodies, and complement factors are important in the 
innate immune response  [45]. Some of the cells in the 
innate immune system are present in the tissue, while oth-
ers are recruited to the area of an invading pathogen or if a 
tissue damage occurs. Macrophages, dendritic cells, and 
mast cells are these types of guardian cells that recruit 
other cells to the location of e.g. an infesting pathogen that 
entered the body. Macrophages, dendritic cells, and neu-
trophil granulocytes are phagocytes, where the first two 
also have antigen- presenting capability of antigens to the 
adaptive immune cells.

Adaptive immunity is the late immune response, which 
takes hours till days to initiate a response against the anti-
gen. The immune cells consist of T-  and B-  lymphocytes [45]. 
The adaptive immunity is divided into humoral-  and cell- 
mediated immunity. Humoral immunity is antibodies, pro-
teins produced and secreted by B- lymphocytes, to block 
infections by binding to extracellular antigens. Activation of 
B- lymphocytes leads to the effector function, neutralization 
of microbes, activation of phagocytes, and complement fac-
tors  [44, 45]. While intracellular antigen, either phagocyt-
ized or an infected cell (e.g. viruses) activates cell- mediated 
immunity. This cell- mediated immunity can work through a 
phagocyte presenting the antigen of a phagocytized microbe 
to a T- helper lymphocyte that secrete cytokines to active the 

phagocyte to destroy the ingested microbe  [45]. Effector 
function of activation of T- helper lymphocytes not only 
consist of macrophage activation and inflammation, but 
also activation of B- lymphocytes. While a virus- infected cell 
needs to be killed to stop the virus from using the cell as 
“factory” for the replication of the virus [44, 45]. This death 
mechanism is mediated through a cytotoxic T- lymphocyte 
that binds to a receptor where the cell expresses viral antigen 
that initiates cell death to stop the virus replication. All 
these effector functions need to be regulated thoroughly so 
that the immune system acts against foreign antigens, but 
not the  host’s own cells and proteins [44, 45]. Regulatory 
T- lymphocytes have an important role to initiate a suppres-
sion of the immune response to prevent a too powerful 
response that could harm the host [44].

Inflammation

Inflammation is a series of immune reactions in response 
to an infection or tissue injury  [46, 47]. Clinical signs of 
inflammation are calor, rubor, tumor, and dolor in the 
affected soft tissue [46]. Increased heat (calor) and redness 
(rubor) correlate to an increase of local blood flow in the 
soft tissue, and swelling (tumor) by increased permeability 
and/or leakage of plasma proteins and fluids into the tis-
sue, pain (dolor) are caused by release of various of inflam-
matory mediators e.g. prostaglandins, bradykinin, and 
cytokines [46, 48].

Inducer of inflammation can be divided into two main 
groups exogen and endogenous  [47]. Further, exogen 
inducers can be divided into microbial and non- microbial, 
and endogenous in cell- , tissue- , plasma, and extracellular 
matrix (ECM) derived [47]. Inflammation caused by exo-
gen inducers as e.g. microbes, viruses, or particles are more 
well studied than endogenous- induced inflammation asso-
ciated with many modern human diseases as e.g. athero-
sclerosis, diabetes, obesity, and rheumatoid arthritis [47].

Blood leukocytes (e.g. monocytes and neutrophils) are 
normally circulating in the bloodstream and only present 
in small numbers in healthy tissue. Eradicate of bacteria 
not only by phagocytosis, but also clearance of damaged 
 tissue are performed by neutrophil granulocytes  [49]. 
Neutrophils are the most common phagocytes circulating 
in the bloodstream. During inflammation, monocytes cir-
culate in the blood are recruited to extravascular tissue and 
differentiated into macrophages. A breach of the first 
defense barrier, the epithelium, by microbes will be detected 
by dendritic cells, macrophages, and mast cells [49]. These 
cells will release proinflammatory cytokines, e.g. IL- 1 and 
TNF- α, which are essential in the recruitment of inflamma-
tory cells to the infected area. The release of these cytokines 
causes the endothelium to express adhesion molecules 
directed toward leukocytes in the bloodstream used for 
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recruitment of these cells [50]. Endothelial cells and mac-
rophages will produce chemokines to render the endothe-
lium more permeable to adhered leukocytes and allow 
them to extravasate and migrate to the infected tissue [49]. 
The cytokine IL- 1  will induce acute inflammation and 
fever [51]. Interferon- gamma (IFN- γ) production by natural 
killer cells is induced by IL- 12 produced by macrophages 
after phagocytosis. IFN- γ will then activate the mac-
rophages to kill phagocytosed microbes [49].

Naive CD4+ will differentiate into T- helper cells type 1 
(Th1) or Th2 effector cells when encountering an antigen [52, 
53]. These different strains of T cells will activate mac-
rophages to polarize into M1 (inflammatory) and M2 (anti- 
inflammatory) depending on if they are activated by Th1 or 
Th2 cells [52]. Th1 cells will drive macrophage polarization 
to M1 phenotype that will activate cytokine release and an 
inflammatory response  [52, 53]. While activation of mac-
rophages by Th2 cells will polarize to a M2  phenotypes and 
initiate tissue repair and wound healing. Recent knowledge 
has shown that M1 and M2 macrophage phenotype present 
in the tissue show a higher diversity with a complex response 
to factors present in the microenvironment [54, 55].

Phagocytosis

Élie Metchnikoff was the first to describe the phenomena 
of phagocytosis in invertebrates in 1883 [56]. Phagocytosis 
is the process of intracellular ingestion and elimination of 
microbes, substances, or apoptotic cells that occurs in mac-
rophages and neutrophils [57].

Phagocytosis starts with extension of the cell membrane 
around a microbe, which is initiated by binding of a microbe 
or particle to a PAMP or DAMP receptor [49]. This process 
is followed by closure of the plasma cell membrane around 
the bound microbe or particle, which is then pinched off 
into a vesicle called a phagosome [58]. Lysosomes, contain-
ing reactive oxygen species (ROS), nitric oxide (NO), and 
lysosomal proteases, are fused to the phagosome, forming a 
phagolysosome. ROS, NO, and lysosomal proteases are 
released in the phagolysosome to surround the ingested 
microbe or substance to decompose it [49]. The membrane 
of the phagolysosome will break if the decomposition fails, 
and the toxic lysosomal enzymes and proteases will leak 
into the cytosol. Nucleotide oligomerization domain (NOD) 
receptors in the cytosol will be activated by leakage of these 
toxic components. These receptors react to pathological 
changes in the cytosol to initiate the production of IL- 1β via 
the assembly of a protein complex called an inflammas-
ome  [59]. The name inflammasome is derived from the 
ability of the complex to trigger both inflammation and cell 
death through apoptosis and pyroptosis [60, 61].

Inflammasomes

Inflammasomes are large multimeric protein complexes 
assembled in the cytosol of the cells working as a defense 
mechanism upon triggering from pathogen- associated 
molecular patterns (PAMPs) or danger- associated molecular 
patterns (DAMPs)  [59, 62–64]. Inflammasomes regulate 
maturation and release of pro- inflammatory cytokines as 
interleukin (IL) – 1 β and IL – 18 which are an essential part 
of the innate immune system [63, 65]. Also, pyroptosis for 
eradication of infected or cells sensing internal danger is an 
essential function initiated by the inflammasomes  [64]. 
These protein complexes are a sophisticated cell system to 
control the immune response against an infection or a dan-
ger signal. There  are a number of subsets of inflammasomes 
and in this chapter, only the NLRP3 inflammasome will be 
discussed. These inflammasomes are composed by three 
domains: nucleotide- binding and oligomerization (NACHT) 
domain; followed by C- terminal leucine- rich repeats (LRRs); 
and N- terminal caspase recruitment (CARD), or pyrin 
(PYD) domains [63, 64]. Autoregulation and ligand sensing 
are believed to be the function for LRRs, whereas down-
stream signaling by protein–protein interactions is mediated 
by CARD and PYD domains [63]. Caspase- 1, also known as 
IL- 1 converting enzyme (ICE), is synthesized as an inactive 
proenzyme, which is activated by cleavage through the 
assembly of the inflammasome complex  [66, 67]. 
NLRP3  inflammasome is the most characterized and con-
sists of three components: NLRP3 scaffold; apoptosis- 
associated speck- like protein containing a caspase 
recruitment domain (ASC); and caspase- 1  [59, 63, 64]. 
Activation of NLRP3 is initiated by a wide range of stimuli 
initiating: relocation of NLRP3 to the mitochondria; genera-
tion of reactive oxygen species (ROS); potassium efflux out 
of the cell; release of mitochondrial DNA or cardiolipin; and 
lysosomal destabilization leading to release of cathepsins 
into the cytosol  [59]. Assembly of the NLRP3  inflammas-
ome is initiated by the activation of NLRP3 leading to activa-
tion of caspase- 1 and cleavage of pro- IL- 1β into bioactive 
IL- 1β [59, 68]. A schematic illustration of particle- induced 
inflammasome activation is shown in Figure 5.1.

Particle- induced activation of the NLRP3 inflammasome 
is believed to be initiated by rupture of phagolysosomes 
and leakage of the content into the cytosol e.g. proteolytic 
enzymes and the endosomal- lysosomal protease cathepsin 
B [69–71]. This protease works as an internal danger signal 
and is required to initiate the assembly of the NLRP3 inflam-
masome [72]. IL- 1β is a potent cytokine that affects every 
organ in the human body by the initiation of immune 
responses through e.g. fever, acute phase proteins, 
hypothalamic- pituitary- adrenal (HPA) axis, chemokines, 
adhesion molecules, interferon- gamma (IFN- γ), and 



Immune System  55

IL- 17  [73–75]. To protect the organism from a strong 
immune response induced by release IL- 1β, two signals are 
needed to activate this potent cytokine [59, 76]. Expression 
of pro- IL- 1β and NLRP3 are initiated by upregulation of 
nuclear factor kappa B (NF- κB) in the cell nucleus by acti-
vation through the toll- like receptors [59, 76]. This is not 
enough to activate NLRP3 but works as a first signal with 
upregulation of the proteins in cell cytosol, but dependent 
on a secondary signal initiated by e.g. silica, asbestos, cho-
lesterol crystals, or Ti to activate the assembly of the 
NLRp3  inflammasome  [59, 63, 69, 76–78]. A synergistic 
effect has been shown when macrophages are primed with 

lipopolysaccharides before exposure to Ti or TiO2 on the 
NLRP3 inflammasome activated IL- 1β release [77, 79].

Activation of the NLRP3  inflammasome, maturation, 
and release of bioactive IL- 1β will trigger inflammation and 
pyroptosis of the cell  [80]. Activation of the protein 
Gasdermin D (GSDMD) with a N- terminal to GSDMD- NT 
by caspase- 1 is required for IL- 1β secretion and pyroptosis 
to occur [80–82]. Pyroptosis and IL- 1β are initiated by pore 
formation in the cell membrane by GSDMD- NT  [81, 83]. 
Cell death caused by pyroptosis is not fully understood, but 
it has been proposed that influx through pores formed in 
the cell membrane by GSDMD- NT might be a factor [81, 84].

Figure 5.1 Schematic illustration of particle- induced NLRP3 inflammasome activation in a macrophage. Upregulation of NF- κβ in 
the nucleus is initiated through PAMP activation of the TLR. NF- κβ expression activates the immune system by macrophage secretion 
of TNF- α and IL- 6. Also, upregulation of intracellular of pro- IL- 1β and inflammasome genes as inactive NLRP3. Phagocytized particles 
will work as the second signal to activate assembly of the NLRP3 inflammasome. Phagosomes and lysosomes will form a 
phagolysosome where lysosomal products such as e.g. proteolytic enzymes and ROS will try to degrade the phagocytized particles. 
Due, to the stability of some particles (e.g. silica, asbestos, and TiO2) degradation of these molecules will lead to rupture of the 
phagosome membrane. Leakage of lysosomal content into the cytosol with release of cathepsin B as the result, which works as a 
danger signal for the cell. Assembly of the NLRP3 inflammasome components NLRP3, ASC and pro- caspase- 1 are initiated by this 
danger signal. Caspase- 1 is activated through the assembly of the inflammasome, where the activated enzyme cleaves pro- IL- 1β into 
bioactive IL- 1β. Also, activated caspase- 1 will add a N- terminal to GSMD initiating pore formation in the cell membrane. Through this 
pore, bioactive IL- 1β can be released, which will activate inflammation. These pores will also allow Ca2+ influx to the cell, which is 
believed to be an important component to initiate cell death by pyroptosis.
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 Foreign Body Reaction

Implantation of a biomaterial into living tissue will first 
initiate an acute inflammation and in some cases lead to a 
chronic inflammation/granulation tissue formation, which 
can start an encapsulated foreign body reaction  [85, 86]. 
Foreign body reactions are inflammatory responses and 
wound healing after implantation of a foreign material into 
the body [87]. Biocompatibility of a biomaterial is depend-
ent on protein adhesion; macrophage/leukocyte adhesion 
and activation; activation of complement factors, where 
activation of macrophages plays an essential role [85]. In 
granulomas formed around an implanted biomaterial, 
giant cells are formed by fusion of macrophages into multi-
nucleated cells [85, 88]. Foreign- body giant cells (FBGCs) 
are one type of giant cells derived from monocytes and the 
end stage of monocyte differentiation [88]. Giant cells are 
multinucleated cells that originated from fusion of mac-
rophages into one gigantic cell with two different types of 
morphological classification, Langhans giant cells and 
FBGCs [88]. Langhans giant cells are multi- nucleoid cells, 
first described by the German pathologist Theodor 
Langhans in granulomas of tuberculosis  [89]. Although 
both types of giant cells are derived from monocytes or 
monocyte progenitor cells, there are clear differences in the 
way they are formed. Where formation of FBGCs is induced 
by IL- 4 and IL- 13, while formation of Langhans giant cells 
by interferon- γ [88]. A clear difference in the characteris-
tics is the lymphocyte collar seen in granulomas with 
Langhans giant cells, which is not present in FBGCs granu-
lomas [88]. This is typical for this particle- induced granulo-
mas that are non- immunological showing an absence of 
lymphocytes in the lesions  [44]. They can also be distin-
guished by the number of  nuclei, where FBGCs have 
>20   nuclei, while Langhans giant cells have less than 
twenty [88]. Other multi- nucleated cells as osteoclasts and 
the HIV- 1- induced CD4+- T- cell derived syncytia which 
also can be considered as giant cells  [88, 90]. Osteoclasts 
are cells involved in both natural bone remodeling and 
pathological bone resorption processes, which is contrary 
to other types of giant cells that only are present in patho-
logical processes. Surface properties of the implanted bio-
material play an important role in foreign body reaction 
during the initial stage of healing after implantation [87].

It has been proposed that osseointegration of a dental 
implant is a foreign body response to the material causing a 
chronic inflammation and embedding of the implant with 
bone to separate it from the body [32]. Also, peri- implantitis 
is a disbalance in the foreign body response causing mar-
ginal bone loss around the implant leading to a secondary 
biofilm- driven infection of the exposed implant surface [32]. 
Albrektsson et al. propose that a foreign- body reaction will 

occur during the healing phase after implant placement and 
to achieve a successful outcome a foreign- body equilibrium 
has to be established [32]. The authors suggest that this equi-
librium can be disturbed by various local patient- dependent 
factors, cement particles, unsuitable implants, and poor sur-
gical techniques, leading to chronic inflammation, which 
might in turn lead to failed osseointegration (early failure), 
marginal bone loss, and eventually implant loss (late failure) 
[32]. One argument opposing this hypothesis is that peri- 
implantitis consistently begins with marginal loss. If the sole 
factor would be an imbalance in the foreign body reaction 
leading to peri- implantitis, bone loss could originate from 
any point on the implant surface, but this is not observed in 
practice [91–95].

 Degradation Products from Implants

Nanoparticles and the Influence 
of Immune Cells

Nanoparticle (NP) is defined as matter with a size from 
100 nm down to the size of atoms 0.2 nm (2 Å)  [96, 97]. 
Usage of nanotechnology in a wide range of areas has been 
developed during the last decades, raising concern about 
health hazards of those ultrafine particles  [98–101]. 
Particles found inside a cell are normally phagocytized or 
enter the cell by endocytosis, while NP can enter the cell by 
passing the cell membrane [102]. In body fluids, NP attracts 
protein which leads to a corona of proteins attached to the 
particles surface defining the biological property of the 
NP  [103]. Metal–protein aggregates formed by Ti show 
 different morphology depending on if it is the ionic- , Ti NP, 
or TiO2 Figure 5.2.

TiO2 NP can cross epithelial cells reaching the blood-
stream and be transported to every organ in the body as 
well as entering the central nervous system  [104]. These 
NPs can not only enter the cells, but also enter the nuclei 
and mitochondria interacting with cytoplasmic pro-
teins [104]. Toxicological, TiO2 NP induces oxidative stress 
in the cells that cause inflammation, cell damage, genotox-
icity, and adverse immune response [105, 106]. Also, indi-
cations that TiO2 NP can cause chromosomal damage and 
DNA strand breaks into cells that have been shown [107]. 
Due to the diversity and reactivity of these particles, the 
immunological response and cell damages are dependent 
on physical and chemical properties of the NPs [105, 106]. 
Reports have suggested that the rutile form of TiO2 NPs can 
not easily enter the cells, concluding that the crystal form 
rather than the particle size is the most important factor for 
the toxicological effect on cells [108]. While other studies 
have demonstrated that the shape and size of the particles 
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are important factors for the cellular internalization path-
ways by endocytosis and are favorable by rod- like formed 
particles compared to spherical  [109]. TiO2 is used in a 
large variety of consumer products as e.g. pigments in per-
sonal care products and food, makeup, and sun creams. As 
new knowledge is discovered about hazards to human 
health by exposure to TiO2 NPs, the effect on human health 
of these highly reactive particles should be examined thor-
oughly [110]. Also, usage of produced NPs in human con-
sumer products should be limited until the health aspect of 
exposure is better known.

Inhalation of asbestos and silica particles is linked to 
inflammation in lung tissue, fibrosis, and lung cancer [78]. 
Inflammation in the lungs by inhalation of silica and 
asbestos particles is associated with phagocytosis of these 
particles by macrophages resulting in activation of the 
NLRP3 inflammasome and release of IL- 1β [78]. Inhalation 
of TiO2 NPs has been found to cause similar inflammation 
in lung tissue as silica and asbestos, resulting in emphysema- 
like damages [79, 111].

Gene expression of toll- like receptors (TLRs) 4 has been 
shown to be downregulated after 24 hours of exposure to Ti 
particles, possibly to inhibit an excessive inflamma-
tion  [112]. However, this might lead to a consequence 
where cells and tissue are more susceptible to patho-
gens  [112]. Bone marrow cells show a decrease in osteo-
clast proliferation, alkaline phosphatase activity, and 
osteocalcin production when challenged with polymethyl-
methacrylate (PMMA) or ultra- high molecular weight pol-
yethylene (UHMWPE) particles  [113, 114]. While other 
studies show that receptor activator of nuclear factor- κβ 
ligand (RANKL), interleukin (IL)- 6, IL- 8, IL- 10, C- X- C 
motif chemokine ligand 10 (CXCL10), monocyte chemoat-
tractant protein (MCP) 1, and monokine induced by 

gamma interferon (MIG) are overexpressed then exposed 
to UHMWPE leading to periprosthetic osteolysis [115].

Orthopedic Implants

Osteolysis around an orthopedic implant caused by wear 
debris is a well- known complication and a major problem, 
causing a vast majority of prosthesis revision surgery 
(75%) [116]. This degradation around a hip prosthesis with-
out a previous infectious cause, also called aseptic osteolysis, 
was first described by Harris et al. [116, 117]. This particle- 
induced osteolysis is caused by the activation of inflamma-
tory cells and secretion of proinflammatory cytokines (e.g. 
IL- 1β, IL- 6, TNF- α, and prostaglandin E2 (PGE2) [118–120]. 
Inflammation in the tissue adjacent to the implant will be 
induced by the release of these cytokines, which in turn will 
activate the receptor activator of nuclear factor kappa beta 
ligand (RANKL). RANKL will activate osteoclasts and bone 
resorption will be induced. Histomorphometric analysis of 
failed implant sites showed an increased contact between 
bone and CD11 - positive cells, in sites where radiographic 
signs of osteolysis were present [121]. Systemic distribution 
of metallic wear particles was found in liver, spleen, and 
regional lymph nodes postmortem with a higher concentra-
tion in patients with a revised hip prosthesis compared to 
patients examined with a primary prosthesis  [122]. 
Intoxication by cobalt with various organs and parts of the 
nerve system affected has been reported from failed hip 
prosthesis made of cobalt- chromium alloys  [123–127]. 
Those rare complications correlated to wear particles 
released from hip prosthesis seem to be more frequent 
among patients with a fractured ceramic prosthesis and 
where radiologic and clinical signs of local inflammation are 
present  [128, 129]. Orthopedic implants show many 

(a) (b) (c)

Figure 5.2 TEM images showing aggregates formed by (a) Ti ions with proteins; (b) Ti NP with proteins; and (c) TiO2 NP with 
proteins. A clear difference in the morphology of the formed metal–protein aggregates can be seen. If the difference in the structure 
of the formed metal–protein aggregates will initiate different immune responses is unknown.
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similarities with dental implants but also some differences. 
One of the major differences is that orthopedic prostheses 
are embedded in a sterile compartment, while dental 
implants are exposed to the oral environment through the 
peri- implant mucosa. Additionally, orthopedic prostheses 
are much larger and exposed to movement, which induces 
much more extensive particle abrasion from the surface 
than that from the surface of dental implants. Inflammatory 
reactions similar to those observed in peri- implantitis occur 
around orthopedic implants. Implant revisions contribute to 
these inflammatory problems, which might lead to loss of 
the prosthesis [130].

Tribocorrosion

Tribocorrosion is wear or degradation of an implant due to 
a combination of mechanical- , chemical- , and electrolytic 
factors [131–133]. Ions and degradation particles released 
from the implant can induce inflammation and bone loss 
around a dental-  or medical implant [130, 131, 134–136]. A 
decrease in the corrosion resistance of Ti surfaces is seen 
then Ti surfaces are colonized by S. mutans  [137, 138]. 
Bacterial adhesion to dental implant surfaces is dependent 
on the surface structure; a machined surface shows less 
adhered bacteria compared to an implant with a surface 
modification e.g. acid- etched or sandblasted [139]. Biofilm 
formation on a surface will decrease the friction and work 
as a lubricant [140]. A lower friction between components 
should lower the wear, but a combination of a lower pH 
and an increase in the mechanical movement induced by a 
biofilm might lead to higher wear from the implant compo-
nents [138, 140]. Implants with an external hexagon inter-
face have been shown to harbor significant number of 
bacteria which could lead to a microleakage, while 
implants with an internal connection show less microleak-
age of bacterial products [141, 142]. Dental crowns, abut-
ments, implant interface, and the implant are exposed to a 
complex environment with exposure to food particles, 
drinks, temperature-  and pH variations, saliva, micro-
movement, abrasion from tooth brushing, body fluids, and 
the bone [143]. This combination of tribocorrosive factors 
will influence the degradation of the included materi-
als [143]. In saliva, chemicals such as lactic acid, citric acid, 
hydrogen peroxide, and chlorides that are known to be cor-
rosive to Ti can be found [144]. In addition, LPS has been 
shown to affect the corrosion behavior of Ti, with a promo-
tion of corrosion at pH 4–7, while an inhibitory effect is 
seen at pH 2 [145]. Corrosion of the protective oxide layer 
as well as promotion of an increased bacterial attachment 
can be affected by Porphyromonas gingivalis  [146]. 
Hydrogen sulfide (H2S), methanethiol (CH3SH), and dime-
thyl sulfide ([CH3]2S) produced by periodontal pathogens 
are chemicals that can corrode Ti  [147, 148]. Corrosion 

products released from Ti implants by tribocorrosion will 
accumulate in the peri- implant mucosa resulting in an 
inflammatory immunological response.

Wear Particles from the Abutment- implant 
Interface and Implants

A good fit of the joint between the abutment and implant is 
essential to reduce the risk of misfit and degradation prod-
ucts released from the implant or the abutment [149, 150]. 
Zirconia- based abutments show a higher degree of wear 
particles from the Ti implant compared to abutments made 
of Ti [151]. There has been a debate surrounding whether 
supra-  or subcrestal positioning of the implant- abutment 
interface could have an impact on peri- implant inflamma-
tion. A higher neutrophil accumulation at the area of the 
interface has been shown at implants with a subcrestal 
placement compared to a supracrestal [152].

Cytotoxicity of wear debris from dental implants depend 
on size, concentration, and composition of the particles 
released into the peri- implant tissue [153]. In a recent review, 
it is shown that debris from dental implants and abutments 
has an adverse effect on the soft-  and hard tissue [154].

Wear Particles from Dental Implants and the 
Impact on Peri- implantitis Disease

In later years, the effect of particle- induced inflammation 
around dental implants has been in more focus in den-
tistry. In comparison, this has been known to be the major 
cause for losing orthopedic prostheses for many years. 
While peri- implantitis has been seen as an infectious dis-
ease caused by microorganisms such as periodontitis; a 
major difference between an orthopedic-  and dental 
implant is the environment they are placed in. Orthopedic 
implants are installed in a sterile environment without 
exposure to different chemicals and microorganisms. They 
are larger than dental implants and exposed to more abra-
sion, so investigation of the effect from released wear parti-
cles has been thoroughly investigated. Dental implants are 
on the other hand placed in a very tough environment 
exposed to the oral cavity through the peri- implant mucosa. 
The connection to the oral cavity will continuously expose 
the implant and abutment to microorganisms, chemicals, 
and changes in temperature and pH. In these tribocorro-
sive environment, release of metal particles from the abut-
ment/implants are inevitable. It has been shown that tissue 
around an implant with peri- implantitis has a higher con-
tent of Ti than healthy tissue [155]. It has been suggested 
that particles released from dental implants might aggra-
vate the inflammation and cause faster degradation of the 
supporting tissue and bone around a dental implant with 
peri- implantitis disease [77, 156, 157]. It has been shown 



Deeraaation Proadcts from  mplants  59

that peri- implant tissues affected with peri- implantitis 
have a high content of Ti [155]. An immune cell seen in a 
biopsy from peri- implantitis tissue is demonstrated in 
Figure 5.3.

Peri- implantitis is a disease with multiple contributing 
factors where particles from the implant and abutment 
might be an etiological factor. A patient suffering from 
severe peri- implantitis at one implant is shown in 
Figures 5.4 and 5.5. In this case, no visible particles could be 

found in the peri- implant tissue during surgery (Figures 5.6 
and 5.7). However, visible damages to the implant surface 
and threads could be identified in photos and with scanning 
electron microscopy (SEM) (Figure 5.8). Surface modifica-
tion of dental implants is used to enlarge the surface lead-
ing to better primary stability and get a better wettability to 
achieve a faster initiation of bone formation at the implant 
surface. An anodized implant surface is shown in 
Figure 5.9a. If marginal bone loss occurs around an implant, 
regardless of the cause is peri- implantitis or some other fac-
tors, microorganisms will grow at the implant surface. An 
implant with a surface modification will be much harder if 
not impossible to be completely clean from bacteria. A den-
tal implant with an anodized surface, removed due to peri- 
implantitis, is seen in Figure 5.9b, c. This case demonstrates 
that the probable cause for losing the implants is caused by 
a microbial infection.

Degradation products from an implant are released during 
placement, by corrosion, tribocorrosion, and abrasion dur-
ing mechanical cleaning of the implant and abutments [131, 
158]. Release of these particles will accumulate in the peri- 
implant mucosa and act as foreign bodies, triggering the 
immune system to release inflammatory mediators associ-
ated with bone resorption  [119]. These particles are also 
known to show adverse effects on the peri- implant soft-  and 
hard tissue  [159]. Scaling is the standard method for 

Figure 5.3 Transmission electron microscopy (TEM) images of a 
section from a biopsy of the soft tissue around a dental implant 
with peri- implantitis. A cell with a large nucleus, correlated to 
the morphology of a macrophage can be seen in the image.

Figure 5.4 Clinical photo of a patient with a severe peri- 
implantitis after removal of the implant–supported supra 
construction. The implant in the center (#32) to the right 
exhibits an extensive inflammation in the peri- implant tissue, 
with redness, swelling, and suppuration. Calculus can be 
identified at the implant shoulder in all the implants.

Figure 5.5 Radiographs showing at the implant in the center 
an extensive loss of supporting bone around. Neighboring 
implant to the right also shows signs of marginal bone loss, 
while a stable marginal bone level is seen at the implant to the 
left. Formation of calculus is seen at the top of both implants 
with bone loss.
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treatment of periodontitis, when it is used on dental implants 
Ti particles will be released which can induce inflammation 
and contribute to osteolysis [160]. This mechanical debride-
ment of dental implants should be used with care and other 
gentler techniques should be developed. An interesting 
technique for biofilm removal prior to regenerative surgery 
has been shown using electrolytic cleaning [161]. This might 
be a promising method for the treatment of peri- implantitis, 
but the effect on long term is unknown.

Platform switching is a design with different diameter of 
the implant compared to the abutment neck, which will let 
the soft tissue attach more cervically and closer to the axis 
of the implant, further away from the bone crest, compared 
to a platform- matched implant [162]. A platform- matched 
and platform- switched implant are illustrated in 
Figure  5.10. The theory behind platform switching of a 
dental implant is to increase the distance between the 
implant shoulder and the bone, which might reduce the 
risk for initial bone loss and establishment of a biofilm on 
the implant surface. This might also reduce the risk of cor-
rosion of Ti from the implant surface [163]. Studies have 
also shown that marginal bone loss is reduced with plat-
formed switched implants compared to implant matched, 
with an increase of the differences over time [164]. Platform 
switching is an interesting concept that should be followed 
in long time studies to gather more show explicit evidence 
that marginal bone loss can be reduced.

The only present clinical study comparing implants with 
platform- switched implants with butt- joint and Morse- 
tapered connections in the same patient was initiated at 
the Eastman Dental Center at the University of Rochester, 
NY in 28 patients with edentulous mandibles. The study 
showed, after implant placement at the bone level and 
immediate loading using prefabricated abutments placed 
at the day of surgery (without removal), a significant differ-
ence between the two implant designs. Specifically, 
implants with butt- joint connections (70%) lose more bone 
compared to the implants with Morse tapered connections 
(11%) [165].

The next case presented shows a different pattern com-
pared to the previous case. Images show two implants with 
a severe loss of supporting bone Figure 5.11.

(a) (b) Figure 5.6 Clinical photo during 
surgery to remove the central implant 
due to severe peri- implantitis. (a) 
Extensive bone loss is seen at the 
central implant. No visible signs of 
damages to the implant threads or 
the surface can be seen. (b) No metal 
particles were identified in the 
surrounding tissue after removal of 
the center implant.

Figure 5.7 Clinical photo during surgery to remove an 
Brånemark (Bmk) System mark (Mk) III TiUnite (Nobel Biocare, 
Zürich, Switzerland) implant showing severe bone loss due to 
peri- implantitis. Small signs of damages to the implant surface 
can be identified. No visible metal particles were found in the 
peri- implant tissue.
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(a) (b) (c)

Figure 5.8 (a) Photo of a Bmk System MkIII TiUnite implant showing signs of damages to the threads. (b) and (c) SEM images show 
clear damages to the implant threads. If those damages are caused during the insertion of the implant is unknown. Magnification at 
(b) 30 X and (c) 150 X.

(a)

(b)

(c)

Figure 5.9 SEM images of (a) The surface of an unused Bmk System MkIII TiUnite implant. Pits and grooves are seen on implant 
surfaces modified with anodization to establish a surface enlargement and an improved primary stability during installation (b) 
Surface of a Bmk System MkIII TiUnite after removal due to peri- implantitis. The surface is covered with biological material and 
bacteria are seen all over the surface. (c) A bacterium at the opening of a pit at the surface- modified implant. Bacteria growing inside 
the pits of a surface- modified implant makes a complete removal during peri- implantitis treatment almost impossible to achieve. (a) 
and (b) magnification at 5 KX and (c) at 100 KX.

Figure 5.10 Schematic illustration of platform matched (left) and platform switched (right) abutment connection. Illustration from 
On titanium release from dental implants and the inflammatory response. Source: Pettersson [156]/University of Umea.
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During surgery, clear signs of damages to the implants as 
well as metal particles in the surrounding tissue Figure 5.12. 
Biopsies from the peri- implant mucosa show metal content 
that could be identified in light microscopy, Figure  5.13. 

Electron microscopy also could identify metal particles 
Figure 5.14, complementary element analysis shows that 
metal particles could be identified as Ti. Compared to the 
previous case presented particles released into the peri- 
implant tissue might have aggravated the peri- implantitis. 
Evidence that metal particles from debris from dental 
implants and abutments in some cases have an adverse 
effect and might have an impact on the pathogenesis of 
peri- implantitis [136, 154].

Similarly, the granulation tissue removed during surgi-
cal treatment of peri- implantitis showed a high concentra-
tion of titanium ions using an X- ray spectroscopy (Figures 
5.15–5.17).

In summary, metal particles due to wear at the time of 
implant placement, tribocorrosion phenomena under 
loading conditions, and micromovements at the implant–
abutment connections provide strong evidence that Ti nan-
oparticles are present in the peri- implant tissues and might 
influence the immunological host response leading alone 
or in conjunction with bacteria from the biofilm to mar-
ginal bone loss and severe peri- implant bony defects. In 
addition, cleaning the implant surfaces, promoting poten-
tial damages to the implant surface pattern has an impact 
on the continuous resorption of the peri- implant bone and 
should be revised especially when gentle procedures are 
not warranted. Further discussion of the role of the Ti par-
ticles and the potential systemic effects should be exten-
sively studied to find the ideal biomaterial for implant 
therapy, improving clinical outcomes without risks of peri- 
implant infections.

Figure 5.11 Radiograph showing extensive bone loss around 
dental implants supporting a full arch implant–supported 
denture. The two most distal implants show close proximity to 
each other. No visible calculus can be identified in the 
radiograph.

(a) (b)

Figure 5.12 Clinical photos during peri- implant surgery. (a) Clear signs of damage to the implant threads are seen in the photo, 
white arrows. No calculus visible at the implant nor the abutment surfaces. (b) Metallic particles are visible at the soft tissue and 
bone, white arrows. Source: With permission from Dr. Carola Höglund- Åberg.



Deeraaation Proadcts from  mplants  63

Figure 5.13 Light microscope image of granulation 
tissue removed during peri- implantitis surgery. 
Metallic particles can be identified inside the 
microscopic section (Original Magnification: 400 X). 
Image first published in Titanium release in peri- 
implantitis. Source: Pettersson et al. [155]/with 
permission from John Wiley & Sons, Inc.

(a) (b)

Figure 5.14 (a) SEM image of a biopsy from the peri- implant tissue of a dental implant with peri- implantitis. The high contrasted 
particles in the images are metallic particles embedded inside the tissue. (b) SEM- Energy Dispersive X- Ray Spectroscopy (EDS) map 
showing high contrasting metal particles identified as Ti particles. Magnification at 1.5 KX.

Figure 5.15 Peri- implant inflammatory reaction 
presenting deep probing pocket depth and crestal 
bone loss.
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Figure 5.17 Peri- implant soft tissue spectrometric analysis showing high presence of Titanium nanoparticles (130,000 ppm).

Figure 5.16 Peri- implant bony defect after removal 
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6

Narrow dental implant (NDI) is defined as implant with a 
diameter <3.5 mm [1] and is divided into three categories 
based on their diameters, such as category 1: <3.0 mm 
(“mini- implants”); category 2: 3.0–3.25 mm; and category 
3: 3.30–3.50 mm  [2]. In the literature, the use of these 
implants is well documented in cases of the anterior eden-
tulous sectors of the ridges, not subjected to excessive 
chewing loads [3–5]. In these regions, the replacement of 
dental elements with implant- supported prostheses can 
not only be based on the biological principles of osseointe-
gration described by Branemark [6] and on the success cri-
teria of Albrektsson  [7], but must also guarantee an 
adequate aesthetic result  [8], obtaining a correct propor-
tion between the white color of the tooth and the pink of 
the gingiva. The esthetic outcome can be evaluated through 
various indices that take into consideration fundamental 
anatomical parameters, including the presence of the 
interproximal papillae and the positioning of the gingival 
zenith  [9, 10]. Tarnow et  al. clarified that the papilla 
between two natural teeth is guaranteed when the distance 
between the bone crest and the contact point is equal to or 
less than 5 mm [11]. Following the tooth loss, the papilla 
retracts, and the possibility of its reappearance will depend 
exclusively on the maintenance of the interproximal bone 
peaks of the neighboring teeth and on the positioning of a 
provisional or definitive prosthetic device that will again 
determine the interdental contact point. Likewise, the cor-
rect location of the gingival zenith is guaranteed by the 
preservation and/or regeneration of the buccal cortex of 
the edentulous alveolus  [12]. To guarantee the respect of 

these bone structures, an adequate surgical procedure, an 
appropriate implant diameter, and a correct implant posi-
tion are necessary  [13]. Since the establishment of the 
implant biological width, as described by Adell et al., deter-
mines an unavoidable marginal bone [14], it is essential to 
respect safety distances. The ideal implant position is 
1.5–2 mm from the buccal plate, 1.5 mm from the adjacent 
teeth, and 2–3 mm from their cemento- enamel junction 
(CEJ). If these parameters are not respected a vertical bone 
reabsorption will occur, so that the gingival zenith and the 
presence of the papillae will be compromised.

In general, it is considered that a minimum of 1 mm of 
bone tissue must surround the entire implant surface [2]; 
however, in the anterior sector, this measure is not suffi-
cient to guarantee aesthetic success. When replacing den-
tal elements with aesthetic impact, the choice of the 
implant diameter must be calculated by subtracting 3 mm 
(1.5 mm per side) from the mesio- distal dimension of eden-
tulousness (distance at the crestal level between the two 
neighboring roots) to ensure the survival of the bone peaks 
following the occurrence of the Adell et al. phenomenon. 
Where the chosen implant diameter does not guarantee the 
minimum thicknesses required in the vestibule- palatine 
direction, regenerative surgical techniques will be required 
to increase the available bone. Considering that the average 
width of the upper lateral incisors is between 6.1 in females 
and 6.6  in males, it is necessary to use reduced- diameter 
implants for their replacement [15]. This consideration is 
even more evident for the lower arch incisors that have an 
average mesio- distal size of 5 mm [16–17]. (CASE 1)

Christian Peron1 and Giuseppe Bavetta2

1 Private Practice, Torino, Italy
2 Private Practice, Palermo, Italy
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Case 1 (provided by C. Peron)

(Figures  1 and 2) Preoperative phase. The clinical and 
radiographic preclinical situation presents a chronic per-
iodontitis with third- degree mobility of the two lower 
lateral incisors. (B and C) The dental implants are inserted 
slightly palatal immediately after the teeth extractions 
of 3.2 and 4.1. (Figure 3) An implant of reduced diameter 
allows to easily maintain the correct distances with the 
adjacent teeth and a minimum distance of 2 mm from 
the buccal bone wall, not interfering with the healing of 
bone remodeling of this wall. (Figure 4) The gap between 
the implant and the buccal bone wall is managed with 
the insertion of biomaterial up to the free gingival mar-
gin. (Figures  5 and 6) Two definitive abutments were 

screwed onto the implants and were no longer removed; 
the temporary bridge was cemented on top, creating a 
protective barrier to the inserted biomaterial. (Figures 7 
and 8) Final cemented restoration in zirconia. Clinical 
and radiographical examination with final cemented res-
toration in translucent zirconia.

In the anterior region, where esthetics are of funda-
mental importance, the use of standard- diameter 
implants is indicated only for the replacement of teeth 
with a mesio- distal diameter >6.5 mm.

NDI, hence, are necessary for the replacement of teeth 
with a mesio- distal diameter <6.5 mm, such as lower 
incisors and upper lateral incisors in females.

Fig 1 

Fig 2 

Fig 3 
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Fig 4 

(a) (b)

Fig 5 

Fig 6 

Fig 7 

(a) (b)
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Fig 8 

Case 2 (provided by C. Peron)

(Figures  1–3) Clinical and radiographic pre- clinical 
pictures show a corono- radicular fracture of the left 
upper lateral incisor (Figure  4) the fundamental pre-
requisite for minimally invasive surgery is to perform 
an atraumatic extraction without damaging the sur-
rounding tissues, in particular, the buccal bone wall 
(Figures 5–7) Narrow implant placement in the fresh 
extraction socket  allows to respect the correct dis-
tances with the adjacent teeth, also in this case in 
which the mesio- distal distance between the two adja-
cent teeth is only 6 mm. The gap with the buccal bone 
wall is filled with biomaterial in order to contract the 
reabsorption of this alveolar portion following the 
extraction of the dental element. (Figures  8 and 9) 
Thanks to all these steps and also allows, and thanks to 
the Socket Healing Guide of the screwed provisional, to 
create a correct peri- implant emergence profile. 

(Figures  10 and 11) Final radiography and cemented 
restoration in translucent zirconia.

Fig 1
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Fig 2

Fig 3

Fig 4

Fig 5
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Fig 6

Fig 7

(a)

(c)

(b)

Fig 8
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(a) (b)

Fig 9

Fig 10

Fig 11
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In the presence of a reduced horizontal alveolar ridge 
(without bone grafting or orthodontic treatment), the use 
of NDI would be beneficial to decrease the rate of bone 
grafting associated with implant insertion. This may espe-
cially help elderly patients or patients with general medi-
cal compromised conditions, who would benefit from 
implant therapy with reduced surgical invasiveness, or 
patients who decline offered bone grafting or orthodontic 
treatment.

It has been verified that the implant–abutment con-
nection can also affect the maintenance of peri- implant 
bone levels [18]. The platform switching, obtained with 
abutments that are undersized with respect to the 
implant platform [19], and a conometric type implant- 
abutment connection allow respectively to remove the 

critical area of abutment–implant union and to reduce 
the micro- movements and micro- infiltrations that 
could create an insult on the crestal bone [20]. In par-
ticular, it has been shown that the association of these 
two characteristics of the implant abutment allows the 
preservation of the peri- implant bone and increases 
the prognosis of soft tissue stability (gingival zenith 
and interproximal papillae) [21]. A recent study by Vela 
et al. [22] suggested that the use of platform- switched 
implants allows for placement 1 mm from adjacent 
teeth, and these implant types still maintain the bone 
interproximal peaks after about one year of loading. 
Furthermore, reducing the implant–tooth distance may 
result in better aesthetic and functional results in situ-
ations with limited mesio- distal space.

Case 3 (provided by C. Peron)

(Figures 1–3) Edentulous area in the first premolar area 
of the maxilla with a mesio- distal distance of only 6 mm, 
clinical and radiographic view. (Figures  4 and 5) For 
proper space management, the use of a narrow implant 
is recommended; in this way, we do not interfere with 
the buccal bone. Below are the positioning phases. 
(Figure 6) The implant allows to obtain an excellent pri-
mary stability, confirmed by the insertion torque and by 
the value of the resonance frequency higher than 
35 Ncm and 70 ISQ respectively; this made it possible to 
immediately load the implant with an immediate 

screwed provisional. (Figure 7) Soft tissue healing after 
four months upon removal of the provisional restora-
tion. (Figures  8–10) Intraoral scan with and without 
scan body to better capture and transfer the emergence 
profile to the laboratory, from the oral scan a resin 
model is printed through a 3D printer. (Figure 11) Final 
cemented restorations of first premolar onto the implant 
and second premolar onto the natural abutment are in 
lithium di- silicate. (Figure 12) Radiographic view of the 
stable marginal bone with the follow- up at one to two 
and four years.

Fig 1 Fig 2
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Fig 3

Fig 4

Fig 5

Fig 6

Fig 7
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Fig 8

Fig 9
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(b)(a)

Fig 10

(a) (b) (c)

Fig 11

(a) (b) (c)

Fig 12
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However, Romanos and Javed [23] suggested that crestal 
bone loss around implants seems to be associated with 
several factors other than platform switching, such as the 
cervical features of the implant design, 3D- implant posi-
tioning, prosthetic concept, width of the alveolar ridge, 
and micromotions at the implant–abutment interface. A 
subcrestal placement was recommended [24]. In a lower 
number of clinical cases using the same implant design 
was reported a minimal crestal bone loss (0.21 mm) after 
two years of loading restoring mandibular incisors with 
immediate implants without removal of the abut-
ment  [25]. Finally, it has been shown that the use of 
guided surgery in order to perform an optimal implant 
placement together with the use of narrow implant with 
prevention system for minimizing micro- movements and 
micro- infiltrations at the implant–abutment interface 
was useful for a minimal marginal bone loss of immedi-
ately loaded NDI placed in fresh extraction sockets of 
mandibular incisors [26].

The correct prosthetic management of the provisional 
restoration loaded immediately both in the post- 
extraction sites and in the healed sites allows to create 
an essential emergence profile for obtaining excellent 
healing of the soft tissues.  [27] Survival rates of NDIs 
appear to be similar when compared to those of standard 
diameter implants. A recent systematic review reported 
survival rates >95% [1]. In another study, 255 NDIs under-
went immediate loading, of which 194  were placed in 
healed bone and 61 were placed in post- extraction sites, 
and no statistically significant difference was high-
lighted, suggesting that immediate loading of NDIs in 
post- extraction sites should be considered a safe and 
predictable procedure as for standard diameter 
implants [28].

Long- term data on the use of NDI in the posterior 
regions for the replacement of premolars and molars are 
not available in the literature. Although their use in some 
studies has been reported as a promising practice, even 
with long- term follow- up  [1, 28, 29], it is the authors’ 
opinion that the prognosis may not be favorable due to 
the reduced bone contact surface, resulting these 
implants not adequate to support the chewing load of 
this sector of the mouth.

In any case, before decision is made for the use of NDI, 
biomechanical risk factors must be carefully evaluated, 
such as the possible presence of parafunctions.

The reduction of the implant diameter can lead to a 
reduced resistance to fracture  [3]. Fatigue fracture has 
been reported to occur after a long period of loading [4] 
and is around 0.2–0.6% [5]. In another more recent study, 
out of 159 NDI inserted in 71 patients no fracture of the 

implant fixture was reported in a follow- up period of five 
years [30].

This risk, therefore, must be considered very low and 
similar to standard implants, especially in mono- 
edentulous ones. On the other hand, it will be greater in 
the posterior regions or in the case of overdenture; in the 
latter case, most studies in the literature recommend 
splinting the implants with a rigid superstructure [31–32].

In addition to the biological aspects that affect the 
aesthetic outcome, the long- term prognosis of implant–
prosthetic therapy will also be determined by biome-
chanical considerations. In particular, it will be necessary 
to evaluate whether an implant with a reduced diameter 
can be adequate to support the chewing function of 
these dental elements.

In general, the implant surface must be equal to, or 
better still superior, given the absence of the periodontal 
ligament, to the root surface of the tooth to be 
replaced [33]. This objective can be achieved at a macro-
scopic level by managing the thread of the implant abut-
ment (increase of up to 30% compared to a standard 
cylinder) and at a microscopic level, by means of surface 
treatments of the same (increase of up to 20–45% com-
pared to a smooth surface of titanium). Furthermore, for 
an increase of 1 mm in the implant length the surface is 
increased by about 10%, and thus an increase of 1 mm in 
the diameter of the implant body determines a widening 
of 20–40% [34].

It has been determined a correlation between the 
occlusal load and the root surface of the dental elements, 
verifying a progressive increase of both parameters from 
the anterior to the posterior region (Table 6.1) [35]. The 
table shows that for the replacement of an upper lateral 
incisor it is sufficient to use an implant that develops a 
surface equal to or greater than 100 mm2.

Based on biomechanical studies [34], the values of the 
implant surface considering length and diameter and 

Table 6.1  Correlation between occlusal load (kg) and root 
surface (mm2) for the different dental elements (modified by 21).

Tooth Load (Kg) Root Surface (mm2)

Central incisor 16 120

Lateral incisor 18 100

Canine 30 150

First premolar 35 150

Second premolar 40 150

First molar 60 220

Second molar 62 200
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rough surface pattern show a potential reference for bet-
ter planning of an implant–prosthetic rehabilitation 
(Table 6.2). From this graph, it can be concluded that an 
implant of 3 mm in diameter and 10 mm in length is suit-
able for supporting the chewing function of a lateral 
incisor of the upper arch.

Therefore, the replacement of upper lateral incisors 
and/or lower incisors finds its scientific rationale in the 
use of NDI allowing to achieve aesthetic success, without 
neglecting the biomechanical aspects for a favorable 
long- term prognosis.

The success of implant–prosthetic therapy and the 
reduction of the risk of peri- implantitis depend on a 
careful assessment and management of the periodontal 
status in partially edentulous patients and on the assess-
ment and verification of the patient’s degree of aware-
ness of personal care and hygiene. This is confirmed 
since an improvement of oral hygiene effectiveness has 
been associated with successful implant therapy [36, 37].

When replacing narrow teeth (lower incisors or upper 
lateral incisors), it is necessary to select an optimal 
implant diameter and correct emergence profile of the 
implant restoration to ensure the patient daily oral 
hygiene measures.

The frequency of peri- implantitis could be related 
with the location, where those implants are placed. 
Results obtained after multiple multilevel regression 
analysis have shown that the probability of suffering 
from peri- implantitis was approximately four to five 
times higher in implants placed in the lower- anterior 
area, with lack of access to interproximal hygiene [38]. In 
fact, in this area of the mouth, it is difficult to ensure an 
adequate band of attached gingiva,  [39] and we also 
have less bone availability. Narrow implants due to their 
reduced diameter in association with platform switching 
connections can better guarantee bone thicknesses and 
long- term stability of peri- implant hard and soft tissues 
facilitating the required oral home care.

Table 6.2  The graph shows how the surface of sandblasted and etched implants varies 
as a function of length and diameter (expressed in mm2) [20].
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Case 4 (provided by Dr. G. Bavetta)

(Figures 1–3) Pictures show a post- extraction site on 10 
after healing; the natural tooth was extracted by root 
fracture; (Figure 4) preoperative CBCT; (Figure 5) preop-
erative CBCT with virtual project; (Figures  6–11) bone 
defect, narrow implant placement, and G.B.R. with an 

absorbable membrane, graft particulate, and growth fac-
tor; (Figure 12) one week provisional after four months of 
healing; (Figure  13) provisional after three months; 
(Figure 14) final restoration.
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Fig 14

Case 5 (provided by Dr. G. Bavetta)

(Figure 1) Preoperative picture shows a compromised #24 
tooth after apicectomy with subsequent loss of both gin-
gival and buccal bone tissues. There is an accumulation 
of dental tartar attached to the root following the dehis-
cence of the gingiva; (Figures 2 and 3) preoperative CBCT 
shows the absence of buccal plate; (Figure 4) gingival and 
bone defect after tooth extraction; (Figures  5–7) bone 
defect was managed with the insertion of graft particu-
late up to the free gingival margin and socket repair 
membrane for bone regeneration with ice- cream tech-
nique by Elian and Tarnow [12]; (Figure 8) Implant after 

healing and soft tissue management with provisional; 
(Figures 9–13) Digital management for final restoration 
(provisional scan, pre- op scan, implant scan, matching of 
pre- op scan, and provisional scan) according to digital 
workflow by Bavetta et  al.  [39]; (Figure 14) Collapse of 
soft tissue; (Figures 15 and 16) Virtual project of final res-
toration as a copy of provisional profile; (Figures 17–22) 
Pre- milled abutment; (Figures 23 and 24) Final restora-
tion; (Figure  25) radiographs after implant placement; 
(Figure 26) after one- year loading with final restoration; 
(Figures 27 and 28) pre- op and one- year CBCT.

Fig 1

Fig 2
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Fig 9
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Fig 25

Fig 26

Fig 27

Fig 28

Case 6 (provided by Dr. G. Bavetta)

(Figures  1 and 2) Clinical and CBCT pre- operative pic-
tures show compromised 24 and 25 teeth with II- grade 
mobility, which need to be replaced with implant ther-
apy; (Figures  3–5) CBCT pre- op virtual project shows 
that narrow implant is the best choice to replace these 
teeth in order to respect safety distance and preserve 
from performing GBR; (Figure  6) post- extraction site; 
(Figures 7 and 8) a guided approach was used to insert 

implants in order to have the best accuracy in implant 
placement; (Figures 9–11) prosthetic steps for immedi-
ate loading protocol; (Figure  12) four- months healing 
after provisional; (Figure 13) final restoration; (Figures 14 
and 15) radiographic pictures performed at implant 
placement and after one- year prosthetic loading with 
final restoration: a great stability in both soft and bone 
tissue has been obtained.
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Fig 14 Fig 15

Case 7 (provided by Dr. G. Bavetta)

(Figures  1, 2) Clinical and CBCT preoperative photo-
graphs; (Figures 3–5) CBCT virtual project; (Figures 6, 7) 
post- extraction sites and surgical guide in situ; 
(Figures 8, 9) bone defect was managed by using par-
ticulate dentine (see ref.  40) and growth factors; 

(Figures  10 and 13) radiographs after implant place-
ment and dentine graft; (Figure 14) immediate loading 
provisional; (Figures 15 and 16) four- months healing; 
(Figures  17–20) CAD- CAM management; (Figure  21) 
final restoration.

Fig 1

Fig 2

Fig 3
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Fig 10

Fig 11

Fig 12
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Fig 14

Fig 15

Fig 16
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Case 8 (provided by Dr. G. Bavetta)

(Figures 1,2) Clinical and radiographic figures show the 
presence of element #7  with a large area of gingival 
recession and loss of buccal bone tissue; (Figures 3–7) 
soft-  and hard tissue defects were managed by using 
dentine particulate and growth factors with ice- cream 
technique; (Figure  8) provisional Maryland bridge to 

replace the natural tooth; (Figures 9 and 10) four months 
of soft-  and bone tissue healing; (Figure 11) flap opening 
for implant placement shows the formation of new bone 
tissue; (Figures  12 and 13) provisional restoration and 
management of soft tissues; (Figures 14 and 15) preop-
erative picture and final restoration.

Fig 1

Fig 2

Fig 3

Fig 4
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Fig 5
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Fig 7
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Fig 11

Fig 12

Fig 13

Fig 14

Fig 15
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Case 9 (provided by Dr. G. Bavetta)

(Figures 1 and 2) preoperative figure with #7 agenesia; a 
Maryland bridge as provisional was used; an area of con-
cavity of the vestibular area is highlighted, indicating 
bone atrophy of the buccal bone; (Figures 3–8) surgical 

steps with flap opening, implant placement, G.B.R.; 
(Figures 9 and 10) four months healing and soft tissue 
management with provisional restoration; (Figures  11 
and 12) final restoration.

Fig 1

Fig 2

Fig 3

Fig 4

Fig 5

Fig 6
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Case 10 (provided by Dr. G. Bavetta)

(Figure  1) Preoperative picture shows edentulous area 
on #7 for agenesia; (Figures 2–7) implant–prosthetic vir-
tual project was obtained by matching DICOM and .STL 
file; (Figure 8) virtual guided surgery project; 
(Figures  9–11) implant placement by using guided 

surgery and flapless technique; (Figures 12 and 13) intra-
operative radiographs by using the guided drill and after 
implant placement; (Figure  14) final restoration; 
(Figure 15) radiograph after one- year loading with final 
restoration.

Fig 1

Fig 2

Fig 3

Fig 4

Fig 5

Fig 6
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 Conclusions

Based on all these considerations, NDIs are the best choice 
for replacing natural teeth (especially lower and upper 

lateral incisors) in terms of esthetic and clinical long- term 
outcomes providing a better stability of peri- implant hard 
and soft tissues and a better patient compliance in the daily 
oral hygiene.
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 Introduction

An implant abutment is defined by the glossary of prostho-
dontic terms as “that portion of a dental implant that serves 
to support and/or retain a prosthesis” [1]. It is also defined 
by Giglio  [2], as an intermediate component connecting 
the implant and the restoration  [2], its retained to the 
implant with a screw (abutment screw) [1] and retains the 
implant crown with another screw (prosthetic screw) [3] in 
screw- retained restorations, or with cement in cement- 
retained restorations  [1–3]. In addition, the prosthetic 
abutments of certain implant systems are retained by fric-
tion to the implant connection without a screw [1–3].

Considering the number of parts involved in the implant–
abutment- restoration, a system of tiers (two and three) was 
created  [2]. Tier- 2  indicates that the abutment and the 
crown are a single piece retained to the implant or that the 
implant and the abutment are a single piece and the crown 
is retained to it. Meanwhile, in tier- 3 three interconnected 
pieces conform the system: the implant, the abutment, and 
the crown [2].

In addition to retaining an implant restoration, implant 
abutments can have different purposes. For example, heal-
ing abutments are used during the healing phase on single- 
stage implants to assist tissue healing or to modify tissue 
contours  [1]. Implant–angulated abutments are used to 
correct the implant angulation in case of positional errors, 
and other abutments are used to support temporary resto-
rations until the complete integration of the implants [1]. 
Once the osseointegrated implants are restored, the main-
tenance of the implant restoration is essential to reduce the 
plaque deposits and their subproducts thus, preventing 
peri- implant diseases [4].

Different aspects of the design of implant restorations 
that compromise cleanability have been presented as well 
as some methods to reduce plaque adhesion and enhance 
cleanability [5–10].

For example, Walton et al. [5] described that fixed implant 
restorations were harder to clean compared to removable 
implant–supported restorations  [5]. O’Mahoney et  al.  [6] 
analyzed failed implants and found plaque deposits in all the 
implant–abutment- restoration interfaces, the prosthesis sur-
face, and the implant neck [6]. Teughels et al. [7] found that 
the transmucosal region of various materials developed 
robust and thicker biofilms when their surfaces were 
rough [7]. Zaugg et al. [8] demonstrated that hydrophilic and 
rough surfaces accumulate considerable amounts of biofilm 
and the topography influenced the cleanability of the sur-
face  [8]. Mazjoub et  al.  [9] found that larger emergence 
angles of the restoration resulted in higher marginal bone 
loss [9]. Finally, Chanthasan et al. [10] demonstrated that the 
interproximal design of single implant–supported posterior 
crowns influences the amount of food impaction and the 
health of the peri- implant gingival tissues [10] (Table 7.1).

Biofilm formation within the oral cavity cannot be elimi-
nated and plaque deposits will evolve and mature over time 
on all hard dental and prosthetic implant structures if the 
patients cannot access hidden aspects of the implant resto-
rations [11, 12]. Dab [13] described two aspects that should 
be considered in implant suprastructure designs: the run-
ning room (distance of the most apical portion of the inter-
proximal contacts to the implant platform) and the ridge 
dimensions. Together, these two parameters dictate the 
best implant diameter and insertion depth to achieve the 
ideal emergence angle with the lowest resorption rates of 
the peri- implant marginal bone [13].
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Table 7.1 Design parameters of implant restorations and their influence on the formation of biofilm and plaque.

Author,  year, 
type of study Number of patients Type of prostheses/comparisons Problem Solutions

Walton et al. 
1994 [5].

Retrospective.

156 patients Fixed versus Removable For both types of restorations 
patients complained about 
cleanability.

Fixed implant – supported 
restorations more difficult to 
clean.

Inform patients about 
limited cleanability

Education on 
maintenance methods

O’Mahony 
et al. 2000 [6].

Retrospective.

40 patients Fixed prostheses (single 
implant crowns and implant 
supported bridges).

Micro- gaps at different levels 
between implant and abutment 
and restoration and abutment.

Plaque accumulation at the 
transmucosal surfaces with 
restricted access produced by 
over contoured restorations.

Plaque accumulation at the 
surface of the restorations.

Plaque accumulation at the 
implant surface.

General increased surface 
roughness.

Reduce micro- gap 
and enhance parts 
assembly protocols.

Prosthetic designs 
that minimize plaque 
retention and improve 
emergence profiles.

All components 
exposed to oral 
environment should 
possess smooth 
surfaces.

Teughels et al. 
2006 [7].

Systematic 
review.

36 Clinical studies 
were included.

The studies were 
completed within 
the oro- pharyngeal 
region to evaluate 
the surface 
properties /biofilm 
formation on supra 
and subgingival 
hard structures.

Clinical studies evaluating the: 
biofilm formation on teeth, 
restorations, abutments, or 
implants, surface 
characteristics, and also plaque 
formation.

Rough surfaces (Ra >2 μm) of 
abutments, crowns and 
overdentures present larger 
plaque deposits with increased 
spirochetes, rods, and motile 
organisms.

Increased inflammatory 
infiltrate, crevicular fluid, and 
bleeding.

Material chemistry also 
influenced the biofilm 
formation.

Roughness values 
Ra ≤ 0.2 μm reduce 
plaque accumulation.

Materials with low 
surface energies 
recommended to 
reduce biofilm 
formation.

Zaugg et al. 
2017 [8].

Comparative

In vivo study.

16 patients Studied biofilm formation on 
disks (made in four materials 
and different surfaces) bonded 
to intraoral splints

1) Machined titanium 
zirconium (TiZr) alloy,

2) Acid- etched TiZr alloy,

3) Machined, sandblasted, 
acid- etched TiZr alloy,

4) Micro- grooved titanium 
aluminum vanadium alloy

Hydrophilic and rough 
surfaces increased biofilm 
formation.

The topography of the surface 
influenced the cleanability. 
Demonstrated by bigger 
amounts of biofilm on 
micro- grooved surfaces.

There are inter and intra- 
individual differences in 
biofilm formation that made 
difficult other comparisons.

Machined surfaces 
facilitate cleaning.

Mazjoub et al. 
2021 [9].

Retrospective 
study.

63 patients Studied radiographically the 
restoration emergence angle of 
patients with bone- level 
implants and other parameters 
like age, implant length and 
diameter, type of restoration 
(cement or screw- retained), 
internal screw length, and 
maintenance visits.

Increased marginal bone loss 
(up to 4 mm) in restorations 
with angles >30°

The marginal bone level was 
found 1 mm apical to the end 
of the abutment screws in 63% 
of the patients.

Not presented

(Continued )
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In addition to the previous parameters described by 
Dab [13], the transmucosal portion of the prosthetic abut-
ment is critical in preventing peri- implant diseases  [14]. 
Therefore, the characteristics of prosthetic abutments 
including composition, surface, coating, design, emer-
gence profile, and their influence on cleanability and 
maintenance, require a detailed analysis [14].

The goal of this chapter was to review the characteristics 
of the tissue interfaces around prosthetic abutments, 
describe the influence of prosthetic abutment material, 
surface characteristics, presence of coatings, design and 
emergence profile, and other variables in implant mainte-
nance. This chapter is supplemented with illustrations, 
clinical photos, and recommendations for improving pros-
thetic abutments that can reduce peri- implant diseases by 
enhancing their maintenance.

 Tissue Interfaces Around 
Prosthetic Abutments

The body of the prosthetic abutment consists of three parts: 
the connection, the transmucosal area, and the retentive 
walls. Its vertical dimensions, from the top to the base, 
encompass the length of the walls, the transmucosal area, 
and the connection length (Figure 7.1).

The abutment connection stabilizes the prosthetic 
abutment within the implant, prevents its rotation, seals 
it against bacteria colonization, and transfers loads to 
the implant  [15, 16]. The transmucosal portion of the 
prosthetic abutment pierces the mucosa. It elevates the 
abutment/restoration micro- gap away from the bone, 
provides support to the soft tissue contours and the 
establishment of a soft tissue cuff (primary barrier to 
bacteria penetration), and participates in forming the 
emergence profile of the restoration [17, 18]. The pros-
thetic abutment walls support the implant restoration, 
and incorporating different designs, grooves, wall angles, 
and cement, can increase the retention of cement- 
retained implant crowns [19–21].

The amount and hard or soft tissues in contact with 
prosthetic abutments depends on the implant insertion 
depth (subcrestal level, bone level, or tissue level), the 
prosthetic abutment height, the initial soft tissue thick-
ness and previous soft/hard tissue grafts, and tissue 
 recession [22, 23].

For example, in implants deeply inserted in bone (subcr-
estal implants), the prosthetic abutment may contact the 
cortical bone and all the soft tissue thickness. In addition, 
the restoration base will be in contact with soft tissues. 
Meanwhile, in supracrestal implants, the prosthetic abut-
ments will have only contact with the soft tissues, and the 

Table 7.1 (Continued)

Author,  year, 
type of study Number of patients Type of prostheses/comparisons Problem Solutions

The restoration angle was 
evaluated between a line 
parallel to the coronal third of 
the implant and the angle of 
the restoration.

The length of the screw 
measured from the platform 
level to the apical end of the 
abutment screw.

Chanthasan 
et al. 
2022 [10].

Cross- 
sectional.

178 patients Studied the food impaction at 
single posterior implant 
crowns Used clinical 
parameters (papilla height, 
open contacts determined by 
flossing, food remnants) and 
radiographic parameters 
(contact length and contact 
point level).

The presence of interproximal 
open contacts resulted in 66.9% 
patients with food impaction 
between the implant crown 
and the adjacent teeth.

Increased plaque accumulation 
and deeper pockets present in 
open contacts areas.

The following 
parameters length of 
the contact area,

level of the contact 
point, and dimensions 
of the embrasure area 
should be controlled.
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crown will have some soft tissue contact. In bone- level 
implants, the prosthetic abutment will be in contact mainly 
with the soft tissues, although some contact with bone can 
exist in platform- switched abutments [24]. The prosthetic 
abutments’ length will require adjusting with long trans-
mucosal portions in subcrestal implants. Meanwhile, 
supracrestal implants will require prosthetic abutments 
with shorter transmucosal portions (Figure 7.2).

Characteristics of the Soft Tissue in Contact 
with the Prosthetic Abutments

Donley et al. (1992), reported that the epithelia of the soft 
tissue are attached to the titanium oxide layer of the abut-
ment surface, by a layer of glycoproteins (laminin and 

fibronectin) of 20 nm thickness, and described that the 
connective tissue fibers run parallel to the abutment sur-
face. However, the abutment’s surface properties and 
geometry can change the fibers’ orientation [25]. In addi-
tion, Berglundh et al. [26] found that the marginal implant 
mucosa around the titanium surface contains a collagen/
fibroblast ratio of 109 versus a collagen/fibroblast ratio of 
4 in gingival tissues of teeth in canines [26].

Iglhaut et al.  [27], completed an exhaustive review of 
the parameters and differences that can affect the attach-
ment and apical migration of the gingival epithelia on 
implant abutments  [27]. Their findings can be summa-
rized as follows:

 ● The peri- implant soft tissues are larger (3–3.5 mm) [26] 
than the periodontal soft tissues (2.73 mm) [28]. The soft 

Bone level implant Supra-crestal level implant Sub-crestal level implant

Figure 7.2 Effect of the implant insertion depth on the dimensions of the transmucosal portion of prosthetic abutments.

Retentive walls

Abutment length

Walls height

Transmucosal height

=

+

+

Connection length

Transmucosal area

Abutment connection

Figure 7.1 Illustration of a conventional prosthetic abutment for a single implant for a cement- retained restoration. Three areas can 
be identified: light blue area represents the walls, the dark blue area represents the transmucosal portion (collar), and the grey area, 
the connection. The sum of all areas constitutes the abutment length.
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tissue dimensions around implants account for 2 mm 
epithelium + 1–1.5 mm connective tissue, and in teeth, 
account for 1.6 mm epithelium + 1.06 mm connective 
tissue [26–28].

 ● Fewer blood vessels are found in peri- implant soft tis-
sues than around teeth because the blood supply is only 
supraperiosteal; meanwhile, blood supply around teeth 
comes from the vascular plexus of the periodontal liga-
ment and the supraperiosteal blood vessels  [28]. This 
can result in down migration of the connective tis-
sue [29, 30]

 ● Material chemistry influences the apical displacement of 
the epithelia. Pure titanium, alumina oxide ceramics 
(Al2O3), and zirconia oxide (ZrO2) abutments will 
develop a gingival cuff of 3.5 mm [31]. Meanwhile, gold 
and platinum alloys can produce apical displacement of 
the epithelia and potential enlarged gingival cuffs and 
bone loss [32].

 ● The presence of contaminants on the abutment surface 
produces an apical displacement of the epithelia and 
increased inflammatory reactions [33].

 ● Butt- joint implant–abutment connections result in api-
cal epithelial migration, but platform- switched implant–
abutment connections result in medial migration of the 
epithelia [34–36].

 ● Epithelial attachment on implant abutments is weaker 
(few hemidesmosomes) and repeated probing can 
increase probing depths compared to probing around 
natural teeth [37].

 ● Multiple abutment connection- disconnection can 
increase the apical migration of the epithelia and bone 
loss [38, 39].

 ● The presence of horizontal microgrooves at the abut-
ment surface can prevent the epithelial down growth by 
inducing transversal attachment of connective tissue fib-
ers into the abutment [40].

Mature soft tissues around the prosthetic abutments are 
observed between six and eight weeks after their installa-
tion  [41], and by the resolution of inflammatory cells 
observed at eight weeks of healing in samples obtained 
from the adjacent gingival tissue [42]. Maintaining a strong 
epithelial and connective tissue attachment to the abut-
ment surface is necessary to resist mechanical injury and 
prevent the penetration of pathogens into the transmu-
cosal area of the prosthetic abutment [43].

The following sections of this chapter will evaluate pros-
thetic abutment materials, surfaces, coatings, designs, and 
emergence profiles that can improve implant maintenance 
by limiting biofilm formation and establishing a robust 
gingival attachment.

 Prosthetic Abutment Material

In general, four main materials are used for prosthetic 
abutments: metals and metal alloys, ceramics, hybrid abut-
ments (composed of two or more materials), and polymer- 
based abutments (Figure 7.3) [44–48].

From esthetic and mechanical aspects, each abutment 
material possesses specific characteristics that indicate its 
use. For example, ceramic or coated metallic abutments 
will provide higher esthetics  [49], metallic and zirconia 
abutments will provide high mechanical strength  [50], 
hybrid abutments permit angle corrections with esthetic 
advantages  [51], and abutments based on polymers will 
allow long- term temporization [52].

However, from the perspective of maintaining the stabil-
ity of the soft tissues, the prosthetic abutment material may 
have other effects [53–55].

The effect of different abutment materials on the soft tis-
sues around dental implants was evaluated by Ferrari 
et al.  [53] in a randomized clinical trial  [53]. Forty- seven 
patients received ninety- seven dental implants. The 
implants were restored with prosthetic abutments made in 
titanium (15), titanium with a titanium nitride coating 
(18), and zirconia (14). After two years of maintenance 
with a supportive periodontal care program (recalls every 
four or six months), the keratinized tissue, gingival bio-
type, peri- implant markers, and recession were similar for 
the three used materials without differences between 
groups. Thus, suggesting that plaque control is key to 
maintaining peri- implant health independent of the abut-
ment composition [53].

Linkevicius et al. [54] evaluated the stability of the peri- 
implant hard and soft tissues when abutments of different 
materials (titanium, gold alloy, zirconium oxide, and alu-
minum oxide) were used  [54]. The authors completed a 
systematic review, including clinical studies, human histol-
ogy, and animal studies. After the search and selection pro-
cess, nine articles were included: three animal studies, two 
human histological studies, and four randomized clinical 
trials. The authors concluded that soft and hard tissues pre-
sented similar stability when titanium abutments were 
used compared to gold alloy, zirconium oxide, and alu-
minum oxide [54].

The abutment must also resist degradation under func-
tion in the oral environment  [55]. De Avila et  al.  [55] 
reviewed different parameters of the surface and bulk 
materials used for implant abutments.

The authors concluded that the oxidation of the surface, 
contamination during handling, and the corrosion pro-
cesses, can affect the integrity of metallic abutments, 
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increasing the release of metallic ions, thus, increasing 
the  release of inflammatory cytokines in the adjacent 
tissues [55].

Biofilm Formation on Different 
Abutment Materials

Biofilms around prosthetic abutments are formed in 
supragingival and subgingival locations, the subgingival 
biofilm is difficult to remove, and their characteristics are 
dependent on the surface energy, roughness, and partially 
on the chemical composition of the abutments [56].

To demonstrate the biofilm formation on modern 
implant abutments, Hahnel et al. [57] completed an experi-
mental study using disks made in zirconia, polyetherether-
ketone (PEEK), and titanium and compared these with 
control disks made in polymethylmethacrylate (PMMA). 
The disks were highly polished and the surface roughness 
and energy were measured. Afterward, salivary biofilm 
was seeded with S. mutans, S. gordonii, A. naeslundii, and 
C. albicans and the adhered and dead microorganisms 
were measured.

Their results showed lower roughness for PEEK 
(Ra  =  0.04 μm) and PMMA (Ra  =  0.05 μm) compared to 
zirconia (Ra = 0.16 μm) and titanium (Ra = 0.17 μm). The 
surface energy (drop angle) was higher for PEEK (42.19), 
followed by PMMA (39.14), titanium (35.62), and zirconia 
(31.72). After 20 hours, the lowest cell availability was 

found in PEEK, followed by zirconia, titanium, and 
PMMA. After 44 hours, the biomass increased in all the 
materials. In regards to dead microorganisms, after 44 
hours zirconia (74.87%) showed higher percentages of 
dead microorganisms, followed by titanium (68.82%), 
PEEK (63.72%), and PMMA (60.17%) [57].

Desch et al. [58], evaluated the biofilm formation on 192 
zirconia and titanium disks (n  = 96) bonded to intraoral 
splints in twelve patients. Samples were collected at differ-
ent time points (6 hours, 24 hours, three and five days), and 
volume of biofilm, and number of live and dead bacteria 
were measured with confocal laser scanning microscope. 
In addition, the microbial composition was analyzed using 
DNA sequencing analysis [58].

The results showed that the volume of biofilm increased 
with the time on both materials, reaching a plateau at three 
days. The microbial composition differed over time but was 
not influenced by material composition. Some microorgan-
isms were detected in higher percentages at the first hours 
(Abiotrophia defectiva, Lautropia mirabilis, Ralstonia sola-
naceraum, Rothia, Prevotella, and Streptococcus) but 
decreased at three and five days. The remaining microor-
ganisms started with low percentages and increased over 
time (Actinomyces, Bergeyella, Capnocytophaga, Eikenella, 
Fusobacterium, Neisseria, Porphyromonas, Veillonella). The 
authors concluded that there are no differences between 
zirconia and titanium in the quantity of adherent bacterial 
species after three days [58].
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Figure 7.3 Materials used for the fabrication of prosthetic abutments. Although titanium- based abutments are predominant, new 
hybrid materials and polymers are available thanks to new fabrication methods.
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Zeller et al. [59] studied the biofilm formation on metal-
lic alloys, zirconia, and PEEK [59]. A removable intraoral 
appliance was designed to retain 15 disks distributed 
equally at the palatal area and inserted in sixteen patients. 
The disks were designed with 5 mm diameter and 1 mm 
thickness. They were manufactured in five materials: gold- 
based andsilver- based noble metal alloy, zirconia, PEEK, or 
titanium zirconium alloy. After the appliances were deliv-
ered, samples were collected after 24 and 48 hours. The 
results showed that the gold and silver- based alloys pre-
sented the lowest number of colonies forming units, and 
titanium- zirconium alloy, zirconia, and PEEK showed 
similar values. Thus, indicating that silver and gold- based 
alloys can be used in the transmucosal portion of implants 
to limit the biofilm formation [59].

Herrman et al. [60] compared early and mature biofilm 
(formed after 3 days and after 31 days, respectively) grow-
ing in simulating implant surface, implant collar, and 
abutments  [60]. Disks with 5 mm diameter and 2 mm 
thickness were fabricated in four materials: sandblasted 
and acid- etched titanium (Ra  =  1.87 μm, simulating the 
implant surface), machined titanium (Ra = 0.18 μm, simu-
lating implant collar), titanium- aluminum- vanadium alloy 
(Ra = 0.16 μm), and zirconia (Ra = 0.74 μm) simulating the 
abutment roughness. The disks were not polished to main-
tain their original roughness and topography. Mandibular 
acrylic appliances were developed and the disks were 
attached facing the lingual side. The appliances were 
inserted in 14 patients.

The devices were removed only during eating and for rou-
tine oral hygiene. Total bacteria were detected using poly-
merase chain reaction. Their results showed that bacteria 
colonized all the materials after exposure to the oral cavity 
at 3 and 31  days. Curiously in the early biofilm, bacteria 
colonies at three days were lowest for machined titanium 
(3.83 × 108 ± 3.13 × 108) and highest for zirconia (5.63 × 
108 ± 4.83 × 108). Mature biofilm at 31 days showed bacteria 
counts higher for zirconia (6.66 × 108 ± 4.19 × 108) and lower 
for titanium alloys (4.67 × 108 ± 2.81 × 108). The comparison 
of machined versus sandblasted- acid etched titanium 
showed higher bacterial counts for sandblasted- acid etched 
titanium compared to machined titanium. Most of the 
detected bacterial species increased cell numbers in mature 
biofilms compared to the early biofilms. The authors con-
cluded that the higher roughness observed in zirconia abut-
ments explains the higher bacterial cell counts compared to 
machined titanium and titanium alloy [60].

More recently, Del Rey et al. [61] completed a systematic 
review on the biofilm formation of alternative abutment 
materials compared to titanium. Studies evaluating bio-
film formation on metallic, ceramic, or polymeric materials 
were included.

The following variables were analyzed: microbial counts, 
biofilm thickness and area, and cell viability. In total, 19 
studies were included (10 clinical and 9 in situ). The alter-
native materials used in these studies were alumina, cobalt 
chromium, polytetrafluoroethylene (PTFE), gold and gold- 
platinum alloys, and zirconia. The authors found that tita-
nium versus zirconia abutments showed comparable 
bacteria and inflammation levels and health conditions, 
but bacteria levels increased over time. Gold alloys showed 
thick biofilms and more extensive bacteria surface cover-
age than titanium and zirconia, and all the surfaces accu-
mulated supragingival biofilm [61].

Despite difficult comparisons between materials, and the 
short- term of the included studies, the authors suggest 
studies with extended follow- up periods.

 Prosthetic Abutment Surface

The transmucosal portion of the abutment surface is con-
fined at the basal area by the implant platform and the cor-
tical bone, laterally by the connective tissue and the 
gingival epithelial tissue, and coronal by the interface 
abutment- restoration and the restoration. Therefore, dif-
ferent modifications have been completed on the transmu-
cosal portion of the abutments to improve the behavior of 
the adjacent connective and epithelial tissues. These sur-
face modifications can be divided into machined, micro- 
grooved, coated, and functionalized surfaces.

Machined Surfaces

In in vivo studies, machined surfaces have shown that the 
fibroblasts of the connective tissue are oriented with their 
long axis parallel to the abutment [62, 63], there is a lack of 
connective tissue attachment to the abutment surface, and 
the junction epithelia is long [40]. In addition, the original 
machined surface changes after two months of exposure to 
the oral environment from smooth (surface roughness 
Sa  = 0.259 μm) toward a rougher surface (surface rough-
ness Sa = 0.430 μm) [64].

In in  vitro studies, fibroblasts were attached firmly to 
the surface of machined titanium disks. Their bodies were 
flat, rounded, with short and thick lamellipodia, without 
clear orientation on the surface  [65]. In in  vivo studies, 
immunofluorescent analyses of oral epithelial- like cells 
showed well- developed actin filaments and expression 
of  adhesion proteins (laminin- 5)  [66]. Finally, the soft 
 tissues adjacent to machined surfaces showed expression 
of Intercellular Adhesion Molecule (ICAM- 1), Matrix 
Metalloproteinases (MMP’s), and MMP- 9 (which regu-
lates neutrophils migration) [67].
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The epithelium facing the machined surface was ana-
lyzed by Atsuta et  al.  [68]. The authors described three 
zones: upper, middle, and lower portion. At the lower por-
tion, adhesion structures (hemidesmosomes) were present 
in a zone of 100 nm covering about 80% of the lower area. 
At the middle portion, adhesion structures were present in 
40% of the area [68].

Micro- Grooved Surfaces

Early studies completed by Brunette et al. (1991) demon-
strated in  vitro and in  vivo that organized topography 
(repeated patterns like grooves) on the material surface can 
guide cell orientation and cell spreading [69].

Weiner et al. [70] evaluated the connective tissue, epithe-
lia, and crestal bone around micro- grooved and machined 
implant collars [70]. In their study, 36 implants (3.75 mm 
diameter and 8 mm length) were inserted in six dogs. Each 
dog received six implants (three implants with machined 
collar and three implants with micro- grooved collar) in the 
bilateral healed premolar and molar areas of the mandible. 
Both collars had a length of 2 mm. The micro- grooved col-
lar was divided into three zones an upper machined zone 
of 0.5 mm, a middle zone of 0.7 mm was laser micro- 
grooved with micro- grooves of 8 μm wide, and the apical 
zone of 0.8 mm laser micro- grooved with micro- grooves of 
12 μm wide. Samples were obtained at three and six months 
after implant insertion. Histologic samples were obtained 
and evaluated for soft tissue recession, bone growth, bone 
loss, and the number of osteoclasts. The authors found that 
the micro- grooved surfaces presented minimal soft tissue 
recession, lower bone loss, and osteoclast activity com-
pared to machined surfaces for all the evaluated periods. 
Collagen fibers were attached to the middle zone of the 
micro- grooved surface, and some microgrooves of the api-
cal zone of the micro- grooved surface showed bone forma-
tion. Meanwhile, the machined collars did not show 
attachment of collagen fibers or bone formation [70].

Nevins et al. [40] completed an animal study in dogs to 
evaluate the influence of two implant surfaces with two 
types of healing abutments  [40]. The implants were 
tapered, with or without a 0.5 mm machined collar, and 
their surfaces were treated by resorbable blast texturing. 
The implants were inserted at the bone level in healed 
mandibular ridges and received either a micro- grooved 
healing abutment or a machined healing abutment. 
Healing abutments, soft tissues, implants, and bone were 
evaluated with micro- computed tomography (micro- CT), 
transmitted light, and scanning electron microscopy (SEM).

The histological analysis showed bone and connective 
tissue attached to the micro- grooved zone, and the junc-
tional epithelium ending at the highest coronal portion of 

the micro- grooved zone, without the characteristics of a 
long junction epithelium given that the connective tissue 
attachment impeded the apical migration of the epithe-
lium. The SEM analysis showed dense connective tissue 
attached to the micro- grooved abutment surfaces. 
Meanwhile, the junctional epithelium migrated apically on 
machined abutment surfaces, and no connective fiber 
attachment was observed [40].

Shin et al. [71], evaluated micro- grooves influence on the 
healing of peri- implant tissues in immediate implants in 
dogs  [71]. Implants with external hexagon connection, 
with the same geometry (cylindric- apical taper) and 
dimensions but different collars. The control group pos-
sessed a machined collar, and the test group had a micro- 
grooved collar. Four dogs received sixteen implants (eight 
implants of each group) inserted immediately after extract-
ing the third and fourth mandibular premolars at a bone 
level or slightly apical to the lingual bone crest. After three 
months, the samples were processed for histological analy-
sis. The results showed that the first bone- to- implant con-
tact was higher in micro- grooved implant collars than in 
machined collars and demonstrated that the connective 
tissue fibers of the peri- implant mucosa were attached per-
pendicular to the collar. Meanwhile, the first bone- to- 
implant contact was more apical in machined collars, the 
connective tissue fibers were parallel, and the mucosa 
 penetrated below the machined collar. Thus, the authors 
conclude that the micro- grooved collars improve the 
attachment of soft and hard tissues and reduce the mar-
ginal bone loss in immediate implants [71].

Micro- grooved abutments also can reach reattachment 
of the soft tissues to their original levels. Therefore, using 
micro- grooved components like healing abutments and 
micro- grooved prosthetic abutments are recommended 
when multiple abutment replacements are required  [72]. 
Furthermore, enhanced cell adhesion and soft tissue seal-
ing to the micro- grooved surface benefit against bacterial 
intrusion [73].

In a literature review, Ketabi et al. (2015) concluded that 
micro- grooves at the implant collar inhibit apical migra-
tion of the soft tissues, thus reducing crestal peri- implant 
bone loss. Characteristics of the micro- grooved surface, 
including the dimensions of the micro- grooves, their pitch, 
valleys distribution, and their nano topographical features, 
allow basal tissue attachment and stop epithelia from 
migration. In addition, the connective tissue surrounding 
micro- grooved collars resembles that located around natu-
ral teeth [74].

Geurs et al.  [75] completed a clinical study to evaluate 
the healing and formation of the connective tissue attach-
ment around micro- grooved and machined abutments. It 
was observed that connective tissue attachment occurs on 
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micro- grooved surfaces during healing and even after 
replacement by new micro- grooved abutments. However, 
machined abutments resulted in epithelial attachment 
without connective tissue presence. After substitution by 
micro- grooved abutments, this situation did not change. 
However, if a wound was created after the removal of a 
machined abutment and a micro- grooved abutment 
replaced this, then connective tissue attachment was 
observed. The authors recommended removing the epithe-
lium to allow connective tissue attachment when replacing 
machined by micro- grooved abutments [75].

Finally, a longitudinal randomized controlled clinical 
trial showed that micro- grooved abutments supporting 
cemented single implant restorations reduced the sulcus 
depth and crestal bone loss compared to machined pros-
thetic abutments supporting cemented single implant res-
torations. The authors concluded that using micro- grooved 
implant collars and micro- grooved abutments is a dual 
strategy that should be used to promote a more robust and 
healthier soft and hard tissue integration [76].

Coated Surfaces

Coatings have been applied to the surface of prosthetic 
abutments with two main goals: to improve soft tissue 
attachment and reduce bacteria colonization [77, 78]. The 
improvement of the soft tissue attachment to the abutment 
surface should be evidenced by the attachment of collagen 
fibers in a perpendicular direction, reduction of the apical 
migration of the gingival epithelium, improved tissue 
 healing, and therefore, limited crestal bone resorption [79]. 
The reduction of bacterial colonization should be reflected 
in delayed biofilm formation, reduced plaque, reduced 
infection, reduced inflammation, and prevention of bone 
loss [80, 81].

The following antibacterial coatings have been tested on 
titanium abutment materials: anodic spark deposition, 
nanoporous titanium oxide (TiO2), titanium- bismuth- 
gallium (Ti- Bi- Ga), doxycycline, diamond- like carbon 
(DLC), silver and silver nanoparticles, titanium nitride, 
 zirconia nitride [82–90] (Table 7.2).

The following coatings for the improvement of the soft 
tissue behavior around titanium abutment materials have 
been evaluated: collagen, titanium nitride, zirconium 
nitride, and Vitamins D and E [77] (Table 7.3).

Although coatings have the potential for development, 
only Doxycycline, Silver nanoparticles, Titanium, and 
Zirconia nitrides, proved antibacterial activity against a 
limited number of microorganisms (Staphylococcus 
 epidermidis, S. aureus, Streptococcus mutans, S. salivarius, 
S. sanguinis, S. sobrinus, and Pseudomonas aeruginosa). 
Furthermore, collagen was the only coating that 

demonstrated human fibroblast adhesion and prolifera-
tion [77, 82–90]. Finally, the effects of mechanical or chem-
ical cleaning methods on the integrity of the coatings after 
long- term exposure to use and cleaning are unknown.

Functionalized Surfaces

A biofunctionalized surface uses a coating that confers 
properties different from the base materials by modifying 
their composition, structure, and morphology without 
altering their mechanical properties. Such modifications 
can improve biocompatibility (increase cell attachment 
and interactions), reduce bacterial adhesion, and reduce 
corrosion and wear [91, 92].

The methods for surface functionalization include the 
addition of ceramic, polymer, and polymeric gel coatings, 
and ceramic coatings are preferred given their high stabil-
ity and osteoconductivity  [93, 94]. The stability of a bio-
functionalized surface in the intraoral environment can 
be  affected by variable conditions of temperature, pH, 
lack  of homogeneous coating and mismatch with the 
 surface, residual stresses, and continued degradation. 
These mechanisms are poorly understood and can affect 
their efficacy [91, 95].

 The Transmucosal Area 
of Prosthetic Abutments

The transmucosal portion of the prosthetic abutment 
passes through the gingival tissues and in different emer-
gence angles continues toward the cervical contour of 
the implant restoration, these angles vary from 0° to 90°, 
and provide physical support for the peri- implant soft 
tissues [96].

For example, the profile of the prosthetic abutment, as 
per Steigmann et al. [97] can be concave, slightly concave, 
or convex. When the implants are too buccal, concave 
 abutments are indicated. When the implants are centered 
in the ridges, slightly concave abutments could be used, 
and for too- palatal implants, convex abutments should be 
preferred. Thus, convex abutments can help in displacing 
the buccal tissues facially; meanwhile, slightly concave 
abutments maintain the position of the soft tissues, and 
concave abutments could be used in case of limited buccal 
space or thick gingival tissues [97].

Chu et al.  [98] described the implant restorative emer-
gence profile (IREP) as “the contour of the implant/
abutment crown complex as it arises from the restorative 
platform of the implant and emerges from the peri- implant 
soft tissues” and also called it the “implant restorative 
contour” [98].
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Table 7.3 Coatings for the enhancement of the soft tissues for titanium surfaces. Only collagen coatings produced increased cell 
adhesion, cell viability, and proliferation.

Coatings for enhancement of the soft tissues in contact with titanium surfaces

Technique characteristics
Type of cells or 
tissue Improvement observed

Collagen Dip coating and anodic 
immobilization to incorporate 
a collagen coating.

Human fibroblasts Increased cell adhesion at two and four hours

Increased cell viability and proliferation at one, 
three, and seven days

Itanium 
nitride

Anodization Human fibroblasts 
from biopsies

No differences in cell adhesion or proliferation 
compared to non- coated surfaces

Zirconium 
nitride

Anodization Human fibroblasts 
from biopsies

No differences in cell adhesion or proliferation 
compared to non coated surfaces

Vitamin D Ultraviolet irradiation Human fibroblasts 
from biopsies

No differences in cytotoxicity, cell morphology, 
expression of adhesion markers, or wound healing

Vitamin E Ultraviolet irradiation Human fibroblasts 
from biopsies

No differences in cytotoxicity, cell morphology, 
expression of adhesion markers or wound healing

Table 7.2 Antibacterial coatings tested on titanium abutment materials. Only Doxycycline, silver nanoparticles, and titanium and 
zirconia nitride coatings showed antibacterial activity.

Antibacterial coatings for titanium surfaces

Technique characteristics Antibacterial efficacy Bacteria tested

Anodic spark 
deposition

Incorporation of calcium and 
phosphate ions within the 
titanium oxide layer. Thicker 
titanium oxide layers.

Negligible Bacteria was present in 
treated and non- treated surfaces.

Streptococcus. Mutans, Salivaris and 
Sanguis

Nanoporous 
Titanium Oxide

Used sol- gel treatment to 
produce a nanoporous titanium 
oxide coating.

Negligible. No differences in biofilm 
volume between test and controls.

Streptococcus. Sanguis and 
Actinomyces Naeslundii

Titanium- Bismut- 
Gallium (Ti- Bi- Ga)

Used vapor deposition to 
incorporate Ti, Bi, and Ga 
within the titanium oxide layer.

Negligible. Biofilm formation was 
not impeded by the coatings.

Multiple bacteria

Doxycycline Cathodic polarization was used 
to incorporate doxycycline on 
the surface.

Antibacterial activity achieved for 
24 hours and one week.

Staphylococcus epidermidis

Diamond- Like- 
Carbon

Plasma- enhanced vapor 
deposition to coat the surface 
with DLC films.

Negligible. Bacterial adhesion was 
not inhibited. Bacterial leakage 
persisted. No antibacterial 
properties.

Enterococcus faecalis, Escherichia coli.

Silver nanoparticles Plasma sputtering method to 
coat the titanium disks with 
silver.

Antibacterial activity against 
Streptococcus mutans, and 
Pseudomona aeuroginosa.

Staphylococcus aureus. Streptococcus 
mutans, Pseudomonas aeuroginosa

Titanium nitride Anodization Antibacterial activity demonstrated 
by higher counts of dead bacteria.

Streptococcus salivarius, S. sanguinis, 
S. mutans, S. sobrinus, S. oralis

Zirconia nitride Anodization Antibacterial activity demonstrated 
by higher counts of dead bacteria.

Streptococcus salivarius, S. sanguinis, 
S. mutans, S sobrinus, S. oralis
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In single implants, the IREP should imitate the emer-
gence profile of the extracted tooth on all sides (buccal, 
mesial, distal, and lingual); however, this is not always pos-
sible without complementary procedures like bone and 
soft tissue grafts and temporization [98]. Two areas of the 
soft tissues that surround the whole circumference of the 
transmucosal portion of the prosthetic abutments were 
described: the critical and the subcritical contours  [99]. 
The critical contour is an area of around 1 mm (coronal- 
apical length) immediately apical to the gingival margin. It 
can be facing the prosthetic abutment, the implant crown, 
or both, depending on the position of the interface abut-
ment/crown. On the buccal side, the critical contour deter-
mines the level of the gingival margin; meanwhile, in the 
interproximal areas, it determines the shape of the implant 
crown (square or triangular) [99]. The subcritical contour 
is the area below the critical contour that extends to the 
implant platform. Its dimensions are variable (short in 
shallow implant placement and long in deep implants) and 
help in establishing the IREP [99].

Correlations between the peri- implant soft and hard tis-
sues/implant prosthetic abutment/implant restorations are 
complicated given variable patient and implant factors 
(gingival biotype, location, healed versus post- extraction 
implants, microbiome, implant insertion depth, type of 
implant connection, abutment contour characteristics, 
interface abutment- crown, materials, and others) [100].

To overcome this issue, Mattheos et al.  [101] coined the 
term “implant supracrestal complex” (ISC) to describe and 
correlate the gingival tissue, mechanical components, and 
bacteria in the transmucosal portion of the implant prosthe-
sis [101]. In addition, in a recent systematic review of clini-
cal studies analyzing the elements of the design of the ISC, 
Mattheos et  al.  [102], concluded that bone- level implants 
with abutments with wide emergence angles and convex 
abutment profiles increase the risk for peri- implantitis. Also, 
prosthesis with accessible and cleansable designs reduces 
peri- implant mucositis. If mucositis exists, its treatment is 
more difficult with deep peri- implant sulcus [102].

Gomez- Meda et al. [103] described a concept for the ver-
tical distribution of the subgingival design of emergence 
profiles around implant restorations. In their approach, the 
subgingival emergence profile contains three zones: the 
esthetic zone (E), the bounded zone (B), and the crestal 
zone (C).

The esthetic zone (E) influences the position of the free 
gingival margin, is around 1 mm thick, and its contour 
should be convex and establish the morphology of the clin-
ical portion of the implant crown. In addition, it contains 
the free gingiva.

The bounded zone (B) possesses between 1 and 2 mm 
thickness. It is located below the E zone. It is determined 

by the thickness of the surrounding soft tissues, the implant 
position, and the implant neck design and should be pref-
erably concave. It contains the gingival epithelial tissue.

The crestal zone (C) is 1–1.5 mm in thickness and is 
located below the B zone. The abutment contour should be 
straight or concave in this area to avoid pressuring the 
 adjacent hard tissues. Its dimensions also depend on 
the  implant insertion depth. The supracrestal connective 
tissue is present in this area [103].

Transmucosal Designs of Prosthetic Abutments

Different transmucosal designs have been used in prosthetic 
abutments, including parallel, concave, convex,  convergent, 
divergent, and customized configurations [97, 103–107].

A parallel abutment typically possesses walls without 
angular, geometrical, or diameter changes. Concave abut-
ments possess walls that converge toward a narrower cen-
tral portion and then diverge. In convex abutments, the 
walls diverge from the center to an area of maximum curva-
ture, then converge to the coronal. In a convergent abut-
ment, the walls progressively converge toward the coronal. 
A divergent abutment possesses walls that gradually diverge 
from the center. Finally, a custom abutment imitates the 
contour of the contralateral tooth or adopts multiple unique 
geometries required for the restoration design [103–107].

Valente et al. completed a systematic review to evaluate 
the effect of different abutment geometries (convergent or 
concave versus divergent and parallel) on marginal bone 
loss and esthetics [104]. Five studies fulfilled the inclusion 
criteria. Their results showed that concave and convergent 
abutments were beneficial in maintaining soft tissue levels 
and reducing bone loss [104].

Siegenthaler et  al.  [108] completed a one- year clinical 
trial on anterior implant restorations over convex or con-
cave abutments to evaluate the stability of the gingival 
margins. Their results showed that concave abutments pre-
sented a frequency of buccal gingival recessions of 14.3%; 
meanwhile, abutments with convex profiles presented a 
frequency of buccal gingival recessions of 64.3% [108], The 
authors concluded that after a year, concave abutments sta-
bilized the gingival margin better than convex abutments.

Customized abutments are non- prefabricated abutments 
created by transferring the emergence profile from tempo-
rary restorations, natural teeth (data obtained from CT 
scanners), or fabricated by CAD/CAM (computer- assisted 
design/computer- assisted manufacturing) to accommo-
date the soft tissue thickness, implant depth, and angula-
tion, to suit esthetics and other regional requirements 
specific for each case [109–111].

Custom abutments were developed to solve complex 
cases that could not be treated with traditional prosthetic 
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abutments (i.e. implant misplacement, esthetic fail-
ures)  [112]. Cardoso et  al.  [112], evaluated the prefer-
ences of prosthodontics specialists for using custom or 
prefabricated abutments. The survey results showed that 
custom zirconia and titanium abutments were preferred 
for the anterior esthetic region. Meanwhile, prefabri-
cated abutments were preferred for the posterior 
regions [112].

Schepke et al. [113] completed a clinical trial to evaluate 
the patient outcomes for stock (prefabricated) versus cus-
tomized zirconia abutments. Their results showed that for 
all the parameters evaluated (peri- implant bone level, 
plaque index, bleeding on probing, probing depths, soft tis-
sues, and patient satisfaction) after one year, the clinical 
variables were similar, and the patient satisfaction compa-
rable favoring equally the use of prefabricated or custom 
abutments [113].

However, newer data suggest the opposite  [114, 115]. 
Romanos et  al.  [114], in a recent long- term retrospective 
study, compared the crestal bone loss and implant failure 
of prefabricated versus customized abutments after 10 
years. Their results showed that prefabricated abutments 
reduced crestal bone compared to custom abutments. In 
addition, 4.1% of implants with customized abutments 
were lost. Meanwhile, no implant with prefabricated abut-
ments was lost [114].

Lin et al. [115], evaluated the marginal bone loss by com-
paring stock abutments versus customized CAD/CAM 
abutments after one year of follow- up. Their results showed 
that the mesial and distal bone levels were lower in custom 
abutments compared to stock abutments. The authors 
attribute these differences to some drawbacks of the manu-
facturing process, intolerances, connection fit, and global 
stability that can affect the long- term performance of 
 customized abutments [115].

Evaluation of the Emergence Profile of a 
Prosthetic Abutment

As per the glossary of prosthodontic terms (ninth edition), 
the emergence profile is defined as “the contour of a tooth 
or restoration, such as the crown on a natural tooth, dental 
implant, or dental implant abutment, as it relates to the 
emergence from circumscribed soft tissues” [1].

A critical consideration for this definition is that it is 
global and does not clarify landmarks to evaluate the emer-
gence profiles of prosthetic implant abutments. Therefore, 
there is no consensus about how they should be measured.

For example, Souza et al. (2018), [116] traced a line paral-
lel to the central axis of the implant and measured the 
angle formed with the wall of the abutment. In this method, 
the transmucosal profile possesses straight walls, and the 

abutment sides have equal angles. In their study, narrow 
angles (15°) resulted in less bone resorption than abut-
ments with wider angles (45°) (Figure 7.4).

However, when the abutment walls at the transmucosal 
portion are not straight and the walls acquire complex pro-
files, the methods recommended by Katafuchi et al. [117] 
and Yi et al. [118] can be used.

Their methods describe two parameters: the emergence 
angle and the emergence profile.

The emergence angle is the angle of the most apical por-
tion of the abutment when it emerges from the implant 
connection in relation to a line parallel to the central axis 
of the implant. The emergence profile is the whole contour 
of the transmucosal portion of the abutment. It can be con-
cave, convex, slightly concave, or slightly convex [117, 118]. 
These methods evaluate the emergence profile and angles 
of custom abutments (Figure 7.5).

Huang  et al. [119] in a randomized controlled trial, eval-
uated the influence of the buccal emergence profile on the 
peri- implant tissues. Their study was done using cylindric 
implants restored at the implant level. Their references 
were the implant’s long axis, implant shoulder, buccal 
mucosa, and the most coronal portion of the gingival tissue 
in contact with the restoration.

The authors defined the emergence angle as the “angle 
between the tangent line of the restoration at the most coro-
nal point of the buccal mucosa and the axis of the implant.” 

Figure 7.4 Emergence profile according to Souza et al. (2019). 
Red dotted central line represents the central axis of the 
implant, the red dotted line intersecting the abutment profile 
represents an extension of the implant axis, the most external 
red dotted line represents the abutment profile, the emergence 
profile in this image shows a narrow- angle represented in with 
a white arc.
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The authors defined the buccal emergence profile as “the 
buccal profile of the restoration from the implant shoulder 
to the gingival margin.” In addition, the authors measured 
the ratio resulting from the width of the buccal mucosa (W) 
and the gingival height (W/H ratio). They determined that a 
W/H ratio of 1.3  maintained an optimal emergence pro-
file [119] (Figure 7.6a, b).

The emergence angle and profile are measured and eval-
uated in various forms. The whole circumference of the 
transmucosal portion can present different emergence 
angles and emergence profiles (especially in customized 
abutments). There are four areas of the implant abutment/
restoration in which the emergence profile and emergence 
angle form: buccal, mesial, distal, and lingual surfaces. In 
deeply inserted implants, the emergence angles and pro-
files form over the transmucosal portion of the abutment; 
meanwhile, in shallow implants or implants restored 
directly to the implant platform, the emergence profiles 
and angle can form over the restoration surface (Figure 7.7).

Landmarks are completed using tangent lines over the 
abutment or the restoration, and the angles usually form at 
the intersection with the implant axis and the gingival mar-
gin. The buccal emergence angle and profile support the 
esthetic gingival margin, the interproximal emergence pro-
file and angles support the papillae, and the lingual emer-
gence angles and profiles support the lingual gingival 
margin. Narrow angles and concave profiles are preferred 
over wide angles and convex profiles because the soft tissue 
attachment is more stable, and less crestal bone loss can be 
expected.

a1 a2

p2p1

Figure 7.5 Emergence angle and emergence profile according 
to Katafuchi et al. [117]. Emergence angle and emergence 
profile in abutments with asymmetric walls. In this bucco- 
lingual view, the abutment possesses two different emergence 
angles (a1 is wider, and a2 is narrower), and two different 
emergence profiles (p1, p2, one for each wall). In this example, 
the emergence profile is identified by the solid blue line. P2 is 
slightly concave, and p1 is concave.

Emergence angle(a) (b) Emergence profile

Figure 7.6 (a) Emergence angle as per Yuan et al. [119]. Emergence angle is formed by a tangent line from the highest soft tissue 
contact with the restoration to a line tangent to the implant platform, intersection occurs at the implant shoulder. (b) Emergence 
profile as per Yuan et al. [119]. Emergence profile is measured from the angle formed between a line tangent to the lower contour of 
the restoration in contact with the soft tissues and the central axis of the implant.
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 Prosthetic Abutment Maintenance

In this subsection, the instruments and methods used to 
provide hygiene in patients with dental implants will be 
discussed, including the effect of instrumentation on the 
abutment surface and the efficacy of the different methods 
to remove biofilm, plaque, and calculus. In addition, rec-
ommended protocols for maintenance are presented.

Effects of Instrumentation on the 
Abutment Surface

The effects of different hygiene instruments on the sur-
face of titanium implant abutments were evaluated by 
Rapley et  al.  [120]. Cylindric abutments mounted on 
implants were subject to mechanical debridement using 
ten methods combining different times and strokes. The 
methods were evaluated: (i) Rubber cup mounted in a 
handpiece rotating at slow speed, (ii) Rubber cup rotating 
at slow speed with fluor pumice, (iii) Air polishing 

perpendicular to the abutment, (iv) interproximal brush 
with back- and- forth strokes, (v) Interproximal plastic tip 
with back- and- forth strokes, (vi) Toothbrush with recip-
rocal strokes, (vii) Plastic scaler with vertical movements, 
(viii) Ultrasonic scaler with vertical strokes, (ix) Stainless- 
steel scaler, and (x) control.

After the methods were completed, the abutments were 
evaluated by scanning electron microscope (SEM) using 
different magnifications. The amount of surface damage 
was evaluated by comparing the surfaces after each tech-
nique with the control surface and was graded as follows: 
AA  =  smoother, A  =  comparable, B  =  slightly rougher, 
C = moderately rougher, D = severely damaged.

Group  2 produced smoother surfaces (grade AA), 
Group 4 did not induce damage (grade A), groups 1, 3, 4 
and 6 produced minor damage (grade B), the groups 8 
and 9 (metal scaler and ultrasonic scaler) produced severely 
damaged surfaces (Grade D). The authors concluded 
that  conservative plaque debridement and maintenance 
 methods do not alter the abutment surface [120].
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Lingual
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Figure 7.7 Example of the emergence angles and 
emergence profiles in evaluations from the buccal 
and mesial sides. The buccal view shows different 
emergence angles dictated by the abutment and 
crown contours. The transmucosal portion of the 
abutment is short. The mesial and distal views 
show slightly concave contours at the base of the 
buccal side and a divergent contour at the lingual. 
Higher metallic collar at the interproximal and 
lingual sides. White lines represent emergence 
angles and profiles, red dotted line the gingival 
level, and black dotted line implant axis.
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Mengel et al. [121] completed an in vitro study to  evaluate 
the effect of eight cleaning methods on titanium surfaces 
(machined, sandblasted, and titanium plasma- sprayed) 
(i)  Titanium curettes, (ii) Gracey curettes, (iii) Plastic 
curettes, (iv) Rubber cups + prophy paste, (v) Ultrasonic 
scaler, (vi) Air polishing, (vii) Ultrasonic scaler with soft 
tips, and (viii) Ultrasonic scaler with hard tips. The loss of 
substance from the titanium surfaces was evaluated. Four 
grades of substance loss were assigned (none, slight, mod-
erate, and pronounced). The evaluations were carried out 
with the SEM.

Their results showed that air- polishing, rubber cup, and 
plastic curettes did not alter the titanium surfaces; mean-
while, ultrasonic scalers with soft tips and titanium curettes 
produced a slight loss of substance. Finally, the Gracey 
curettes and ultrasonic with metallic tips produced pro-
nounced surface alterations and material loss. The authors 
concluded that air- polishing, rubber cups, and plastic 
curettes could be used to remove supragingival calculus 
and plaque without risk of surface damage [121].

Recent studies by the same group in (2004) [122] evalu-
ated the effect of different instruments on the integrity of 
titanium abutments coated with titanium nitride and with-
out coating. Evaluations of damage, roughness, removed 
amounts of titanium and coating after a single treatment of 
the surface with different methods (titanium, plastic, and 
steel curettes), rubber cup, ultrasonic scaler with metallic 
tips, and air scaler + cleaning powder.

Their results showed that all the groups suffered surface 
alterations and material loss when steel curettes and ultra-
sonic scalers with metallic tips were used. The other methods 
produced moderate damage to the non- coated surface and 
minor damage to the coated surfaces. The authors concluded 
that the coating protected the titanium surface from direct 
damage, but the detachment of the coating and the increased 
roughness after the maintenance are of concern [122].

Gehrke et al. [123] studied the titanium nitride coating 
applied to CAD/CAM abutments. Acrylic scalers, titanium 
curettes, and ultrasonic scalers with metallic tips were used 
on twelve abutments. All the scalers were applied with 150 
or 200 g pressure against the abutment surfaces. After scal-
ing, the surfaces’ roughness and characteristics were ana-
lyzed with optical profilometry and SEM. The results 
showed that ultrasonic scalers severely damaged the tita-
nium nitride coatings and produced increased roughness, 
and acrylic curettes did not damage the surface. The 
authors concluded that acrylic instruments could be rec-
ommended for cleaning the transmucosal portion of 
abutments [123].

Recently, Sirinirund et  al.  [124] completed an experi-
mental study to evaluate the effects of different instru-
ments used for supportive care on titanium machined and 

roughened surfaces. Topographical changes and the effi-
cacy of instrumentation were evaluated. The implants 
were covered with cyanoacrylate and toluidine blue dye to 
resemble attached calculus. The surfaces were cleaned 
with curettes (stainless steel, plastic, and titanium), ultra-
sonic instruments with plastic and metallic tips, titanium 
brush, and air- polishing, simulating one year and five years 
of supportive care. Afterward, a stereomicroscope was used 
to evaluate the efficacy of calculus removal (percentage of 
residual calculus), and an atomic force microscope and 
SEM to evaluate the surface topography.

The most efficient instruments to remove simulated cal-
culus were ultrasonics with metallic tips followed by tita-
nium brush and ultrasonics with plastic tips. Stainless steel 
curettes were more efficient than titanium, and plastic 
curettes were inefficient. Air- polishing efficiently removed 
calculus deposits on rough surfaces but not in machine. 
Mechanical methods produced micrometric and nanomet-
ric topographical changes on the titanium surface, except 
for air- polishing. In addition, plastic instruments released 
plastic debris, and metallic instruments released metallic 
debris [124].

Biazussi et  al.  [125] completed an in  vitro study using 
sodium bicarbonate and glycine powders applied to tita-
nium disks with a smooth surface (Ra  =  0.1 μm). The 
authors used air- polishing with the same device and opera-
tion settings situated at a 4 mm distance from the disks. 
The powders differed in size (sodium bicarbonate powders 
with a particle size of 220 μm and glycine powders with a 
particle size of less than 63 μm). After air- polishing, the 
roughness of the samples was evaluated with optical pro-
filometry. The results showed that the surface roughness 
barely changed when glycine powders were used 
(Ra = 0.112 ± 0.033); meanwhile, the sodium bicarbonate 
powders slightly increased the roughness of the samples 
(Ra = 0.212 ± 0.058). The authors concluded that glycine 
powders used during simulated implant abutment prophy-
laxis minimally affect the surface roughness [125].

Tran et  al.  [126] compared cleaning techniques (air 
abrasion, ultrasonic scaler, carbon, and carbon stainless- 
steel scalers, and 40% citric acid) on three different tita-
nium surfaces (smooth, sandblasted, and sandblasted + 
acid etched). Titanium disks with the three experimental 
surfaces were seeded with biofilm from human saliva. 
After applying the debridement techniques, the remaining 
biofilm was evaluated with SEM and crystal violet meth-
ods. Most biofilms were eliminated with the air polishing 
methods (94.84–96.53% of efficacy in biofilm removal), 
and the mechanical methods were the least efficient in 
biofilm reduction. Meanwhile, citric acid was comparable 
to mechanical methods for biofilm reduction. The surfaces 
were severely damaged with all the mechanical methods, 
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but citric acid and air- polishing resulted in the lowest sur-
face damage.

The authors concluded that air- polishing with glycine 
powders is the recommended method for abutment 
debridement based on the efficacy of biofilm removal and 
minimal surface damage [126].

In summary, of the mechanical methods used for tita-
nium abutment maintenance, cleaning, and debridement, 
the air polishing methods are the most efficient in remov-
ing plaque, simulated calculus, and biofilm with the lowest 
surface alterations. Other mechanical methods possess 
limited capabilities to reduce plaque or biofilm and pro-
duce significant damage to the titanium surfaces and 
coated titanium surfaces represented in scratches, 
increased roughness, and titanium particle release.

Efficacy of Cleaning Methods

Schmage et  al.  [127] evaluated the cleaning efficacy of 
instruments used for implant prophylaxis. In this in vitro 
study, disks with polished or acid- etched surfaces were 
seeded with Streptococcus mutans biofilm layers, and 
seven methods for prophylaxis were evaluated. The meth-
ods included: plastic curettes, carbon- fiber- reinforced 
 plastic curettes, sonic prophylaxis brush, rubber cup + 
prophylaxis paste, sonic PEEK inserts, ultrasonic PEEK 
inserts, and air- polishing.

After cleaning, the disks were stained with a plaque- 
disclosing solution and analyzed by light microscopy. Their 
results showed that the sonic and ultrasonic PEEK tips and 
the air polishing with glycine powders achieved the high-
est cleaning efficacy. The worst cleaning efficacy was pro-
duced by manual instrumentation in polished disks (<18% 
of remaining biofilm) and the rubber cups in acid- etched 
surfaces <11% of remaining biofilm). The authors con-
cluded that the cleaning efficacy of less than 4% of remain-
ing biofilm is not achieved by any methods and is affected 
by the surface topography [127].

Louropoulou et al. [128] completed a systematic review 
to evaluate the effects of mechanical instrumentation on 
contaminated implant surfaces. Fourteen studies (major 
part in vitro) reported that plastic instruments and rubber 
cups were inefficient in the decontamination of titanium 
surfaces. Meanwhile, rotating and ultrasonic instruments 
produced some positive results. The best method was air- 
polishing. The authors concluded the following: metal 
curettes were ineffective in removing calcified deposits 
from machined surfaces but effective on sandblasted sur-
faces, scalers with carbon tips remove plaque from sand-
blasted surfaces, and rotating titanium brush is effective in 
removing non- mineralized deposits from sandblasted sur-
faces, air- polishing is effective in all the surfaces including 

machined, plasma- sprayed, and sandblasted  [128]. The 
authors highlighted that except for air- polishing that 
cleaned all the surfaces, a different cleaning method should 
be selected for each type of surface.

Wei et al. [129] evaluated the effect of the air pressure of 
air- polishing devices on the cleaning efficacy for debridement 
of implant surfaces. The authors inserted implants in polyu-
rethane with simulated peri- implant defects. Afterward, the 
implants’ surfaces were stained with red ink to simulate 
biofilm. Sodium bicarbonates, calcium carbonates (76 μm 
particle size), and glycine powders (25 μm particle size) 
were applied with four levels of air pressure: 25, 35, 45, and 55 
pounds per square inch (psi). After cleaning, the implants 
were removed, and pictures were obtained with macro lenses. 
Their results showed that air polishing with sodium bicarbo-
nate, calcium carbonate, or glycine powders at 35 psi,45 psi, 
and 55  psi removed simulated biofilm. The authors con-
cluded that 25 psi with glycine powders should be used to 
eliminate biofilm and reduce surface damage [129].

There is only a single systematic review of the effects of 
decontamination methods on zirconia surfaces. Tan 
et al. [130] searched for in vitro, animal studies, and rand-
omized controlled trials that evaluated decontamination 
methods on zirconia discs or implants. The authors 
included eleven studies that fulfilled the selected inclusion 
criteria. Their results showed that lasers (Er:YAG, CO2, and 
Diodes), curettes (steel, plastic, and titanium), ultrasonic 
and air scalers with different tips (steel, carbon composite, 
and copper alloy tip), air- polishing, and prophylaxis rubber 
cups had been used on zirconia. The authors concluded 
that air- polishing and prophylaxis rubber cups were safe 
for zirconia surface decontamination; meanwhile, hand 
scalers and ultrasonic scalers damage the zirconia surface. 
In addition, air polishing was highly efficient in removing 
plaque and biofilm deposited on zirconia surfaces [130].

Summary of Mechanical, Chemical, Lasers, 
and Other New Techniques Used 
for Abutment Decontamination

Although laser methods were not included in the previous 
sections, different studies have shown lasers’ application 
to decontaminate implant surfaces. In a recent systematic 
review, Francis et al. [131] evaluated comparative studies 
on titanium surface decontamination. The authors 
searched for studies reporting decontamination methods 
applied to implant and abutment titanium surfaces. 
Inclusion criteria were: in vitro studies evaluating decon-
tamination methods (mechanical, chemical, or laser) on 
titanium implants, disks, or cylinders with any type of sur-
face. After search and filtering, 38 studies were included. 
Their data summary showed that air polishing was more 
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efficient for biofilm and plaque removal than laser and 
chemical methods. However, plaque and biofilm were 
eliminated when different modalities were combined.

New methods for microbial biofilm removal from implant 
surfaces were evaluated in a systematic review by Dhaliwal 
et al. [132]. The authors searched the literature for experi-
mental studies that evaluated the presence of biofilm 
(including bacteria and fungi) on titanium surfaces and 
decontamination methods applied for their removal. After 
the initial search and screening, 116 articles were included.

The new methods to eliminate biofilm were: photody-
namic therapy, ultraviolet light (UVL) radiation, sonica-
tion, thermal treatment, and ultrasounds. The treatments 
were applied to reduce existing biofilm or to prevent bio-
film formation on surfaces. The mechanism of action is 
briefly explained as follows:

 ● Photodynamic therapy used methylene blue applied to 
the surfaces and activated with 405 nm LED or 635 nm 
diode laser to induce cell membrane lysis. It can be 
applied during maintenance

 ● UVL therapy uses UV radiation applied prior to the 
material insertion to promote the elimination of carbon 
and alter the surface energy to reduce bacterial cell 
attachment.

 ● Sonication produces bacterial detachment from titanium 
surfaces through agitation of a liquid that creates micro-
bubbles, which detach bacteria and solids from the sur-
face through hydrodynamic mechanisms. It can be 
applied prior to the insertion of the material or during 
maintenance.

 ● Thermal treatment is applied before the material inser-
tion, using temperatures below 350 °C to reduce bacteria 
present at the surface and reduce adhesion by forming 
titania complexes.

 ● Ultrasounds produce low- level disinfection through bacte-
ria dispersion and return to the planktonic state. It can be 
applied prior to insertion or during maintenance [132].

In Figures 7.8–7.11, the mechanical, chemical, laser, and 
new methods used for abutment decontamination, clean-
ing, and debridement are summarized [120–132].

Methods for the mechanical
maintenance of implant

abutments

Manual
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Plastic

Carbon
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Figure 7.8 Mechanical methods and instruments for the maintenance of abutment surfaces. Four main groups of methods are 
described in the literature [120–132].
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Maintenance Protocols for Implant Abutments

It is well known that pathogenic microorganisms within the 
plaque microcosmos can produce inflammatory changes 
around dental implants that can induce peri- implant dis-
eases and potential implant failure [133]. Also, it has been 
demonstrated that at- home or in- office maintenance can 
reduce the incidence of implant failures [134, 135].

The professional maintenance of patients, implants, 
and their restorations is essential because this allows 
for  identifying risk factors, establishing customized 
 maintenance programs and patient education, and inter-
vention if required  [136]. Generally, a routine mainte-
nance visit would include the following assessments: 
gentle probing (once a year), bleeding on probing (BOP), 
evaluation of the presence of suppuration, debridement, 
and decontamination of implants, abutments, and resto-
rations [137–139].

A national survey was completed by Zellmer et  al. 
(2020) [140]. The survey with 34 questions was sent to a 
random sample of 10,000 dental hygienists affiliated 
with  the American Dental Hygienists Association 
(ADHA). Twenty- one percent responded the survey 
(2100  participants), and 98% provided care to patients 
with dental implants.

The results of this study are significant because they 
reflect in detail the current state of implant maintenance in 
clinical practice. The distribution of instrumentation used 
by hygienists during maintenance visits was: 60% plastic 
scalers, 42% titanium scalers, 31% rubber cups, 12% graph-
ite scalers, and 4.8% of hygienists air- polishing.

The hygienists agreed that plastic curettes were not 
efficient for debridement and that air-  polishing was 
highly efficient. Also, the hygienists agreed that the 
recall  visits should be established based on individual 
patient needs, and six- month recalls were recom-
mended. In addition, recommendations for instruments 
for patient’s self- care were the following: oral irrigators, 
monofilament dental floss, interproximal brushes, 
 silicone or rubber picks, and specially designed intra- 
sulcular instruments [140].

Lian et al. (2021) [141] performed a literature review on 
interproximal cleaning methods. The authors searched the 
literature for meta- analysis, systematic reviews, clinical tri-
als, and case reports of studies completed on human sub-
jects. Twenty- six articles were included.

The authors found that dental floss is a generalized 
method for interproximal cleaning. However, its efficiency 
is reduced in big embrasure spaces, lack of patient dexter-
ity, and tight spaces. Therefore, the authors recommend 
customizing the interproximal cleaning device for each 
patient’s requirement.

New methods for
prevention of biofilm or
treatment of existing

biofilms

Ultraviolet light

Sonication

Ultrasounds

Argon plasma

Thermal treatment

Figure 7.11 New methods used for biofilm removal or 
prevention on abutment surfaces [120–132].

Methods for chemical
disinfection of implant

abutments

Clorhexidine

Cetylpyridinium chloride

Hydrogen peroxide

Citric acid

Sodium hypochlorite

Essential oils

Electrolytic decontamination with KI
and CHNaO2

Figure 7.9 Chemical methods for disinfection and 
decontamination of abutment surfaces [120–132].
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Figure 7.10 Lasers used for disinfection and decontamination 
of abutment surfaces [120–132].
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Afterward, the authors created a decision tree based on 
the size of the embrasure, patient motivation, manual dex-
terity, and pattern of biofilm accumulation. The embrasure 
spaces were classified as type I, II, and III.

Type I (closed interproximal space filled with the papilla)
Type II (open interproximal space filled with 51–75% of 

papilla)
Type III (large embrasure opening filled with 50% of 

papilla) [141].

For type I embrasures and motivated patients with good 
dexterity, dental floss + brushing is recommended. For 
type I embrasures, not- motivated patients, or lacking dex-
terity, rubber bristle + soft picks or easy flosser or floss pick 
and oral irrigation are recommended.

For type II and III, open embrasure, good patient motiva-
tion, and good dexterity, interproximal brushes (medium to 
large sizes) are recommended, plus adjuncts, including 
wood sticks, dental floss, and gum stimulators  [141]. For 
the lingual interproximal surfaces, in addition to brushing, 
the use of dental floss with the “C- shaping” technique 
demonstrated better plaque removal than wood sticks [141].

Dental implant maintenance was also evaluated among 
dental hygienists in Israel (I) and Germany (GE) by 
Eickholz et al. [142] Online questionaries were developed 
at Tel- Aviv and Frankfurt Universities Departments of 
Periodontology. The questionnaires included: gender, edu-
cation level if peri- implant probing was completed and 
type of instruments used for probing, if the hygienists com-
pleted peri- implant instrumentation, and the type of 
instruments used for that purpose. Their results showed 
that 99% (I) and 98% (GE) of hygienists were women, and 
99% were working in their own countries (I and GE), 99% 
(I) and 92% (GE) of hygienists instrumented, and hand and 
ultrasonic instruments were used at different percentages 
in each country 77% (I), and 2% (GE). Finally, airflow was 
used in different percentages in both countries, 99% (GE) 
and 18% (I), and lasers were used only in Germany. The 
authors concluded that the methods of decontamination 
and debridement variate among countries [142].

Clinical Examples of Implant Abutments 
and Recommended Decontamination Methods

Given that the techniques for implant abutment mainte-
nance and decontamination are strongly influenced by the 
type of implant restoration, and to give the readers a better 
understanding, this section divides implant–abutment 
maintenance into two main groups: single implant abut-
ments and interconnected abutments. The first group of 
single implant abutments encompasses maintenance 
methods for single implant–supported crowns and stud 

abutments. The second group, interconnected abutments, 
encompasses the maintenance methods for implant–sup-
ported bridges, bars, and frameworks.

Maintenance for Single Implant Abutments

Single Implant–supported Crown
A single implant–supported crown can be cemented, 
screw- retained, or friction- fitted. In screw- retained crowns, 
the abutment and the crown are a single piece and there-
fore, the abutment is incorporated in the body of the crown 
at the basal area (Figure 7.12).

However, in cement- retained implant crowns, the trans-
mucosal portion of the implant abutment can be differenti-
ated from the implant restoration (Figure 7.13).

Figure 7.12 Screw- retained porcelain fused to metal single 
implant crowns. The abutment and the crown are a single piece. 
The transmucosal portion is short and difficult to differentiate 
(yellow arrows).

Figure 7.13 Cement- retained single implant zirconia crowns over 
titanium nitride- coated abutments. The abutment and the crown are 
two individual pieces. The transmucosal portion of the abutment is 
longer and variable depending on the implant depth and soft tissue 
thickness (yellow arrows pointing the white dotted lines that 
indicate the transmucosal area of the prosthetic abutments).
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The methods for cleaning and maintenance include 
brushing + interproximal floss (in closed embrasures) OR 
brushing + interproximal brushes (in open embrasures). 
Monofilament floss is recommended over multifilament 
floss. If the patient has movement limitations, the use of 
rotatory brushes + flosser OR rotatory brushes + oral irri-
gation is recommended (Figure 7.14).

Stud Abutments Supporting Overdentures 
(Including Locator, Ball, and Conus Abutments)
Single- stud abutments are used to support overdentures or 
implant- assisted retained partial dentures. Their selection 
depends on the interocclusal space, degree of retention, 
and simplicity. Although this type of abutment is relatively 
easy to reach by different cleaning methods, there are areas 
with restricted access (lingual sides, occlusal, and areas 
below the retentive ring) (Figures 7.15 and 7.16).

Maintenance for Interconnected 
Implant Abutments

Implant Bridges
Implant–supported bridges can be screwed or cement- 
retained. Two or more implant abutments can be intercon-
nected with pontics or connectors with different designs in 
two- unit bridges, three- unit bridges, four- unit bridges, and 
so on until full mouth rehabilitations (Figures 7.17–7.23).

Given that screw- retained bridges can occasionally be 
removed, the transmucosal abutments can be reached for a 
more exhaustive decontamination, and the same protocol 
for single abutments can be used (Figure 7.24).

Implant–supported Bar Restorations
Implant bars with multiple designs are commonly used 
to  support overdentures as well as screw- retained hybrid 
restorations. Bars can be casted, milled, or 3D- printed. The 

Figure 7.15 Four Locator abutments inserted in the maxilla of 
an edentulous patient.

Figure 7.16 Locator abutments at the mandible. Although the 
whole 360° circumference of the abutments is exposed, the 
occlusal cavity (yellow arrow), and the area below the occlusal 
ring (white arrow) are difficult to reach.

Recommended cleaning protocol for locator abutments

BUCCAL Brushing + interproximal brush horizontally or 
mesial- distally oriented

MESIAL Brushing + Interproximal brush anterior- 
posterior oriented

DISTAL Brushing + interproximal brush anterior- 
posterior oriented

LINGUAL Brushing + dental floss with modified c- shaping 
technique

Figure 7.14 Single implant crown at site #8. Wide open 
embrasure space at the mesial, and closed embrasure space 
at distal.

Recommended cleaning protocol for single implant crown site #8

BUCCAL Brushing

MESIAL Brushing + interproximal brush + dental floss

DISTAL Brushing + + interproximal brush + dental floss

LINGUAL Brushing + dental floss with modified c- shaping 
technique
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implant abutment can be incorporated into the base of the 
bar and then the bar is supported by the implant head. In 
addition, bars can be supported by transmucosal abut-
ments (like multi- unit abutments). Some bars possess 
enough space for hygiene and others are too close to the 
soft tissues resulting in insufficient space for cleaning 
(Figures 7.25 and 7.26).

The buccal aspect of bars is usually accessible to oral 
hygiene methods but, the basal aspect as well as the lingual 
aspect of the bars are extremely difficult to reach for ade-
quate cleaning by at- home conventional methods. Thus, 
bars must be removed and inspected to detect plaque and 
calculus and to allow a comprehensive decontamination, 
and polishing (Figure 7.27).

Although intraoral methods can be applied to debride 
and maintain implant–supported bars. The recommended 
action is to remove the bar and proceed with extraoral 

Figure 7.17 Example of three- unit zirconia bridges, and single 
crowns to be cemented on custom titanium nitride- coated 
abutments.

Figure 7.18 Examples of four- unit porcelain fused to metal 
screw- retained implant bridge to be supported by three implants.

Figure 7.19 Example of a 10- unit porcelain fused to metal 
screw- retained upper implant bridge to be supported by six 
implants. This is a photo showing the lingual side of the bridge 
positioned over mirror to appreciate the abutment connection.

Figure 7.20 Occlusal view of a three- unit implant–supported 
porcelain fused to metal implant bridge at sites #5, #6, and #7. 
And a two- unit cantilevered porcelain fused to metal implant 
bridge at sites #10 (pontic), and #11 (abutment).

Figure 7.21 Buccal view of both bridges. The three- unit bridge 
at the right side has added pink ceramics.
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cleaning and decontamination, additional steps including 
polishing are recommended (Figure 7.28).

When the bar is supported by transmucosal abutments, 
once the bar is removed, the transmucosal abutments can 
be cleaned following the same protocol recommended for 
multi- unit abutments.

Evaluation of Deffects of the Abutment/
Crown Interface

The previous sections assumed that the implant abutments 
and their restorations were fabricated in ideal conditions. 
However, manufacturing methods, including casting, the 
firing of ceramics, milling, printing, bonding of titanium 
bases with zirconia restorations, and finishing/polishing, 
may create undesired surface defects on the transmucosal 
interface of the prosthetic abutments. In this final section, 
different manufacturing defects detected in works com-
pleted by conventional dental laboratories are grouped and 
described.

Excess of Ceramic on the Abutment Surface
Ceramic veneering applied to the abutment surface toward 
the gingival tissues must end at the finish line of the abut-
ment. Which will reduce the presence of micro- retentive 

Figure 7.22 Right and left side close- views of the a three- unit implant–supported porcelain fused to metal implant bridge at sites 
#5, #6, and #7, and the two- units cantilevered porcelain fused to metal implant bridge at sites #10 (pontic), and #11 (abutment).

Recommended cleaning protocol intraoral maintenance of a 
three- unit screw- retained implant–supported bridge with pink 
ceramics

BUCCAL Brushing + oral irrigation (also rotative 
brushes can be used)

MESIAL Dental floss + interproximal brush anterior- 
posterior oriented + oral irrigation

DISTAL Dental floss + interproximal brush anterior- 
posterior oriented + oral irrigation

LINGUAL Brushing + oral irrigation

Recommended cleaning protocol intraoral maintenance of a 
two- unit screw- retained implant bridge with a cantilevered crown

BUCCAL Brushing + oral irrigation (also rotative brushes 
can be used)

MESIAL Dental floss + interproximal brush anterior- 
posterior oriented + dental floss threaders + 
oral irrigation

DISTAL Dental floss + Interproximal brush anterior- 
posterior oriented + oral irrigation

LINGUAL Brushing + oral irrigation

Figure 7.23 Clinical photo of an upper screw- retained implant 
bridge with pink porcelain to provide esthetics. The cleanability 
is compromised by the buccal pink ceramics.

Recommended cleaning protocol intraoral maintenance of a 
10- unit screw- retained implant–supported bridge

BUCCAL Brushing + interproximal brush + oral irrigation

MESIAL Interproximal brush anterior- posterior oriented 
+ oral irrigation

DISTAL Interproximal brush anterior- posterior oriented 
+ oral irrigation

LINGUAL Brushing + interproximal brush + oral irrigation
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areas for plaque accumulation, improve the efficiency of 
cleaning methods, and improve the soft tissue’s contact 
with the abutment surface.

Excess ceramic can be observed in UCLA abutments 
when ceramics are masking the buccal gingival margin of 
the implant abutment or when finishing and polishing are 
deficient.

Although more frequent at the buccal side of the  abutment, 
this excess can also be seen around the interproximal 

surfaces and less frequently at the lingual surface 
(Figures 7.29–7.34).

Porosity
Improper ceramic layering technique, excess of tempera-
ture, improper ceramic powder/liquid ratios can produce 
increased porosity. Porosity can also be seen at the cement 
that connect ceramic crowns with titanium bases. The 
pore dimensions are variable and will result in increased 

Figure 7.24 Clinical photo of transmucosal multi- unit abutments with angle correction once a screw- retained prosthesis is removed. 
The photo at the left is showing a buccal view of the multi- unit abutments, The photo at the right is showing an occlusal view of the 
achieved parallelism with the angle correction multi- unit abutments.

Recommended cleaning protocol intraoral maintenance of multi- unit type transmucosal abutments

BUCCAL Brushing + interproximal brush transversally oriented

MESIAL Interproximal brush anterior- posterior oriented

DISTAL Interproximal brush anterior- posterior oriented + oral irrigation

LINGUAL Brushing + oral irrigation

Figure 7.25 Upper bar design with enough space for access 
and cleaning of the transmucosal portion and the basal zone. 
Different oral hygiene methods can be used.

Figure 7.26 Lower bar design without enough space for access 
and cleaning. Methods for intraoral hygiene are limited.
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plaque accumulation, and improper cleaning (Figures 7.32 
and 7.33).

Inadequate Finishing
Improper finishing and polishing results in thicker mar-
gins, partial/incomplete removal of ceramic excess, metal 
debris, scratches, and incomplete removal of cement excess 
at the crown/abutment interface (Figures 7.34 to 7.37).

Excess of Micro- gap Dimensions
Restorations fabricated by cementation of the crown on a 
titanium base are usually completed extraoral. Proper 
cementation technique, adequate vertical pressure, limiting 
the amount of cement, and venting could minimize the gap 
at the titanium base/crown interface (Figures 7.38 and 7.39).

Alterations of the Abutment Surface
Coatings can be accidentally removed during finishing and 
polishing, creating delamination, scratches, and other sur-
face irregularities (Figures 7.40 and 7.41).

Figure 7.27 Bar that was removed after one year of use for 
evaluation of plaque retention. Significant calculus and plaque 
deposits were observed along the whole basal surface of the bar 
in contact with the soft tissues.

Recommended cleaning protocol for intraoral maintenance of 
implant–supported bars

BUCCAL Brushing + interproximal brush transversally 
oriented

MESIAL Interproximal brush anterior- posterior oriented 
+ oral irrigation

DISTAL Interproximal brush anterior- posterior oriented 
+ oral irrigation

LINGUAL Brushing + oral irrigation

(a) (b) (c)

Figure 7.29 Example of ceramic layering excess covering the transmucosal area of the implant abutment. (a) Illustrates the gingival 
extension on the buccal surface almost reaching the base of the abutment. (b) Illustrates an interproximal view (mesial) with 
overextended and irregular ceramic layering. (c) The lingual surface is not covered by ceramic but, the finishing of the abutment 
transmucosal metal collar is deficient.

Figure 7.28 Basal area of a bar retired for maintenance. Aspect 
after cleaning, disinfection, and polishing.

Recommended cleaning protocol for extraoral maintenance of 
implant–supported bars

1. Removal of the bar

2. Inspection of the basal, and lingual aspects

3. Sonication for 20 minutes in disinfecting solution. This step 
will remove soft plaque and calculus

4. Surface polishing with silicone tips

5. Re- insertion of the bar and potential replacement of 
prosthetic screws
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 Concluding Remarks

Prosthetic abutments and their transmucosal portion are 
essential for maintaining the peri- implant soft tissue health 
and the long- term prognosis of dental implants.

Prosthetic implant abutments can be fabricated in differ-
ent materials (metals, ceramics, polymers, and hybrid com-
positions). The selection of the abutment material is based 
on esthetic and mechanical requirements. The surfaces of 
the abutments can be modified to improve the soft tissue 
attachment and reduce bacterial adhesion. Micro- grooved 
surfaces and collagen- coated surfaces enhance soft tissue 
attachment. Biofilms attach to all hard surfaces, but 

titanium nitride, zirconia nitride, silver nanoparticles, and 
doxycycline coatings can reduce the biofilms and plaque 
formation.

The implant prosthetic abutment transmucosal area 
supports the buccal gingival margin and interproximal 
papillae. Concave transmucosal designs maintain the 
 tissue contours in the presence of thick tissues, and con-
vex transmucosal designs are preferred to support thin 
gingival tissues. Convergent designs allow soft tissue level 
maintenance. Narrow emergence angles, concave, and 
convergent emergence profile designs at the transmucosal 

Figure 7.30 In this screw- retained implant crown, the emergence profile is concave, and ceramic layering excess can be observed 
below the margin of the transmucosal abutment at the level of the abutment connection. This type of excess will critically affect the 
integrity of the implant–abutment interface increasing the dimension of the micro- gap between the implant and the abutment.

Figure 7.31 Appropriate finishing and polishing under proper 
magnification can help in the removal of excess ceramics 
without affecting the integrity of the abutment connection.

Figure 7.32 Close view of the transmucosal portion of an 
abutment with ceramic debris. The debris invade the basal area 
of the abutment and the abutment connection. Unfortunately, 
proper finishing and removal are complex because the 
instruments used for that purpose can alter the integrity of the 
implant/abutment interface
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portion of abutments prevent the apical migration of soft 
tissues and reduce crestal bone loss. Maintenance of the 
transmucosal portion of implant abutments is critical to 
maintaining the integrity of the soft tissue seal.

Different methods are used for the cleaning and debride-
ment of implant abutments and restorations. However, the 
ideal methods should efficiently remove biofilm and 
plaque without altering the surface of the abutments. The 
best mechanical method to accomplish both goals is air 
polishing with glycine powders. Other mechanical meth-
ods (scaling and ultrasonic instruments) can partially 
remove plaque and calculus and reduce biofilm, but all 
produce surface alterations.

Chemicals, including chlorhexidine, sodium hypochlo-
rite, and citric acid are helpful against biofilm formation 

and the establishment of young plaque but are not efficient 
against old plaque and calculus. New decontamination 
methods, including phototherapy with low- intensity 
lasers, radiation, and thermal treatment, seem promising. 
However, to accomplish adequate implant abutment main-
tenance and achieve better outcomes, the combination of 
methods is preferred, such as mechanical + chemical 
methods or chemical + lasers. In addition, the recalls fre-
quency and maintenance protocol must be adapted to the 
patient and type of restoration.

Finally, the abutments and their restorations must be 
carefully inspected before insertion to detect fabrication 
defects, including overextended ceramic layers, porosity, 
poor finishing and unpolished surfaces, excessive micro- 
gap at the abutment- crown interface, and any alterations of 

Figure 7.33 Pink ceramic layering on the buccal side of 
frameworks must be carefully applied to avoid invading the 
transmucosal portion or the base of the cylinder. If the implant 
location is supragingival this cannot be achieved.

Figure 7.34 Close view of excess pink ceramic layer. Irregular finishing will impede proper cleaning, and the overextension to the 
base of the metal cylinder will impede passive fit and increase the micro- gap dimension between the abutment and the framework.

Figure 7.35 Ceramic layer porosity. Usually seen overlapping 
the abutment margin and extending to the gingival area.
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Figure 7.36 Closer view of the characteristics of the porous ceramic. Variable pore sizes, irregular surface finishing, and hidden 
location will impair both soft tissue attachment and cleanability.

(a) (b)

Figure 7.37 Improper finishing and polishing. Metallic debris can be observed at the buccal and lingual aspects of this single 
implant crown. (a) Buccal view showing metal excess and debris from improper casting, these debris should have been removed 
before ceramic layering. (b) Lingual view showing partial elimination of metal debris.

(a) (b)

Figure 7.38 Micro- gap between zirconia crown and implant abutment. (a) Lingual view showing the extension of the micro- gap 
around the whole lingual surface. (b) Detail picture illustrating the micro- gap formed at the interface crown- cement- abutment.
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Figure 7.39 The micro- gap is too big for accepted standards. In this case 377.89 μm.

Figure 7.40 Premolar implant crown fabricated over a laser 
micro- grooved abutment. The transmucosal emergence angle is 
divergent.

Figure 7.41 At higher magnification can be observed that the 
titanium nitride coating is partially removed also, scratches and 
delamination are observed at the micro- grooved area.
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the abutment surface. If detected, excess ceramic and 
surface debris can be corrected by finishing and polish-
ing. The restoration should be repeated if the abutment 
crown micro- gap is beyond the clinically acceptable 
range. This inspection is the most crucial step related to 
prosthetic abutment hygiene and peri- implant tissue 
maintenance.
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 Introduction

There are two types of implant–abutment configurations: 
one- piece and two- piece. One- piece design lacks interfaces 
as the implant body and abutment are continuous [1]. On 
the contrary, two- piece configurations have an interface 
(implant abutment interface [IAC]) [1]. The IAC is defined 
as “the interlocking interfacial geometry between a dental 
implant and an abutment” and “the surface where the den-
tal implant and prosthetic abutment connect”. These two 
components (implant and abutment) can be fastened via 
an abutment screw or by a friction system [2].

Mechanically, the resistance of the abutment against 
rotation is granted by an index system provided by different 
geometric configurations of the implant and abutment 
walls. This reduces rotational freedom to less than two 
degrees [3]; and resists dislodgement and micromovement 
at the IAC  [4, 5]. In addition, tightening the abutment 
screw until preload is achieved stabilizes and retains both 
parts together thereby minimizing the risk of screw loosen-
ing [6, 7].

Biologically, appropriate sealing at the IAC interface 
reduces the migration of microorganisms inside the 
implant connection  [8], and its apical- coronal location 
determines the insertion levels for the stability of soft and 
hard peri- implant tissues [9]. Clinically, the IAC also dic-
tates the maintenance methods to support the longevity of 
osseointegrated implants [10].

The most coronal portion of the implant where the pros-
thetic abutment, restorations, and other prosthetic compo-
nents connect with the implant is called the implant 
platform [11]. When correlated with the osseous crest, the 
implant platform serves as a reference to determine if an 
implant is subcrestal (apical to the crestal bone), crestal (at 

the same level with the crestal bone), or supracrestal located 
(coronal to the crestal bone). The edges of the implant plat-
form coincide with the abutment edges in butt- joint con-
nections. However, it is not coincident in platform- switching/
shifting connections in which, edges of the implant abut-
ment are mesial to the edges of the implant platform [11]. 
Significant geometrical differences exist in the different 
available IACs that may impact the frequency of mechani-
cal and biological complications [12].

This chapter has three aims: first, to classify the different 
IACs designs; second, to compare their sealing capability 
against microorganisms; and third, to describe strategies 
for the maintenance of IACs.

 Types of IAC

Characterization of IAC is based on the following features: 
(i) method of retention of the abutment to the implant, (ii) 
vertical positioning of the IAC in relation to the bone level 
and in relation to the implant platform, (iii) horizontal 
position of the IAC in relation to the implant platform 
edges, and (iv) geometric designs of the IAC (Figure 8.1).

Abutment Retention to the Implant Body

One- piece Implants
One- piece dental implants have been available for over five 
decades, and early examples were: blade implants, ceramic 
implants (synthetic sapphire and aluminum oxide), and 
titanium implants. The main characteristic of these designs 
is that the abutment is incorporated together within the 
same implant body [13]. Given that one- piece implants are 
exposed to the oral cavity immediately after insertion, a 
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second surgery is not required, and therefore they are also 
called “one- stage” implants [14].

The configuration of one- piece implants (including the 
implant body and the abutment in a single piece) reduces 
the surgical trauma by eliminating a second surgery and 
simplifies the clinical procedure by eliminating the require-
ment for additional prosthetic components. In addition, 
the microgap is absent, which may reduce the bacteria 
counts  [15]. Other advantages attributed to one- piece 
implants are reduced crestal bone loss and inflammatory 
reactions, and biologic width dimensions similar to natural 
teeth  [16]. Furthermore, surgical and clinical procedures 
for one- piece dental implants results in less swelling, pain, 
time, and fewer appointments than procedures for two- 
piece dental implants [17–19].

One- piece dental implants are exposed to the oral cavity 
before they are osseointegrated; thus, they require primary 
stability (<30 Ncm) sufficient to withstand force vectors 
and to reduce micromovement- related complications. 
Consequently, their use is recommended in areas with 
good bone quality and quantity [20].

When strict inclusion criteria are followed, one- piece 
implants with immediate load have shown stable marginal 
bone and soft tissue levels and a high cumulative survival 
rate (98.8%) after two years in function [21]. The inclusion 
criteria used in the study by Finne et al. [21] described the 
following pre- requisites for immediate loading on one- 
piece implants: healthy subjects, good oral hygiene, stable 
occlusal relationships, no history of bruxism, sufficient 
bone volume, implants with at least 10 mm length,  insertion 
torque between 35–45 Ncm, implant bed free of infection, 
and in the case of immediate implants, no extraction rem-
nants. The authors also described the exclusion criteria for 
the use of one- piece implants: lack of patient compliance, 
chronic bone diseases, bone tumors, previous irradiation, 
implant angles exceeding 10–15 degrees, and cantilevered 
prostheses [21].

Baer et al. [22] reported the results of a three- years mul-
ticenter study using the same one- piece implant system. In 
their protocol, implants were inserted and immediately 
temporized, and the final restorations were delivered after 
six months. One- piece implants showed a cumulative sur-
vival rate of 98.3%, with minimal resorption of crestal bone, 
and preservation of the soft tissue levels [22].

Current one- piece implants are also available in materials 
other than titanium, exemplified by one- piece zirconia den-
tal implants. Silva et al.  [23] evaluated fatigue and failure 
modes of zirconia implants with a 30- degree angle related 
to the vertical axis. The abutment portion of the implants 
was prepared to simulate the preparation for an anterior 
crown. The characteristics of the preparation included: a 
2 mm occlusal reduction, a six- degree wall angle, and a 
0.5 mm chamfer reduction along the entire circumference. 
Forces over 600 Ncm were applied. The main failure mode 
for preparing an unprepared implant was a fracture, which 
occurred in the areas of exposed treads below the prepared 
abutment. Thus, demonstrating that a minimal preparation 
of the abutment portion of one- piece zirconia implants did 
not increase the fracture incidence [23].

When the abutment portion of one- piece implants is 
modified, the temperature can increase significantly at the 
level of the first threads. This was demonstrated in the 
study by Gabay et al. [24] which investigated the effects of 
the preparation of the coronal portion of one- piece dental 
implants with and without irrigation on the temperature at 
the first thread of the implants. Their results showed tem-
peratures over 47 °C reached between 5 and 11 seconds 
after the beginning of the abutment preparation in the 
group without irrigation. Furthermore, the temperature 
continued increasing after the drill stopped. Meanwhile, in 
the group with irrigation, the temperature elevation did 
not reach 47 °C. Thus, the authors demonstrated that the 
preparation of the abutment portion of a one- piece dental 
increases the temperature and is essential to provide 
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enough volume of irrigation to prevent fast temperature 
elevation at the level of the first thread [24].

In case of space limitations when narrow implants are 
recommended, it seems that the mechanical strength of 
one- piece implants is superior to that of two- piece 
implants; however, proper implant positioning is critical 
because the abutment orientation cannot be changed, and 
structural modifications of the abutment portion can result 
in a lack of retention of the implant crown or phase trans-
formation in the case of ceramic implants [25].

It seems that the diameter of the one- piece implant can 
influence the stability of the crestal bone [26]. Forty- four nar-
row Implants (3 mm diameter) were inserted in healed ridges 
and in post- extraction areas, and all the implants were imme-
diately loaded with temporary crowns. Survival and radio-
graphic bone levels were evaluated for one year. The survival 
rate after one year was 98%. The radiographic analysis of the 
bone le levels showed that 18% of implants presented <3 mm 
of bone loss, 20% of implants presented between 2 and 3 mm 
of bone loss, and 62% of implants presented >2 mm of bone 
loss after one year. Based on the excessive bone loss after one 
year, the authors recommended the cautious use of 3 mm 
diameter one- piece implants [26]. There are also some limi-
tations in using one- piece implants, in case of implant mal-
position, the abutment requires modifications which results 
in titanium particle release, and the exposure to non- axial 
loads can result in implant micromovement, lower success 
rates, and higher crestal bone loss [27–29].

Two- piece Implants
Two- piece implants are versatile and possess a different 
number of applications [30]. For example, in case of implant 
misalignment (17-degrees up to 25- degrees),  custom or 
angled abutments can be used, if the implants lack primary 
stability, they can be submerged. In such cases, they require 
additional surgery after the bone  healing to expose the 
implant platform and connect a  healing abutment, also 
called “two- stage” implants [31].

Two- piece titanium implants (100%) have survival rates 
comparable to those of one- piece implants (100%) after five 
years  [32, 33]; however, it seems that they present more 
technical complications (screw loosening and porcelain 
fractures) [32, 33].

The transmucosal portion of the prosthetic abutments of 
two- piece dental implants can be customized to accommo-
date soft tissue thickness and biologic width [34], the abut-
ment angle can be modified to correct up to 25- degree 
implant misalignment  [35–37]. The implant can be sub-
merged in augmented areas, lack of stability, or if a remov-
able denture is being inserted and risk of excessive 
uncontrolled forces is present [38–40].

Some differences between two- piece and one- piece dental 
implants include: the gingival margin being more coronal in 

one- piece implants and the biologic width dimensions being 
more similar to natural teeth in one- piece implants  [16]. 
Furthermore, the presence of an interface in two- piece den-
tal implants and microgap, allows potential micromove-
ment, bacteria colonization, and screw loosening [41].

The prosthetic abutment can be retained in two- piece 
dental implants by an abutment screw or a friction system 
(screw- less). In screw- retained abutments, the retention 
screw is tightened to produce an elastic deformation (flatten-
ing of the microrough edges of the screw threads and elon-
gation of the screw) achieving enough vertical compressive 
force between the implant and the abutment (preload) to 
reduce screw- loosening [42, 43]. It has been demonstrated 
that 90% of the tightening force is spent as frictional force 
and 10% of the force is converted to preload [44].

In implant abutments retained by friction systems, a 
morse taper connection produces high tension between the 
abutment and the implant and a horizontal cold- welding 
effect. Taper angles around 1.5° and 4.0° degrees ensure an 
excellent coupling between the mating surfaces of the 
abutment and the implant connection [45, 46]. The friction- 
retained abutment systems seem to function comparably to 
screw- retained abutment systems [47].

Vertical Implant Position of the IAC in Relation 
to the Bone Level

The implant platform can be placed at three alternative 
vertical positions at the moment of implant insertion: 
supracrestal, crestal, or subcrestal. In supracrestal posi-
tions, the implant platform is elevated over the crestal 
bone; therefore, the IAC is also located over the bone crest. 
In crestal positions, the implant platform edges, and the 
IAC are leveled with the adjacent bone, and in subcrestal 
positions, the implant platform and the IAC are below the 
crestal bone level [2].

The consequences of different implant insertion depths 
are variable. For example, it was found that the placement 
of the IAC at or below the alveolar crest did not influence 
the peri- implant crestal bone levels after five years in 
human studies [48]. However, posterior studies that used 
implants with platform- switching (abutment diameter 
narrower than implant platform diameter) demonstrated 
that subcrestal placement presented less crestal bone loss 
than platform- switched implants placed at the crestal 
level [49]. Increased number of neutrophils and moderate 
bone resorption occur when the IAC is located at the level 
of the bone crest and If the IAC is superior to the crestal 
bone (in platform- switching or one- piece implants), mini-
mal inflammatory infiltrates and lower bone resorption 
can be expected [1].

Contradictory results were presented in recent system-
atic reviews and meta- analyses that evaluated the bone loss 
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of implants placed at subcrestal or crestal level [50, 51]. In 
the study by Palacios- Garzón et  al.  [50] sixteen studies 
were included. Ten studies did not show differences in 
bone loss between crestal or subcrestal placement, three 
studies found more crestal bone loss in subcrestal place-
ment, and the other three found more bone loss in crestal 
placement.

In the most recent systematic review and meta- 
analysis by Cruz et  al.  [51] the marginal bone loss, 
implant survival, and soft tissue parameters around 
implants placed crestal or subcrestal were evaluated. 
The authors included ten studies that fulfilled the inclu-
sion criteria. The meta- analysis showed that implant 
depths did not influence implant survival or other peri- 
implant parameters (marginal bone loss, probing depths, 
or keratinized tissue).

Rationale for Crestal or Subcrestal 
Implant Placement
Implant placement is followed by a remodeling process 
that results in a marginal bone loss between 0.25 and 
0.65 mm during the first year [52, 53]. In both cases (crestal 
and subcrestal placement), the remodeling is comparable, 
but in subcrestal placement lower risk of exposed threads 
can be expected [54]. This occurs because re- establishing 
the biological width around implants requires a minimum 
distance of 2 mm between the implant platform and the 
gingival surface. Therefore, by adapting the implant inser-
tion level to the surface of the soft tissues bone remodeling 
can be controlled [55, 56].

In the case of soft tissues with thin phenotypes, the 
establishment of the biologic width can occur by causing 
bone resorption  [57]; meanwhile, in the case of thick 
 gingival phenotypes, the marginal bone resorption is 
reduced [58, 59]. Finally, the marginal bone level is affected 
by the implant design + implant insertion depth combina-
tions  [53]. For example, tissue- level implants (with an 
incorporated transmucosal portion) preserve the bone if 
inserted at crestal level; meanwhile, bone- level implants 
preserve the bone when placed subcrestally [53].

All the previous can be applied to implants inserted in 
the healed bone. However, when implants are inserted in 
post- extraction sockets, more bone remodeling is expected, 
specially at the buccal bone area, where resorption up to 
2.2 mm has been reported after tooth extraction  [60, 61]. 
Therefore, in post- extraction sockets, the bone resorption 
can be compensated by completing a deeper implant inser-
tion from 2.5 to 3.0 mm below the crestal bone  [62]. The 
insertion depth range in the case of post- extraction 
implants with platform- switching is smaller than implants 
without platform- switching, and 1.08 mm of subcrestal 
insertion is enough in platform- switched implants to avoid 
exposure of the implant neck [63].

Vertical Position of the IAC in Relation 
to the Implant Platform

Two main configurations for IACs have been described in 
two- piece dental implants: external or internal. In external 
IACs, the connection occurs over the body of the implant 
at the implant platform, and the center of rotation of 
the  abutment is high resulting in abutment instability. 
Meanwhile, in internal IACs, the connection occurs within 
the implant and below the implant platform, and the center 
of rotation of the abutment is low, resulting in higher abut-
ment stability [64].

The external connection was intended to serve for the 
insertion of the implant and to stabilize the implant supra 
structure [65]. However, the height of the geometrical fea-
ture of external connections (mainly hexagonal) was inef-
ficient in reducing micromovement against non- axial loads 
of elevated magnitude. Thus, conducting to screw loosen-
ing, and fatigue and fracture of prosthetic screws [66].

Internal connections were developed to limit the draw-
backs of external connections (screw loosening, micromove-
ment, and fracture). Internal connections possess different 
depths, geometries, and mating properties (between the 
internal walls of the implant and the abutment connection) 
that seem to improve the transfer of forces and reduce abut-
ment micromovement and screw loosening [64, 67].

Other claimed benefits of internal connections over 
external connections have been reported in in  vitro and 
in  vivo studies, including better stress distribution along 
the implant body when non- axial loads are applied, better 
maintenance of the screw preload, lower Interleukin 1 
(IL- 1) and tumoral necrosis factor- α (TNFα) around the 
implants [68], and lower screw loosening and mechanical 
complications observed in clinical studies with at least 
three years of follow- up [69].

Finally, it has been demonstrated that wider microgaps 
appear in external connections when lateral forces are 
applied, favoring bacterial microleakage  [70], and better 
esthetic outcomes are observed around implants with 
internal connections placed in the anterior region com-
pared to those with external connections [71].

Horizontal Position of the IAC in Relation to 
the Platform Edges

Two horizontal positions of the IAC in relation to the 
implant platform edges have been described: butt- joint and 
platform- switched positions. The main difference is 
that  the implant and the abutment match in butt- joint 
positions and not in platform- switched positions  [72]. In 
butt- joint IACs, the edges of the abutment and the implant 
platform are coincident without overlapping. Therefore, 
the diameter of the platform and the basal diameter of the 
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prosthetic abutment are the same. Meanwhile, in platform- 
switched, the basal diameter of the implant abutment is 
narrower than the implant platform [73].

In platform- switching, the inward displacement of the 
abutment walls toward the central axis of the implant cre-
ates a step on the implant platform  [74], (a horizontal 
space) that allows for the horizontal establishment of the 
biologic width and bone ingrowth [75]. Once the abutment 
contour is moved away from the edges of the implant plat-
form, the implant–abutment microgap and the associated 
inflammatory infiltrate are also distanced from the mar-
ginal bone thus, reducing bone resorption [76].

Given that implant diameters vary in range from narrow 
to wide implants, a platform- switched abutment may pos-
sess different levels of mismatch. Canullo et al. [77] studied 
the effects of an abutment with 3.8 mm diameter inserted 
on implants with different diameters (3.8, 4.3, 4.8, and 
5.5 mm). Thus, total mismatches of 0, 0.25, 0.5, and 0.85 mm 
were evaluated. The authors observed that after three years 
of follow- up, larger mismatch resulted in lower marginal 
bone resorption  [77]. This was confirmed by histological 
studies completed in minipigs with platform- switching of 
0.25 mm  [78], and in radiographic studies with platform- 
switching up to 0.85 mm (in which implants with platforms 
with 5.8 mm diameter received 4.1 mm abutments) that 
demonstrated decreased marginal bone resorption com-
pared with non- platform- switched abutments [79, 80].

Another aspect related to the marginal bone preservation 
observed in platform- switching is the soft tissue thickness. 
When sufficient apical-coronal and buccal soft tissue 
 thickness are present, the marginal bone is preserved in 
both platform- switched and non- platform- switched 
implants. However, when the tissue thickness is reduced, 
platform- switching is efficient in preserving the marginal 
bone level [81].

Vandeweghe et  al.  [81] completed a randomized con-
trolled trial in patients who received implants with wide 
platforms (7 mm) and connections centered in the implant 
axis or with an offset (two platform- switching sizes 0.225 
or 1.225 mm). After 3, 6, and 12 months radiographs were 
obtained to evaluate the marginal bone levels at the mesial 
and distal sides. Their results showed that the marginal 
bone loss decreased by 30% in platform- switched implants 
when the soft tissue thickness was sufficient [81].

The biomechanics of implants with platform- switched 
abutments have also been considered responsible for 
reduced bone loss [82–84]. When oblique forces are applied 
on platform- switched abutments, the functional stresses 
are re- directed to the center of the implant, thus transfer-
ring the strains to the cancellous bone, and protecting the 
cortical bone [82–84].

Moreover, under function and simulated accelerated cor-
rosion, implants with platform- switching released fewer 

metal ions than implants with butt joint connections. 
Implants with butt joint connection presented active corro-
sion at the outer borders of the contacting surfaces. 
Meanwhile, platform- switched connections released mini-
mal amounts of titanium ions which may explain the 
reduced bone loss observed around platform- switched 
IACs [85, 86].

A recent systematic review and meta- analysis by Mishra 
et  al.  [87] evaluated randomized controlled trials with at 
least three years of follow- up comparing platform match-
ing with platform- switching. The results showed that 
platform- switching limited the marginal bone loss better 
when the mismatch between the implant and the abut-
ment was greater, the maxilla reacted better than the man-
dible to platform- switching, and better bone preservation 
with platform- switched implants with splinted prostheses 
inserted at bone level [87].

Geometric Design of the IAC Index

Implant manufacturers are working on improving the IAC 
index designs to reduce abutment rotation, improve load 
distribution, reduce bacteria filtration, and minimize screw 
loosening to limit mechanical and biological complica-
tions [88]. Common IAC index designs are based on angles, 
channels, morse- taper (conical), and combinations of dif-
ferent geometries  [89]. Each IAC index design possesses 
certain variability. For example, the angled index connec-
tions can be hexagonal, octagonal, and dodecagonal (this 
means 6, 8, or 12 angles); channel index type connections 
can have 3, 4, 6, 7, or 8 channels (with straight or round 
contours) with variable dimensions, and morse tapered 
connections are available with 4- degree to 11- degree taper 
angles and different depths and can have or not an index.

Further available IACs include a combination of geome-
tries like morse taper + hexagon, or conical + hexagon, 
and unique geometries like spline type, and triangle coni-
cal. The following subsections review the characteristics of 
each group.

Angled Indexed Connections
Angled connections are available with 6, 8, or 12 angles, 
and all possess different rationales that support their use. 
In the following subsection, details about each type of con-
nection are provided.

Connections with Six Angles (Hexagonal)
The oldest of the angled IACs is the hexagonal connec-
tion initially described by Branemark in 1969  [90]. 
This  design simplified the implant insertion, provided 
anti- rotational support for the restoration on single 
implants [70], and allowed for one-  or two- stages implant 
surgery [70, 88–90].
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The hexagonal connection can be internal or external, 
and some implant systems simultaneously possess internal 
and external hexagons  [91]. Hexagonal connections pre-
sent some limitations; for example, the short height of the 
external hexagon under non- axial forces can allow micro 
movement and frequent screw loosening in single implant 
restorations, and the prosthetic screw is the only compo-
nent retaining the butment [64, 92]. Also, when non- axial 
loads are applied on external hexagonal connections, the 
dimensions of the microgap increase, conducting in 
increased counts of microorganisms inside the IAC [93]. In 
addition, as the microgap increases the range of micromo-
tion also increases. This, in turn, increases stresses that are 
transferred to the vertices of the hexagon initiating a cycle 
of wear, more micromotion, and potential fractures  [94] 
(Figures 8.2 and 8.3).

Connections with Eight Angles (Octagonal)
Octagonal connections were designed to improve the also- 
called “morse- taper” connection. The morse- taper connec-
tion consists of a cone – fitting within – a cone, and the 
precise matting between both conical surfaces achieves the 
stability of this connection  [95]. The taper angle variates 
between 4 and 11%, and total convergence angles can be up 
to 16 degrees [96]. However, there were some difficulties in 
transferring positional information between the clinic and 
the laboratory because the cones are symmetric and do not 
possess an anti- rotational element [97]. Including an index 
(hexagon, octagon, and others) below the cone, provided 

reproducibility between the dental laboratory and the 
clinical procedures and reduced micromotion [94, 98].

Setbacks of conical connections with octagonal index are 
that a vertical sliding movement occurs during the inser-
tion of the abutment to achieve friction fit. Some octagonal 
connections do not have a stop element, and a settlement 
phenomenon (the abutment is slightly intruded into the 
implant) can occur when high vertical occlusal loads are 
applied, resulting in changes in the occlusal height of the 
restoration [99].

Another potential issue of conical implant–abutment 
conical + octagonal index is that after simulated repeated 
loading (vertical load of 250  N for 100,000 cycles) repre-
senting the stresses received for one month, the abutment 
removal torque decreases from 24 ± 0.43 to 17.66 ± 0.59 Ncm, 
and the vertical displacement can reach up between 
5.0 ± 1.8 and 8.8 ± 1.10 μm [100] (Figure 8.4).

Connections with 12 Angles (Dodecagonal)
Connections with 12 angles were designed to increase the 
restorative options by adding more positional possibilities 
to the prosthetic abutment. The implants with a dodecago-
nal index also possess a hexagon that engages the implant 
driver. Thus, the dodecagonal index is protected from defor-
mation in high insertion torques [101, 102]. The dodecago-
nal index enables the surgeon to place the flat surfaces of 
the implant connection in any position during the surgery. 
The prosthetic abutment can be oriented in 12 different 
positions. This allows increased rotational flexibility [101]. 

(a) (b)

Figure 8.2 (a) Internal hexagon. The dark outline is the contour of the implant. The silver ring is the implant platform. (b) Illustrates 
in red color the hexagonal indexed area, and in green, each one of the vertex of the hexagon.
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In mechanical studies with finite element analysis, it was 
determined that oblique forces applied to three different 
IAC designs (external hexagon, internal dodecagon, and 
internal conical tapered hexagon with 45° angle), were 
more stable distributed and less displacement observed in 
dodecagonal internal connections [102] (Figure 8.5).

Channel Indexed Connections
The channeled connections are also called grooved indexed 
connections, which are present in tube- in- tube and conical 
connections. The main characteristic is that in the tube- in- 
tube connection, the channel (or groove) is present at the 
coronal level of the main tube; meanwhile, in conical 

(a) (b)

Figure 8.3 Internal hexagon with internal bevel. The picture is showing an implant system that possesses a platform beveled 
internally in a slight tapered angle. The external silver- light ring is the implant platform, the dark ring is the superior part of the bevel, 
the third silver- ring is the lower part of the bevel, the hexagonal index area is highlighted in red color. The vertex of the angles is 
indicated with blue numbers. Digital microscope image at 50X.

(a) (b)

Figure 8.4 Internal octagon. This system presents a platform narrower than the implant diameter. The external dark ring is the 
implant body, the internal silver ring is the platform, and inner to the platform is the octagonal index area highlighted in red color. 
The vertex of the angles is indicated with green numbers. Digital microscope image at 50X.
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connections, the tapered wall ends in a short cylinder that 
contains the channels (thus, the channels are more 
apical) [103–108].

Channeled connections can have three, four, six, or eight 
symmetric channels (i.e. trilobe®, conelog®, cross fit®), 
which allow for three, four, six, or eight abutment posi-
tions. In addition, there are also channeled connections 
with asymmetric channels (indexing dots) that allow only 
one abutment position [103–108].

The channels can be rounded or squared form (like 
boxes) and have different widths and depth sizes. The 
channeled index design possesses certain advantages, 
including good reproducibility of implant/abutment posi-
tion, excellent rotational stability, and good distribution of 
loads [103–105].

One disadvantage of the channel in some tube- in- 
tube connections is that their location at the coronal 
area and the channel size can produce a thinning of the 
implant wall that can result in fractures in narrow 
implants [94, 95]. However, in wider implants, the tube- 
in- tube channeled connection can increase the fracture 
strength and the stability of the restoration, and the api-
cal location of the channels in conical connections 
results in thicker implant walls and a lower risk of frac-
ture [94, 106, 107]. Overall, the presence of channels or 
grooves significantly reduces the vertical, horizontal, 
and rotational movement of the prosthetic abut-
ment [108] (Figures 8.6–8.10).

Morse Tapered Connections
Morse tapered connections are also called conical connec-
tions. The morse taper design possesses conical walls with 
internal angles of different degrees. For example, implants 
with morse tapered internal walls with 8-  to 11- degrees 
taper angles, showed increased resistance to screw loosen-
ing, and increased mechanical strength [109–111]. Conical 
connections with a 4- degrees tapering angle increase the 
frictional contacts between the implant and the abutment, 
providing enhanced anti- rotation and improved sealing 
against fluids and bacteria leakage. This precise fit is more 
efficient in transferring horizontal forces from the abut-
ment to the implant and reduces the stresses received by 
the abutment screw [112, 113].

The fracture resistance of abutments with morse tapered 
connection (conical) compared with internal hexagonal 
connection was tested under oblique compressive forces. 
Morse tapered connections with 3.5 connection depth, and 
11.5- taper angle showed higher deformation torque values 
(90 ± 6.72 Kgf) than internal hexagonal connections 
(83.73 ± 4.94 Kgf) [114].

The performance of morse tapered designs was evalu-
ated in a systematic review that compiled in  vitro and 
in vivo studies. In vitro studies demonstrated that morse 
tapered conical connections presents a superior bacterial 
seal, increased resistance to abutment displacement, mini-
mal microgap, higher resistance to torque loss and fatigue, 
and less transmission of stresses to the abutment screw. In 

(a) (b)

Figure 8.5 Implant with dodecagonal index. This figure illustrates an implant with a flat implant platform in yellow color. 
Internally, in red color a hexagonal area is highlighted. The center, a dodecagonal index area is indicted in blue color. The angles of 
the hexagon are indicated in red, and the angles of the dodecagon in black color. Digital microscope image at 50X.
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vivo studies showed reduced crestal bone loss, success, and 
survival comparable to other connection systems [115]. In 
addition, the conical abutment that engages in the morse 
tapered connections presents a smaller diameter than the 
implant platform, which provides a platform- switched 
configuration. Therefore, morse tapered designs allow 
increased space for establishing the biologic width and 

increased connective tissue thickness surrounding the 
abutment [116].

Morse taper conical abutments were subject to cyclic axial 
loads in the presence of biofilm, and the removal torque 
values were evaluated against the baseline. The results 
showed that the removal torque increased significantly after 
repeated load from 27.2 ± 7.5 Ncm to maximum values of 

(a) (b)

Figure 8.6 Implant with six channels index. This figure illustrates an implant with flat platform, internally, a small cone that ends in 
six symmetric boxes separated by the channels indicated with green numbers. In red color, the area between boxes that contain the 
channels is highlighted. Digital microscope image at 50X.

(a) (b)

Figure 8.7 Implant with seven channels index. This figure illustrates an implant with flat platform, internally, a cone that ends in 
seven asymmetric boxes separated by the seven channels indicated with green numbers. In red color, the area between boxes that 
contain the channels is highlighted. Digital microscope image at 50X.
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160.6 ± 15.8 Ncm after 100,000 cycles and up to 154 ± 14 Ncm 
after 500,000 cycles  [117]. This confirms the increased 
removal and the active settlement under load experienced 
by morse taper connections without a stop design.

Finally, a recent prospective study with follow- up from 
one to nine years evaluated morse taper connections with 

and without positional index. The study showed that 
indexed abutments suffered more fractures than non- 
indexed abutments in molar positions. In addition, the sur-
vival of non- indexed morse cone abutments was higher 
(99%) than morse cone indexed abutments (95%)  [118] 
(Figures 8.11–8.13).

(a) (b)

Figure 8.8 Implant with an index with eight rounded channels. This implant shows an outer dark gray ring (implant body), a silver 
ring (a flat implant platform), and eight symmetric rounded channels in red. Each round channel is indicated with green numbers. 
Digital microscope image at 50X.

(a) (b)

Figure 8.9 Zirconia implant with a four channels index. These photos are showing a zirconia implant with a flat implant platform. 
Internally in red color, four channels are highlighted in red color. Digital microscope image at 50X.
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Figure 8.10 Implant with a tube-  in tube connection with three channels. (a) The inner walls of a tube- in- tube connection are almost 
parallel however, this image example shows 1- degree taper angle to facilitate the insertion of the abutment. (b) Coronal view of a 
3.5 mm diameter implant ant the three rounded channels. (c) 3D- reconstruction from the characteristic inner cavity of the implant 
with three channels. Digital microscope image at 50X.

(a) (b)

Figure 8.11 Implant with morse cone tapered connection. This implant system shows the platform (flat and wide) in gray color. 
Inside, a blue area indicates the internal cone. In yellow a six channels index, and in red is indicated the basal space for the prosthetic 
screw. Microscope image at 50X.
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 IAC Design and Sealing Capability 
Against Bacteria Colonization

Microorganisms can penetrate and colonize the implant–
abutment interface demonstrated by the presence of colo-
nies of microorganisms at different areas inside the 

implant connection, in screw- retained and in cement- 
retained restorations  [119, 120, 121] Given that the 
dimension of the microgap differs between IAC designs, 
the percentage of bacteria that can penetrate inside the 
implant  connection variates. For example, higher counts 
of microorganisms are measured for external connections 

(a) (b)

Figure 8.13 Implant with morse tapered connection. The dark color is the implant body beveled internally toward a silver ring 
(implant platform). In yellow, the morse tapered area, and inside in red, a hexagonal index. The numbers in green color are indicating 
the angles of the hexagon. Microscope image at 50X.

10000.00

9000.00

8000.00

7000.00

6000.00

5000.00

4000.00

3000.00

2000.00

1000.00

–321.07
0.00 200.00 400.00 600.00 800.00 1000.00 1200.00 1400.00 1600.00 1800.00 2000.00

Cone area

Index area

Basal area

2200.00 2400.00 2600.00 2800.00 3000.00 3200.00 3548.35

μm

Figure 8.12 Section of the IAC of an implant with morse cone tapered connection. The cone is located at the most coronal portion of 
the IAC. The index area is inferior to the cone, and in red the basal area is the space for the apical portion of the prosthetic screw. 
Obtained by vertical scanning with the digital microscope and lenses of 100X.
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compared to internal connections. Furthermore, within 
internal connection designs, the conical connections have 
shown less bacterial counts compared to non- conical con-
nections  [122, 123]. The morse- taper connection is the 
most resistant to bacteria penetration although, smaller 
molecules (endotoxins) can penetrate all types of connec-
tions including morse- taper connections [124, 125]. The 
microbial contamination of the IAC can occur by multi-
ple causes (handling, lack of fit between components, 
design of the IAC, and translocation of microorganisms). 
In this section, the potential mechanisms that can pro-
duce microbial contamination inside the IAC, as well as 
the effect of the IAC design in the bacteria colonization 
are summarized.

Mechanisms for Microbial Contamination 
of the IAC

Microbial contamination of the IAC can be induced by 
implant insertion [126–132], before the restoration is deliv-
ered, and during function [129]. During the fabrication of 
the implant restoration, microbial contamination of the 
abutments can occur, and contaminated abutments can 
transfer this contamination to the IAC during the insertion 
of the implant restorations [130].

Penarrocha et al. [127] evaluated the microbial coloniza-
tion produced by the insertion of dental implants after five 
years post- loading. Two types of implants were compared 
pre- mounted and mount- less dental implants. The differ-
ence between both systems is that pre- mounted implants 
come with an insert that is released after the implant inser-
tion, and mount- less implants come without an insert and 
are transferred to the implant bed using universal implant 
drivers.

After five years, samples were obtained from the implant 
connection, and higher counts of bacteria were observed in 
the implant inserted with the universal drivers compared 
to implants inserted with pre- mounts. Given that the 
implant driver transfers rotational forces to the implant 
index, and the fit of the pre- mounted insert surpasses the 
fit of the universal implant driver, the authors explained 
that the deformation of the connection during insertion 
induced by the driver was higher than the deformation of 
the connection induced by the pre- mount and recommend 
the use of pre- mounted dental implants and reduce the 
insertion torques [127].

In addition, De barros Lucena et al. [130] obtained sam-
ples of the implant connection at the second stage of sur-
gery. Careful isolation of the implant area was completed 
and after the removal of the cover screws, paper points 
were used to obtain samples of the implant’s intaglio. 
The  samples were evaluated by checkerboard DNA 

 hybridization. Their results detected 22 different species of 
bacteria in 62.5% of the subjects, and a higher percentage of 
bacteria was found at the mandible (77.42%) compared to 
the maxilla (36.17%) [130] (Figure 8.14).

After exposure to the oral environment, healing abut-
ments will suffer from surface contamination by saliva, 
food debris, microbial and epithelial cells, and nicotine (in 
smokers) [132, 133]. The removal of all contaminants from 
healing abutments by conventional cleaning, or their com-
plete sterilization has not been achieved because traces of 
proteins and amino acids are still detectable in microbio-
logical evaluations of healing abutments after different 
cleaning and sterilization regimes [134].

Cover screws removed during the second stage surgery 
also showed contamination, including tissue debris, bacte-
ria, and corrosion products not observed in new cover 
screws [135]. The histological analysis of the soft tissues 
located over cover screws also showed chronic inflamma-
tory infiltrate. This could mean that although clinically 
the mucosa appears healed, a communication tract per-
sisted between the cover screw and the oral environment, 
or the cover screws were contaminated during inser-
tion [136]. Therefore, healing abutments and cover screws 
can be other sources of contamination of the IAC 
(Figure 8.15).

Once microorganisms colonize the inner aspect of the 
implant, the IAC becomes the perfect reservoir where bac-
teria are protected, larger colonies can grow and where a 
transition to a microflora that is mainly anaerobic and 
more pathogenic, is common [137]. The dynamics of fluid 
flow within implant connections still need to be under-
stood. Factors that include saliva viscosity, composition 
and volume of saliva, and geometrical constraints can 
affect the microorganism’s attachment and accumulation 
at the implant connection [138] (Figure 8.16).

Also, fluid flow can affect the transport and physiology 
of  the microbial residents by inducing phenotypic 
changes [139]. In small spaces, fluid tension produces an 
accumulation of motile bacteria close to the sidewalls and 
decreases bacterial concentration in the central regions of 
channeled spaces [140–143]. Taking into consideration the 
microgap and other physical spaces within the IAC, the fol-
lowing areas can be colonized by microorganisms or endo-
toxins: all the inner walls of the IAC, basal space of the 
abutment screw, screw threads, internal threads of the 
implant connection, and implant platform  [144, 145] 
(Figure 8.17).

Furthermore, the bacterial counts are influenced by the 
IAC design. For example, D’Ercole et al. [147] found that 
morse cone connections presented 20% of microbial con-
tamination, compared to external (45%) and internal (55%) 
hexagonal connections. In their study, implants with three 
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Figure 8.14 Microbial contamination of the 
IAC can occur early during implant surgery 
when the implants are inserted for (example 
using the same implant driver to insert 
multiple implants), or when saliva or blood 
flows into the IAC.
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Figure 8.15 Microbial contamination of the IAC can occur during prosthetic procedures. Microorganisms can enter the IAC when 
during the connection and disconnection of prosthetic parts. Also, the premature loss of healing abutments and cover screws as well 
as the reuse of parts are causative of microbial contamination.
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IAC designs were inoculated with S. oralis and P. aeurogi-
nosa. Afterward abutments were connected with their rec-
ommended torque values, and the abutments were sealed 
with polyetheretherketone - PEEK) caps and immersed in a 
culture media solution. The penetration of the bacteria in 
the solution was evaluated by the turbidity of the samples. 
There are differences regarding microbial diversity and 
microorganism counts in oral biofilm associated with tita-
nium or zirconia [148] and morse taper connections were 
more efficient in reducing bacteria filtration [149].

This bacteria leakage is variable because the microgap 
(space between the implant connection and the abutment) 
differs between IAC designs. The microgap varies in size 
from 0.1 (morse taper connections) to 10 μm (external hex-
agonal connections) before load and can increase under 
loading conditions [150]. The repeated micromovement of 
the abutment can produce a bi- directional and constant 
fluid flow from the peri- implant sulcus to the implant con-
nection; thus, bacteria and their products, as well as benefi-
cial molecules for microbial growth, are always present and 
perpetuating the infection [151, 152].

Another parameter related to bacteria contamination is 
screw loosening [153–156]. Once the preload of the abut-
ment screw is lost, micromovement increases, microgap is 
enlarged, and the fluid flow increases which can result in 
increased counts of bacteria and yeast at the implant 
cavities [155].
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Figure 8.16 Microbial contamination of the IAC can occur during function. Multiple factors are involved but, here the design and the 
screw- loosening are the sources of a cascade of events that influence the number of microbial counts within contaminated IACs.
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Figure 8.17 Common locations for contamination deposits at the 
IAC. 1. Contamination includes acids, enzymes, bacteria, endotoxins, 
and corrosion subproducts. Six areas are described in this figure.  
1. The basal area of the implant connection is illustrated in green 
color, 2. The implant connection threads are illustrated in gray color, 
3. Walls of the implant connection illustrated in red color, 4. The 
abutment screw is illustrated in dark gray, 5. The abutment channel 
is illustrated in blue color, 6. The union between the platform and 
the abutment walls is illustrated in yellow color. The locations vary 
in different implant designs, and all can show different levels of 
contamination. Modified from Liu and Wang [146].
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Finally, the type of restoration (cemented versus screw- 
retained) seems to influence the microbial contamination 
of the IAC. In a cross- sectional study, Peñarrocha- Oltra 
et  al.  [154] compared the microbial colonization of 
implants restored with cemented versus screw- retained 
restorations. Samples were obtained from the implant sul-
cus, adjacent teeth, and IACs. Their results showed that 
both implant groups (with cemented and screw- retained 
restorations) were contaminated. But differed in that 
implants with cement- retained restorations possessed 
lower bacteria counts inside the connection and more bac-
teria counts at the peri- implant sulcus. Meanwhile, 
implants with screw- retained restorations presented fewer 
bacteria counts at the peri- implant sulcus and more bacte-
ria counts at the implant connection [154].

Comparison of Microbial Contamination 
in Different IAC Designs

Multiple clinical, animal, and in vitro studies evaluated the 
influence of the IAC design on bacterial microleakage. 
However, comparisons are not feasible because of differ-
ences in the experimental methods, time of sampling, pres-
ence of load or not, and only some of the IAC designs have 
been compared against each other.

For this section, a focused review of the literature was com-
pleted from January to September 2022. Only in vitro studies 
were included to reduce the variability of human and animal 
studies. The search included the terms “bacterial leakage” 
AND “implant connection” OR “bacterial microleakage” 
AND “implant–abutment connection” OR “microbial con-
tamination” AND “implant–abutment connection”. The fol-
lowing terms were also included: “internal connection” AND 
“contamination” OR “external connection” AND “contami-
nation” OR “hexagon” AND “contamination” OR “octagon” 
AND “contamination” OR “dodecagon” AND “contamina-
tion” OR “morse taper” AND “contamination” OR “conical” 
AND “contamination” OR “cone” AND “contamination” OR 
“tube- in- tube” AND “contamination.”

Inclusion criteria were in  vitro studies evaluating the 
implant connection or implant–abutment connection and 
its microbial contamination, with or without restoration, 
with or without load, comparison of two-  or more-  types of 
IAC designs, the connection type is identified, time of sam-
pling, presence of microorganisms (bacteria and yeast), 
and endotoxin counts. Exclusion criteria were human and 
animal studies, studies that evaluated only a type of IAC 
design, studies that evaluated leakage but did not include 
bacteria, and in general, studies that did not fulfill the 
inclusion criteria.

The collected information was summarized and regis-
tered in tables including authors, year, type of connection, 
presence, load, and quantification of bacteria, yeast, or 
endotoxins, results, and conclusions.

The initial results of the search returned 524 articles. 
The titles and abstracts were reviewed, and 350 articles 
were eliminated because these were not in  vitro stud-
ies [164]. The full texts of the remaining 174 articles were 
read in full to determine the fulfillment of inclusion cri-
teria. Then, 153 articles were removed because were 
repeated, did not compare at least two connections, did 
not properly clear the type of implant connection, and 
evaluated leaking but not microbial contamination. 
From the 21 remaining articles, 16 articles were excluded 
because they did not compare different IAC designs. 
Finally, only 5 articles that fulfilled the inclusion criteria 
were included.

The following subgroup comparisons were found exter-
nal and internal hexagons versus morse taper and tube- in- 
tube versus flat- to- flat connections.

External and Internal Hexagon Versus Morse Taper
D’Ercole et al. [147] in an in vitro study, evaluated bacteria 
microleakage from the IAC of implants inserted into a 
 culture solution. Three designs were compared: external 
hexagon, internal hexagon, and morse taper. In total, sixty 
implants (20 per group) were used.

Ten sterile implants of each group were inoculated with 
1.0 μl solution containing S. oralis and other ten sterile 
implants were inoculated with 1.0 μl solution containing 
P. aeuroginosa. Afterward, sterile prosthetic abutments 
were connected to their respective implants with 35 Ncm 
torque, and sterile polyetheretherketone (PEEK) caps were 
inserted into the most coronal portion of the abutments. 
Finally, the coupled implant/abutment/PEEK caps were 
inserted into individual containers filled with cul-
ture media.

The culture media was evaluated every four days by vis-
ual inspection (turbidity of the solution indicated bacterial 
contamination) and by taking a sample of 1.0 μl of the solu-
tion. The collected samples were evaluated by Gram stain-
ing and the morphology of the colonies cultured in agar 
plates for S. oralis and P. aeuroginosa. The last samples 
were retrieved after 14 days.

The results of the study showed that after 14  days, 
P. aeuroginosa leaked from all the IAC designs to the cul-
tural media. Meanwhile, S. oralis leaked from the internal 
and external hexagonal connections but not from the 
morse taper connection. The leaking from external and 
internal was higher than from the morse cone [147].

D’Ercole et al. [157] compared the microbial leakage in 
morse taper versus internal hexagon. Twenty implants (ten 
from each group) were inoculated with a solution contain-
ing 0.1 μl of P. aeuroginosa (0.5–1.0 μm wide and 1.5–5 μm 
long) or Aggregatibacter actinomycetemcomitans (AA) 
(0.4–1.0 μm long). The respective abutments were con-
nected with 35 Ncm torque. The coupled implants/ 
abutments were inserted in Eppendorf tubes leaving the 



Considerations of Implant–abutment Connections for the Longevity of Dental Implants160

IAC level below the solution containing culture media. 
After 28  days, the bacterial leakage was evaluated by 
inspection for the presence of turbidity in the culture solu-
tion. In addition, 1 μl of the solution was analyzed by Gram 
staining and colony morphology in agar.

The results showed that 80% of the samples leaked and 
contaminated the culture solution in the internal hexagon 
connection meanwhile, 50% of the samples leaked to the 
culture solution in the Morse cone connection. The authors 
concluded that both connections suffer bacterial contami-
nation, and the differences in microgap between both con-
nections can explain the differences in leakage [157].

Guerra et al. [143] evaluated the bacterial contamination 
of five abutment designs. External hexagon and internal 
hexagon implants were compared with implants with 
morse cone connections. The implants with the morse 
cone received three different abutments morse cone alone, 
morse cone with a hexagonal index, and short morse cone. 
150 implants (30 implants per group) received their respec-
tive abutments. The abutment screws were inoculated 
with  0.5 μl solution containing Escherichia coli (E. coli) 
(0.5–1.0 μm size) and Streptococcus sanguinis (S. sanguinis) 
(1.1–1.5 μm diameter and 2–6 μm length) and then, inserted 
into the implants and torqued with 20 Ncm.

Afterward, the implant/abutment couples were sus-
pended in culture media broth. The abutments were not 
sealed. After 14 days, the solutions were inspected for bac-
terial contamination by evaluating the turbidity of the 
sample, number of colonies, and Gram staining. The 
results of the study, contrary to other studies, showed no 
contamination from implants with an external connection. 
Meanwhile, the morse cone implants showed contamina-
tion of the culture media (16.47%). The authors attributed 
the lack of bacteria filtration from external hex connec-
tions to the lack of loading and the filtration of bacteria 
from differences in the machining of parts in the morse 
cone connections. The authors concluded that bacterial 
infiltration is low without differences between morse cone 
connections [143].

Larrucea et al. [158] compared the microbial leakage of 
four morse cone designs (three with hexagonal index and 
one squared index) against three straight internal connec-
tion designs (two with hexagon and one with three chan-
nels). Six samples per group (N = 42) were subject to load, 
thermocycling, and bacterial leakage tests. Perpendicular 
load of 10 kg was applied to the abutments for 2000 cycles 
every 0.5 seconds. Afterward, the samples were subject to 
thermocycling during 300 cycles of 5 seconds each in cold 
(5 °C) and hot (50 °C) temperatures. The bacterial leakage 
after loading was evaluated at two independent chambers, 
one at the level of the IAC and the second at the level of 
the  abutment inoculated with Porphyromonas gingivalis 

(P.  gingivalis). Samples of each chamber were obtained 
after 15 days.

The results of the study showed that the samples with 
conical connections did not filtrate P. gingivalis to the upper 
or lower chambers. Meanwhile, the straight internal con-
nections filtrated P. gingivalis to the upper and lower cham-
bers. The authors concluded that the precision of the fit of 
conical connections provided better sealing than internal 
hex and channeled connections. In addition, in internal 
connections, the length of the connection determined less 
bacterial microfiltration [158] (Table 8.1).

Tube- in- tube Versus Flat- to- Flat
Baggi et al. [159] evaluated the resistance to fungi and bac-
teria contamination of implant systems with different IAC 
designs and different preload values. In their study, seven 
different implant brands with tube- in- tube connections 
were compared with implant brands with flat- to- flat con-
nections. In sterile conditions, the implants were contami-
nated with 0.1 μl of microbial solution (0.05 μl of bacterial 
solution + 0.05 μl of yeast suspension). The solution con-
tained the following microorganisms Candida albicans 
(C. albicans), Candida glabrata (C. glabrata), Streptococcus 
sanguis (S. sanguis), Fusobacterium nucleatum (F. nuclea-
tum), and Actinomyces odontolyticus (A. odontolyticus). 
Then, the implants and abutments were connected with 
the torque values recommended by the manufacturers 
(from 15 to 35 Ncm) or with manual torque (±5 Ncm) and 
immersed in a culture solution for 7 and 14 days. The con-
tamination of the solution was evaluated based on the 
presence of cloudiness, Gram staining, and colony- forming 
units. The results showed that implant–abutment pairs 
connected with the torque recommended by the manufac-
turer resisted microbial leakage more than implant–abut-
ment pairs connected by hand torque. In addition, 
tube- in- tube connections presented lower microbial leak-
age than flat- to- flat connections. The C. Albicans and 
C. glabrata, although with a bigger dimension than the 
bacteria, were able to penetrate through the IACs forming 
complex biofilms [159] (Table 8.1).

 Maintenance of IACs

In the previous subsections, we discussed the differences in 
microgap between IACs designs, the influence of the IAC 
design on the microbial leakage from and toward the 
implant connection, and the potential contamination ways 
of the implant and abutment connections.

Dental implant therapy does not end with the delivery of 
the implant restorations; it also must involve maintenance 
protocols that include, among others: updates on the general 



Table 8.1 Microbial leakage comparisons between different IAC designs.

Author and 
year of 
publication Load (Y/N) Cycles Bacterial test IAC design Results bacterial contamination Conclusions

D’Ercole et al. 
2022 [147].

N N/A After 14 days

Leakage from the IAC 
to culture media.

Turbidity of the culture 
media

Morphology of 
colonies in agar

External Hexagon S.oralis 30% P. aeruginosa leaks from 
external and internal 
hexagon and Morse taper 
connections

P. aeuroginosa leaks more 
than

S. oralis

P.aeuroginosa 60%

Internal Hexagon S.oralis 40%

P.aeuroginosa 70%

Morse cone S.oralis - 

P.aeuroginosa 40%

D’Ercole et al. 
2014 [157].

N N/A After 28 days

Leakage from the IAC 
to the culture media

Turbidity

Morphology of 
colonies

Internal Hexagon P. aeuroginosa 5 of 10 assemblies Microgap is fundamental 
for bacterial 
contamination

Morse cone leak less 
bacteria

Morse cone Aggregatibacter 
actinomycetemcomitans

8 of 10 assemblies

Guerra et al. 
2016 [143].

N N/A After 14 days

Leakage from the IAC 
to the culture media

Cloudiness of the 
culture solution

Colony- forming units 
formed in agar cultures 
were counted

External hexagon E. coli

S. sanguinis

0% Bacterial contamination 
was low and without 
differences between

Internal hexagon E. coli

S. sanguinis

10% approximately

Morse taper E. coli

S. sanguinis

20% approximately

Morse taper with 
hexagonal index

E. coli

S. sanguinis

20% approximately

Short morse taper E. coli

S. sanguinis

12% approximately

(Continued )
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Author and 
year of 
publication Load (Y/N) Cycles Bacterial test IAC design Results bacterial contamination Conclusions

Larrucea et al. 
2021 [158].

Y 2000 
cycles

10 kgf

0,5 s

After 15 days

Leakage from the IAC 
to the culture media 
and Leakage from the 
abutment to the 
culture media.

Cloudiness of the 
culture solution

Colony- forming units 
formed in agar cultures 
were counted

Morse cone + 
Internal hexagon

Morse cone + 
Internal hexagon

Morse cone + 
Internal hexagon

Morse cone + 
square

Internal hexagon

Internal hexagon

Three channels

P. gingivalis 0% of implants Less bacterial filtration in 
morse cone

In straight internal 
hexagonal connections 
the length contributes to 
better sealing

The morse cone was more 
precise and showed better 
fit between parts.

10% of implants leaked 
from 3rd day

10% of implants leaked 
from 3rd day

80% implants leaked 
from the 3rd day

100% of implants leaked 
from the 2nd day

100% of implants leaked 
from the 2nd day

50% of implants leaked 
from the 3rd day

Baggi et al. 
2013 [159].

N N/A After 14 days samples 
from the implant 
connection and from 
the culture solution

Turbidity of the sample 
and verification with 
forming colony units

Tube- in- tube C. albicans, C. glabrata,

S. sanguis, F. nucleatum

A. odontolyticus

Capability to colonize 
the implant connection 
and from there to leak 
to the culture media

All the implants were 
contaminated with yeast 
and bacteria from the 
7th day

Tube- in- tube resisted 
more microbial 
contamination 
compared to flat- to- flat 
connections

The IAC design and the 
torque between the 
implant and the abutment 
influence the degree of 
contamination

Flat to flat

Table 8.1 (Continued)
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health and oral health, evaluation of the patient’s oral 
healthcare, assessments of the peri- implant tissues (soft and 
hard), and supra-  and sub- gingival cleaning [160–162]. 
Establishing supportive therapy and reparative therapy has 
shown increased implant survival rates [163–165].

In addition to the maintenance of the peri- implant tis-
sues, prosthetic maintenance is also essential and includes 
the establishment of cleansable contours of the implant 
restorations, adequate emergence profiles, removal of 
undercuts and food trapping areas, granting polished sur-
faces with reduced roughness, evaluation of the integrity of 
the restorations, confirmation of the prosthetic screw sta-
bility, and repair or replacement of defective restora-
tions [166–169]. The long- term success and survival of the 
implant restorations and the health of peri- implant tissues 
also rely on maintaining the stability of the implant–abut-
ment connection [89, 146]. However, nothing is said about 
how we should specifically maintain the IACs.

Therefore, considering the importance of the IACs, it is 
necessary to provide recommendations to address the 
microgap, reduce abutment micromovement, and reduce 
screw loosening. In addition, we summarize methods to 
clean and disinfect the implant connection. Finally, based 
on the exhaustive literature review of this subsection, we 
aim to describe a workflow for an ideal maintenance proto-
col for the IAC.

Addressing the Microgap

First, it is necessary to understand the microgap and its 
influence on the stability of the crestal bone. Microgaps are 
formed inside the implant connection, between the implant 
and abutment walls, and at the implant platform.

Four types of microgap are considered at the level of the 
implant platform  [170]: Type I (no horizontal or vertical 
microgaps between the implant and the abutment), Type II 
(only horizontal misfit between the implant platform 
expressed by under- contoured or over- contoured abut-
ments), Type III (vertical microgap), Type IV (horizontal 
and vertical microgap). The horizontal microgaps are usu-
ally bigger than the vertical microgaps in different abut-
ments (castable, pre- machined, or pre- machined with 
cast- on) [170].

Hermann et al. [171] evaluated six IAC designs (3 IACs 
without microgap and 3 IACs with microgaps) with differ-
ent microgap dimensions (<10, 50, and 100 μm). Implants 
and their abutments were inserted, and after three months, 
the crestal bone loss was evaluated by histological analysis. 
The study showed that none of the single- body implants 
(implants without microgap) presented bone loss. However, 
the implants with microgap showed bone loss even with 

the smallest microgap of 10 μm. The authors conclude that 
the microgap allowed micromovement between the 
implant and the abutment, inducing crestal bone loss. 
Therefore the presence of a microgap, not its size, is respon-
sible for bone loss [171].

Posteriorly, King et  al.  [172] in a similar experiment, 
evaluated the position of the microgap and its dimensions 
on crestal bone levels. Sixty implants (30 single- body and 
30 two- piece) were inserted in the edentulous mandibles of 
foxhound dogs, leaving the IAC 1 mm over the bone crest. 
The two- piece implants possessed three microgap sizes 
(<10, 50, and 100 μm), and the single- body implants did 
not have microgap. Radiographic evaluations were com-
pleted at one, two, and three months, and then histological 
samples were obtained to evaluate the bone levels. After 
one month, significantly higher bone loss was observed in 
the two- piece implants compared to single- body implants, 
independently of the microgap size.

The authors concluded that interfaces (no matter the size) 
would be associated with biological changes, and the poten-
tial micromovement between implant–abutment may have 
an early influence on peri- implant wound healing [172].

When a microgap is not present, mild inflammation of 
the peri- implant connective tissue is observed; meanwhile, 
moderate and severe inflammatory infiltrates are observed 
when the microgap is present  [1, 173] If the microgap is 
moved coronally, less bone resorption is observed; how-
ever, if the microgap is displaced apically, bone resorption 
increases (in butt- join IACs) [174]. Larger microgaps exist 
in screw- retained restorations (<60 μm) compared to 
microgaps in cement- retained restorations (40 μm), and 
larger microgaps will accumulate more bacteria  [121]. 
Histologic analysis of failed implants showed heavy con-
tamination with a heterogeneous microbial population 
along the entire IAC within the implant and the abutment 
interfaces, which supports the theory that the microgap 
placed at the bone level and colonized by bacteria or their 
subproducts represents a risk for bone loss [175].

The microgap size and the IAC design can produce dif-
ferent patterns of bone resorption [176]. Morse taper IACs 
resulted in less bone resorption and flat bone angles; mean-
while, internal hex produced acute bone angles with more 
bone resorption  [177]. But, even the microgap of tight 
morse cone connections changes when loads are applied. 
Synchrotron- based radiography studies of the microgap of 
morse cone IACs showed that under different lateral forces, 
the microgap increased. Thus, minimal microgap (>4 μm) 
was observed when no forces were applied. When a lateral 
force of 60N was applied, the microgap increased to 11 μm; 
and under 100 N, the microgap increased up to 22 μm at the 
top and up to 15 μm at the bottom of the IAC [178].
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The microgap can be detected clinically or radiographi-
cally. However, only microgaps over 150.9 μm are detecta-
ble in radiographic evaluations. Meanwhile, the tactile 
clinical evaluation is not accurate enough to determine the 
presence of microgaps  [179]. Within the same implant 
 system, the abutment’s fabrication method influences the 
dimensions of the microgap.

Rismanchian et al. [180] compared the microgaps between 
implants and castable abutments, castable on machined tita-
nium abutments, solid titanium abutments, and synOcta 
abutments. The microgap was measured at four locations in 
each coupled implant–abutment system by scanning elec-
tron microscope (SEM) analysis. Their results showed 
that solid titanium abutments had the smallest microgap 
(7.03 ± 5.98 μm) compared to synOcta (10.36 ± 7.01 μm), 
castable on machined titanium (95.92 ± 8.75 μm), and casta-
ble abutments (74.43 ± 45.02 μm)  [180]. In addition, the 
microgap is smaller in IACs of implants connected with 
original abutments than IACs of implants connected with 
non- original components  [181–183]. The consequences of 
smaller microgaps and better fit of original abutments are 
that original abutments provide better bacterial sealing, 
more homogeneous load distribution, and reduced micro-
movement compared to compatible but not- original 
abutments

Recommendations to Reduce the Microgap 
and its Effects
Although the microgap is present in all the IACs, conical 
and morse taper designs present the smallest microgaps 
and should be preferred. If butt joint IACs are used, the 
microgap should be maintained at the supracrestal level to 
reduce bone loss. Platform- switched IACs are preferred 
because the microgap is displaced inward, thus, distancing 
the bacteria colonies away from the adjacent bone. Standard 
and original abutments should be preferred because the 
microgap is smaller than in castable abutments. Original 
abutments must be chosen over non- original ones because 
the microgap is smaller and presents a better internal fit.

Addressing the Micromovement

Weinberg  [184] listed the following definitions: macro 
movement (movement of a tooth or prostheses by more 
than 500 μm and clinically detectable), micromovement 
(movement of tooth, prostheses, or implant components by 
100–500 μm not detectable clinically), and micron- 
movement (movement inferior to 100 μm). In this subsec-
tion, micromovement will refer to the lateral or 
apical- coronal displacement of the implant abutment by 
>100 μm.

Yamanishi et al. [185] evaluated the effect of the implant 
neck and the abutment connection design on crestal bone 
stress and abutment micromovement. Finite elements 
analysis (FEA) was used to compare three IAC designs: 
external connection with a conical tapered neck, internal 
connection with a straight neck, and conical connection 
with a reverse conical neck. A simulated oblique force of 
100 N was applied on the abutment in a 45°angle with the 
implant axis. The results showed that conical connections 
minimized the stress concentration on the labial side com-
pared to external and internal connections. In addition, the 
micromovement was higher in external connection 
(277.8 μm) compared to Internal (238 μm) and conical con-
nections (237.5 μm) [185].

Repeated loading can produce fatigue of the IAC, 
increased microgap, deformation of the IAC, and micro-
movement in narrow implants. Rack et al. [186] evaluated 
the deformations and microgaps in narrow implants with a 
conical connection. Implants and abutments were con-
nected and subject to 5  million cycles of fatigue loading 
under 120 N forces. The forces were applied axially and in 
different angulations (30° degree or 90° degree). The 
authors measured the microgap using synchrotron- based 
radiography with hard X- ray phase contrast before the loads 
were applied and after loading. Four areas were measured 
at the IAC (two at the coronal and two at the base of the 
IAC). Their results showed that microgaps changed after 
loading from 0.1–11 to 0.1–11 μm  [186]. Therefore, it is 
inferred that micromovement can also increase from 
increased microgap and deformation of the IAC.

Furthermore, the micromovement of original and non- 
original abutments at the IAC was evaluated by Berberi 
et  al.  [187] Fifteen implants with 4.0 mm diameter were 
connected with three abutments (five original, and five 
non- original from two different manufacturers). Increasing 
forces (From 25 up to 200 N) were applied in a 30°angle. A 
radiograph amplifier and X- ray videos were used to evalu-
ate the microgap. The study showed that microgaps were 
only present before load application in the non- original 
abutments group (5.2 ± 3.63 and 4.8 ± 3.03 μm, respec-
tively). When the forces reached 200  N, microgaps were 
detected in the original abutments group (8.4 ± 1.67 μm); 
meanwhile, larger microgaps were observed in the 
 non- original abutments (12.4 ± 3.29 and 22.8 ± 5.76 μm, 
respectively). The authors concluded that non- original 
components present significantly higher micromovements 
when compared with original abutments  [187]. Finally, 
other parameters that can increase the micromovement at 
the IAC are connection and disconnection of the implant 
abutments  [188], wear, and corrosion  [189], and screw 
loosening [190].
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Recommendations to Reduce the 
IAC Micromovement
Conical connections present the smallest micromovement 
and distribute the stress more efficiently than internal and 
external hexagonal connections and, therefore, should be 
preferred. However, due to repeated loading, deformation 
of the IAC can occur, and micromovement can appear. 
Therefore, it is recommended to use original abutments 
because they possess less micromovement than non- 
original abutments.

Addressing Screw Loosening

Axial occlusal loads are transferred from the implant resto-
ration apically toward the implant platform and the 
implant apex. Meanwhile, non- axial loads are transferred 
to the prosthetic screws, inner walls of the implant connec-
tion, and abutment connection  [72, 191]. The forces are 
divided into vectors that induce deformation of the weak-
est part of the system (the abutment screws)  [192]. The 
deformation of the abutment screws is expressed as loss of 
preload, which results in screw loosening, and screw loos-
ening is the most frequent mechanical complication of sin-
gle dental implants [193, 194].

Different causes for screw loosening have been evaluated 
in the literature, including lack or loss of preload  [195], 
crown offset or crown dimensions and cantilevers  [196, 
197], misfit of the prostheses [198], and inadequate tight-
ening protocols [199, 200].

A six- year retrospective clinical study evaluated the char-
acteristics of screw loosening in 1928 implants. The study 
showed that screw loosening occurred in 7.2% of the 
implants, was detected before six months of loading, 
repeated in 22.3% of implants, was frequent in the molar 
region (8.5%), and in external connections (8.9%) and more 
frequent in single crowns (14%). The study demonstrated 
that screw loosening would be an early complication that 
can relapse and will be determined by the implant location 
and type of implant restoration [201].

Recommendations to Reduce Screw Loosening
The following measures can reduce the frequency of screw 
loosening:

Reduce the vertical and horizontal offset of the implant 
restorations.

Reduce the extension of the cantilevers.
Apply repeated tightening protocols during the delivery of 

the implant restorations and use torque controllers to 
achieve adequate preload.

Confirm a proper fit of the implant and abutment.

Addressing the Decontamination of the IAC

Different methods can be used to decontaminate the 
implant connection. For example, the irrigation of the 
implant connection can remove non- attached debris and 
non- attached bacteria. Various antibacterial substances 
(like chlorhexidine and hydrogen peroxide) and modern 
laser therapies can be used to reduce microbial contamina-
tion. In this subsection, different methods for the decon-
tamination of the IAC will be summarized.

Chlorhexidine
Paolantonio et al. [202] evaluated the effect of 1% chlorhex-
idine gel used to fill the implant connection on bacteria 
colonization of the IAC. Thirty patients received a single 
crown cemented temporarily, and after three months, the 
crowns were removed, gingival parameters recorded, and 
the patients were divided into two groups. In the control 
group, the patients received the screw- retained abutment 
and a temporary cemented crown. In the test group, the 
implant connections were filled with a 1% chlorhexidine 
gel before the insertion of the abutments.

After six months, the crowns were removed, and micro-
biological samples were obtained with paper points from 
the implants’ connections. The results showed reduced 
bacterial counts and fewer periodontopathogen microor-
ganisms in the test groups compared to controls. The 
authors concluded that a 1% chlorhexidine gel used to fill 
the implant cavity efficiently reduces microbial coloniza-
tion for six months [202].

These results were confirmed by D’Ercole et al. [203] in a 
similar study of 25 patients. The only difference was that 
the microbiological samples were retrieved at baseline and 
after three months. The study’s results also showed that a 
gel containing 1% chlorhexidine reduced the bacterial 
counts compared to controls. In addition, the controls 
showed increased levels of Aspartate aminotransferase 
(AST), which indicates increased cell death and tissue 
destruction [203].

Koutouzis et al. [124] evaluated the effect of a solution 
containing 0.2% chlorhexidine in preventing bacterial 
endotoxins’ penetration into the IAC of morse taper 
implants. In this in vitro experiment. Thirty implants were 
used in this experiment. Twenty implants were inoculated 
with 1 μl of Escherichia coli (E. coli) and divided into three 
groups. In group 1, after 24 hours of exposure to the bacteria, 
the supernatant was removed, and 0.5 μl of sterile saline 
was added; in Group 2, after 24 hours, the supernatant was 
removed and 0.5 μl of a solution containing 0.2% chlorhex-
idine was added. The remaining ten implants of 
Group  3  were inoculated with 0.5 μl of sterile saline to 
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serve as controls. Then, all the implants were connected 
with their respective abutments immersed in culture media 
and subjected to a simulated load of 160  N for 200,000 
cycles. Samples were obtained from the culture solution at 
time 0 and every 9 hours until the completion of 54 hours 
(6 samples per implant were obtained).

The results showed that endotoxins penetrated the IAC 
of morse taper implants even containing chlorhexidine. 
These findings mean that although chlorhexidine at higher 
concentrations can reduce bacteria colonization, at lower 
concentrations (0.2% chlorhexidine) cannot prevent the 
penetration of endotoxins [124].

Chlorhexidine Used in Combination 
with Channel Sealers
Podhorsky et al. [204] compared the efficacy of a 2% chlo-
rhexidine gel, a special silicone filler, sealing grease, or no 
filler to prevent the microbial contamination of implants 
with internal hexagon and conical connection immersed in 
a solution with a suspension of E. coli for one week. The 
implants were subject to thermocycling, the abutments 
were removed, and samples from the implant connections 
were obtained. The presence of bacteria was evaluated 
with real- time polymerase chain reaction (PCR). The 
results showed that bacteria penetrated all the implant 
connections, but the bacterial load was minimal in the 
treated implants. Therefore, the authors concluded that 
“the application of products to reduce bacterial invasion 
can reduce the bacterial load and therefore can help mini-
mize the cofactors that contribute to the development of 
peri- implantitis.” [204]

Similar results were obtained by Ozdiler et al. [205] who 
evaluated the same type of sealants (2% chlorhexidine gel, 
special silicone filler, and sealing grease) but used conical 
implants with different taper angles at the IAC. After 
applying the sealants to the implant intaglio, the abut-
ments were connected and immersed in a solution con-
taining Enterococcus faecalis (E. faecalis). In addition, 
low- intensity loads (50 N) were applied, but more cycles 
were used (500,000).

Afterward, the abutments were disconnected, and sam-
ples were obtained to measure bacterial contamination. 
The authors found bacteria in all the implants, the taper 
angle did not influence the number of bacteria and apply-
ing a 2% chlorhexidine gel and sealants reduced the bacte-
ria counts [205].

Photodynamic Therapy and Chlorhexidine
Alresheedi et al. [206] in a randomized clinical trial evalu-
ated the impact of abutment disinfection with 0.2% chlo-
rhexidine gel or photodynamic therapy before its delivery 

on the clinical status of dental implants. Forty- five patients 
received implants at the first mandibular molar area. Three 
disinfection protocols were applied to the abutments before 
insertion.

Group  1 received photodynamic therapy, Group  2 
received 0.2% chlorhexidine gel, and Group 3 was steamed. 
Peri- implant parameters (modified plaque and gingival 
indices, probing depths, and radiographic crestal bone loss) 
were evaluated after one year. The results showed that all 
the implants maintained normal peri- implant indexes 
without evidence of bone loss. Also, the patients reported 
that the minimum frequency for brushing and flossing was 
two- times per day. The authors concluded that implant 
abutment decontamination with any of the three methods 
and strict oral hygiene efficiently maintain peri- implant 
health [206].

Other Decontamination Methods
Fletcher et al. [207] used a new decontamination method 
for implant surfaces including mechanical debridement 
and disinfection with dilutions of hypochlorite, hydrogen 
peroxide, and sterile saline. After the application of this 
methodology, the implants demonstrated successful histo-
logical re- osseointegration.

Canullo et al. [208, 209] described the use of Plasma of 
Argon for the decontamination of implant abutments. In a 
randomized controlled trial with a five- year follow- up, the 
authors evaluated two methods for the decontamination of 
implant abutments before insertion (steaming or plasma of 
Argon). The evaluation parameters relevant to the decon-
tamination protocol were biological complications, 
 marginal bone loss, and periodontal parameters. The study 
showed a higher bone loss in the steaming decontamina-
tion protocol and higher soft tissue gain in the plasma 
argon decontamination protocol. The authors conclude 
that the plasma of Argon can be used as a disinfection 
protocol for the prosthetic abutments before insertion to 
minimize crestal bone loss [208].

Considerations and Recommended Protocols 
for Maintenance of the IACs

Protocols for decontamination of the implant connection 
after implant insertion, during the delivery of the implant 
restoration, and during maintenance are described.

In addition, protocols for the reduction of screw loosen-
ing are presented. In the present protocols, only actions 
that can increase the stability of the IACs and reduce their 
contamination are discussed. Therefore, the evaluations 
of peri- implant parameters are not part of this section 
(Figures 8.18–8.20).
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Maintenance protocol for the IACs 

After implant insertion

No contamination

Evident contamination

Sterile saline

Irrigate

Apply sealer
2% Chlorhexidine gel

Silicone sealer

New cover screw

Close the implant connection New healing abutment

Prosthetic abutment

0.12% Chlorhexidine
solution

1.7% Hydrogen
peroxide solution for 5-
10 minutes

In case of doubt

Figure 8.18 Recommended protocol for maintenance of the IAC immediately after implant insertion.

Maintenance protocol for the IACs

During delivery of implant

restorations

Removal of healing abutments

or temporary restorations

Connection of the implant

and the restoration

Disinfection of implant

restorations

0.12% Chlorhexidine solution

1.7% Hydogen peroxide solution

Apply sealer

Cleaning

Disinfection

Apply recommended torque to the
prosthetic screw

Verify fit
Seal screw

channel

Immersion in 2% Glutaraldehyde
solution

Argon plasma

Hypochlorite dilution

Ultrasonication

Steaming

Inspection and irrigation of the IAC

2% Chlorhexidine gel

Silicone sealer

Figure 8.19 Recommended protocol for maintenance of the IAC during delivery of implant restorations.
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The number of patients receiving dental implants has 
 rapidly increased since the mid- 1960’s until present. In 
1970, the success of dental implants was around 50%. One 
of the reasons was the risk of infection [1]. Number of fac-
tors have changed since then, allowing for their 10- year 
survival rate to be around 94.6%, ranging from 73.4 to 
100%  [2]. Approximately 70% of the implant failures 
occurred after placement of the abutment and the final res-
toration. The absence of a periodic preventive maintenance 
program may affect implant survival rates [2]. It is of para-
mount importance that patients with periodontal disease 
should have a stable/healthy periodontium, without flare- 
ups, and very low plaque score <10%, before they begin 
implant treatment  [3, 4]. In addition, all the restorations 
should have cleansable and clear margins [3, 4]. Presence 
of residual pocket depths ≥5 mm and BOP>30% indicates a 
significant factor for peri- implantitis and subsequent 
implant loss [4]. The bacteria that colonize the peri- implant 
tissues are similar to those found in the periodontal tis-
sues  [5–8]. Porphymonas gingivalis, prevotella intermedia, 
and fusobacterium nucleatum have been associated with 
the onset of peri- mucositis and peri- implantitis [5–8]. After 
the placement of the final restorations, the patients must 
take part in a strict maintenance program [5].

According to the Glossary of Periodontal terms of the 
American Academy of Periodontology, maintenance pro-
cedures are all the procedures performed at selected inter-
vals to assist the patient in maintaining oral health  [9]. 
Maintenance procedures include an update of the medical 
and dental histories, radiographic review, extraoral and 
intraoral soft tissue examination, dental examination, peri-
odontal evaluation, removal of the bacterial flora from cre-
vicular and pocket areas, scaling and root planing where 
indicated, polishing of the teeth, and a review of the 
patient’s plaque control efficacy [9].

Schallhorn and Snider described the four types of main-
tenance around teeth and implants: (i) preventive, (ii) trial, 
(iii) compromise, and (iv) post- treatment [10].

Preventive periodontal maintenance (PM): to prevent 
inception of peri- implant disease in patients without 
pathology,

Trial PM: to maintain borderline peri- implant conditions, 
to assess over time any progression of disease, and the 
need for further treatment,

Compromise PM: to slow disease progression in patients 
who would benefit from corrective treatment but are not 
surgical candidates because of health, economics, inad-
equate oral hygiene, or other considerations, and

Post- treatment PM: Designed to prevent recurrence of 
disease after successful corrective therapy. The post- 
treatment PM is the most applied among patients [11].

The aim of maintenance around dental implants is to 
minimize the bacterial plaque, to limit the risk of further 
disease activity that causes continued peri- implant attach-
ment and bone loss, and to ensure the long- term success of 
dental implant care. It also allows for close monitoring of 
the patient, so if a recurrence of peri- implant disease takes 
place, an intervention can be provided [11]. Several differ-
ent maintenance protocols have been suggested regarding 
dental implants; (i) initial placement: 6 months, 12 months 
and then every 2 years, (ii) initial placement: 1, 3, and 5 
years if no pathology present, and (iii) initial placement: 6 
and 12  months, annually if no pathology present  – if 
pathology present, every 6 months until resolution [12, 14]. 
Regardless of the suggested protocols, maintenance should 
be tailored to the specific patient needs  [11]. Due to the 
high volume of implants being placed worldwide, the 
maintenance is mainly performed by general dentists and 
dental hygienists [3].
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Patient home care plays a very important role, and it needs 
to be kept simple. Multiple oral hygiene devices confuse and 
discourage the patients. When patients applying several 
toothbrushing techniques, either with manual or electric 
toothbrushes, miss the most lingual aspects of the implant 
surface, so this finding should be reinforced at the time of 
the oral hygiene instructions (OHI)  [15]. The use of sonic 
toothbrush was suggested to be very effective in reduction of 
bacterial plaque, gingival inflammation, and BOP [16].

An interdental brush has been recommended to massage 
the gingival tissue around an implant to increase blood 
flow and enhance the tone of the surrounding gingiva 
(Figure 9.1). The patient should be instructed to insert the 
tip interdentally, parallel to the occlusion, allowing the tip 
to insert the marginal gingiva in a passive way and then 
apply a rotary motion [17]. Patients to ensure the optimal 
peri- implant health should maintain daily biofilm removal 
(up to at least 85%) and be compliant to professional care 
through periodontal maintenance [18].

The establishment of baseline data before the enrollment 
of a patient in a maintenance program is another impor-
tant factor [3]. For implant restorations, a periapical radio-
graph at the time of the placement of the final crown is a 
prerequisite, along with initial probing depth as it shows 
the baseline- reference information to compare with the 
findings, in future maintenance appointments  [3]. 
Especially, when the implants are placed more than 4 mm 
apically from the adjacent CEJ, they tend to have deeper 
baseline probing depths (Figure 9.2) [11].

Any bone loss ≥2 mm from the baseline bone level with 
associated probing depth (PD) ≥6 mm and bleeding on 
probing (BOP) is considered peri- implantitis. In the 
absence of baseline- reference bone level, ≥3 mm bone loss 
with the associated BOP and PD, are indicative of 
peri- implantitis [19].

The need for keratinized tissue or attached mucosa for 
the maintenance of dental implants has been controver-
sial. Chung et al. reported that, regardless of the implant 
surface configuration, the absence of adequate keratinized 
tissue or attached mucosa was associated with higher 
plaque scores and gingival inflammation but not with more 
alveolar bone loss [20]. Romanos et al. are in accordance 
with the previous findings, showing that absence of kerati-
nized tissue around dental implants, was associated with 
significant higher plaque scores, bleeding, and recession, 
compared to a wide band of ≥2 mm of keratinized 
tissue [21].

Patients exhibiting poor plaque control, peri- mucositis 
and not attending regular maintenance therapy are at 
higher risk of developing peri- implantitis  [22]. The inci-
dence of peri- implantitis was lower in subjects enrolled in 
a regular maintenance program (18%) compared to patients 
without regular maintenance care (43%)  [23]. Another 
important factor that does not facilitate the proper oral 
hygiene and maintenance is the post- restorative presence 
of submucosal cement, therefore screw- retained restora-
tions are recommended [24]. In addition, the use of angled 
screw channel abutments allows the design of screw- 
retained restorations even in areas in the anterior zone, 
which require more angular correction of the final restora-
tion, such as the lateral incisors [25].

Figure 9.1 Interdental brushes around dental implants in fixed 
dental prostheses (FDP), inserted in a passive way and parallel 
to the occlusion, allowing for the patient to have proper oral 
hygiene.

Figure 9.2 An example of an implant placed more than 4 mm 
subcrestal (5.26 mm) from the adjacent restorative CEJ, allowing 
for an initial deeper PD. In addition, one year after the 
placement of the final cement- retained restoration, crestal bone 
loss was noted circumferentially to the first thread. Finally, in 
addition to the bone loss from the position of the implant, the 
implant crown has a characteristic misfit (open margins) 
allowing for a cement- induced peri- implantitis.
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Several etiological factors, such as developmental defects, 
congenital missing teeth, tooth extractions without ridge 
preservation, periodontal disease, odontogenic cysts, 
tumors, and trauma may lead to Seibert class I, II, or III 
defects  [26, 27]. These defects require rehabilitation with 
the use of horizontal (HRA) and/or vertical ridge augmen-
tation (VRA) procedures  [28–30]. HRA and VRA can be 
achieved with the use of guided bone regeneration (GBR), 
the use of bone blocks, or distraction osteogenesis. GBR 
has become more predictable with less morbidity for the 
patients over the years, due to advancement of the surgical 
techniques and the barrier membranes, and the use of 

autogenous, allografts, and xenografts  [31–38]. A better 
aesthetic outcome can be achieved with VRA due to 
more favorable anatomy, along with better access for oral 
hygiene and maintenance  [30, 39, 40]. However, it is a 
technique- sensitive approach performed by trained and 
experienced clinicians due to the potential for severe 
 complications [38, 39, 40].

It is of paramount importance to follow the prescribed 
surgical principles for buccal and lingual flap manage-
ment, to predictably attain, and maintain primary closure 
and avoid any complications (Figures  9.3a–c and  9.4) 
[34,  40–46].During the lingual flap management, severe 
complications may occur including the risk of damaging 
the lingual nerve, the sublingual artery, the Wharton’s 
duct, the sublingual and submandibular glands, and perfo-
ration/over- thinning of the lingual flap  [42, 44, 45, 47]. 
These events may result in hematoma which can be a life- 
threatening complication due to possible respiratory 
obstruction [42, 44–49].

The rate of complications, especially for the VRA proce-
dures, range between 2.78 and 17%, and include, but are 
not limited to, membrane exposure and post- operative site 
infection. Sites exhibiting primary exposure gained only 
65% of the anticipated bone height compared with sites 
without membrane exposure. Cases with late exposures, 
compared to early exposures (<four weeks post- 
operatively), showed sufficient bone consolidation, which 
allowed for measurable bone regeneration [50, 51]. Defect 
morphology plays an additional significant role in the 
regenerative potential; wider and flat ridges are better can-
didates for VRA due to better blood supply, stability of the 
grafting materials and the numerous growth factors acting 
as chemoattractant and powerful modifiers of the healing 

(a) (b) (c)

Figures 9.3 (a–c) Mylohyoid muscle release on the lingual aspect of the posterior mandible, ranging from 25 to 29 mm, 
using the finger sweep technique.

Figure 9.4 Buccal periosteal release of 20 mm, on the 
posterior mandible, using the technique described by 
Romanos [42].



 TheRoleof BoneRegenerationin theMaintenanceof DentalImplants 181

process [30, 52–55]. Finally, proper case selection and exe-
cution of the treatment plan, strict post- operative protocol, 
and appropriate implant loading can ensure the success of 
ridge augmentation procedures [50, 56].

However, due to the aforementioned parameters, in sev-
eral cases, it is preferred the option of short implants, place-
ment of implants where the alveolar bone allows, placement 
of implants in adjacent sites, or the use of pink ceramic to 
mimic the normal soft tissue anatomy  [56]. Restorative 
therapies employing short implants (<7 mm) are well docu-
mented in the literature. Reduced costs and treatment 
times, fewer surgical complications with similar treatment 
outcomes as longer implants, provide justification as alter-
native treatments to ridge augmentation procedures [57–59]. 
Although short implants do not demonstrate more crestal 
bone loss per se, compared to standard length implants, by 
default there is a lower percentage of bone- to- implant con-
tact. Therefore, crestal bone loss or bone remodeling around 
the implant platform of a short implant, might be detrimen-
tal for the long- term survival rate  [60]. The use of ultra- 
short implants (<5 mm) needs further investigation, before 
the clinical application on a regular basis [61, 62].

There is no statistically significant difference between 
implants placed in pristine native bone compared to aug-
mented sites both at patient and implant levels  [39]. 
Minimum buccal bone thickness of 2 mm is required for the 
placement of implants in the anterior region, and 1.5–2 mm 
for the posterior region  [63]. The interproximal distances 
between teeth and implants, adjacent implants and crestal 
bone, to the contact point should be followed in order to 
have harmonious restorations that allow for proper cleans-
ibility and maintenance  [64]. Ideally, between adjacent 

implants, the distance in a vertical dimension, from the 
contact point to the crestal bone is 3 and 3–5 mm between a 
tooth and an implant. In a horizontal dimension, 3–4 mm 
distance is critical between either teeth and implants or 
between implants [63, 64]. Generally, implants are placed 
around 3–4 mm apical to the neighboring/restorative CEJ 
(Figures 9.5a, b, 9.6a–d, 9.7, 9.8a, b, 9.9a–c, 9.10, 9.11a–c, 
9.12–9.14, 9.15a, b, 9.16a, b, and 9.17a–c) [35].

Unfortunately, most of the locations used for placement 
of dental implants, are not in the ideal prosthetic position, 
when the distance from the neighboring CEJ is more than 
4 mm, creating several problems such as lack of proper 
cleansability of the final restoration, alveolar/crestal bone 
loss in the proximal areas, high crown to implant ratio, and 
lack of proper distribution of the occlusal forces. 
Specifically, when implants are placed apically more than 
4 mm from the restorative CEJ, significantly greater bone 
loss on the mesial and distal surfaces was noted, compared 
to implants placed within 3 mm from the neighboring CEJ 
(Figures 9.18a–d).

Bone loss around implants is the most important etio-
logical factor that may lead to implant failure. In restora-
tions with high crown- to- implant ratio, the occlusal stress 
is distributed around the implant platform, which may 
cause implant failure. Ideally, all the occlusal discrepancies 
and parafunctional habits should be addressed before the 
beginning of the implant treatment [65–71].

Other reasons causing crestal bone loss around an 
implant are: (i) iatrogenic factors, such as poor surgical 
skills, (ii) early exposure of a submerged implant, (iii) high 
temperatures during the preparation of the osteotomy, and 
(iv) compression necrosis during a high- torque implant 

(a) (b)

Figure 9.5 (a, b) Clinical and radiographic view of tooth #9 showing pathologic tooth migration, Miller class III recession, moderate 
interproximal bone loss, mobility class II, 7 mm probing depth on the mesial aspect and 6 mm on the distal aspect, external root 
resorption and composite restorations, on the cervical aspect and the incisal edge. The prognosis of the tooth was hopeless.
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placement (Figures 9.19a–d, 9.20a, b, 9.21a–c, 9.22, 9.23a, 
b)  [72, 73]. This type of crestal bone loss is usually seen 
before the placement of the healing abutment [60].

Furthermore, the implant design and rough surface 
might play a role in crestal bone level  [74–77]. Huang 
et al. supported the sealing ability of the tapered implant 
connection, minimizing the bacterial penetration at the 
implant– abutment surface and the crestal bone loss [74]. 

Microbiological studies compared butt- joint with Morse 
tapered connections in vivo with patients having implants 
with the different types of implant–abutment geometries 
and found a bacterial sealing in the Morse- tapered 
connections [78].

All these factors and implant design characteristics are 
fundamental to create a crestal bone stability and improve 
clinical outcomes over time [79].

Figure 9.6 (a, b) Upon reflection of a papilla preservation flap and after the extraction of #9, a fenestration was noted in the most apical 
part of the socket. Horizontal and vertical ridge augmentation was performed with amnion- chorion resorbable membrane along with 
50:50 mixture of mineralized cortical allograft and deproteinized bovine bone. The technique used is described by Soldatos et al. [35]. 
(c, d) CBCT before and after the extraction and ridge augmentation of #9, showing the area of external resorption and a very thin buccal 
plate. Nine months post- operatively, horizontal and ridge augmentation was achieved, allowing for placement of a dental implant.

(a) (b)

(c)
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(d)

Figure 9.6 (Continued)

Figure 9.7 A periapical radiograph at the area of #9, after the 
placement of a tapered bone level dental implant within 3 mm of 
the neighboring CEJs.
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(a) (b)

Figures 9.8 (a, b) A periapical radiograph and clinical view of implant #9, three (3) months after the placement of the single 
cement- retained final restoration, allowing for proper esthetics, oral hygiene, and periodontal maintenance.

(a)

(b)

(c)

Figures 9.9 (a–c) Pre- operative clinical and CBCT view of areas #3,4 showing Siebert class I defect.
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(a)

(b)

(c)

Figures 9.11 (a–c) Two (2) tenting screws (4 mm height) were placed for space maintenance, cortical perforations 
(using #8 finishing round bur) and two cross- linked resorbable membranes (sutured together with 4- 0 chromic gut sutures). 
The membranes were placed initially on the palatal aspect and then after the placement of the bone grafting material, on the 
buccal aspect. The technique applied is described by Soldatos et al. [35].

Figure 9.10 Upon reflection of the full thickness flap, 
Siebert class I defect was noted at the area of #3, 4. Flap 
management was performed with buccal periosteal release 
using the technique described by Romanos [42].



Figure 9.14 Nine (9) months post- operative CBCT showing 3–4.7 mm horizontal ridge augmentation. At the time of the placement of 
dental implants, internal sinus elevation is required at the area of #3.

Figure 9.13 Suturing the flaps in a connective tissue to 
connective tissue approach, with 3 horizontal mattress and 
13 simple interrupted  PTFE sutures. Tension- free primary 
closure was achieved and maintained.

Figure 9.12 Horizontal ridge augmentation was 
performed with 50:50 mixture of mineralized cortical 
allograft and deproteinized bovine bone (large particles) 
placed over the tenting screws at the area of #3, 4.
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(a) (b)

Figures 9.15 (a, b) Buccal and occlusal post- operative view, nine months after the horizontal ridge augmentation, 
showing the underlying new bone formation.

(a) (b)

Figures 9.16 (a, b) Buccal and occlusal view, upon reflection of the full thickness flap, showing new bone formation  
at the level of the head of the tenting screws.

(a)Figure 9.17 (a) Two implants (areas #3, 4) were placed 
with simultaneous internal sinus elevation (area of #3). 
The primary stability of the implants was ≥40 N/cm allowing 
for the placement of healing abutments. (b, c) Final 
radiographic and clinical view of the screw retained 
independent final restorations within 3 mm of the 
neighboring restorative CEJs. The design of the final 
restorations allows for proper esthetics, oral hygiene, and 
periodontal maintenance.



TheRoleof BoneRegenerationin theMaintenanceof DentalImplants188

(b) (c)

Figure 9.17 (Continued)

(a) (b)

Figure 9.19 (a) Virtual implant planning for the areas #12–14. The three implants were planned to be placed in different 
levels allowing for restorative CEJ discrepancies which will lead to crestal bone loss along with difficulty in oral hygiene. 
(b–d) Intraoperative buccal and palatal view of implants #12–14. The implants’ position (#12–14) was corrected during the surgical 
intervention, placing them at a similar restorative level. In addition, vertical ridge augmentation was performed around all three 
implants, to restore the Seibert class II defect.

(a) (b) (c) (d)

Figure 9.18 (a–d) Implants at the areas of #24 and 9, placed apically more than 3 mm from the neighboring restorative CEJ, 
presenting crestal bone loss after the placement of the final restoration. In both cases, the implants should be removed, and vertical 
ridge augmentation should be performed, allowing for a better new implant placement.



(a) (b)

Figure 9.21 (a–c) Horizontal and vertical ridge augmentation was performed at the area of #29 with 2 tenting screws (5 mm height), 
cortical perforations with #8 round bur, 50: 50 mixture of mineralized cortical allograft with deproteinized bovine bone. Two 
membranes were used, a cross- linked resorbable and a high density  PTFE non- resorbable membrane. The site was sutured with a 
horizontal mattress and eight single interrupted PTFE sutures. The technique applied is described by Soldatos et al. [37].

(c) (d)

Figure 9.19 (Continued)

(a) (b)

Figures 9.20 (a, b) At the area of #29, an implant was placed without the proper digital planning in a non- restorable prosthetic 
position. In addition, the implant had 4 mm crestal bone loss before the second stage (placement of the healing abutment). The 
implant was removed, and horizontal and vertical ridge augmentation was performed. The red line shows the amount of bone that 
must be regenerated in order to restore the proper alveolar bone level.
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Over the past few decades, the replacement of missing 
teeth with dental implants has become a standard proce-
dure due to its high predictability [1].

However, the incidence of biological peri- implant 
complications, such as peri- implant mucositis (PIM) and 
peri- implantitis, has been increasing reaching up to 47% [2, 
3]. These complications present a growing global health 
problem and pose challenges with unpredictable treatment 
outcomes. As a result, there has been a shift in clinicians’ 
decision- making towards a more conservative treatment 
approach, where questionable teeth are treated and implant 
placement is postponed [4].

According to the current classification of periodontal 
and peri- implant diseases, PIM is defined as an 
inflammatory condition of the peri- implant mucosa 
without accompanying marginal bone loss  [5]. The main 
cause of PIM is an imbalance in the host–microbial 
homeostasis at the mucosa–implant interface. Clinically, 
PIM is characterized by inflammation, redness, swelling, 
bleeding on gentle probing, and sometimes suppuration. 
Elevated peri- implant probing depths may also be 
observed  [6]. With appropriate treatment leading to 
inflammation resolution, PIM is reversible. However, if left 
untreated, it may progress to peri- implantitis.

Peri- implantitis is an irreversible pathological condition 
primarily caused by the accumulation of biofilm and is 
clinically characterized by inflammation, bleeding or 
suppuration on probing, swelling, increased peri- implant 
probing depths, radiographic evidence of supporting bone 
loss, and sometimes mucosal recessions  [6]. Risk factors 
for its onset and/or progression include a history of severe 
periodontitis, poor plaque control, irregular peri- implant 

maintenance therapy, smoking, diabetes mellitus, limited 
access to oral hygiene, improper implant positioning or 
prosthetic suprastructure, and the presence of submucosal 
cementation material [7]. Additionally, factors such as the 
absence of keratinized/attached peri- implant mucosa, 
surgical aspects (bone compression necrosis and 
overheating), micromotion, biocorrosion, and occlusal 
overload have been proposed as influencing the 
development of peri- implant pathological conditions  [7]. 
Peri- implantitis may manifest shortly after prosthetic 
restoration and, if left untreated, may progress more rapidly 
than periodontitis, leading to implant loss [6, 7].

However, the quantity and characteristics of peri- implant 
tissue play a crucial role in maintaining peri- implant health 
and achieving successful esthetic outcomes. These aspects are 
encompassed by the peri- implant phenotype, which refers to 
the morphological and dimensional features characterizing 
the clinical presentation of the tissues surrounding and sup-
porting osseointegrated implants, including the soft tissues 
(such as keratinized mucosa (KM) width, mucosal thickness, 
and supracrestal tissue height) and peri- implant bone thick-
ness  [8]. Like the periodontal phenotype, the peri- implant 
phenotype is site- specific, and irreversible changes can occur 
due to environmental factors or clinical interventions.

 Soft- tissue Issues Around Dental Implants

Keratinized Tissue Width

Ensuring the long- term success of dental implants heavily 
relies on maintaining healthy peri- implant tissues. 
However, the role of peri- implant soft tissue and the 
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necessity of having a minimal amount of keratinized 
mucosa around dental implants have been a subject of con-
troversy in the literature [9–12].

Different studies have presented conflicting views on the 
importance of the width of keratinized mucosa (KMW) 
around dental implants. Some researchers have suggested 
that a KMW of less than 2 mm is associated with increased 
inflammation and plaque accumulation compared to sites 
with a KMW of 2 mm or greater [13, 14]. However, other 
studies have failed to establish a clear association between 
the lack of a minimum width of keratinized mucosa and 
inflammation [15–18].

A recent meta- analysis reported significantly lower 
plaque scores, bleeding indices, mucosal recessions, and 
attachment loss for sites with wider keratinized tissue 
(KT) [14]. In an observational study involving 110 implants 
and 36 patients, significantly more plaque accumulation, 
peri- implant inflammation, mucosal recession, and 
bleeding were reported after six months at sites with a 
KMW of less than 2 mm  [19]. Ueno and colleagues also 
observed that implants with a KMW of less than 2 mm 
exhibited significantly higher plaque accumulation, 
bleeding on probing, and pocket depths compared to sites 
with a KMW of 2 mm or greater [19]. Similar findings, with 
statistically significantly higher plaque levels, bleeding, 
and patient discomfort, were reported by Souza et al. for 
implants with less than 2 mm of keratinized mucosa [20].

Even when patients were highly motivated and able to 
maintain long- term low full- mouth plaque scores for over 
10 years, significantly higher plaque accumulation 
occurred at sites with insufficient keratinized mucosa [21]. 
In another long- term observational study spanning eight 
years, implants with a KMW of less than 2 mm showed sig-
nificantly higher bleeding and plaque scores than sites 
with sufficient keratinized tissue width (KTW) [22].

Some authors have observed a positive association 
between the lack of a minimal band (<2 mm) of kerati-
nized mucosa and the occurrence of PIM [23] as well as a 
higher prevalence of PIM in such cases [24–27]. However, 
other studies have found no association [18, 28, 29].

The width of sufficient KT also appears to have an impact 
on diseased implants, specifically peri- implantitis. In a 
cross- sectional study involving 534 patients, 53 (10.3%) 
were affected by peri- implantitis. These implants showed 
significantly more plaque accumulation and bleeding on 
probing and were more likely to have an attached mucosa 
width of less than 2 mm [30].

From a clinical standpoint, it is important to highlight 
that when the peri- implant KT is less than 2 mm, there is 
greater plaque accumulation, bleeding on probing, and 
more gingival recessions are diagnosed around these 
implants, particularly in cases with irregular maintenance 

protocols. However, these differences are not statistically 
significant when patients have regular recall appointments 
with professional cleaning every six months, regardless of 
whether the KTW is less than 2 mm or greater than 
2 mm [31]. This clinical study involved 118 patients with 
320 dental implants utilizing platform switching.

A recent study has examined the natural regeneration of 
the implanto–mucosal and dento- gingival units following 
the complete removal of KT [32]. The results of the study 
revealed that after the excision of KT at implant sites, the 
spontaneous regeneration of the soft tissue is characterized 
by a non- keratinized epithelium similar to alveolar mucosa. 
On the other hand, at tooth sites, the spontaneous regen-
eration resulted in soft tissue resembling gingiva. These 
findings are clinically significant as they demonstrate, for 
the first time, that once KT is lost at implant sites, it does 
not regenerate naturally. Therefore, the restoration of KT 
can only be achieved through soft tissue grafting 
(Figure 10.1a–h).

Mucosal Thickness

In recent years, emerging evidence supports the idea that 
peri- implant mucosal thickness represents an important 
factor in the maintenance of peri- implant health. 
Historically, soft tissue thickness has been shown to play a 
critical role in peri- implant marginal bone loss  [33]. 
Greater stability of the interproximal bone in cases with 
adequate mucosal thickness has been reported in a recent 
systematic review [34]. Nonetheless, the adequate amount 
for tissue thickness has not been clearly defined yet [35], 
but a threshold of 2 mm thickness has been proposed [8]. 
The assessment of peri- implant mucosal thickness may 
vary depending on the implant location (e.g. lingual or 
buccal) and is commonly determined as 1–2 mm apical to 
the mucosal margin [8]. Most studies assessing horizontal 
mucosal thickness focused on esthetic outcomes in relation 
to the transparency of the abutment material [36–38], and 
a minimum thickness of about 2 mm is necessary for 
masking restorative materials  [37, 39]. However, a 
thickness >1 mm was reported as beneficial against 
mucosal recessions following immediate implant 
placement  [40, 41]. On the other hand, augmentation of 
mucosal thickness has been proposed for compensating 
expected bone remodeling after immediate implant 
placement and for stabilizing the mucosal margin [42–45].

Moreover, tissue thickness influences majorly esthetic 
outcomes  [43]. Recent evidence indicates that a thick 
mucosa assures a more stable mucosal margin as compared 
to a thinner one [43, 45]. Thin mucosa is also considered an 
etiological factor for the development of peri- implant 
mucosal recessions [41, 46].



(a) (b)

(c) (d)

(e)

(g) (h)
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Figure 10.1 (a) In this clinical scenario, a single- unit crown (SUC) was placed on a 4.1 mm regular neck tissue level implant in the 
area of tooth #46. However, there was a noticeable absence of attached keratinized mucosa (KM). The patient also reported difficulties 
in maintaining proper oral hygiene. To address these issues, the patient was treated with a peri- implant free gingival graft (FGG) 
procedure. The goal of this treatment is to enhance both the quantity and quality of the soft tissue surrounding the implant. (b) The 
single- unit crown was removed, and a healing abutment was placed in preparation for surgery. The decision to remove the crown was 
made to facilitate the surgical intervention. (c) Clinical image depicting the preparation of a peri- implant split- thickness flap. It is 
important to note that a submarginal incision was made to preserve an adequate amount of peri- implant soft tissue, which facilitates 
the suturing of the graft. (d) Clinical appearance of the FGG harvested from the palate. (e) Clinical image depicting the adaptation and 
suturing of the FGG to the recipient site. (f) Clinical appearance of the grafted area during suture removal, which took place two weeks 
after surgery. It is important to observe the partial healing of the graft without any clinical signs of infection. (g) Clinical appearance 
of the grafted area during the replacement of the restoration. The presence of a newly formed, thick, and well- attached peri- implant 
mucosa is evident. (h) Clinical appearance of the grafted area two years after the surgical intervention. Notice the stability of the 
grafted area and the absence of plaque.
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Additionally, current studies have also reported that 
 vertical mucosal thickness plays an important role in main-
taining/preventing marginal bone loss. Cases with a thin 
supracrestal tissue (<2 mm) height (measured from the 
bone crest to the mucosal margin in apico- coronal direc-
tion) were associated with greater marginal bone loss than 
those with thick mucosa [47, 48], especially at bone level 
implants  [49]. Surgical thickening of the vertical peri- 
implant mucosa resulted in reduced marginal bone loss 
over time [34].

Implants with a thin soft- tissue phenotype with a reduced 
horizontal mucosal thickness seem to be more often associ-
ated with PIM and peri- implantitis compared to implants 
with a thick phenotype [50].

Nonetheless, there seems to be limited evidence to sup-
port the thickening of the peri- implant soft tissue in order 
to lower the incidence of peri- implant diseases [51–53].

In conclusion, peri- implant tissue thickness, in both 
 horizontal and vertical direction, appears to represent 
important structural components for maintaining peri- 
implant tissue health, thus affecting marginal bone 
remodeling, esthetic outcomes, restorative material 
transparency, and patient satisfaction.

Peri- implant Mucosal Recessions

Peri- implant mucosal recessions can significantly impact 
esthetic outcomes and patient satisfaction. The etiology of 
these recessions includes factors such as the mucosal phe-
notype [41], inadequate width of keratinized mucosa, the 
height of peri- implant marginal bone [54], improper oro- 
vestibular implant positioning  [55, 56], characteristics of 
the implant abutment and prosthetic superstructure 
(emergence profile), and the angle of the implant 
fixture [46].

There are limited data available on the prevalence of 
peri- implant mucosal recessions. A systematic review 
reported peri- implant recessions in 0–64% of implants, 
based on data from only four studies  [57]. Other studies 
have observed recessions occurring as early as one- year 
post- implant placement in 24% of cases [58].

 Soft Tissue Augmentation Procedures

Soft tissue grafting procedures have been proposed to mod-
ify the soft tissue phenotype, with the goal of increasing 
tissue thickness, the width of KT, and the height of suprac-
restal tissue. These procedures aim to achieve optimal 
functional, biological, and esthetic outcomes for implants 
with thin or no keratinized mucosa, soft tissue deficiencies, 
or recessions [34, 52, 59].

Autogenous soft tissue grafts have demonstrated 
 satisfactory results in natural dentition and were the initial 
approaches utilized for dental implants, including tech-
niques such as free gingival grafts (FGGs) or connective tis-
sue grafts (CTGs)  [60, 61]. However, due to the higher 
morbidity associated with autogenous grafts, alternative 
materials such as xenogeneic collagen membranes (CMs) 
or acellular dermal matrix (ADM) have been introduced 
for peri- implant soft tissue augmentation. These materials 
serve as replacements for autogenous grafts.

Improvement of Keratinized Tissue Width 
Around Dental Implants

In a consensus report and accompanying systematic 
review, four randomized controlled clinical trials (RCTs) 
were included. These studies indicated a positive associa-
tion between soft tissue grafting aimed at increasing the 
KTW and greater reductions in plaque and gingival indices 
compared to non- augmented sites [34, 62].

Techniques based on apical shifting (i.e. apically posi-
tioned flap [APF])  [63–65], or bilaminar procedures like 
the tunneling technique [66–69] have been the subject of 
investigation.

In a systematic review and meta- analysis conducted by 
Tavelli et al. [52], which included 23 RCTs, it was reported 
that both autogenous soft tissue grafts and soft tissue sub-
stitutes in combination with an APF, can lead to a statisti-
cally significant increase in KTW. When compared to 
non- augmented control sites, the use of APF and various 
graft types (FGG, CTG, ADM, and CM) resulted in superior 
outcomes. Notably, FGG demonstrated the highest 
improvements in KTW, with the following results: APF 
(2.48 mm, 95% CI [1.35, 3.62], p = 0.04), CM (2.96 mm, 95% 
CI [1.82, 4.19], p = 0.002), CTG (2.82 mm, 95% CI [1.91, 
4.14], p = 0.007), FGG (3.67 mm, 95% CI [3.03, 4.31], 
p = 0.01), and ADM (3.02 mm, 95% CI [1.87, 4.17], 
p = 0.03) [52].

Moreover, the combination of APF with grafting proce-
dures resulted in a statistically significant increase in KTW, 
leading to reductions in pocket depth, plaque accumula-
tion, and mucosal recessions [52]. In some cases, although 
unpredictable, there may be observed a slight gain in 
attachment level when autogenous grafts are used for aug-
mentation procedures [61, 70].

Interestingly, when comparing different treatment 
approaches including grafting procedures to APF alone, 
only FGG demonstrated a statistically significant increase 
in KTW. In contrast, bilaminar techniques did not achieve 
significant gains in KTW [52].

Increasing KTW has been shown to result in greater 
reductions in plaque accumulation (WMD = 0.344, 95% 
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CI [0.179, 0.509], p < 0.001) and gingival indices (WMD = 
0.863, 95% CI [0.658, 1.067], p < 0.001), but it has no sig-
nificant effect on bleeding on probing when compared to 
non- augmented sites  [34, 62]. Moreover, an increase in 
KTW appears to contribute to a more stable position of 
the marginal bone levels, particularly when using APF 
with autogenous grafts (WMD  =  −0.175 mm, 95% CI 
[−0.313, −0.037], p = 0.013).

Improving KTW also has a positive impact on 
 peri- implant marginal bone stability. In the meta- analysis 
conducted by Tavelli and colleagues, augmentation proce-
dures involving APF and soft tissue grafts not only 
improved oral hygiene and reduced plaque accumulation 
but also resulted in less marginal bone loss  [52]. Similar 
results have been reported by other authors who observed 
a positive association between KTW improvement and 
proper plaque control [21, 68, 69].

The timing of soft tissue augmentation procedures seems 
to have no impact on the gain in KTW with either the 
bilaminar technique or APF. Therefore, soft tissue 
 augmentation can be performed at the time of implant 
placement, during the second stage, or at any delayed 
time [52, 71].

Improvement of Peri- implant Mucosal Thickness

Soft tissue augmentation procedures are commonly recom-
mended to increase peri- implant mucosal thickness for 
esthetic improvements and to address volume deficien-
cies  [42, 72, 73] as well as to facilitate tissue adaptation 
 during implant placement [74].

In a recent meta- analysis utilizing a network model to 
assess mucosal thickness as an independent parameter, it 
was found that all evaluated augmentation methods (CTG, 
ADM, and CM) used in combination with a bilaminar sur-
gical technique resulted in a statistically significant 
increase in mucosal thickness. CTG demonstrated 
the highest improvements (1.13 mm, 95% CI [0.94, 1.31], 
p < 0.001), followed by ADM (1.08 mm, 95% CI [0.80, 1.35], 
p  < 0.001), and CM (0.76 mm, 95% CI [0.55, 0.97], 
p < 0.001) [52]. CM showed statistically significant lower 
mucosal thickness gain compared to CTG and ADM but 
showed greater gain compared to non- augmented sites: 
CTG (0.36 mm, 95% CI [0.23, 0.49], p  < 0.001), ADM 
(0.31 mm, 95% CI [0.04, 0.57], p = 0.02), non- augmented 
sites (−0.76 mm, 95% CI [−0.97, −0.55], p  < 0.001). 
However, no statistically significant difference was 
observed between ADM and CTG (p  = 0.69)  [52]. These 
findings are consistent with those obtained in previous 
studies that have also failed to demonstrate statistically 
significant differences in terms of mucosal thickness gains 
between ADM and CTG [75, 76].

It is important to note that the results of the afore men-
tioned  meta- analysis  [52] were generated by a network 
model, and direct clinical comparisons between ADM and 
CM have not been conducted. Therefore, these compari-
sons should be interpreted cautiously. Nevertheless, CTG 
remains the gold standard for augmenting peri- implant 
sites aiming to improve mucosal thickness, showing supe-
rior results over CM [34, 59, 62].

Positive effects of soft tissue augmentation were also 
observed on marginal bone loss. Augmented sites with 
CTG or CM using the bilaminar technique showed statisti-
cally significantly less marginal bone loss  [52, 65, 77]. 
Another study highlighted that thicker peri- implant 
mucosa was associated with lower marginal bone loss [78]. 
These findings are supported by other authors, emphasiz-
ing that non- augmented sites exhibit statistically signifi-
cantly higher marginal bone loss compared to sites 
augmented with CTG or CM, which appear to provide a 
certain level of stability for the supporting marginal 
bone [74, 79, 80].

Two systematic reviews and meta- analyses have failed to 
demonstrate statistically significant associations between 
mucosal thickness gain and reductions in plaque indices 
or  pocket depth  [34, 52]. Plaque indices remained stable 
regardless of the intervention used. However, it is interest-
ing to note that one RCT reported a statistically significant 
reduction in probing pocket depth following mucosal 
thickening [74].

Similarly, soft tissue augmentation procedures for 
mucosal thickening had no significant impact on bleeding 
on probing values compared to non- augmented sites [34].

It appears that the timing of soft tissue augmentation 
procedures for mucosal thickening can be performed at the 
time of implant placement, during the second stage, or at a 
delayed time, with no statistically significant differences in 
outcomes  [52]. These findings are supported by another 
systematic review and meta- analysis where mucosal 
thickening was performed either at the time of implant 
placement or during the second stage, three months after 
implant placement but before prosthetic reconstruction [34]. 
The findings by Tavelli et  al., Thoma et  al.  [34, 52] are 
consistent with those of other studies where mucosal 
thickening mucosal- thickening procedures were performed 
either at the time of implant placement  [44, 74, 81] or 
during the second stage, three months after implant 
placement but prior to prosthetic reconstruction [42, 72, 73].

Improvement of Soft Tissue Height

Augmentation for the purpose of gaining soft tissue height 
has been subject to limited investigation, although there 
have been suggestions regarding the effectiveness of ADM 
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Figure 10.2 (a) This clinical photograph shows a deep and extensive gingival recession at tooth #3, along with two shallow adjacent 
mucosal recessions at implants located in areas #4 and #5. (b) The preparation involves a combination of a tunnel and envelope flap 
to create space for a palatal subepithelial CTG. (c) The palatal subepithelial CTG was carefully adapted and sutured to provide 
complete coverage of the exposed recessions at tooth #3 and the implants in #4 and #5. (d) The envelope and tunneled flap were 
coronally advanced and meticulously sutured to ensure full coverage of both the palatal subepithelial CTG and the recessions. (e) At 
the two- year follow- up, it is evident that complete coverage of all recessions has been achieved.

in increasing soft tissue height  [82]. However, several 
authors have highlighted the negative impact of thin initial 
soft tissue height on marginal bone loss [49, 83]. In certain 
studies, non- augmented sites exhibited significant mar-
ginal bone loss, whereas implants with ADM augmenta-
tion and an increase in soft tissue height demonstrated 
reduced marginal bone loss [82, 84].

Coverage of Soft Tissue Dehiscence at 
Dental Implants

The evidence supporting mucosal recession coverage at 
implants is currently limited to a few case series with a 
small number of patients [85–89].

Different techniques have been used by various authors, 
including a coronally advanced flap combined with a sub-
epithelial CTG [85, 89], a bilaminar technique (such as a 
split- thickness flap) with a xenogeneic CM [88] or CTG [90] 
harvested from the tuberosity.

The success rate of mucosal recession coverage ranges 
from 66% at 6  months  [85, 86] to 96.3% after 
12–20 months [89, 90]. Factors that can influence these 
outcomes include the surgical technique employed (cor-
onally advanced flap with or without vertical incisions 
versus tunneling technique), the graft harvesting tech-
nique (single incision technique versus de- epithelialized 
FGG), the initial amount of peri- implant KT, and the 
accessibility determined by the maintenance or removal 
of the prosthetic superstructure during the surgical 
procedure.

Promising results have also been achieved when using a 
xenogeneic CM membrane with a modified coronally 
advanced tunnel technique, compared to a subepithelial 
CTG [88].

However, at present, there is only very limited evidence 
available on the long- term stability following coverage of 
mucosal recessions at osseointegrated dental implants.

Roccuzzo et al. [91] reported the five- year outcomes of a 
coverage procedure for shallow maxillary soft tissue dehis-
cences around single tissue- level implants. A CTG har-
vested from the maxillary tuberosity was inserted 
underneath a split- thickness envelope flap. Following 
treatment, patients received individually tailored support-
ive periodontal therapy. After five years, complete soft tis-
sue coverage was achieved in 8 out of 13 cases (62%), with 
a mean recession coverage of 86%. Patients’ esthetic evalu-
ation revealed high visual analog scale (VAS) scores.

However, due to the limited available evidence, no defin-
itive long- term conclusions can be drawn regarding the sta-
bility of mucosal recession coverage.

Overall, the current evidence suggests that currently 
only shallow mucosal recessions (up to 2–3 mm) at 
implants that are properly positioned in three jaw dimen-
sions can be successfully covered. However, data on the 
efficacy of these techniques for larger and deeper mucosal 
recessions are still lacking [46] (Figure 10.2a–e).

In conclusion, soft tissue augmentation procedures 
around dental implants contribute to improved peri- 
implant health by increasing the width of keratinized 
mucosa and the thickness of the mucosal tissue. This leads 
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to positive effects on bleeding indices and a reduction in 
marginal bone loss. These procedures also result in esthetic 
improvements, facilitate oral hygiene and plaque removal, 
and enhance patient satisfaction. Overall, soft tissue 

augmentation plays a crucial role in the long- term 
 maintenance of peri- implant health and the stability of 
peri- implant tissues.
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 Introduction

Regular professional supportive oral health care is consid-
ered central to controlling the progression of inflammatory 
periodontal and peri- implant disease. This chapter reviews 
the rationale, treatment approaches, and evidence for 
 periodontal maintenance in patients with healthy implants  
and after active treatment for peri- implantitis.  

Periodontal maintenance (formerly referred to as 
Supportive Periodontal Therapy) is defined as procedures 
performed at selected intervals to assist in maintaining oral 
health in individuals with a history of periodontitis. 
Periodontal maintenance procedures following active 
 therapy are not synonymous with a prophylaxis  [1]. 
Periodontal maintenance (PM) is started after completion 
of active periodontal therapy, both non- surgical and 
 surgical therapies, and at varying intervals for the life of 
the dentition, including dental implants. Studies have 
demonstrated that periodontitis can be successfully treated 
by both non- surgical and surgical protocols [2] as part of 
active periodontal therapy. However, the benefits of active 
periodontal therapy cannot be maintained without a regu-
lar program of PM [3].

Maintenance procedures are under the supervision of the 
dentist and typically include an update of the medical and 
dental histories, radiographic review, extraoral and intraoral 
soft tissue examination, dental examination, periodontal 
evaluation, removal of supragingival and subgingival bacte-
rial plaque (biofilm) and calculus, selective root planing 
where indicated, polishing of the teeth, and a review of the 
patient’s plaque control efficacy [4, 5]. These procedures are 
performed at prescribed intervals established for periodic 

ongoing care to assist the patient in maintaining periodontal 
health. This phase of periodontal therapy focuses on the 
control of etiologic factors and monitoring of periodontal 
health status. It is distinct from, but integrated with, active 
periodontal therapy. Patients receiving PMT may require 
active therapy to control disease progression [6].

The traditional therapeutic goals of PM include (i) mini-
mizing the recurrence and progression of periodontal dis-
ease in patients previously treated for gingivitis and 
periodontitis, (ii) reducing the incidence of tooth loss by 
monitoring the dentition and any prosthetic replacements 
of the natural teeth, and (iii) increasing the probability of 
locating and treating, in a timely manner, other diseases or 
conditions found within the oral cavity [7]. Since the goal 
of periodontal maintenance is to minimize the recurrence 
and progression of periodontitis, the authors propose that 
the protocols associated with traditional periodontal main-
tenance can be applied – with several specific considera-
tions and modifications  – to control the progression of 
peri- implantitis.

In this chapter, Implant Maintenance (IM) is used to dis-
tinguish treatment approaches for the control of peri- 
implantitis from PMT for the control of periodontal 
infection. Three common clinical scenarios are summa-
rized below that help guide questions related to the appli-
cation of IM:

 ● The patient without a  history of  periodontitis and 
peri- implant mucositis/peri- implantitis (“healthy” 
dental implants): Do dental implants increase the risk 
of developing periodontal infection and disease – perio-
dontitis or peri- implantitis?
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 ● The patient with a history of peri- implant mucositis: 
Is  the temporal progression of peri- implant mucositis to 
peri-implantitis similar to that of gingivitis to periodontitis?

 ● The patient with a history of peri- implantitis: (i) Is 
PM in a patient with periodontitis the same as IM in 
a patient with peri- implantitis? (ii) What is the role of IM 
in the patient with active peri- implantitis versus 
 following active treatment of peri- implantitis?

In consideration of the  above scenarios, this chapter will 
 discuss the rationale for IM, elements of an IM appointment, 
and guidelines for the determination of maintenance intervals.

 Modifying Factors and Considerations

The current model of disease progression for periodontitis 
is well- established and supported by decades of clinical 
evidence documenting the vital role of PM in controlling 
the progression of periodontitis  – with lifelong mainte-
nance, periodontitis can be stabilized for a vast majority of 
our patients [6]. With the increased use of dental implants 
to replace missing teeth, there has been a significant rise in 
prevalence of peri- implant disease, with estimated 
weighted mean prevalence of 43% for peri- implant mucosi-
tis and 22% for peri- implantitis [8, 9]. The risk profiles asso-
ciated with the progression of peri- implant mucositis and 
peri- implantitis resemble the risk profile that drives the 
progression of gingivitis and periodontitis. Therefore, simi-
lar strategies have been adopted from periodontal protocols 
for implant maintenance therapy to prevent further break-
down. For example, without supportive therapy, implant 
sites with peri- implant mucositis are at risk for progression 
to peri- implantitis [10] and those sites with peri- implantitis 
risk further breakdown. Given the similarities in the clini-
cal presentation of periodontitis and peri- implantitis, it is 
reasonable to conclude that similar approaches to support-
ive care after treatment of peri- implant disease should 
prove beneficial in controlling disease progression.

Multiple studies have investigated the impact of perio-
dontal maintenance on the occurrence of peri- implant dis-
eases [11–13]. As with periodontal maintenance, a primary 
focus is on identifying and addressing host- level and site- 
specific (implant) factors in the personalized maintenance 
plan to an individual patient. The modifying factors and 
considerations of peri- implant disease progression will be 
presented, organized into two main categories for the 
reader: host- level and implant- level considerations.

Host- level

There are several host- level considerations identified in the 
literature that are essential to review when prescribing an 

IM maintenance plan, such as a history of periodontitis, 
smoking, systemic diseases, e.g. type II diabetes mellitus, 
and poor plaque control [14].

Systemic Considerations
Although it might be intuitive to assume that systemic dis-
ease can have a significant impact on peri- implant health, 
the evidence on whether specific systemic conditions are a 
risk factor for peri- implant disease remains equivocal [14]. 
However, systemic conditions, such as uncontrolled diabe-
tes, and environmental exposures, such as tobacco smok-
ing and radiation therapy of the oral/head- neck region, are 
generally considered factors with the potential to modify 
peri- implant disease susceptibility and progression, includ-
ing implant failure [6, 9, 15, 16].

Polymorphisms in genes for cytokines, such as IL- 1 and 
IL- 6, have been associated with an increase in the expression 
of these inflammatory cytokines and with the development 
of chronic diseases, such as periodontitis and peri- implant 
disease  [17]. The latter findings suggest that genetic back-
ground may also predispose certain individuals to implant 
failure, consistent with observations of multiple implant 
failures (cluster failure behavior) of implants at the patient 
level. Consideration of potential risk factors is important for 
the targeted management of peri- implant disease and the 
long- term stabilization of peri- implant health [16, 17].

Additional host- level factors that should be  considered 
when building a peri- implant maintenance plan are distur-
bances in cognitive function and advanced age [16, 18, 19]. 
There is evidence that loss of cognitive function and demen-
tia negatively impact periodontal health due to an increase 
in plaque accumulation and bacterial burden; oral hygiene 
is further compromised from the barriers associated with 
cognitive decline and compromised dexterity [18]. Patients 
exhibiting a decline in cognition, dexterity, or both may 
benefit from shorter intervals between appointments, 
engagement of family or caretakers in oral hygiene care, 
and instruction on the use of oral hygiene devices, such as 
customized or electric toothbrushes and flossers, to help 
patients perform oral hygiene care. Contrast this situation 
with a patient who struggles with compliance because of 
their own lack of motivation or interest in oral hygiene. In 
this case, the patient is best treated with customized oral 
hygiene instruction that focuses on the justification for the 
emphasis on plaque control [6] to empower the patient to 
take responsibility for his/her oral health care ownership of 
factors within their control.

History of Periodontitis
Given that periodontitis and peri- implant disease share 
similar risk profiles for disease progression, maintenance 
therapy is considered essential to reduce disease recur-
rence and progression following active therapy  [6, 20]. 
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Not  only does periodontitis share risk factors with peri- 
implant disease, but a history of periodontitis appears to 
predispose individuals to peri- implant disease. Peri- 
implantitis has been reported to be found twice as often in 
patients with periodontitis compared to those without 
periodontal disease; moreover, the extent of peri- implant 
breakdown was shown to parallel the severity of the preex-
isting periodontitis  [14, 21, 22]. Clinical studies have 
reported that a history of periodontitis prior to implant 
placement or the presence of residual periodontal pockets 
at the time of implant placement were associated with a 
higher occurrence of implant loss and peri- implant dis-
eases  [11, 22–24]. Residual deep probing depth (≥6 mm) 
and marginal bone loss constituted risk factors for recur-
rence/progression of peri- implantitits. Furthermore, 
patients with an aggressive or molar/incisor pattern peri-
odontitis may need additional active therapy following 
implant placement and should be also considered candi-
dates for shorter recall intervals [10].

History of Peri- implant Mucositis
As with the progression of gingivitis to periodontitis, it is 
acknowledged that peri- implant mucositis can be a precur-
sor to peri- implantitis, often progressing in an accelerated 
pattern  [15]. Without supportive therapy, implant sites 
with peri- implant mucositis are at risk for progression to 
peri- implantitis  [10]. In a five- year retrospective study in 
Brazil, patients diagnosed with peri- implant mucositis at 
baseline had a significantly higher incidence of peri- 
implantitis (43.9% versus 18.0%) if they attended less than 
one visit to the dentist annually [11]. These results are in 
agreement with the findings of a systematic review, which 
found a higher prevalence of peri- implantitis in persons 
not receiving maintenance care compared to those under-
going routine follow- up care (≈35% versus ≈10%, respec-
tively)  [5]. Patients in IM following active therapy for 
peri- implantitis must be evaluated closely for of signs of 
inflammation, which could indicate peri- implant mucosi-
tis or active peri- implantitis.

Implant- level

Bacterial Biofilm
Periodontal pockets are ideal environments for the estab-
lishment and maturation of subgingival biofilm  [3]. The 
temporal relationship between inflammation, dysbiotic 
subgingival microbiota, and disease onset and progression 
remain incompletely understood  [25]. Nevertheless, it is 
important to understand the dynamic role of the polymi-
crobial biofilm in disease pathogenesis  [26]. Studies also 
highlight differences in bacterial profiles of healthy and 
diseased dental implants [27].

Socransky’s landmark study of periodontal disease iden-
tified six bacterial complexes that commonly occur together. 
For descriptive purposes, these complexes were color- coded 
as blue, green, yellow, purple, orange, and red. The orange 
and red complexes are thought to be associated with perio-
dontitis and include members of the yellow, green, and pur-
ple complexes [28]. The orange complex bacteria generally 
appear after the early colonizers and include many putative 
 periodontal pathogens, such as Fusobacterium nucleatum. 
The red complex (Porphyromonas gingivalis, Tannerella for-
sythia [formerly Bacteroides forsythus], and Treponema den-
ticola) is comprised of these late colonizers forming a stable, 
or climax, bacterial community that significantly drive peri-
odontal destruction; the red complex bacteria are putative 
periodontal pathogens  [29]. The subgingival/submarginal 
microbiota has been found to exhibit significant differences 
in composition between health and disease [28, 30, 31].

The development of gingivitis has been extensively stud-
ied in humans using a controlled paradigm to induce 
experimental gingivitis [32, 33]. The transition to gingivitis 
is initiated by inflammatory changes accompanied initially 
by the appearance of gram- negative rods and filaments and 
subsequently by spirochetal and motile microorgan-
isms [34]. The analysis of subgingival/submucosal micro-
bial samples from experimental gingivitis and peri- implant 
mucositis has revealed relatively small differences over 
time, with essentially no differences between gingivitis and 
peri- implant mucositis sites [35]. Nonetheless, it has been 
postulated that a prolonged exposure of implants to the 
bacterial challenge may yield quantitative and qualitative 
compositional changes of the inflammatory infiltrate due 
to the structural and immunologic differences between the 
gingiva around teeth and the mucosa around titanium 
implants. These changes include the density of collagen 
fibers and fibroblasts, collagen fiber orientation, and vas-
cular structure, as well as expression of cell adhesion mol-
ecules and inflammatory cell populations  [36–38]. 
Preexisting peri- implant mucositis, in conjunction with a 
lack of adherence to maintenance care, has been associated 
with a higher incidence of peri- implantitis  [11]. Despite 
the fact that mucositis may be reversible, early diagnosis 
and appropriate management are clinically important.

Recent studies focused on the precise characterization of 
microbiome composition associated with periodontitis and 
peri- implantitis using 16s rRNA sequencing have shown 
that red complex pathogens can be found in patients and in 
periodontal sites in the absence of disease and that other 
bacterial species, some of which were not necessarily gram- 
negative (Filifactor alocis, Peptostreptococcus), appear asso-
ciated with periodontal and peri- implant disease  [28, 31, 
39, 40]. Differences in the composition of the subgingival 
microbiota between periodontal and peri- implant diseases 
are discrete [41–43]. Orange complex microorganisms were 
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more frequent in peri- implantitis. Porphyromonas gingivalis 
was the most frequently found red complex organism in 
peri- implantitis followed by T. forsythia, P. intermedia, and 
Prevotella nigrescens [44]. In addition, surface properties of 
dental implants can influence the adhesion of cells and 
microbial colonizers and the surface modification limits the 
effectiveness of mechanical biofilm removal [45]. Although 
IM is performed as non- surgical therapy, some degree of 
surface decontamination, such as use of plastic or metal 
curettes designed to be used on implant surface, may need 
to be performed as part of IM [46].

Following active treatment, periodontal and peri- implant 
sites are subject to recurrent polymicrobial succession, 
maturation of a dysbiotic plaque biofilm, and increase in 
biomass of the microbiota. The rapidity of these changes in 
microbiota appears dependent on factors such as treatment 
protocol, the distribution patterns of periodontal microor-
ganisms elsewhere in the oral cavity, and the effectiveness 
of the patient’s oral hygiene [47]. Bacterial species from the 
red and orange complex showed a progressive trend toward 
expansion to pretreatment levels in periodontal sites at 
42 days post- therapy. Two species from the orange complex 
have also been shown to return to pretreatment levels [48]. 
Despite the proven overall treatment effectiveness of sub-
gingival biofilm removal, deep periodontal pockets may 
not revert rapidly or completely to a physiologic sulcus, 
with shallower probing depths. As a consequence, regular 
debridement by professional intervention is necessary to 
prevent recurrence of disease [47].

Prosthesis Design
Prosthesis design influences the risk for biologic complica-
tions as it can significantly impact access for oral hygiene 
care as well as access for effective IM [49, 50]. When the 
design of a prosthesis limits access to one or more of its 
surfaces, such as a tissue- borne bridge or long- span hybrid 
restoration with inadequate space for hygiene devices, the 
maintenance strategy will be more complex. For example, 
a two- implant supported three- unit bridge with ideal inter-
dental distances and adequate space underneath the pontic 
enables the insertion of interdental brush, whereas a single 
implant–supported restoration with less than 1.5 mm hori-
zontal distance to adjacent tooth and more than 3 mm 
height discrepancy (more apical) hampers a patient’s 
access and ability to effectively clean the implant.

The emergence profile of the prosthesis of the implant/
abutment platform must have hygienic contours, and the 
inter- implant pontic sections should be reasonably self- 
cleansable [51]. The inability to adequately remove micro-
bial biofilm, by the patient or oral health professional, has 
been associated with the development of peri- implant dis-
ease, thus proper prosthetic design plays an important 

role [52]. Convex emergence profiles have been found to be 
a risk factor for peri- implantitis [53]. Restorations must be 
contoured to function effectively while protecting and 
stimulating the gingival tissues. For single- unit implant 
restorations, a closed emergence angle (>30°) has been 
shown to be associated with peri- implantitis in bone- level 
implants but not tissue- level implants. In natural teeth, 
using a straight emergence profile in the restoration design 
has been shown to improve the effectiveness of oral hygiene 
near the gingival sulcus and facilitates oral hygiene near 
the gingival sulcus [54]. These design characteristics also 
hold true for implants [55].

Peri- implant health and control of inflammatory disease 
may be influenced by physical access to perform proximal 
hygiene and by a patient’s mechanical dexterity to perform 
oral hygiene [56]. Poorer access for proximal hygiene was 
associated with peri- implant diseases, especially peri- 
implant mucositis. Lack of access to perform proximal 
hygiene measures was found to be negatively associated to 
peri- implant soft tissue conditions. Consequently, peri- 
implant disease is associated with greater reported discom-
fort, pain, and difficulties while performing oral hygiene; 
moreover, patients generally viewed unfavorably the pro-
fessional recommendations for oral hygiene care around 
implants. Importantly, therefore, resolution of peri- implant 
mucositis has been documented through modification of 
the prosthetic contour [57].

Ramfjord and Yuodelis have reported that over- 
contouring a prosthesis is a greater hazard to periodontal 
health than under- contouring a prosthesis  [58, 59]. An 
over- contoured implant restoration is a possible a risk indi-
cator of peri- implantitis. In addition, splinting adjacent 
implant–supported restorations could be another risk indi-
cator. The prevalence of peri- implantitis of an implant 
splinted to both mesial and distal adjacent implants has 
been found to be 4.6- fold higher than for a single unit 
implant restoration [55].

The position of the individual implant should also be 
considered. Although formation of the biologic width 
around the dental implant is widely considered a biological 
phenomenon to create soft tissue seal around the abutment, 
studies have documented greater peri- implant probing 
depth around conventional implants placed subcrestally 
compared to implants placed at the crest or supra- 
crestally [60, 61]. The difference in the height of the plat-
form of the prosthesis might pose difficulty in accessing the 
interproximal area of the implant [62]. A deeper position of 
the implant results in a higher crown- to- implant ratio and a 
shallower emergence angle  [55]. Implants placed at the 
subcrestal position displayed greater infra- osseous defects 
than those implants placed at the crestal position in a liga-
ture induced peri- implantitis model in animal model [63].
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Another factor associated with higher incidence of peri- 
implantitis was encountered in sites where implants were 
positioned with <3 mm inter- implant distance. Given ade-
quate interproximal distance, this small distance can often 
be attributed to clinician error in implant positioning and 
placement. The design of the splinted restoration or bridge 
can impair effective oral hygiene; for example, concavities 
in the internal portion of the restorations must be avoided 
to reduce plaque accumulation and present mucosal irrita-
tion from impaired cleaning. In addition, oral hygiene per-
formance has been shown to be impaired when the 
prosthesis contacts the mucosa, consistent with patient 
reports of mucosal irritation due to the lack of space for the 
use of the devices [64]. Insufficient inter- implant distance 
also influences the formation of “black triangle” in the 
interproximal space which may cause esthetic and func-
tional problems including food impaction [65, 66].

Compared to single- unit restorations, full- mouth implant 
rehabilitations were found to pose a 16- time greater risk for 
peri- implantitis. The latter may be attributed to the diffi-
culty in plaque removal by patients and dental profession-
als [49]. Full- arch fixed prosthesis supported by a number 
of implants, commonly four to six, can be made of a milled 
metal bar screwed directly onto implant abutments and a 
resin portion for the replacement of teeth and mucosal 
 tissues  [67]. Removal of a fixed, screw- retained implant 
prosthesis for evaluation is not needed unless there are 
signs of peri- implantitis, a demonstrated inability to main-
tain adequate oral hygiene, or there are mechanical com-
plications that require removal [68]. However, ineffective 
oral hygiene around the prosthetic abutments related to 
difficulties in using oral hygiene devices is a common cause 
of chronic peri- implant mucositis and risk of peri- 
implantitis. As part of a periodontal maintenance regimen, 
one should review the plaque index. Comparatively high 
plaque index scores have been observed on lingual surfaces 
of full arch restorations, which may be attributable to con-
formation of the prosthesis and to objective difficulties in 
reaching those surfaces using only interdental brushes [69]. 
In instances where prosthetic design hampers access for 
effective oral hygiene, periodic removal of the prosthesis 
may be considered (Figure 11.1).

In addition to the prosthetic considerations, other 
implant- level modifying factors to consider when design-
ing an IM treatment plan include a lack of (or absence of) 
supportive keratinized tissue, the presence of deep prob-
ing depths, and the presence of foreign bodies such as 
 titanium particles and remaining cement  [14, 70–72]. 
Furthermore, implants with modified surfaces may 
 warrant special attention, because surface modifications 
appear to predispose implants to disease progression [73]. 
A lack of keratinized tissue or a limited zone of 

keratinized tissue may also predispose implants to disease 
progression, warranting regular professional maintenance 
to promote peri- implant health  [14]. If a lack of kerati-
nized tissue or a limited zone of keratinized tissue is asso-
ciated with pain and/or discomfort for a patient in 
performing oral hygiene, the clinician should implement a 
more targeted maintenance plan. Similarly, the exposure 
of implant threads due to peri- implantitis or active treat-
ment may increase the risk of disease progression. A 
shorter maintenance interval is recommended once 
implant thread exposure is recognized, especially for 
rough surface implants since effective oral hygiene is dif-
ficult to achieve [74]. Even with surgical exposure (e.g. 
open flap debridement), the mechanical and chemical 
debridement of rough surface implants is difficult.

When designing an IM maintenance plan, there are 
 multiple considerations to help guide the clinician in 
 establishing an overall maintenance plan, including recall 
interval. The clinician must assess all host- level considera-
tions, such as risk factors, systemic health status, compli-
ance, and environmental modifiers, as well as implant- level 
considerations, such as prosthesis design, position, access, 
quality of supportive gingival tissues, and presence of 
 foreign bodies.

 Elements of a Implant 
Maintenance Appointment

PM and IM have a shared goal of controlling disease pro-
gression by regular surveillance of periodontal and peri- 
implant health status and by reducing the biomass of the 
bacterial plaque. Thus, a practitioner familiar with the ele-
ments of a periodontal maintenance appointment will find 

Figure 11.1 Mandibular implant- supported prosthesis design 
exhibiting poor access to underlying implants and supportive 
tissues.
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little difference with the elements of an IM maintenance 
appointment as presented below  [68]. The dentist must 
monitor for adverse factors that persist despite treatment 
and maintenance as well as evaluate new findings that 
arise during the maintenance session, all of which will 
have an effect on the future IM regimen and interval 
(Figure 11.2).

Review of Health Status

At the start of each appointment, it is important to review 
with the patient changes to systemic health status; this 
includes but is not limited to updates to medical diagno-
ses, new or changed medications, surgeries, and proce-
dures since the last visit, as well as updated laboratory 
results. The name and contact information for the 
patient’s medical team (primary care manager, special-
ists, pharmacists, etc.) should also be confirmed. During 
this portion of the visit, new information that might 
shorten the maintenance interval include signs of sys-
temic disease decline, such as worsening diabetic control 
as evident by rising HbA1c levels over 7%, or a new medi-
cal diagnosis that could impede a patient’s home care, 
such as a cognitive or physical impairment. In contrast, if 
it is determined that the patient has had a considerable 
improvement in the control of their systemic disease, this 
may signal an opportunity to lengthen the interval 
between maintenance visits.

Review of Dental Status

It is equally important to review any changes to the patient’s 
dental health status. This includes inquiring about visits to 
other dentists, procedures completed, and pending treat-
ment plans. Likewise, confirm the current recall interval 
and other practitioners involved in the patient’s dental 
treatment team – this is especially important in the case the 
patient splits maintenance appointments between two 
offices, such as between a general dentist and a 
periodontist.

Review Radiographs

In line with the review of dental status, the dentist should 
review radiographs and determine the need for updates to 
the radiographic record. A general rule for implant health 
surveillance is to obtain new radiographs yearly after 
implant loading. A change of greater than 0.5 mm (the 
radiographic measurement error) indicates a need to act, 
whether it be to shorten the maintenance interval or to 
place the patient back into active therapy [15].

Oral Examination

The oral examination is the critical component of the IM 
maintenance appointment. The examination should 
include an oral cancer screening exam and the assessment 
of the color, consistency, and contour of the gingiva. 

Review 
health status

Review 
dental status

Review 
radiographs

Implant
maintenance

visits

Oral 
examination

Oral hygiene
assessment

Biofilm
removal

Oral hygiene
instruction

Assess
current plan
effectiveness

Figure 11.2 The elements of a supportive implant care 
at the maintenance appointment.
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Periodontal and peri- implant charting should be  performed 
that includes probing depths, clinical attachment levels, 
mobility of teeth or implants, furcation involvement, 
assessment of keratinized gingiva/mucosa, presence of 
plaque and calculus, and bleeding on probing. Additionally, 
the evaluation includes an assessment of the color, consist-
ency, and contour of the lining or masticatory mucosa at 
the interface of the implant. Data obtained from the exami-
nation that signals a need to shorten maintenance interval 
or to return the patient to active therapy would be probing 
depths greater than or equal to 6 mm, increased plaque 
retention, increased bleeding on probing, and other clinical 
signs of a worsening status.

Oral Hygiene Assessment

During the examination, the dentist should be assessing 
the patient’s home care effectiveness and compliance by 
the presence of plaque and calculus. Attention should be 
paid to the location of the plaque as a guide to where the 
patient needs to improve their oral hygiene efficiency. 
Patients who are struggling with effective home care 
despite targeted oral hygiene instructions are candidates 
for shorter maintenance intervals.

Biofilm Removal

Once the examination and assessment portion of the IM 
appointment is complete, the clinician should complete a 
full mouth biofilm removal. For areas with no loss of 
attachment or signs of disease progression, this may be 
completed with supragingival polish. In areas of deep or 
advancing probing depths, scaling and root planing of the 
implant surface is advised. For implant sites it is important 
to pay special attention to the instrument type used, 
implant surfaces, and access for biofilm removal. Surface 
modification of dental implants contributes more bacterial 
adhesion and biofilm formation compared to natural teeth. 
This requires mechanical debridement like scaling to elim-
inate bacteria from the site of inflammation, the use of 
additional antiseptic treatment to disinfect the implant 
surface, and the application of antibiotics to remove bacte-
ria in the surrounding peri- implant tissues [75].

During this portion of the appointment, the dentist 
should also assess the need for prosthesis removal. 
As   previously mentioned, the American College of 
Prosthodontists’s position paper states that removal of 
screw- retained implant fixed prostheses for evaluation is 
not needed unless there are signs of peri- implantitis, a 
demonstrated inability to maintain adequate oral hygiene, 
or there are mechanical complications that require removal 
(Figure  11.3)  [51]. The latter guidance is consistent with 

the management of periodontal disease, when periodic 
removal of the prosthesis is necessary to perform effective 
mechanical debridement and root planing. The periodic 
removal of the prosthesis should also be performed to facil-
itate IM, although removal may not be indicated at every 
maintenance visit.

Methods for Biofilm Removal During 
Implant Maintenance

The removal of supra-  and subgingival biofilm deposits is a 
critical component of professional maintenance visits, 
with recall intervals determined by multiple clinical con-
siderations, including risk factors. Disruption of the bio-
films is most commonly achieved by mechanical 
intervention. In implant sites that exhibit no inflammation 
and are in peri- implant health, treatment should be limited 
to coronal polishing. Subgingival instrumentation is gener-
ally indicated at implant sites exhibiting bacterial deposits, 
mucosal inflammation, or signs of peri- implantitis.

Mechanical Methods
A broad selection of mechanical instruments is available 
for use in the non- surgical maintenance of implants at risk 
for disease progression. This list of instruments includes 
curettes, scalers, and modified piezoelectric or ultrasonic 
tips. It is widely considered a best practice to employ instru-
ments that are manufactured expressly for use against an 
implant surface composed of materials that minimize the 
risk of damaging the implant surface, such as plastics, 
graphite, or titanium. Unintentional modifications of the 
implant surface can hamper plaque control and, thereby, 
increase risk of disease progression [6]. Additional instru-
ments available for the mechanical debridement of implant 
surfaces include titanium brushes, lasers, and glycine 

Figure 11.3 Implant- supported prothesis with biofilm build- up 
despite design allowing for home care. Source: Courtesy of Keith 
Merchant, DDS, MS and David Bell DDS, MS.
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air- abrasives [76]. However, these options may not be prac-
tical considering maintenance therapy is conducted in a 
closed- scaling environment [77, 78].

Chemical Adjuncts
A variety of chemical agents can be used to aid in biofilm 
removal during IM, including chlorhexidine, ethylenedi-
aminetetraacetic acid (EDTA), povidone- iodine, and 
hydrogen peroxide [76, 77, 79]. The clinician can also con-
sider the use of a locally delivered antibiotic. In a six- month 
study  of a  maintenance program for implants following 
surgical treatment of peri- implantitis, topically applied 
minocycline gel improved clinical and radiographic 
parameters   [80]. A recent multicenter randomized study 
conducted by Machtei et  al. showed the efficacy of a 
Chlorhexidine- containing slow- release device (PerioChip) 
in terms of pocket reduction and clinical attachment gain 
when used as an adjunct to biweekly supragingival debride-
ment for 12 weeks as compared to supragingival debride-
ment alone  [81]. Emerging evidence on the local 
administration of antimicrobials for the treatment of peri- 
implant disease is encouraging; however, no commercially 
available antimicrobials in the United States have received 
regulatory approval for the treatment of peri- implant dis-
eases. Clinicians should exercise careful professional judg-
ment in the off- market clinical application of antimicrobial 
agents or compounds.

Miscellaneous Adjuncts
To improve access and ease of biofilm removal during 
IM appointments, the dentist might consider the adjunc-
tive application of lasers (Nd:Yag, Er:YAG, Er,Cr:YSGG, 
Diodes) to boost disinfection and endoscopes to improve 
visualization of calculus and other foreign objects [18, 78, 82]. 
However, long-term outcomes have not been well-established 
following laser therapy during regular maintenance care 
for the treatment of peri- implant disease [83].

Oral Hygiene Instruction

Upon completion of biofilm removal, the patient should be 
instructed on appropriate, customized oral hygiene instruc-
tions. Emphasis should be placed on oral hygiene tech-
niques and specific implant sites that would benefit from 
improvement. A toothbrush and dental floss remain the 
most widely recommended oral hygiene devices for 
patients. Many patients will have a need for additional 
hygiene adjuncts, such as floss threaders, specialized stiff- 
ended floss, interdental brushes, end- tufted brushes, sulcu-
lar brushes, and irrigating devices. The need for these 
adjunct devices will depend on the patient’s dexterity, loca-
tion of troubled areas, and the impact the prosthesis has on 
patient access.

Assess the Effectiveness of the Current 
Maintenance Plan

Intricately linked to all the elements and steps of a mainte-
nance appointment is evaluation of the effectiveness of the 
maintenance recall interval. As stated throughout this 
chapter, in addition to evidence of poor oral hygiene effec-
tiveness or compliance, other factors such as systemic dis-
ease status and evidence of disease progression will shorten 
or lengthen the recall interval. The next section will discuss 
specific guidelines about setting maintenance intervals.

 Interval and Considerations

Clinicians often recommend an initial maintenance inter-
val of three months for patients with a history of periodon-
titis. However, the appropriate maintenance interval is not 
the same for all patients. A five- year follow- up study dem-
onstrated the importance of IM to prevent peri- implant 
mucositis progressing to peri- implantitis  [11]. The preva-
lence of peri- implantitis (PD ≥ 5 mm, bleeding on probing 
and/or suppuration, and bone loss) was found to be higher 
among patients not in professional maintenance care 
(43.9%) compared to those receiving regular supportive care 
(18%). Longitudinal clinical results from treated and main-
tained populations, as well as data from randomized con-
trolled clinical trials, show that supportive periodontal care 
at three-  to four- month intervals is sufficient to control dis-
ease in most patients  [6, 7, 84, 85]. However, shorter or 
longer maintenance intervals may be appropriate depend-
ing on risk assessment. The clinician must customize the 
professional maintenance interval to the patient, with the 
goal of achieving long- term outcomes in peri- implant health.

Host- level Considerations

The evidence from periodontal literature suggests that, in 
general, patients previously treated for chronic periodonti-
tis and/or peri- implantitis appear to require more frequent 
periodontal maintenance. An increase in susceptibility to 
peri- implantitis also has been reported in individuals with 
a history of periodontitis  [10]. A relatively short mainte-
nance interval of three to four months is based, in part, on 
the risk for disease progression. A recent five- year prospec-
tive study assessing the risk for recurrence/progression of 
peri- implantitis following surgical therapy showed 44% of 
implants displayed recurrence/progression of disease 
during the follow- up period [73]. In addition, longitudinal 
clinical results from treated- and- maintained populations, 
and data from randomized controlled clinical trials, show 
that  supportive periodontal care at three-  to four- month 
intervals is effective in controlling disease progression in 
most persons [6, 7, 84, 85].



 pplfinng  hese  Gidelines to  hree  linical  cenarios  217

Additional host- level considerations that may guide the 
recommendation to shorten the maintenance interval 
include systemic considerations, such as uncontrolled dia-
betes, smoking, and head and neck radiation [6,14–16, 20, 
86], as well as patient age and loss of cognitive or physical 
function impacting home care  [18]. Patient compliance 
with home care instructions or effectiveness in oral hygiene 
should be considered in developing a maintenance pro-
gram. Changes in host- level factors, such as glycemic con-
trol or radiation therapy, must be considered in determining 
the interval of IM [16, 87].

Implant- level Considerations

As we have discussed above, complexity in the biofilm 
removal and prosthetics design as well as other implant- 
level factors, such as a lack of keratinized tissue, the pres-
ence of exposed or modified implant threads, as well as 
clinical signs of unstable parameters like residual probing 
depths greater than 5 mm and unresolved inflammation, 
can be used to set the baseline for the MI interval [6].

The decision algorithm can be considered a two- step 
process.

First, determine whether either (i) the prosthesis 
impedes the patient’s access to perform home care or 
(ii)  if the residual probing depth(s) limits the profes-
sional care. Second, determine whether systemic factors, 
such as  diabetes, neurologic or musculoskeletal diseases, 
or local/implant- level factors, such as pontic design 
or  a lack of keratinized gingiva are present and their 
 subsequent impact on maintenance success. The final 

recommendation must be informed by consideration of all 
relevant local and systemic factors. In  certain instances, 
the presence of one factor (such as need of periodical 
removal of the prosthesis) may drive the decision.

When a Return to Active Therapy is Warranted

The purpose of IM is to maintain peri- implant health as well 
as to recognize the development and progression of peri- 
implantitis; clinical findings may present early during follow-
 up indicating a return to a diseased state of peri- implantitis. 
In addition, untreated peri- implantitis appears to progress 
in a non- linear, accelerating pattern, and at a faster rate 
than observed in periodontitis [8]. Persistent residual prob-
ing depths ≥6 mm is a predictor for additional bone loss in 
patients diagnosed with peri- implantitis [73]. For this reason, 
a radiographic exam should be completed to evaluate bone 
levels for evidence of new loss. If a pattern of continuous 
bone loss is established, a problem- focused procedure such 
as local debridement should be performed at the time of 
IM. The latter also holds true with the return of other clinical 
signs such as thread exposure, bleeding and suppuration on 
probing, swelling of the peri- implant soft tissues, and symp-
toms of pain and discomfort. After completion of focused 
treatment and re- evaluation, the clinician should consider 
initiating a new round of active implant therapy.

 Applying These Guidelines to Three 
Clinical Scenarios

The Patient Without a History of Periodontitis and 
Peri- implant Mucositis/Periimplantitis (“Healthy” 
Dental Implants)

One may start with four to six months interval of IM.  
However, with the reported increased risk of developing 
periodontal infection and disease, the patient with host 
level (e.g. uncontrolled diabetes or smoking) and/or 
implant level risk factors (e.g. prosthesis design that limits 
access) will need close monitoring of the disease devel-
opment, especially in patients receiving implant therapy 
for the first time.

The Patient with a History of Peri- implant Mucositis

Studies have shown that good plaque control is associ-
ated with peri- implant health and peri- implant mucosi-
tis can be successfully treated by control of biofilm [4]. 
Although peri- implant mucositis may be reversible, with 
known faster progression from peri- implant mucositis to 
peri- implantitis, three to four months interval of IM is 

recommended. This interval can be modified further with 
host level (e. g. the patient with limited manual dexterity) 
and/or implant level risk factors, such as the prosthesis 
limits access or a limited amount of KG, to prevent and 
monitor the progression to peri- implantitis.

The Patient with a History of Peri- implantitis

Periodontal surgery with regular follow- up care can delay 
further periodontal destruction although it may not pre-
vent it completely  [6]. In this patient population, the 
current status of the implant sites needs to be evaluated 
carefully. With the resolution of the peri- implantitis 
(i.e.  reduced probing depths and/or arrested  bone loss), 
one may start on a three months interval and use the IM 
as an opportunity for periodic monitoring with “regular” 
course of biofilm removal. However, host- level factors 
such as dexterity or cognitive impairment, and/or implant 
level factors that may decrease the effectiveness of the IM 
such as exposed thread, a more “proactive” or additional 
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element of IM, including removal of the prosthesis peri-
odically but not necessarily at every visit, may need to be 
performed to establish the effectiveness (Figure 11.4).

In patients with implants without the resolution of 
peri- implantitis after their active therapy, i.e. residual 
PD ≥ 5 mm, it may lead to additional visits between the 

MI appointments for observation or a temporary shortening 
interval. The addition of a problem-focused procedure such 
as local debridement at the time of IM should be consid-
ered (Figure 11.5). After completion of focused treatment 
and re- evaluation, the clinician should consider initiating 
a new round of active implant therapy.

Prosthesis: 
•  Home care barriers – none/slight
•  Professional care barriers – none

Periodontal: < 5 mm PD

Prosthesis: 
•  Home care barriers – moderate
•  Professional care barriers – none/slight

Periodontal: ≥ 5 mm PD

Prosthesis: 
•  Home care barriers – severe
•  Professional care barriers – moderate/
   severe
Periodontal: ≥ 5 mm PD

Other implant-level 
factors – no

Host-level factors – 
no

Three to four
months

Other implant-level 
factors – yes

Host-level factors – 
yes

Three months

Other implant-level 
factors – no

Host-level factors – 
no

Three months

Other implant-level 
factors – yes

Host-level factors – 
yes

< Three months

Problem-focused Treatment
•  Localized non-surgical 
   treatment
•  Prosthetic retreatment if 
   applicable (i.e. change the 
   shape of pontic)
•  Shortening the internal of 
   periodontal maintenance

Figure 11.4 Overall decision-making algorithm for the determination of the supportive implant maintenance (IM) interval.
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=

Three to four
months

Not easy to self-
clean

e.g. Limited 
access, Limited 

KG
=

≤ Three
months

Multi-unit/bridge

Easy to self-clean
e.g. Favorable shape 

of pontic
=

Three to four
months

Not easy to 
self-clean

e.g. Thread 
exposed

=
≤ Three
months

Hybrid/long-span

Easy to self-
clean

=
Three

months

Not easy to 
self-clean / no 

access
=

≤ Three months

Consider 
removal of 
prosthesis to 
clean

and

Consider 
removal of 
prosthesis to 
clean

and

Figure 11.5 Decision-making algorithm for modifying the IM interval based on the cleansability/complexity in the biofilm 
removal and prosthetics design.
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 Summary

Regular professional supportive therapy is considered 
key to controlling the progression of periodontal and 
peri- implant disease. Emerging evidence underscores 
the critical role of IM in the long- term outcome of dental 
implants, particularly in persons with a history of 
 periodontitis, peri- implantitits, or both. With increased 
 complexity in the structure of dental implants and resto-
rations, when compared to the natural dentition, a cus-
tomized interval of IM and close monitoring are 
recommended to achieve long- term success. In patients 
without history of peri- implantitis, IM allows for the 

early identification and management of peri- implant 
mucositis or peri- implantitis.

Consideration of each risk factor is critical in developing 
a customized maintenance program and interval, espe-
cially for patients with a history of periodontitis, peri- 
implantitis, or both.

Patients who choose dental implant therapy to replace 
lost dental function should be carefully informed and edu-
cated on the importance IM following their treatment. This 
conversation should start early in treatment planning prior 
to commencing treatment, and the importance of adher-
ence to the IM protocol should be continuously empha-
sized and reinforced over time.
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The surgical treatment of peri- implantitis is a complex sur-
gical procedure and a clinical challenge in today’s daily 
practice. The surgical approach seems not to be compli-
cated and a straightforward process for a well- skilled and 
competent clinician, but the clinical outcome is not always 
predictable. A comprehensive review of the literature with 
the different studies performed for the treatment of peri- 
implantitis was recently published [1]. Different etiological 
factors are associated with the disease and especially the 
disease progression.

Peri- implantitis is defined as a biofilm- associated patho-
logical condition characterized by inflammation in the peri- 
implant mucosa and subsequent progressive bone loss of 
supporting bone  [2]. However, biofilm accumulation is 
dependent on the implant surface characteristics, the 
implant macro- geometry [3], the type of the prosthesis as 
well as other local and systemic factors (smoking, diabetes, 
metalosis, etc.) contributing to the disease progression [4]. 
In addition, inadequate maintenance, and oral hygiene 
(Figure 12.1) are risk indicators for peri- implantitis.

The non- surgical treatment, which consists of mechani-
cal debridement, the use of ultrasonics or laser devices, 
alone or combined with antiseptic and/or antibiotic agents, 
has not demonstrated the resolution of the disease due to 
inconsistent results according to the current literature. In 
contrast to this therapy, surgical therapy, in conjunction 
with the implant surface detoxification and debridement 
of peri- implant tissues, as a regenerative or resective 
approach, has shown greater effectiveness in terms of dis-
ease resolution as demonstrated by preclinical and clinical 
studies. Surgical augmentative peri- implantitis therapy 

resulted in improved clinical and radiographic treatment 
outcomes compared with the baseline in most studies with 
six months to 7–10 years of follow- up [5].

There is no reliable evidence suggesting which could be 
the most effective intervention for treating peri- 
implantitis  [6] and no single method can be promoted 
based on the evidence [7, 8]. Evaluating the different pub-
lished surgical treatment methods, a recent review of the 
literature concluded that the available evidence to support 
the superiority of augmentative surgical techniques for 
peri- implantitis management on the treatment outcomes 
over non- augmentative methods is limited [9]. There is no 
“gold standard,” and several techniques have been recom-
mended to treat peri- implantitis, from non- surgical to 
complex resective and regenerative surgical procedures, 
which aim at preventing inflammation and encouraging 
the regeneration of hard and soft tissues surrounding the 
implant [10].

The treatment is focused on detoxification of the implant 
surface and surrounding tissues with finally the grafting.

Different detoxification methods of the implant surface 
have been reported in the literature, such as chlorhex-
idine [11], hydrogen peroxide 3% [12], 24% EDTA [13], tetra-
cycline powder  [14, 15] (Figure  12.2), air- polishing with 
sodium bicarbonate and glycine [14] and recently the use of 
an electrolytic cleaning in conjunction with bone grafting [16].

Also, laser irradiation for implant surface detoxification 
like the use of Er:YAG laser ([17–21]), CO2 laser [22–25], 
Er,Cr:YSGG [26], 810 nm diode laser [27] or a high power 
980 nm laser  [28] have been utilized. Additional options 
have been reported, like a low- power 980 nm diode 
laser  [29] and photodynamic therapy  [30] (see also 
chapter 13).

The peri- implant bone defect debridement, methods of 
implant surface decontamination, and detoxification 
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(a) (b)

Figure 12.3 Contained defects provide the best potential for regeneration.

have been extensively reported in the literature associ-
ated with the treatment of peri- implantitis. However, the 
peri- implant bony defect configuration seems to impact 
the treatment outcome, and previous experiences 
reported that  the defect morphology dictates the treat-
ment approach [14]. Specifically, contained circumferen-
tial defects (Figure  12.3a, b) seem to have favorable 
outcomes following surgical regenerative therapy using 
natural mineral in combination with a collagen 
membrane [31].

Since contained defects have a favorable regenerative 
potential, any type of bone and bone substitutes can be rec-
ommended. Non- contained defects (one-  or two- wall) need 
the presence of good bone vascularization and stability of 
the bone particles. Growth factors (Figure 12.4) and/or sta-
bilization of the blood clot, can be performed with the use 
of CO2 or high- power diode lasers (Figure 12.5).

Therefore, autogenous bone (containing autogenous 
growth factors) or bone substitutes in combination with 
recombinant growth factors (platelet- derived growth factor/
PDGF, GEM21S) provide an excellent treatment approach.

The strategy for the surgical treatment of peri- implantitis 
is presented in the chart below.

Type of defect 
configuration Surgical approach

Vertical bone loss

1- wall GBR with autogenous bone or GBR with 
bone substitutes and growth factors or 
implantoplasty

2- wall GBR with autogenous bone or GBR with 
bone substitutes and growth factors or 
implantoplasty

3- wall GBR with bone substitutes

Figure 12.1 Inadequate plaque control around one- piece 
implants (Ledermann screw) leading to an excessive 
inflammatory reaction of the peri- implant soft tissues and 
crestal bone loss.

Figure 12.2 Detoxification of the peri- implant bony defect 
with tetracycline.
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Type of defect 
configuration Surgical approach

Circumferential GBR with bone or bone substitutes

Horizontal bone 
loss

GBR with autogenous bone or GBR with 
bone substitutes and growth factors or 
Implantoplasty

Implant mobility Implant removal and bone grafting

Also, the removal of the prosthesis for better access to the 
defects, to achieve better decontamination and defect 
debridement has been documented. Preclinical studies in 
dogs  [32] showed that open surgical treatment and sub-
merged healing improved the outcome. Also, clinical studies 
showed that treatment of peri- implant defects using a bone 

graft substitute combined with a resorbable membrane and 
submerged healing results in defect- fill and clinically health-
ier situations [33–35].

However, a clinical study with 32 clinical cases showed no 
statistically significant differences in response to treatment 
when removing or keeping the prosthesis after  regenerative 
surgery in peri- implant defects [36]. In a recent retrospective 
study, Parma- Benfenati et al.  [37] showed  successful long- 
term clinical outcomes after regenerative treatment of 
advanced peri- implantitis defects (vertical defects). They 
concluded that a success rate of 70.2% in 40 implants in an 
average follow- up period was 6.9 years (range: 2–21 years).

Consecutive case series of 170 treated peri- implantitis–
affected implants in 100 patients with follow- up measure-
ments from 2 to 10 years were published by Froum 
et al. [15]. A total of 51 implants in 38 patients previously 

(a) (b)

Figure 12.4 (a, b) The non- contained defects (clinically) and radiographically do not provide the best prognosis and require 
additional biological factors for blood clot-  as well as bone particle stabilization.

(a)

(b)

Figure 12.5 Decontamination 
of the implant surface using a 
CO2 (a) or a diode laser 
(b) demonstrating adequate 
blood clot stabilization.
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reported were followed for an additional 2.5 years, and 119 
different implants in 62 other patients were treated with 
the same protocol and monitored for at least 2 years post- 
treatment. The results concluded that of the 170 implants 
treated, 2 were lost, both at six months post- surgery, yield-
ing a 98.8% survival rate with a mean probing depth reduc-
tion (168 implants) of 5.10 mm (range of 2–12 mm) and 
average bone gain of 1.77 mm (range of 0.4–9.0 mm).

A variety of grafting materials have been tested clinically 
to evaluate the clinical outcome, with the main goal to get 
a bone fill and re- osseointegration (Figures 12.6 and 12.7).

The bone reconstruction was obtained with a variety of 
bone substitutes like autogenous bone [38–41], deprotein-
ized bovine xenograft (cancellous BioOss®) ([25]), vanco-
mycin and tobramycin impregnated allografts  [42] and 
collagen- contained grafting materials [13, 43], porous tita-
nium granules [44], and enamel- matrix derivatives [45].

Comparison between different xenografts (Endobon® 
and BioOss®; both having bovine origin) did not show any 
superiority when used in reconstructive surgery of peri- 
implant osseous defects [46].

Recent studies from private practices using combina-
tion therapy of flap reflection, surface decontamination, 
use of enamel- matrix derivative (EMD) or platelet- derived 
growth factor (PDGF, GEM21S®), and guided bone regen-
eration (GBR) with mineralized freeze- dried bone and/or 
inorganic bovine bone combined with PDGF or EMD and 
covered with an absorbable membrane and/or subepithe-
lial connective tissue graft appear to be encouraging [15]. 
The present evidence does not show any superiority to the 
specific debridement method (decontamination) and the 
use of a specific bone substitute. There is no standardized 
recommendation for submerged or non- submerged heal-
ing after grafting or the adjunctive administration of 
antibiotics [1].

The effectiveness of the outcome in the treatment of 
peri- implantitis after combination therapy with implanto-
plasty and augmentation was similar, independent if the 
implants were initially placed in pristine or grafted 
bone [47].

However, the main topic in any case of peri- implantitis 
therapy is the aspect of re- osseointegration. Studies have 
also reported that though new bone generation occurs to 
some extent, a “true” re- stabilization could not be regained 
without adjunctive GBR [48–50].

Following preclinical [48, 51, 52] and clinical [53] evi-
dence of the possibility of obtaining re- osseointegration 

around dental implants affected by peri- implantitis, sev-
eral case reports and studies proposed different recon-
structive protocols using autogenous bone and/or various 
bone substitutes utilizing also barrier membranes to treat 
peri- implantitis defects [24, 25, 33, 34, 38–40].

Preclinical studies found that while substantial 
 “re- osseointegration” occurred to an implant with a rough 
surface (SLA), the bone growth on a previously exposed 
smooth surface (turned) was minimal [48]. Nevins et al. [54] 
showed re- osseointegration after decontamination of the 
infected implant surface using the Er,Cr:YSGG laser [54].

Fletcher et al. [53] presented human histologic evidence 
of re- osseointegration after the use of calcium sulfate and 
bovine bone as grafting materials and a porcine collagen 
barrier for connective tissue and epithelial exclusion in 
conjunction with guided bone regeneration. The implant 
surface was debrided with a plastic curette, and diluted 
sodium hypochlorite, hydrogen peroxide, and sterile saline 
were used for implant surface detoxification.

In a recent systematic review on the topic of re- 
osseointegration, Lollobrigida et al. [55] showed in animal 
studies with induced peri- implantitis that rough surfaces 
can enhance re- osseointegration as compared to smooth 
surfaces. Submerged healing and barrier membranes have 
shown a positive effect on re- osseointegration. Growth fac-
tors have been shown to improve re- osseointegration in 
animal models, though additional studies are required to 
confirm the data. Several decontamination treatments 
have been shown to promote re- osseointegration compared 
to control, and no specific procedure has proven superior 
to others in achieving re- osseointegration.

The following goals should be achieved in the surgical 
treatment of peri- implantitis:

 ● Removal of the surface pathogens (i.e. biofilm) and de- 
granulation in the peri- implant defect

 ● Decontamination of the implant surface and sur-
rounding bone

 ● Creation of an attached keratinized mucosa around the 
defect to create an adequate width of mechanically sta-
ble mucosa

 ● Decrease the probing pocket depth and bleeding 
on probing

 ● Regeneration of the bone
 ● Access for implant maintenance; if needed, a modifica-

tion of the implant–supported restoration is required to 
achieve a sustainable clinical outcome.
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 Clinical Cases

Case 1 Peri-implantitis Therapy and Implant Surface Decontamination with Hydroxen Peroxide

Figure 12.6 Circumferential intrabony defect due to peri- implantitis. The defect (a) was debrided and rinsed with 3% H2O2 solution 
(b). The bone augmentation was performed with particulate bovine mineral in particulate form (c, d. Endobon granules S®, Biomet, 
Merck, France) and covered with a collagen (e) membrane (OsseoGuard®, 3i, Palm Beach Gardens, FL), immobilized with titanium tacks 
(f, g). The healing was uneventful, and the defect showed no bone resorption compared to the preoperative condition after two 
years (h,i).

(a) (b)

(c) (d)

(e) (f)
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(g) (h)

(i)

Figure 12.6 (Continued)

Case 2 Peri-implantitis Therapy in a Heavy Smoker

Implants were placed in a heavy smoker (heavy cigar smoker for more than 10 years) with type 2 diabetes (HbA1c: 7.2%). 
One year after implant placement the patient developed peri- implantitis. The defects were debrided with titanium curettes 
(a). The decontamination occurred with 3% H2O2 irrigation for one minute. A non- resorbable PTFE membrane was used 
without the use of any grafting material. The membrane was adapted around the implants (b), stabilized with titanium 
tacks (Frios®, Dentsply, Mannheim, Germany), and the flap was sutured without tension (c, d). The membrane was exposed 
after six weeks (e). Chlorhexidine mouth rinses were recommended and the membrane including the tacks was removed 
carefully after eight weeks (f). The bone regeneration after two years with the prosthetic restoration showed a significant 
improvement and new bone fill (g).



Figure 12.7 (a) Circumferential peri- implant defects in a heavy smoker; flap elevation with a buccal incision design. Immobilization of 
the membrane around the implant platform with titanium tacks and placement of healing abutments (b); flap closure with interrupted 
sutures (c). (d) Postoperative radiograph representing the size of the defect. (e) Slight membrane exposure without signs of suppuration. 
(f) Removal of the membrane and demonstration of well- vascularized granulation tissue around the implants. (g) Radiographic evidence 
of the bone fill two years after peri- implantitis therapy.

(a) (b)

(g)

(c) (d)

(e) (f)
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(a) (b)

(c) (d)

(e) (f)
Figure 12.8 Peri- implant 
lesions in the area #19–21 after 
removal of the restoration (a); 
defect after degranulation with 
curettes (b); decontamination 
with a pulsed mode CO2 laser 
(4 Watts, non- contact) providing 
blood clot stabilization in the 
defects (c); bone augmentation 
with bovine mineral (d); 
collagen membrane coverage of 
the defect immobilized with 
titanium tacks (e); new bone fill, 
around implants after two 
years (f).

The following clinical cases present laser- assisted peri- 
implantitis therapy based on the cases published in the 
recent book: Romanos GE. Advanced Laser Surgery in 
Dentistry (Wiley, 2021).

Case 3 Laser- assisted Implant Surface 
Decontamination and Peri- implantitis Therapy

The treatment of the peri- implant lesions in the area 
#19- 21  was performed after removal of the restoration 
(Figure 12.8a), periosteal flap elevation under local anes-
thesia, degranulation with curettes (Figure  12.8b) and 
decontamination with a pulsed mode CO2 laser (4 W, non- 
contact). The blood clot was stabilized in the defects 
(Figure 12.8c) and was preserved during the bone augmen-
tation with bovine mineral bone grafting material 
(Figure 12.8d). A collagen membrane covered the defects 

and immobilized them with titanium tacks (Figure 12.8e). 
The flap was closed with conventional interrupted sutures. 
The wound healing was uneventful and new bone forma-
tion around the implants was shown after two years 
(Figure 12.8f). No other clinical findings were presented.

 Case 4 Peri- implantitis Treatment Before 
Functional Loading

The case presents a peri- implantitis clinical case before 
delivery of the final prosthesis. The patient complained for 
acute pain and swelling in the mesial implant (#21 area). 
After irrigation with chlorhexidine solution to clean up the 
acute infection, a mucoperiosteal flap was elevated and the 
peri- implant bony defect was de- granulated with curettes. 
The maximum depth of the infrabony defect was 12 mm. 
The decontamination with a CO2 laser (4 W; pulsed mode) 
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was performed and the entire defect was irradiated in an 
ablative mode. Bone grafting with a bovine mineral was 
finally used to fill the defect and a collagen membrane 

covered the augmented site. The healing was uneventful 
and the clinical and radiological condition improved over 
the 3- years of follow- up (Figure 12.9).

Figure 12.9 Peri- implantitis diagnosed immediately before delivery of the final prosthesis associated with pain and suppuration 
(a, b); scaling of the defect with plastic curette (c) and measurement intraoperatively with a periodontal probe showing a depth of 
12 mm (d); decontamination with a CO2 laser (e); bone grafting with a bovine mineral (f); collagen membrane covered the augmented 
site (g); flap closure (h); uneventful healing after three months (i); radiological condition presenting bone fill after three years (j).

(a)

(c)

(e)

(g)

(b)

(d)

(f)

(h)
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(i) (j)

Figure 12.9 (Continued)

 Case 5 Peri- implantitis Treatment 
with Autogenous Bone Grafting Material

The presented case shows an advanced peri- implant bony 
defect with symptoms of peri- implantitis and no implant 
mobility. The patient was interested to maintain this 
implant and asked for surgical treatment. A flap elevation 
and a meticulous degranulation of the defect were initially 
performed. The decontamination of the defect was per-
formed with a CO2 laser (4 W, pulsed mode, non- contact) 
and final bone augmentation with autogenous bone har-
vested from the chin region (particulate with a bone mill). 
Coverage of the augmentation site with a collagen mem-
brane stabilized the particulate bone and condensed within 
the defect. The flap was closed with conventional sutures. 
The bone regeneration occurred in the next few months 
and showed an excellent crestal bone after four months 
when the implants were restored prosthetically 
(Figure 12.10).

 Case 6 Laser- Supported Treatment of Severe 
Peri- implantitis Defect

The present case demonstrates a severe bone loss of an 
implant, splinted with additional implants in the fixed 
maxillary restoration. The female 84- year- old patient 
asked me to try to do my best to save her implant, which 

was the terminal (distal) implant of the restoration and 
was an additional anchorage for a partial prosthesis. The 
patient signed the informed consent to harvest autoge-
nous bone from the tuberosity (#1) and to use this partic-
ulate graft with allograft as a composite graft (b, c) after 
debridement and detoxification of the implant surface 
using the pulsed CO2 laser in a non- contact mode. 
The  detoxification occurred for 30 seconds around the 
entire exposed implant surface (Figure 12.11d). The defect 
was filled with the composite graft and a collagen mem-
brane was used to cover the augmented site (Figure 12.11e, 
f). The flap was advanced coronally and closed with silk 
sutures (Figure 12.11g, h). The patient presented a signifi-
cant reduction of the probing pocket depth and a reces-
sion of the soft tissue (Figure 12.11i). She asked for a new 
surgical procedure to improve the clinical outcome. The 
probing was reduced without bleeding on probing or sup-
puration (Figure 12.11j). A new flap was elevated and pre-
sented significant bone fill. The defect was filled with a 
combination of BioOss collagen® and BioOss® 1–2 mm 
large granules were used to augment the site. A collagen 
membrane was used to cover the grafted site 
(Figure 12.11k–m). The two- year radiological evaluation 
showed a complete bone fill without resorption 
(Figure 12.11n) compared to the preoperative radiograph 
(Figure 12.11o) (Surgery performed together with the peri-
odontal resident: D. Papadimitriou, Rochester, NY)
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(a) (b)

(c) (d) (e)

(f) (g) (h)

Figure 12.10 Advanced peri- implant bony defect with symptoms of peri- implantitis and no implant mobility (a, b); after flap 
elevation and meticulous degranulation of the defect (c); decontamination of the defect with a CO2 laser (d); bone augmentation with 
autogenous particulate bone (e); coverage of the augmentation site with a collagen membrane (f); flap closure (g); excellent bone 
crest after four months (h).

(a) (b) (c)

Figure 12.11 
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 Case 7 Laser- Supported Treatment 
of Peri- implantitis

A 55- year- old patient was diagnosed with peri- implant 
inflammation (Figure  12.12a) associated with pain and 
suppuration and presented radiological findings of an 
advanced peri- implant osseous lesion (Figure 12.12b). The 

implant prosthesis was a screw- retained restoration, which 
was fabricated 10 years ago. The prosthesis and the abut-
ment of the failing implant were removed. Under local 
anesthesia, a mucoperiosteal flap was elevated, the peri- 
implant granulation tissue was conventionally removed 
with plastic curettes (Figure 12.12c) and subsequently, the 

Figure 12.11 (Continued)

(m) (n) (o)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)
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implant surface and the surrounding bone were decontam-
inated with the CO2 laser (average power: 4 W, c.w.). The 
laser- assisted decontamination permits good hemostasis 
(Figure 12.12d). The osseous defect was filled with bovine 
mineral bone grafting material (Figure 12.12e) and covered 
with an absorbable collagen membrane, based on the prin-
ciples of the Guided Bone Regeneration for submerged 
healing (Figure 12.12f). After four months the implant was 
uncovered, the previous abutment was placed in the same 
position and the older prosthesis was delivered. Healing 

succeeded with no complications and after four months 
the clinical situation (as well as the radiological examina-
tion showed excellent peri- implant conditions. The clinical 
situation was stable for four years (Figure  12.12g, h). 
However, 13 years later the patient decided to replace the 
bridge for esthetic reasons and mesial migration of the 
anterior teeth. The peri- implant condition showed after 21 
years a stability of the peri- implant bone, proof of the long- 
term success of the  peri- implantitis treatment concept 
(Figure 12.12i–k).

Figure 12.12 Peri- implant bone loss associated with pain and suppuration (a); radiological findings of an advanced peri- implant 
osseous lesion (b); Demonstration of the defect after degranulation (c); decontamination with the CO2- laser (d); bovine mineral bone 
grafting material (e) and coverage with a collagen membrane (f); clinical and radiographic evaluation after 4 years (g, h); The 
peri- implant condition showed after 21 years stability of the peri- implant bone without periodontal pocket (i, j, k).

(a) (b)

(c) (d)

(e) (f)
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2 years after therapyPreoperative radiograph

Figure 12.13 Significant bone fill 2 years after CO2 laser irradiation in a heavy smoker with bovine mineral as a bone substitute.

(g) (h) (i)

(k)

(j)

Figure 12.12 (Continued)

 Case 8 Treatment in a Heavy Smoker using CO2 
Laser Decontamination and Bone Mineral as a 
Grafting Material (see Figure 12.13)
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Case 9 Peri- implantitis Treatment with a 
Diode Laser

The clinical case presents a female patient with endosseous 
dental implants placed almost 4 years ago and loaded with a 
fixed prosthesis (Figure  12.14a). The patient complained 
about sub- acute pain, especially during tooth brushing. The 
clinical examination showed bleeding on probing and sup-
puration in conjunction with peri- implant intrabony defects 
at #19–20 (Figure 12.14b). After local anesthesia and muco-
periosteal flap elevation with meticulous degranulation of 
the peri- implant defects (Figure 12.14c), a 980 nm diode laser 

with a 300 μm glass fiber was used, in a non- contact mode 
and 2 W power settings for 3 x 20 seconds irradiation period.  
(Figure 12.14d).

Autogenous, particulate bone grafting material was used 
(patient decision) to fill the defects (Figure 12.14e), and a 
collagen membrane was applied and fixated with titanium 
tacks (Figure 12.14f). The flap was closed with interrupted 
silk sutures. The sutures were removed after one week. The 
healing was uneventful and after one year the clinical and 
radiological evaluation (Figure 12.14g, h) showed a signifi-
cant increase of the bone fill around the failing implants 
and no clinical symptoms of inflammation.

(a) (b)

(c) (d)

Figure 12.14 (Continued)
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Case 10 Treatment of Peri-implantitis in a Diabetes 
Patient Using a Pulsed 980 nm Diode Laser

A circumferential defect with vertical component (a) 
due to peri- implantitis was debrided and irradiated with 
a 980 nm pulsed diode laser (b) for 30 seconds (non- 
contact, non- initiated tip, 320- micron glass fiber, 2 W). 
The blood clot was stabilized (c) before bone grafting 
allograft material (Puros®, ZimVie, Palm Beach Gardens, 
FL) filled the defect (d). A collagen membrane (e) cov-
ered the augmented site. The implant was healed in 
submerged mode. Therefore, the cover screw was 
placed, and the flap was advanced for primary closure. 
Six months after treatment, the implant was loaded 
with the previous prosthesis. The pre- operative, post- 
operative condition, six- month follow- up, and the five 
years follow- up presenting a complete bone fill are 
demonstrated in Figure 12.15f–i. The peri- implant clini-
cal measurements showed a general healthy condition 
( j) after five years.

(Surgery was performed together with the resident: 
Dr. K. Brocavich, Stony Brook University, NY).

Case 11 Treatment of Peri- implantitis Using 
a Pulsed 980 nm Diode Laser

Peri- implantitis defect before implant loading was debrided 
by titanium curettes and the implant was decontaminated 
with a pulsed 980 nm diode laser for 20–30 seconds 
(320  micron glass non- initiated fiber) and 2- w average 
power in a non- contact mode (Figure 12.16a).

A composite graft (allograft – Puros® and autogenous bone 
from the ramus) was used to fill the vertical two- wall defect 
(Fig. 12.16b). The bone particles were compressed under a 
collagen membrane (Fig. 12.16c, d), which was stabilized 
with titanium tacks (Fig. 12.16c, d). The flap was advanced 
and closed with vertical mattress sutures. The implant was 
healed in submerged mode (Fig. 12.16e). Nine months later, 
the implant was uncovered (Fig. 12.16 f). The complete bone 
fill is presented in Figures  12.16f, g when the flap was 
elevated for the removal of the titanium tacks. The final 
restoration was delivered 7  months later. The follow- up 
radiograph 14 months later shows the crestal bone stability 
(Fig. 12.16h). (The patient was treated with the residents 
E. Rexha and N. Estrin, Stony Brook University, NY)

(e) (f)

(g) (h)

Figure 12.14 Peri- implant infrabony defects at #19–20 (a, b); meticulous degranulation of the peri- implant defects (c); a 980 nm 
diode laser was used to irradiate the defects (d); autogenous, particulate bone grafting material was used to fill the defects (e); a 
collagen membrane was fixated around the augmentation area (f); clinical and radiological evaluation (g); bone fill around the failing 
implants one year after grafting (h).
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(a) (b) (c)

(d) (e) (f)

(g) (j)

(h)

(i)

Figure 12.15 
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Figure 12.16 

(a) (b)

(c) (d)

(e) (f)

(g) (h)
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Figure 12.17 (a) Peri- implant subacute swelling in #14 under antibiotic treatment before drainage. (b) Peri- implant bleeding on 
probing with deep probing more than 15 mm in the #14. (c, d) Peri- implant defect due to excess of cement after flap elevation 
demonstrating the severe bone loss in conjunction with palatal vertical defect. (e) A long fracture was diagnosed at the tooth #13 and 
required a tooth extraction (f). After debridement of the defect and decontamination with H2O2 3% for one minute (f) the defect was 
filled with a composite graft of allograft (Lynch Biologics) (g) and platelet- derived growth factor (PDGF, GEM 21S) and covered with a 
collagen membrane. The membrane was stabilized with titanium tacks (h) and the flap was closed without tension (i). The patient was 
recommended to use mouth rinse with StellaLife® for five months. The clinical outcome was improved over this healing period (j). The 
radiographic evaluation before, after grafting and five months later is shown in the periapical radiographs (k). (l) After a full- thickness 
flap elevation for implant placement at the site #13, a significant defect closure was demonstrated at the area #14 and complete 
bone regeneration palatally. However, new grafting was required for complete bone regeneration. Eight months later implant 
uncovering (#13) and removal of the tacks shows a complete bone fill around the implants #13 and #14 (m). The implant was restored 
two months later representing good clinical (n) and esthetic outcomes with radiographically crestal bone stability two years after 
treatment (o, p). Postoperatively, the patient was rinsing the oral cavity 3–5×/day with the herbal- based mouth rinse StellaLife® which 
supports the wound healing and has also beneficial effects in the tissue regeneration. (q, r) Mouthrinse for surgical site 
decontamination (herbal basis) promoting wound healing after surgery.

(a) (b)

(c) (d) (e)

Case 12 Peri-implantitis Therapy in 
Conjunction with Growth Factors

Peri-implant subacute swelling in #14 under antibiotic treat-
ment before drainage (Fig. 12.17a–d). Peri-implant defect due 
to excess of cement after flap elevation demonstrating the 
severe bone loss. A long fracture was diagnosed at the tooth 
#13 and required a tooth extraction (Fig. 12.17e, f). After 
debridement of the defect and decontamination with H2O2 
3% for one minute the defect was filled with a composite graft 
of allograft and platelet-derived growth factor, covered with a 
collagen membrane (Fig. 12.17g). The membrane was stabi-
lized with titanium tacks and the flap was closed (Fig. 12.17h, 
i). The clinical outcome was improved over this healing period 

(Fig. 12.17j–l) After a full-thickness flap elevation for implant 
placement at the site #13, a significant defect closure was 
demonstrated at the area #14 and complete bone regeneration 
palatally. However, new grafting was required for complete 
bone regeneration. Eight months later implant uncovering 
(#13) and removal of the tacks shows a complete bone fill 
around the implants #13 and #14 (Fig. 12.17m). The implant 
was restored two months later representing good clinical and 
esthetic outcome and radiographically crestal bone stability 
(Fig. 12.17n-p). Postoperatively, the patient was rinsing the 
oral cavity 3–5×/day with the herbal-based mouth rinse 
StellaLife, which supports the wound healing and has also 
beneficial effects in the tissue regeneration (Fig. 12.17q, r).
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(j)

(k)

Before grafting

(i)(h)

Post grafting 5 mo. after grafting

(f) (g)

Figure 12.17 (Continued)
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(l)

(m) (n)

Figure 12.17 (Continued)

linical ases



Surgical Treatment of Peri- implantitis244

The following clinical cases have been treated by 
different clinicians and included here to provide fur-
ther information about various concepts of surgical 
treatment of peri- implantitis. These cases show mul-
tiple decontamination methods of the implant 

surface as well as grafting materials including growth 
factors to contribute to the bone growth around 
implants and possibly re- osseointegration (implant 
long- term success).

(o) (p)

(q) (r)

Figure 12.17 (Continued)
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Case 1 (Treatment provided by Dr. Paul Fletcher, Stony Brook, NY)

The patient presented with 8 mm pocketing, a buccal 
mucogingival problem, and radiographic symmetrically 
appearing vertical bone loss around tooth #19 
(Figure 12.18a, b, c). After obtaining informed consent, the 

patient was premedicated with 500 mg of amoxicillin and 
anesthetized with 2% xylocaine w/1  :  100,000 epineph-
rine. Buccal and lingual sulcular incisions were placed 
from #’s 18–20, the soft tissue was reflected, and the bony 

(a) (b)

(c) (d) (e)

(f) (g) (h)

(i) (j) (k)

Figure 12.18 
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Case 2 (Treatment provided by Dr. Paul Fletcher, Stony Brook, NY)

The patient presented with inflammation, 9 mm pocketing, 
radiographic evidence of both horizontal and vertical bone 
loss, and a buccal mucogingival problem due to a shallow 
vestibule around an implant in the #20 position 
(Figure 12.19a, b). After receiving the patient’s informed con-
sent, she was premedicated with 500 mg of amoxicillin and 
anesthetized with 2% xylocaine w/1 : 100,000 epinephrine. 
Following an unsuccessful attempt to remove the incom-
pletely seated splinted implant restoration, buccal and lin-
gual sulcular incisions were placed to elevate full- thickness 
flaps from #’s 19–21. The peri- implantitis defect was visual-
ized and titanium curettes were used for soft tissue degranu-
lation and to mechanically decontaminate the implant 
surface. To chemically achieve surface detoxification the 
implant threads and collar were meticulously burnished with 
sterile saline on a small cotton pellet, and copious irrigation 

with sterile saline from a Monojet syringe was used in the 
osseous defect and on the implant surface to further dilute 
the microbial concentration to a sub- inflammatory level 
(Figure 12.19c). The osseous defect was filled with slowly 
resorbing calcium sulfate (Nanogen, Orthogen LLC) and was 
covered on the buccal and lingual with a porcine collagen 
membrane (Dynamatrix, Keystone Inc.) (Figure 12.19d). The 
flaps were sutured with 4- 0 Vicryl sutures (Figure 12.19e). 
Amoxicillin 500 mg and metronidazole 500 mg were pre-
scribed three times daily for 10 days. The patient was advised 
not to brush the surgical site for two weeks and to rinse with 
0.12% chlorhexidine for 30 seconds twice daily.

(Surgical treatment performed in collaboration with 
Christos Constantinides, DDS, former post- doctoral resi-
dent in Periodontics, Columbia University College of 
Dental Medicine, New York, NY).

defect visualized. Granulomatous tissue in the defect was 
debrided using a carbon fiber curette, and residual dental 
cement was seen apical to the crown margin (Figure 12.18d). 
Following removal of the cement, the implant surface was 
mechanically decontaminated with a carbon fiber curette 
(Figure 12.18e) and was chemically detoxified by firmly 
and thoroughly burnishing it for one minute with a cotton 
pellet soaked in sterile saline (Figure 12.18f). The osseous 
defect was filled with a cortico- cancellous bone combina-
tion (Puros, Zimmer Biomet) (Figure 12.18g), and a dermal 
allograft (Perioderm, Dentsply) was placed over the buccal 
and lingual aspects of the defect to act both as a barrier 
membrane [56] and to serve as a connective tissue graft 
to  aid in the resolution of the mucogingival problem 
(Figure 12.18h). Dermis has been shown to remain occlu-
sive to vascular and connective tissue ingrowth for at least 
2 months while an autogenous connective tissue graft will 
show vascular ingrowth within 10  days. The soft tissue 

flaps were re- approximated utilizing 4- 0 Vicryl sutures 
(Figure 12.18i) and the patient was placed on amoxicillin 
500 mg tid × 10  days and ibuprofen 400 mg prn q4- 6h. 
Seventeen- month follow- up images show the resolution 
of both the mucogingival defect and the infrabony bone 
loss (Figure 12.18j, k). While the result was satisfying to all 
involved, it is important to note the only outcome of the 
osseous grafting aspect of this procedure that can validly 
be claimed is the achievement of radiographic evidence of 
bone fill. In the absence of prior histologic proof of princi-
ple confirmation, re- osseointegration (defined as new 
direct bone- to- implant contact on a previously contami-
nated implant surface), cannot accurately be claimed, using 
this or any other decontamination and grafting technique.

(Surgical treatment performed in collaboration with 
Siyan Lin, DDS, former post- doctoral resident in 
Periodontics, Columbia University College of Dental 
Medicine, New York, NY).

Figure 12.19 (f) is a seven- month postoperative clinical image of the surgical site showing healthy tissue and the height of the 
gingiva in relation to the crown margin of #20, and (g) shows a 3 mm probing depth on the buccal of #20. (h) At the 12- month 
post- surgical visit the patient complained of soft tissue soreness on the buccal of #20. The gingiva had receded 3 mm and the 
sulcular margin was slightly retractable due to the pull of the vestibule. It was decided re- enter the area and deepen the vestibule 
using an apically positioned split thickness flap and augment the keratinized gingiva using a free gingival graft, while 
simultaneously clinically evaluating the results of the prior surgery. After receiving the patient’s informed consent and following 
the administration of local anesthetic, a buccal sulcular incision was placed with a vertical release mesial to #20. A split thickness 
flap was elevated, with the periosteum on the buccal of #20 being moved aside to allow for visualization of what appeared to be a 
calcified fill of the infrabony component of the original defect with a bone like material closely abutting the implant surface (i). As 
in the previous example, as favorable as the result was using this technique, true re- osseointegration cannot accurately be claimed 
without a histological section or prior proof of principle histology [57]. A free gingival graft from the palate was subsequently 
placed on the buccal of #’s 19 and 20 (j), the soft tissue flap was sutured apically to deepen the vestibule, and periodontal pack 
was used for protection during initial healing process (k). The final result shows resolution of the peri- implantitis defect, a 
deepening of the vestibule, and an adequate zone of buccal keratinized gingiva (l), (m) is a 12- month post- operative radiograph 
showing a radiopaque fill of the infrabony component of the lesion. 



(a) (b)

(c) (d) (e)

(f) (g) (h)

(i) (j) (k)

(m)(l)

Figure 12.19 (Continued)
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Case 3 (Treatment provided by Dr. Paul Fletcher, Stony Brook, NY)

The patient presented at the dental clinic of the 
Department of Periodontics of the State University of Rio 
de Janeiro Brazil with advanced bone loss around five 
implants supporting a mandibular screw- retained implant 
overdenture (Figure  12.20a–k). The proposed treatment 
plan was to remove the implants labeled #’s 2 and 3 in 
Figure 12.20a and augment the extraction sites for future 
implant placement while simultaneously attempting to 
regenerate bone around the implants labeled #’s 1, 4 and 
5. After further evaluation of a cross- sectional scan show-
ing the size and shape of the bony defect around implant 
#3 (Figure 12.20b), the patient agreed to allow us to keep 
this implant and graft and treat it similarly to the implants 
being retained and treated, prior to subsequently remov-
ing it for histological evaluation. A study protocol was 
developed at the State University of Rio de Janeiro and 
approved by the Ethics Committee of the University 
Hospital Pedro Ernesto (CE- HUPE) in full accordance with 
the World Medical Association Declaration of Helsinki. It 
was accepted by the patient and his oral and written 
informed consent was received prior to treatment.

Following the removal of implant #2, Figure  12.20c 
shows plaque and calculus on the surface of implant #3 
being mechanically debrided with a plastic curette. 
Figure 12.20d shows the implant surface being chemi-
cally detoxified by thorough burnishing with cotton pel-
lets soaked in sequential solutions of 0.25% sodium 
hypochlorite (NaClO), a 50  :  50 3% hydrogen peroxide, 
and sterile water solution (H2O2- H2O). Additionally, the 
6 mm wide horizontal and 11 exposed thread vertical 
components of the osseous defect can be visualized. 
Figure 12.20e shows a 50 : 50 graft combination by vol-
ume of bovine bone (Bio- Oss, Geistlich) and calcium sul-
fate (NanoGen, OrthoGen) in the defect, with the platform 
of the implant removed so it could be submerged during 
the healing process. Figure 12.20f shows a porcine col-
lagen membrane (Dynamatrix, Keystone Dental Group) 
with a punch hole the diameter of the implant placed 
over the implant to serve as a barrier membrane. The 
other remaining implants were treated in a similar man-
ner. Figure 12.20g shows the surgical site sutured with 
the test implant submerged.

Upon surgical re- entry at six months only 8 threads 
of  implant #3  were now exposed (Figure  12.20h). The 

implant was removed en bloc and the supracrestal 
threads were sectioned horizontally from those embed-
ded in bone. A low- power SEM of the super osseous 
implant surface shows the characteristic microanatomy 
of the pores of an additive anodized implant surface. The 
surface is free of bacteria, but some residual inorganic 
mineralized material is evident adjacent to and within 
the pores of the surface (Figure 12.20i).

Following processing of the implant/bone core, a SEM 
shows pre- existing apical bone, remodeling pre- existing 
bone, new bone, and particles of bovine bone graft mate-
rial. The pre- existing bone is denoted by the presence of 
interstitial bone (see arrow and blue star) which stains 
lighter as it’s more mineralized and has no rings. The 
darker- appearing bone around the remnants of intersti-
tial bone is actively remodeling old bone. Above the 
most coronal remnants of old bone, in direct contact with 
the implant surface, are three threads of well- integrated 
new bone, evidenced by its relative lack of organization, 
increased cellularity, vascularity, number of marrow 
spaces, and incorporated particles of bovine graft mate-
rial (Figure 12.20j).

The histologic section (Figure 12.20k) expands on the 
findings of the subcrestal SEM photomicrograph. The 
section confirms the presence of dense new bone- to- 
implant contact against the top 3 threads coronal to the 
old bone with no evidence of epithelial or connective 
tissue down growth between the bone and the implant. 
There are no inflammatory cells visible against the 
implant or in the bone away from the implant surface. 
The particles of bovine bone that remain have moved 
away from the implant surface during the healing pro-
cess to allow for direct apposition of new bone to the 
implant.

This proof of principle case demonstrates that re- 
osseointegration, defined as direct bone- to- implant con-
tact on a previously contaminated implant surface, is 
possible in a human using readily available, low- cost 
medicaments such as NaClO, H2O2 and NaCl for decon-
tamination purposes [53].

(Surgical treatment performed in collaboration with 
Daniel Deluiz, DDS, PhD, former post- doctoral researcher, 
Faculty of Dentistry, State University of Rio de Janeiro, 
Rio de Janeiro, Brazil).
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(a) (b) (c)

(d) (e) (f)

(g) (h)

(i) (j) (k)

Figure 12.20 
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Case 4 (Treatment provided by Dr. John Rose, Smithtown, NY)

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 12.21 (a) Preoperative radiograph: note the severe bone loss at implants #18 and 20. (b) Intraoperative buccal view: 
prosthesis was removed, and gingival flap elevated showing severe bone loss at both fixtures. (c) Intraoperative lingual view 
showing the moat like characteristic of the defects. Implant surfaces would be debrided with air abrasion using glycine powder and 
hydrogen peroxide 3% chemical detoxification. (d) Intraoperative buccal view: mineralized cancellous allograft, soaked in 
rhPDGF. (e) Intraoperative view: a crosslinked collagen membrane was cut and fitted over the allograft. (f) Immediate post- operative 
radiograph showing the allograft filled to the coronal level of the defects. (g) Postoperative radiograph taken at two months. 
(h) Postoperative radiograph taken at eight months showing evidence of radiographic bone fill, prosthesis was replaced. 
(i) Postoperative photograph at 8 months prior to replacement of the prosthesis. Note: healthy appearance of the soft tissue 
surrounding the fixtures. 

Peri-implantitis case presentation utilizing air abrasion 
using glycine powder, hydrogen peroxide 3% chemical 

detoxification and mineralized cancellous allograft in con-
junction with  rhPDGF (Fig. 12.21).
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Case 5 (Treatment provided by Dr. John Rose, Smithtown, NY)

(a)

(c) (d) (e)

(f) (g) (h)

(b)

Figure 12.22 (a) Preoperative radiograph of implant #10 showing severe bone loss. (b) Preoperative clinical photograph of 
implant #10. (c) Intraoperative photograph showing severe bone loss on the mesial and buccal of implant #10. (d) Intraoperative 
photograph showing the placement of mineral cancellous allograft which was soaked in rhPDGF. (e) Intraoperative photograph of 
a crosslinked collagen membrane cut and fitted over the bone graft. (f) Intraoperative photograph showing complete closure with 
a 4- 0 Vicryl suture. (g) Immediate postoperative radiograph showing allograft placement. (h) Postoperative radiograph taken at 
18 months showing radiographic evidence of bone fill. 
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Case 6 (Treatment provided by Dr. John Rose, Smithtown, NY)

(b)(a) (c)

(d) (e) (f)

Figure 12.23 (a) Preoperative photograph showing significant recession and inflamed tissue at implant #13 with recession at 
tooth #14. (b) Preoperative radiograph of the upper left quadrant. Implants were placed approximately 20 years ago. 
(c) Intraoperative view showing slight bone loss at implant #13 with thin facial bone. (d) Intraoperative view of a sub- epithelial 
connective tissue graft placed and sutured down at implant #13 and tooth #14. (e) Postoperative photograph five months after soft 
tissue augmentation. Note increased soft tissue over implant #13 and tooth #14 with a reduction in gingival inflammation. 
(f) A five- month clinical comparison presenting the improvement of the soft tissues around the implant and adjacent tooth.
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Figure 12.24 (a) Pre- operative photograph of a two- unit splinted implant prosthesis and a single- unit prosthesis. (b) Preoperative 
radiograph. (c) Intraoperative photograph: implant #28 with a severe moat like defect and dehiscence of the buccal plate. Local factors 
present on the surface of the implant fixture. (d) Intraoperative photograph: implant #28 treated with Titanium curette, glycine- air 
abrasion, hydrogen peroxide for two minutes and the sterile saline rinse for 30 seconds. (e) Intraoperative view of bone grafting. 
(f) Intraoperative photograph: bone graft covered with a collagen membrane, secured around the fixtures and healing abutments. 
(g) Intraoperative radiograph: Flaps adapted with PTFE sutures. (h) Immediate postoperative radiograph. (i) Postoperative radiograph at 
eight months. Prosthesis was sectioned a single unit was replaced at #28 for esthetics. The bone fill is well demonstrated  
(i) compared to the preoperative condition (j).

(a) (b)

(d)(c) (e)

(f) (g)

Case 7 (Treatment provided by Dr. John Rose, Smithtown, NY)
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Figure 12.24 (Continued)

(h) (i) (j)

Case 8 (Treatment provided by Dr. John Rose, Smithtown, NY)

Figure 12.25 (a) Preoperative photograph showing a sinus tract at the buccal of implant #9. (b) Preoperative radiograph showing 
severe bone loss at implant #9. (c) Intraoperative photograph showing severe buccal dehiscence at #9. There is a moat like palatal 
defect not visible in this picture. (d) Intraoperative photograph showing application of hydrogen peroxide at the implant surface. 
Air abrasion with glycine proceeded this with hydrogen peroxide. (e) Intraoperative photograph showing the positioning of a 
collagen membrane on the palatal aspect of the implant. (f) Intraoperative photograph showing the application of mineralized 
cancellous graft. (g) Intraoperative photograph of a collagen membrane covering the buccal and interproximal aspects of the bone 
graft. (h) Postoperative radiograph of site sutured with 4- 0 vicryl. (i) Immediate postoperative radiograph of implant #9.

(a) (b) (c)

(d) (e) (f) (g)

(h) (i)
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Case 9 (Treatment provided by Dr. John Rose, Smithtown, NY)

Figure 12.26 (a) Preoperative view showing a 7 mm probing depth at the buccal of implant #8. (b) Preoperative radiograph 
showing bone loss at implant #8. (c) Intraoperative buccal view showing severe bone loss on the buccal aspect of the implant. 
(d) Intraoperative buccal view showing the use of air- abrasion with glycine powder to decontaminate the exposed implant surface. 
(e) Intraoperative buccal view showing the use of 3% hydrogen peroxide to decontaminate the exposed implant surface. 
(f) Intraoperative buccal view showing the use of citric acid to decontaminate the exposed implant surface. (g) Intraoperative 
buccal view showing the use of doxycycline slurry to decontaminate the exposed implant surface. (h) Intraoperative buccal view of 
the addition of mineralized cancellous allograft previously soaked in rhPDGF. (i) Intraoperative buccal view of the addition of a 
crosslinked collagen membrane sutured in place. (j) Intraoperative buccal view of the addition of enamel matrix derivative added 
to a secured crosslinked collagen matrix and the surround hard and soft tissues. (k) Immediate postoperative buccal view of flap 
replaced with 6- 0 polypropylene sutures. (l) Immediate postoperative radiograph.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Peri-implantitis defect at the buccal aspect of the implant 
using air-abrasion with glycine powder and 3% hydrogen 

peroxide to decontaminate the exposed implant surface 
(Fig. 12–26).
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Case 10 (Treatment provided by Drs. Stavros Sofos and Maria Hernandez, Nova Southeastern University, Fort 
Lauderdale, FL)

A patient with a history of hypothyroidism and hypercho-
lesterolemia (properly medicated for both) was referred 
due to the presence of BoP and SoP on implants in posi-
tions 30 and 31 (Straumann BL implants placed in 2009). 
Crowns were removed by the restorative provider 
(Figure 12.27a–c).

Intraoral radiographs indicated a 1C circumferential 
bone defect with the presence of excess cement distal to 
both implants (Figure 12.27d–e).

Treatment:

1) Non- surgical therapy: The site was debrided using 
titanium curettes and copious irrigation with chlo-
rhexidine 0.12%. The patient then rinsed with chlo-
rhexidine 0.12% twice daily for 14 days.

2) Surgical therapy: Three weeks later, the combined 
approach for the treatment of peri- implantitis was 
conducted. Implant abutments were removed and 
substituted with cover screws. A midcrestal incision 
was made extending from the mesial of tooth #27 to 
the distal of the last implant onto the ascending 
ramus. A full- thickness flap was then reflected, and 
all granulomatous tissue was removed. The clinical 
configuration of the defects closely matched the 
radiographic findings (Figure  12.27f–g). The supra-
bony portions of the implants were treated with 
implantoplasty (Figure 12.27h), while the intrabony 
portions were treated with EDTA for three minutes 

(Figure  12.27i), followed by copious irrigation with 
saline, followed by chlorhexidine 0.12%, and finally 
with saline again. A slow resorbing bone graft (DBBM) 
was placed in both defects (Figure 12.27j) and cov-
ered with a non- crosslinked native CM. Buccal and 
lingual periosteal releases were made and the surgi-
cal site was closed by primary intention using PTFE 
3/0 sutures (Figure 12.27k). The patient was properly 
medicated.

3) The patient returned for a seven- day post- op. pre-
senting uneventful healing. Sutures were removed 
after three weeks (Figure 12.27l).

After six months, the patient returned for re- entry. 
Periapical radiographs showed radiographic bone fill of 
the defect with 1 mm of the implant remaining above 
the alveolar crest, corresponding to portions of 
the  implants that received implantoplasty (Figure 
12.27m–n).

Implants were uncovered, healing abutments were 
placed, and a free gingival graft (FGG) was placed buc-
cally to correct the lack of attached gingiva. Four months 
later the patient was cleared for restorations 
(Figure 12.27o), and the patient received final abutments 
and crowns (Figure 12.27p–q). To date (two years later), 
the area shows no inflammation nor increased PPDs, and 
radiographic bone levels appear to be stable 
(Figure 12.27r).



Figure 12.27 (a) Initial presentation (occlusal view). Crowns were previously removed by the restorative provider. (b) Buccal view. 
Note the suppuration buccal of the implant in position #31. (c) Lingual view. (d, e) Intraoral radiographs show radiopaque image 
distal of both implants, compatible with restorative material. (f) Surgery (three weeks after non- surgical treatment). Restorative 
abutments replaced by cover screws. Flap elevation. Granulomatous tissue around both implants. (g) Peri implant defect and 
implant surface after removal of granulomatous tissue. (h) Implantoplasty was perfomed buccally on implant surface with 
suprabony exposure (suprabony defect). (i) Implant surface treated/detoxified with cotton pellets soaked in EDTA 24% for 
2 minutes. (j) DBBM bone particulate bone graft added to the defects. A native collage membrane was placed on top of the bone 
graft (no picture). (k) Flap was released by means of a buccal periosteal releasing collagen, then repositioned tension- free and 
sutured using PTFE 3/0 sutures. (l) Three- week follow- up. (m, n) Radiographs were taken at day of uncovering (six month after 
the surgical procedure). (o) Four months after uncovering and FGG. The patient was cleared for restoration. (p, q) Final restoration. 
(r) Two- year radiographic follow- up. (Treatment provided by Dr. Stavros Sofos, Fort Lauderdale, FL)

(a) (b)

(c) (d)

(e) (f) (g)

(h) (i) (j)
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(r)(q)

(p)(o)(n)

(m)(l)(k)

Figure 12.27 (Continued)



Case 11 (Treatment provided by Drs. Stavros Sofos and Sharlene Demehri, Nova Southeastern University, Fort 
Lauderdale, FL)

Patient with a history of hypertension (medicated and 
controlled), presented for evaluation of implant bridge 
from #3 to #6 position (cement- retained). Implants were 
placed in 2008 on a healed ridge). Upon clinical evalua-
tion, increased probing depths (4–9 mm), bleeding on 
probing (BoP) and suppuration (SoP) on the implant in 
position #6  were noted (Figure  12.28a–c), having a 
cement- retained restoration. Radiographic examination 
revealed approximately 50% bone loss mesially, and 30% 
distally, likely with the absence of buccal and lingual 
plates (Figure 12.28d). Implant #6 was diagnosed with 
peri- implantitis, with possible excess cement as a con-
tributing factor.

Treatment:

1) The restoration was removed (being able to ade-
quately preserve it), and a cover screw was placed in 
#6 and a healing abutment in #3 position, to allow for 
soft tissue healing over implant #6.

2) On the day of surgery, soft tissue had started to cover 
implant site #6 (Figure 12.28e). A full- thickness flap 
was raised (Figure 12.28f), and granulomatous tissue 
was removed (Figure  12.28g). Implant surface 

detoxification mechanically with titanium curettes 
and titanium brushes with saline. Chemically surface 
was treated with 24% EDTA (Figures 12.28h–i)

3) GBR was completed with rhPDGF + FDBA, adding 
DBBM over FDBA, and a crosslinked collagen mem-
brane (Figure 12.28j).

4) The periosteal release was performed achieving flap 
passivity, and the membrane was stabilized with peri-
osteal sutures (Figure 12.28k).

5) Primary closure was achieved, suturing with PTFE 4- 0 
(Figure 12.28l–m). Healing occurred uneventfully and 
sutures were removed 4 weeks (Figure 12.28n).

6) The uncovering of the #6 implant was done at six 
months (Figure 12.28o–s). PA radiograph shows bone 
fill mesial and distal, CBCT shows buccal bone fill 
(Figures 12.28t–u). The healing abutment was left in 
place for two months in order to assess for peri- 
implant tissue stability.

7) At eight months, peri- implant tissues showed sta-
bility, without the presence of inflammation 
(Figures 12.28v–x).

8) Replacement of original bridge at eight months post- 
surgery. Recession present, reduction in PPD, and no 
suppuration (Figure 12.28y).

Figure 12.28 (a) Initial presentation, frontal view. (b) Initial presentation, buccal view. (c) Initial presentation, palatal view. (d) Initial 
presentation PA radiograph. Note approximately 50% of bone loss mesially, 30% of bone loss distally. (e) Four weeks after bridge 
removal, replacement of restorative abutment with cover screw in #6. (f) Open flap. Note granulomatous tissue. (g) Granulomatous 
tissue removal. (h) Debrided implant surface (after being treated with EDTA). Evidence of large bone defect 9. around the implant, lack 
of buccal bone, and partial vertical component on the lingual wall. (i) Same as 8, occlusal view. (j) Particulate bone graft in place 
(allograft embedded in rh- PDGF, veneered with DBBM). (k) Site was over- augmented and covered with a crosslinked collagen 
membrane, held with periosteal sutures. (l, m) Flap closure using PTFE sutures. (n) Suture removal after four weeks. (o, p) Six months 
post- op. healed ridge, uncover visit. (q–s) Implant uncovering. (t) Periapical radiograph, six- month post- op. (u) CBCT, six- month post- op. 
(v–x) Two months following uncover. Note the stability of peri- implant soft tissues. (y) Definitive restoration in place.

(a) (b) (c)

(d) (e) (f)



(q) (r)

(s)

(t) (u)

(m)

(n)

(o)

(p)

(g) (h) (i)

(j) (k) (l)

Figure 12.28 (Continued)
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(y)

(v) (w) (x)

Figure 12.28 (Continued)

Case 12 (Treatment provided by Drs. Sharlene Dehmeri and Jeffrey Ganeles, Nova Southeastern University, Fort 
Lauderdale, FL)

Healthy patient presents to clinic for assessment of 
implant in #19 position. The implant was placed in 2015, 
non- platform- switched, and loaded with a screw- 
retained crown (Figure 12.29a).

Clinical examination revealed increased PPDs, BoP and 
SoP (Figure 12.29b–d). Diagnosed as peri- implantitis.

Treatment:

1) The crown was removed.
2) A full- thickness flap opened buccal and lingually. 

Granulomatous was tissue removed (Figure  12.29e). 
Implant surface detoxification was done mechani-
cally with titanium curettes and titanium brushes and 
with Saline. Implantoplasty was completed on micro 
threads (Figure 12.29f). Placed cover screw.

3) Flap advanced via a periosteal releasing incision. GBR 
was completed with rhPDGF + DBBM + FDBA and non- 
crosslinked collagen membrane (Figure 12.29g).

4) Membrane stabilized with periosteal sutures  – 
Chromic Gut 4- 0.

5) Sutured using PTFE 4/0. Primary closure was achieved; 
an immediate radiograph was taken (Figure 12.29h–
i). Sutures were removed at four weeks post- op.

6) Uncover the implant at six months (crown altered to 
close mesial open contact). The periapical radiograph 
shows bone fill mesial and distal (Figure 12.29j).

7) A 2- year follow- up: Recession present, reduction in 
PPD, and no suppuration. The radiograph shows sta-
ble crestal bone levels (Figure 12.29k–n).
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k)

(m) (n)

(l)

Figure 12.29 (a) Initial radiograph. (b, c) Initial presentation. Note suppuration on probing. (d) Initial presentation lingual. (e) Open 
flap. (f) Implantoplasty performed in most coronal aspects (micro threads). (g) Bone regeneration. (h) Flap repositioned and sutured. 
(i) Radiograph immediately after surgery. (j) Radiograph at the time of uncover and crown reconnection. (k–m) Two years follow up. 
(n) Two- year follow- up radiograph.
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 Introduction

Similar to periodontitis, surgical therapy of peri- implantitis 
includes both regenerative and resective approaches  [1]. 
During resective surgery of peri- implantitis, the goal is to 
remove granulation tissue, eliminate osseous cratering, 
and apically position the tissues. This is often done in com-
bination with implantoplasty in which the goal is to smooth 
the implant threads and rough surface of the implant to 
provide a smoother surface unfavorable to biofilm forma-
tion  [1]. However, implantoplasty is controversial in the 
amount of titanium particles expelled into the surrounding 
tissue during the process  [2, 3]. Surgical therapy also 
involves decontaminating the implant surface and apply-
ing biological materials, such as bone grafts, membranes, 
and growth factors in an attempt to regenerate the lost 
implant–supporting structures [4].

Whether the treatment is non- surgical therapy, or sur-
gical therapy, the goal in treating peri- implantitis is to dis-
infect the implant surface  [5]. Even in resection of the 
peri- implant tissues, implantoplasty is often done in order 
to remove the contaminated titanium oxide layer and 
threads of the implant and provide a smoother surface 
less favorable for biofilm formation [4], while managing 
periodontitis on the other hand, teeth are debrided with 
curettes removing a superficial layer of cementum and 
bacterial load in the periodontal pocket prior to periodon-
tal repair. However, curettes have shown to be ineffective 
against implant surfaces  [5]. Additionally, utilizing 
curettes against implant surfaces has been shown to cre-
ate titanium particles in the surrounding tissues, poten-
tially contributing to  the inflammatory response  [3]. 

Therefore, alternative methods are pursued in decontami-
nating the implant surfaces including chemotherapeu-
tics, such as antiseptics and antibiotics, as well as laser 
irradiation and photodynamic therapy [6]. Laser irradia-
tion allows for the decontamination of the implant pro-
viding a useful adjunct in the management of 
peri- implantitis [7].

The term “laser” is an acronym for “Light Amplification 
for Stimulated Emission of Radiation”  [8, 9]. Laser light 
differs from standard light in that it is monochromatic, 
coherent, and collimated [8, 10]. Each laser  system has an 
active medium that directly contributes to the monochro-
matic wavelength produced. Knowledge of the various 
wavelengths is critical as this directly relates to the type of 
laser- tissue interaction utilized  [8, 10]). Specifically in 
medicine, there are four different types of interactions with 
tissues  [8, 9]. These include absorption, reflection, trans-
mission, and scattering of the laser light  [8, 9]. While 
absorption is the most desired outcome, the type of laser- 
tissue interactions depends on both the laser wavelength 
and the characteristics of the tissue [8, 9]. Depending on 
the laser wavelength, there are different effects in both 
hard and soft tissues as well as titanium surfaces [7, 8, 9]. 
Given that different wavelengths exhibit different laser- 
tissue interactions depending on the targeted chromo-
phore, each wavelength will exhibit different interactions 
with the titanium surface. Lasers in the treatment of peri- 
implantitis in general lacks significant evidence due to the 
difficulties of conducting randomized controlled clinical 
trials in a split- mouth fashion. Therefore, more publica-
tions are needed from basic in-vitro studies, animal studies, 
and various clinical case series and randomized clinical 
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trials. The purpose of this chapter was to review the char-
acteristics of various laser wavelengths available in den-
tistry and discuss their effects on current evidence on 
interactions with titanium implant surfaces and treatment 
in peri- implantitis.

 Diode Lasers for Peri- implantitis Therapy

Diode lasers are classified by having a semi- conductor as 
their active medium with resulting wavelengths in the 
infrared and near- infrared spectrum. While the most com-
monly utilized laser wavelengths in dentistry range from 
810 to 980 nm, a new 445 nm blue light has shown promis-
ing results in wound healing and warrants further investi-
gation [11, 12] (Figure 13.1).

Given that diode lasers have a relatively high absorption 
coefficient for melanin and hemoglobin, near- infrared diode 
lasers are advantageous when utilized for coagulation and 
soft tissue surgery [10]. Diode lasers are commonly used in 
clinical settings due to the relatively low cost and smaller 
size when compared to other wavelengths such as the 
Nd:YAG and Er:YAG [13, 14]. The delivery method for diode 
lasers is fiberoptic tips which provide versatility to its 
use  [15, 16] (Figure 13.2). Initiators such as articulating 

paper or a cork provide a dark pigmented mass at the end of 
the fiberoptic tip which focuses the laser beam. This pro-
vides concentrated maximum energy on the targeted tissue, 
creating a “hot tip” for precise cutting of the soft tissues [15, 
16]. Diode lasers are very effective in cutting soft tissue pre-
cisely and are known for stalling and dragging during the 
cutting process if not reinitiated  [14]. However, this is an 
advantage of diode lasers as the tissue can be “felt” while 
cutting unlike the non- contact devices, such as CO2 and 
erbium lasers  [14]. In contrast, non- initiated tips can be 
used in a non- contact modality to provide a defocused beam 
aiding in coagulation or for photobiomodulation  [10]. To 
further increase its versatility, diode lasers are commonly 
utilized during photodynamic therapy where a photosensi-
tizer is activated by the laser light to carry out a desired pho-
tochemical effect. When evaluating the potential and use of 
diode lasers in peri- implantitis, it is important to consider 
the method utilized and the combination of initiated, ver-
sus non- initiated tip in addition to the wavelength. 
Additionally laser safety protocols to control overheating 
and risks from laser irradiation.

 Effects of Diode Lasers 
on Titanium Surfaces

Previous studies on laser- irradiated titanium discs with 
either Nd:YAG and 980 nm diode lasers showed that the 
980 nm diode laser displayed no surface damage even at 
15 W compared to the use of pulsed Nd:YAG laser which 
melted the titanium surface and created cracks and other 
surface damages [17]. This is consistent with the study by 
Kreisler et al. in which the Nd:YAG, Ho:YAG, Er:YAG, CO2, 
and GaAlAs (diode) lasers were compared on various 
implant surfaces. Sandblasted, acid- etched, plasma- sprayed, 
hydroxyapatite- coated, and smooth titanium disks were 

Figure 13.1 New developed diode laser with visible blue light 
(445 nm) and near- infrared 970 nm laser wavelength (Sirona, 
Bensheim, Germany).

Figure 13.2 Irradiation of an implant for decontamination of 
the implant surface (810 nm diode, Ivoclar, Amherst, NY).
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irradiated with different laser groups and analyzed via SEM 
and energy dispersive spectroscopy  [18]. Consistent with 
the previous studies mentioned, the Nd:YAG laser- induced 
melting, cracking, and crater formation on all implant sur-
faces. The Ho:YAG laser also produced these surface altera-
tions on all tested surfaces. The Er:YAG and the CO2 laser 
caused surface alterations only when utilized at higher 
power output, specifically with superpulsed mode for the 
CO2 laser. The GaAlAs (809 nm) appeared to be the safest 
laser and did not induce any damage on any of the tita-
nium disks [18]. Another in-vitro study analyzed the ther-
mal changes on titanium surfaces after irradiation with 
diode, Er:YAG, and CO2 lasers [19]. The diode laser demon-
strated clinically unacceptable temperature changes for 
both the 810 and 980 nm when utilized in continuous 
mode  [19]. Therefore, carefully selected parameters are 
required when utilizing diode lasers on implant surfaces. 
Similarly, in-vitro studies assessed the thermal effect of the 
445 nm diode laser on five dental implant systems. The 
studies showed that laser irradiation systems can prevent 
harmful rises in temperature and surface alteration when 
used at moderate laser parameters [20]. It was shown that 
the 445 nm wavelength caused temperature increases of 
more than 10 °C at or above the 0.8 W power level working 
in continuous wave mode for 5 seconds and in pulsed mode 
at 3 W for 20 seconds with 10% duty cycle. The highest rises 
in temperature were seen in the Straumann Pure ceramic 
implant, lowest temperature observed in the Ankylos system.

 Clinical Studies

In a clinical, split- mouth trial involving 10 patients with 48 
implants, a diode laser (810 nm) as an adjunct to traditional 
scaling was evaluated. However, the trial concluded that the 
diode lasers did not yield any positive influence on peri- 
implantitis when used in conjunction with mechanical 
therapy  [21]. In another randomized clinical trial, 27 
patients requiring treatment for peri- implantitis were 
treated with either conventional non- surgical therapy alone 
or in combination with the 810 nm diode laser [22]. With a 
total of 125 implants (750 sites) included, the authors found 
a statistically significant reduction in PPD and BOP in the 
treatment group compared to the control group. However, 
the study only had a follow- up of six months. Both of these 
studies were included in a systematic review evaluating the 
management of peri- implantitis with the diode laser in 
non- surgical therapy  [23]. All three studies included uti-
lized the 810 nm wavelength. While the two studies dis-
cussed above showed statistical significance with the diode 
as an adjunctive therapy, the randomized clinical trial by 
Bach et  al.  [24] failed to report a statistical significance 

between the two groups after a five- year follow- up [24]. Due 
to the high heterogeneity of the studies, no meta- analysis 
was completed. Therefore, the results of the systematic 
review were that additional studies are needed, and the evi-
dence thus far does not support the adjunctive use of diode 
lasers in non- surgical peri- implantitis therapy.

In regard to surgical therapy, a randomized clinical trial 
evaluated the efficacy of utilizing a diode laser as an adjunct 
in conventional open- flap debridement of failing implants. 
With 19 patients evaluated, both groups showed significant 
improvement in periodontal parameters after six months of 
treatment. However, the group irradiated with the diode 
laser only provided marginal improvement in CAL, while 
no difference between test and control groups was noted for 
PD and BOP  [25]. However, more studies are necessary 
with the 810 nm and other diode wavelengths in the surgi-
cal management of peri- implantitis.

Summary of Diode Lasers 
in Peri- implant Therapy

While there is a lack of clinical trials on the use of diode 
lasers in peri- implantitis therapy, in-vitro results are prom-
ising. Studies by Kreisler et al. and Romanos et al. displayed 
no surface alterations to the titanium disks with an 810 and 
980 nm diode laser when compared to the Nd:YAG laser 
which produced irreversible changes  [17, 18]. While the 
adjunctive use of surgical therapy with the 810 nm diode 
laser showed promising results by Papadopoulos et al. [25], 
additional studies are necessary. Additionally, a newer 
diode wavelength of a visible blue light with a 445 nm wave-
length has been suggested to have improved hemostatic 
effects and wound healing potential [12, 26]. However, this 
wavelength has not yet been investigated clinically in peri- 
implantitis treatment. Given that the goal of laser irradia-
tion in peri- implant and periodontal protocols is to produce 
a blood coagulum in the base of the pocket to promote 
regeneration, the blue light might be a useful tool in peri- 
implantitis. However, more research with this wavelength 
is necessary, especially in in-vivo applications. While there 
is a general lack of study on diode lasers in peri- implantitis 
therapy, it is important for future studies to evaluate both 
initiated and non- initiated tips as well as the variable wave-
lengths available in the diode family.

 Nd:YAG Lasers in Peri- implantitis Therapy

Nd:YAG lasers have a solid- state active medium in which 
about 1% of the yttrium is replaced with neodymium. The 
resulting wavelength is 1064 nm therefore having a deep 
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penetration depth in soft tissues [7, 9] a strong coagula-
tion affect [5, 10] and has also been successful in decon-
taminating the periodontal pockets  [27]. While its first 
use in dentistry was for the removal of caries  [28] the 
Nd:YAG laser is primarily utilized for periodontal therapy 
and soft tissue excision  [7]. The Nd:YAG laser is most 
commonly known today by its trademarked technique: 
Laser- Assisted New Attachment Procedure (LANAP®), 
which includes a specific protocol for periodontal regen-
erative therapy that has been verified with histological 
evidence  [29, 30]. Although it is one of the most com-
monly utilized lasers in periodontal therapy, it has the 
deepest penetration depth in soft tissue [7] and due to a 
high risk of overheating (Figure 13.3), this laser is only 
utilized in dentistry in a pulsed setting.

While it’s success in periodontal therapy is well docu-
mented, the Nd:YAG has actually shown to have detrimen-
tal effects when utilized on implant surfaces. Block 
et al. [31] reported irreversible changes including melting, 
loss of porosity, cracking, and ruptures on the surfaces of 
the HA- coated implant in an in-vitro setting  [31]. 
Alarmingly, this occurred at all power settings tested. In 
a different study by Romanos et al. [17], three different tita-
nium discs which were either hydroxyapatite (HA)- coated, 
titanium plasma sprayed (TPS), or sandblasted were irradi-
ated with an Nd:YAG or 980 nm diode laser [17]. Scanning 
electron microscopy displayed extensive melting in all 
Nd:YAG laser irradiated areas. All disks that were TPS and 
HA- coated displayed damage from the dental pulsed 
Nd:YAG laser, even at the lowest power setting of 2.0 W [17].

 Summary of Nd:YAG Lasers in 
Peri- implant Therapy

In summary, the undesirable outcomes with the Nd:YAG 
laser on titanium implants are well documented [17, 18, 32, 
33. Only when utilized in a soft setting the Nd:YAG 
achieved desirable results  [34]. Therefore, it is becoming 
increasingly understood by clinicians that utilizing the 
Nd:YAG laser on implant surfaces should be avoided.

Erbium Lasers in Peri- implantitis Therapy

The pulsed Er:YAG laser (2940 nm) has the dual ability to 
effectively ablate both soft and hard biological tissues with 
minimal thermal side- effects, due to its high absorption by 
water (Figure 13.4) [35, 36]. The Er,Cr:YSGG laser (2780 nm), 
another laser type from the erbium laser family, also shows 
performance similar to the Er:YAG, with a difference being 
that the Er,Cr:YSGG laser’s energy is absorbed more by 
hydroxyl (OH−) ions than by water molecules  [37]. Thus, 

erbium lasers can be applied not only for oral soft tissue sur-
gery but also for hard tissue treatments such as caries 
removal, root surface debridement, bone ablation, as well as 
implant surface debridement  [38]. Currently, erbium laser 
systems have the broadest range of periodontal and peri- 
implant applications (Figure 13.5) [7, 38, 39].

Tissue Ablation and Wound Healing 
Following Erbium Laser Irradiation

Erbium lasers evaporate soft tissues via photo- thermal 
effects, delivering precise ablation with the advantage 
(among available dental lasers) of minimal thermal 
effects  [40–42], particularly when used in combination 
with a water spray  [38, 40]. Between the Er:YAG and 
Er,Cr:YSGG lasers, the effect of soft tissue ablation is 
reportedly greater for Er:YAG, with less thermal side- 
effects, compared to Er,Cr:YSGG [40, 43]. The width of the 
coagulation layer on porcine gingival tissue following 
erbium laser ablation is minimal: approximately 18 μm 
with water spray for Er:YAG and 33 μm for Er,Cr:YSGG 
with water spray [40]. Compared to electrosurgery, Er:YAG 
laser surgery shows much less thermal change in gingiva 
as well as faster and more favorable gingival wound heal-
ing [44]. These characteristics make the erbium laser a suit-
able choice for peri- implant soft tissue management  [7]. 
Erbium lasers can also ablate hard tissues such as calculus, 
root cementum and dentin, and bone without major ther-
mal damage  [38, 39, 45]. This is accomplished through 
“thermo- mechanical” effects based on the production of 
“micro- explosions” of water molecules within the hard tis-
sues [38, 39, 46, 47].

Figure 13.3 Titanium surface showing melting after Nd:YAG 
laser irradiation.
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In addition, lasers possess the interesting and characteris-
tic property of bio- stimulation effects (photobiomodulation: 
PBM) induced by low power laser energy [48, 49]. Briefly, 
during soft tissue surgery with high power laser irradiation, 
a certain amount of low energy simultaneously scatters or 

penetrates into the surrounding or underlying tissues, stim-
ulating biological response and promoting wound healing/
regeneration  [50]. The Er:YAG laser, also capable of PBM 
effects, induces promotion of cell proliferation [51–54] and 
enhances calcification on osteogenic cells [55–57].
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Figure 13.4 Laser absorption spectrum for water. 
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Figure 13.5 Erbium Laser apparatuses and associated handpieces. (a) Er:YAG, Erwin AdvErLTM Evo, J. Morita Mfg. Corp., Kyoto, Japan 
(b) Er:YAG, LightTouch, Light Instruments Ltd., Yoknea, Israel (c) Er:YAG, LightWalker AT S NE, Fotona, d.o.o., Ljubljana, Slovenia 
(d) Er,Cr:YSGG, Waterlase iPlus, BIOLASE, Inc., California, USA.
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Effects of Erbium Lasers 
on Titanium Surfaces

Erbium lasers cause no visible changes to the titanium sur-
face under appropriate irradiation conditions, although irra-
diation at high energy levels produces distinct surface 
changes on titanium [58–64] (Figure 13.6). The use of water 
spray minimizes temperature elevations of titanium during 
Er:YAG laser irradiation [58, 65]. The Er,Cr:YSGG laser can 
also be applied safely and effectively on the titanium surface 
in a manner similar to that with the Er:YAG laser [62, 66, 67].

The erbium lasers are capable of effectively removing 
calcified deposits and plaque on micro structured surfaces 
[64, 67–70], when compared to conventional mechanical 
methods such as ultrasonics, plastic or titanium curettes, 
or cotton pellets  [71–73] (Figure  13.7). The Er:YAG laser 
possesses a high bactericidal potential on implants with 
different surface characteristics, even at low energy 
densities  [74]. Erbium laser decontaminated surfaces 

recover their biocompatibility, showing the attachment of 
osteoblasts or fibroblasts [61, 67, 75, 76]. Thus, both Er:YAG 
laser and Er,Cr:YSGG laser irradiation are effective meth-
ods for decontamination without surface alterations under 
suitable irradiation conditions [7, 77].

The erbium lasers can preserve most of the microstruc-
tured surfaces under suitable irradiation conditions, but 
the anodic oxidized surface cannot be preserved by the 
Er:YAG laser  [59, 64, 78]. With the anodized microstruc-
ture, instead of being preserved, complete peeling off the 
oxidized layer followed by exposure of a fresh rough tita-
nium surface has been proposed [79, 80]. Thus, erbium 
lasers generally show effective and safe application for the 
debridement of microstructured titanium surfaces except 
for anodized surfaces. Nonetheless, when erbium lasers are 
used on titanium surfaces, the operator always needs to be 
mindful of the irradiation parameters and conditions so as 
not to induce the concentration or accumulation of heat 
during irradiation [7, 62, 64].

Stereo-
microscopy

(× 200)
SLA®

SEM
(× 5000)

Stereo-
microscopy

(× 200)

TiUnite®

SEM
(× 5000)

Water (+)

50 mJ/pulse

Water (–)

Control 30 mJ/pulse 40 mJ/pulse 50 mJ/pulse

Figure 13.6 Stereomicroscopy and scanning electron microscopy (SEM) images of commercially available micro- structured titanium 
implants after Er:YAG laser irradiation. Er:YAG laser spot irradiation was performed at 30, 40, and 50 mJ/pulse (energy density: 10.6, 
14.2, and 17.7 J/cm2/pulse) and 30 Hz in near contact mode for five seconds. For the SLA® surface, 30 and 40 mJ/pulse with water spray 
showed no changes in stereomicroscopy observations, but 40 mJ/pulse produced a slight change. In SEM images, 40 and 50 mJ/pulse 
with water spray showed slight melting. Without water, 50 mJ/pulse produced severe thermal changes. For the TiUnite® surface, the 
anodized microstructure was always destructed, resulting in exposure of a fresh rough titanium surface (arrowheads) below the 
original microstructure. Arrows indicate color change, melting, cracking, or resolidification of the micro structured surface. Control: 
non- irradiated control; Water: water spray. (Source: Lasers in Medical Science © 2013 / with permission from Springer Nature).
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 In-vivo Studies of Erbium Lasers 
in Peri- implantitis Therapy

Erbium lasers, different from other high- power lasers, can 
be advantageously applied not only for fixture debride-
ment but also for degranulation in the peri- implant bone 
defect [60, 81–83].

In animal studies on surgical therapy of peri- 
implantitis, Schwarz et al. [84] reported that the applica-
tion of Er:YAG laser irradiation during flap surgery 
seemed to promote re- osseointegration on contami-
nated implant surfaces more than plastic curettes plus 
metronidazole gel and ultrasonic devices in a circumfer-
ential crater- like bone defect. Takasaki et  al.  [85] also 
demonstrated that the Er:YAG laser debridement of 
bone defects as well as implant surfaces tended to pro-
duce greater bone- implant contact than curette treat-
ment in flap surgery for experimentally- induced 
peri- implant infection in dehiscence- type defects in 
dogs (Figure  13.8). Nevins et  al.  [80] observed in dog 
experiments that Er:YAG laser decontamination of 
implant surfaces allowed for regeneration and improved 
bone- to- implant contact.

 Clinical Studies

Recently, erbium lasers have been increasingly applied 
non- surgically and surgically in peri- implantitis treat-
ment [7, 86, 87].

 Non- surgical Therapy

In non- surgical applications, Schwarz et  al.  [72, 88] 
reported that Er:YAG laser treatment led to significant clin-
ical improvements six months after therapy with a signifi-
cant higher reduction of BOP compared to mechanical 
debridement using plastic curettes and antiseptic therapy, 
but its effectiveness seemed to be limited to a period of six 
months and may not be sufficient for the maintenance of 
failing implants in the long term due to a remaining mixed 
chronic inflammatory cell infiltrate in the connective tis-
sue stroma  [89]. Also, Renvert et  al.  [1] and Persson 
et  al.  [90] reported that clinical improvements following 
the non- surgical treatment of peri- implantitis lesions using 
an Er:YAG laser was limited at six months.

From systematic reviews, although Muthukuru et al. in 
2012 [91] and Yan et al. in 2015 [92] reported that Er:YAG 
laser non- surgical treatment could potentially provide 
short- time additional benefits in comparison to conven-
tional treatment, Kotsakis et  al. in 2014  [93] and Mailoa 
et  al.  [94] could not identify any superiority of laser 
treatment.

Thus, based on the current evidence of short- term bene-
fits of laser use in peri- implant disease, non- surgical laser 
therapy might be useful as initial treatment for controlling 
acute inflammation before surgical therapy  [86]. Non- 
surgical therapy seems to not always be sufficient for 

(a)

(b)

Figure 13.7 Stereomicroscopy images of contaminated 
microstructured surface of an explanted implant after 
Er:YAG laser irradiation and ultrasonic scaling (US) with a 
plastic tip. Before treatment, calcified deposits (arrowheads) 
were evident on the microstructured surface (a). Er:YAG laser 
irradiation was performed at 20 and 30 mJ/pulse (energy 
density: 7.1 and 10.6 J/cm2/pulse) and 30 Hz under water spray 
in near contact mode. Calcified deposits were effectively 
removed without visible damage to the microstructured surface 
in all treated areas (b). Thin white- gray fragments (possibly 
plastic debris) were observed throughout the US- treated 
area (b). (Source: Lasers in Medical Science © 2013 / with 
permission from Springer Nature).
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complete healing of peri- implantitis sites [88], which indi-
cates that depending on the case, a surgical approach may 
be necessary for the treatment of peri- implant lesions in 
order to achieve favorable clinical healing.

On the other hand, Al- Falaki et al. [95] reported that the 
use of Er,Cr:YSGG laser is effective as a non- surgical aid in 
the management of peri- implantitis in the majority of their 
cases, but precisely speaking, their method included not 
only implant surface debridement but also bone defect 
debridement, suggestive of flapless surgery. Mizutani 
et al. [86] also reported the method of minimally invasive 
flapless surgery (Figure 13.9).

 Surgical Therapy

In the surgical approach, erbium lasers have some advanta-
geous therapeutic effects allowing thorough debridement 
of implant surfaces as well as bone defects, and thus have 
potential to induce improved or favorable bone healing [60, 
82, 96]. Compared to conventional mechanical instru-
ments, erbium lasers allow more effective debridement of 

the narrow and deep bone defects in the early stage of peri- 
implantitis (Figure 13.10).

Previously, several case studies have demonstrated suc-
cessful treatment outcomes, with significant pocket depth 
reduction as well as excellent bone regeneration, following 
surgical therapy with Er:YAG laser debridement and bone 
augmentation (Figure 13.11) [79, 80, 97–99]. Reported that 
surgical therapy is a predictable method for treating peri- 
implant disease but that laser treatment of the exposed 
implant surface during surgery of peri- implantitis did not 
prove to be beneficial. In a similar vein, Schwarz 
et al.  [100–102] indicated in their RCT studies, including 
Er:YAG laser treatment, that the method of surface debride-
ment and decontamination had no significant impact on 
clinical outcomes following surgical therapy of advanced 
peri- implantitis lesions.

Recently, Norton et al. [103] reported in their prospec-
tive closed cohort study that the Er:YAG laser can decon-
taminate the implant surface and allow for 
re- osseointegration. The baseline mean PPD for the origi-
nal 27 implants was 5.9 mm while at the one- year review, 
the remaining 24 implants had a mean PPD of 3.1 mm 

(a) (c) (e)

(b) (d) (f)

Figure 13.8 Surgical treatment of 
experimentally induced dehiscence- 
type peri- implantitis lesions in dogs. 
At the time of access for therapeutic 
surgery, all defects were filled with 
granulation tissue (a and b). 
Degranulation and implant surface 
decontamination were performed by 
either an Er:YAG laser device (c), or 
plastic curets (d). At four months 
following therapy, favorable 
formation of new bone was observed 
in the laser group (e) when compared 
to the control group (f). Villanueva 
golder stain, bar = 500 μm, BBD, 
bottom of the bone defect; CBD, 
coronal level of bone defect. (Source: 
Lasers in Medical Science © 2007 / 
with permission from Springer Nature.
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and signs of inflammation were notably diminished over-
all. In 2021, Wang et  al.  [104] reported, in their rand-
omized controlled clinical trial, that following the 
adjunctive use of Er:YAG laser to modulate and remove 
inflammatory tissue as well as to decontaminate the 
implant surface, the Er:YAG laser group demonstrated 
significantly higher PPD reductions at the site level com-
pared 13 to the control group and that Er:YAG laser treat-
ment during peri- implantitis regenerative therapy may 
aid in better probing PD reduction. Thus, in the case of 
Er:YAG laser application, its use for bone defect debride-
ment might have more advantageous impacts, compared 
to conventional mechanical therapy, due to its antibacte-
rial and PBM effects.

Summary of Er:YAG Lasers in Surgical 
Peri- implant Therapy

Lasers are gradually being applied in the surgical treatment 
of peri- implantitis. Based on current evidence, erbium lasers 
are promising laser systems as they can be used to debride 
both contaminated fixture surfaces and bone defects. 
Although erbium laser peri- implant therapy tends to show 
better results in animal studies, significant benefits of 
erbium laser therapies have not yet been demonstrated in 
the limited number of clinical studies. Recently, the 
American Academy of Periodontology best evidence con-
sensus statement in 2018  [105, 106] reported that “When 
lasers are used to treat peri- implantitis surgically, most stud-
ies show a reduction in bleeding on probing; however, 

(a) (b) (c)

(d) (e) (f)

Figure 13.9 Non- surgical therapy (minimally invasive flapless surgery) of peri- implantitis with Er:YAG laser in a 57- year- old male. 
After the use of systemic antibiotics in the acute phase of peri- implantitis, probing pocket depth at the mesial- palatal site of the #26 
(FDI) was reduced from 6 mm two weeks earlier to 5 mm with bleeding on probing (BOP) (a). Following crown removal, a gingival cleft 
was evident in the mesial interdental gingiva (b). The inflamed gingival tissue was removed and diseased granulation tissue was 
thoroughly removed from the bone defect in the mesial site using only a Er:YAG laser at approximately 35 mJ/pulse (panel setting 
70 mJ/pulse, energy density: approximately 12.0 J/cm2/pulse) and 25 Hz in contact mode under water spray leaving two threads of 
fixture surface partially exposed. The exposed microstructured fixture surface was also carefully debrided with the Er:YAG laser. The 
buccal and palatal gingival tissue was further ablated with the Er:YAG laser to prevent a distinct gingival defect production and to 
obtain smooth interdental gingival architecture following wound healing. Effective and safe debridement was achieved without any 
visible signs of major thermal damage such as carbonization and coagulation on the laser- treated gingival, bone, and implant fixture 
surfaces. After debridement, a sufficient amount of bleeding was observed in the defect, and non- contact defocused irradiation without 
water spray was used to perform coagulation according to the Er:YAG laser- assisted comprehensive periodontal therapy (Er- LCPT) 
protocol [7]. The coagulation was performed in order to establish a stable blood clot in the gingival defect and surrounding gingival 
tissue (c) Following surgery, an uneventful healing was observed, and no complications or side effects were observed in the treated 
tissues. Three weeks after surgery, a concave gingival contour was still observed in the mesial interdental area (d). The defect gradually 
diminished and disappeared around four months due to the regeneration of healthy gingival tissue (e). Six years following surgery, the 
condition was well maintained, and no signs of gingival inflammation were observed. The probing depth decreased to 2 mm without 
BOP (f) (Case details provided by Akira Aoki) (Source: Mizutani K et al. Lasers in minimally invasive periodontal and peri-implant therapy. 
Periodontol 2000 © copyright 2016 / with permission from John Wiley & Sons) [86].
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Figure 13.10 Surgical therapy of peri- implantitis with Er:YAG laser. 64- year- old male. Before surgery (a), the probing depth around 
implants at the site of #14 - 16 (FDI) was maximally 7 mm with bleeding on probing (BOP). The mesial site of the #14 implant (14i) 
showed a probing depth of 7 mm with BOP (b). The palatal view before surgery (c). After flap reflection, debridement of bone defects 
and fixture surfaces was effectively performed with the Er:YAG laser at 30–40 mJ/pulse (panel 60–80 mJ/pulse, 10.7–14.2 J/cm2/pulse) 
and 20–25 Hz under saline water spray. In particular, the bone defect around 14i was very narrow and deep, and only the thin 
400 μm- diameter contact tip was available for insertion and debridement of the defect (d). In such a case, entire fixture debridement 
using the laser was incomplete. Nonetheless, a decontamination effect from the explosive ablation of water was expected during 
irradiation. After debridement, moderate to severe vertical bone defects were observed around 14i and the #16 implant (16i), and a 
fenestration (arrow) was observed in the buccal bone around the apex of the #15 implant fixture (15i) (e). The palatal site of 14i also 
demonstrated vertical bone resorption with reduced marginal bone height (f). Before flap replacement, osseous recontouring was 
performed around implants to correct irregular bone contours using the Er:YAG laser. Autogenous bone collected from the area distal 
to 16i was grafted in the vertical bone defects around all the implants, and guided bone regeneration (GBR) using absorbable 
membranes was performed at the buccal fenestration site of 15i and palatal vertical bone defect of 14i. One week after surgery, 
wound healing was uneventful (h) except for membrane exposure (arrow) which was noted at the palatal inter- implant area of 14i 
and 15i (i). Later, the exposure was gradually minimized and eventually resolved. Eight months post- surgery, peri- implant tissues 
stabilized without inflammation although some gingival recession occurred (k, l). The probing depth at all sites, including the mesial 
site of 14i, decreased to 2–3 mm without BOP. GBR: guided bone regeneration. (Source: Aoki A et al. Periodontal and peri-implant 
wound healing following laser therapy. Periodontol 2000 © 2015 / with permission from John Wiley & Sons, Inc) [7].
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short- term data demonstrate inconsistency with regard to 
pocket depth reduction, clinical attachment level gains, and 
bone fill.” Thus, further long- term randomized controlled 
clinical trials are needed to establish the superiority of 
erbium laser applications in the non- surgical and surgical 
management of peri- implantitis. Nevertheless, based on 
previous reports and clinical experiences, it can be  concluded 
that the application of erbium lasers has some technical and 
therapeutic advantages as an alternative or adjunctive 
modality in the management of peri- implant diseases.

CO2 Lasers

The CO2 laser was the first laser used in dentistry [14] and 
is available at the 10,600 nm and the newer 9300 nm wave-
lengths. The carbon dioxide laser has a high affinity for 
absorption of water (although it absorbs water 10 times less 
efficiently than Er:YAG), and hydroxyapatite with a shal-
low penetration depth [107]. With its ability to coagulate, it 
is ideal for soft tissue use and for removing epithelial tissue 
without causing damage to the underlying connective 

(a) (b) (c)

(i)(h)(g)

(d) (e) (f)

Figure 13.11 Surgical therapy of peri- implantitis with Er:YAG laser- assisted bone regeneration therapy (Er- LBRT) [64]. A 55- year- old 
male. The pocket depths around the #23 (FDI) (23i) and #25 implants (25i) were over 12 and 8 mm with bleeding on probing (BOP), 
respectively (a, b). Radiographically, crater- like bony defects were observed around the 23i and 25i (c). Granulation tissue removal and 
implant surface debridement were performed using an Er:YAG laser at 50 mJ/pulse (Panel setting: 70 mJ/pulse) and 20 Hz with water 
spray in near contact irradiation mode (d). After debridement, no obvious thermal change was noted on the implant and bone surfaces 
(e). Bovine bone mineral (InterOss, SigmaGraft) mixed with blood was grafted into the bony defects to the crest of the 23i and 25i 
fixture platforms (f). A blood clot induction procedure was performed with non- contact defocused Er:YAG laser irradiation without 
water spray (g). Soft tissue healing was favorable, and pocket depths were reduced to 3 mm without BOP after one year (h). Under 
radiographic examination, a bone- like dense tissue was evident around the 23i and 25i surfaces and the original bone defects 
appeared successfully repaired at the one- year follow- up (i). (Source: Lin et al. Clinical evaluation of multiple peri-implant bony defect 
management by Er:YAG laser-assisted bone regenerative therapy. J Dent Sci © 2019 / with permission from Elsevier) [97] [85, 97].
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tissues [107, 108]. Here, the wavelength 9300nm should be 
indicated with the CO2 laser. The 10600nm CO2 cannot 
ablate enamel  and dentin. Melcer et al. [109] provided his-
tological evidence in an animal study displaying formation 
of secondary dentin and sterilization of the dentin and 
pulp with the CO2 laser [109]. Given that the laser is non- 
contact, it is more technique- sensitive with precise aiming 
and manual control of the focal point [14].

CO2 Lasers in Peri- implantitis Therapy

The first clinical case report was presented in 1999  in a 
German scientific journal [110].

In a later study by Kreisler et al. (2002) the CO2 wave-
length was utilized without damaging the implant sur-
face only when proper parameters were utilized [18]. 
This is consistent with an in-vitro study by Deppe 
et al. [111] in which the CO2 laser displayed melting and 
other surface alterations only on specific parameters, 
specifically in superpulsed mode [111]. However, in con-
tinuous mode, no surface alterations were found, even at 
higher power outputs [111]. The bactericidal efficacy of 
the carbon dioxide laser on a contaminated implant sur-
face was also evaluated as well as surface changes, tem-
perature rise, and cell adhesion [112]. Titanium disks 
contaminated with P. gingivalis and S. sanguis were irra-
diated with an expanded CO2 laser beam with tempera-
ture measured with a thermograph and the surrounding 
fibroblasts and osteoblasts were monitored for migration 
into the irradiated area  [112]. They observed that all 
microbial cells were killed in the irradiated area, without 
a rise in surface temperature. Additionally, osteoblasts 
and fibroblasts did not display any  damage outside the 
zone of irradiation and had actually migrated onto the 
irradiated surface  afterwards [112]. Romanos et al.  [66] 
also evaluated the   osteoblastic activity on the different 
titanium surfaces (machined; titanium plasma- sprayed 
(TPS); hydroxyapatite- coated; sandblasted) with both 
CO2 and Er,Cr:YSGG lasers  [66]. All titanium surfaces 
were able to colonize osteoblasts in both laser- irradiated 
groups, initially suggesting that titanium surfaces treated 
with lasers could lead to re- osseointegration  [66]. This 
was shown by Deppe et al. in an animal study involving 
beagle dogs  [111]. Peri- implantitis- induced defects, 
which  successfully underwent decontamination with 
CO2 laser and GBR were able to regenerate previously 
lost bone which was confirmed with histological samples 
[111,  113]. Later on, a case series by Romanos and 
Nentwig [114], 19 implants with peri- implantitis under-
went regenerative therapy utilizing a CO2 laser to decon-
taminate the implant surface and form a coagulum in the 
peri- implant defects [114]. All treated implants resulted 

in resolution of the inflammatory reaction and complete 
bone fill was observed radiographically 27  months  
post- operatively [114]. Of clinical interest is that many of 
the treated implants had bone loss of more than 50% of 
the implant length.

Summary of CO2 Lasers in Surgical 
Peri- implant Therapy

Current evidence suggests that the CO2 laser is a useful tool 
in decontaminating the implant surface and aid in regen-
eration of the peri- implant defects. In-vitro studies seem to 
conclude that the CO2 laser does not cause damage to the 
implant surface if proper power outage and settings are uti-
lized. In a review article by Romanos et al. [115], the proto-
col for decontaminating the implant surfaces was suggested 
to have a power setting from 2 to 4 W in a pulsed mode with 
a non- contact defocused handpiece to avoid risks of over-
heating [115]. The hemostatic ability of the CO2 laser and 
its ability to form a coagulum in the peri- implant defects 
without damaging the implant surfaces is an advantage of 
the CO2 laser in peri- implantitis therapy. However, addi-
tional multicenter clinical studies are necessary to confirm 
and further analyze the benefits of CO2 laser irradiation in 
peri- implantitis therapy (Figure 13.12).

Photodynamic Therapy

Photodynamic therapy (PDT) is an emerging adjunctive 
therapy utilized to detoxify implant surfaces  [116]. 
Photodynamic therapy involves the use of a chemical dye 
(so- called “photosensitizer”) in conjunction with laser light 
and oxygen [117]. When activated by laser light, the photo-
sensitizer enters an excited state initiating an electronic tran-
sition chain that produces short- lived reactive oxygen species 
(ROS) that cause oxidative damage to the targeted microbial 
or cancer cells [117, 118]. Thus, photodynamic therapy is a 
method in which laser light indirectly targets microbial cells 
and can be utilized as a method of decontamination.

The primary pathogens of peri- implantitis, and periodon-
titis for that matter, are gram- negative bacteria in the red 
complex, such as P. gingivalis [119, 120]. However, targeting 
gram- negative bacteria through photodynamic therapy has 
been a challenge due to the double lipid bilayer cell wall pre-
venting the uptake of both anionic and neutral photosensi-
tizers [117]. Therefore, alternative strategies including more 
cationic photosensitizers, or utilizing permeabilizing agents 
such as EDTA to disrupt the gram- negative cell membrane 
prior to PDT have been developed  [117, 118]. Most com-
monly utilized in dentistry are phenothiazinium dyes, such 
as toluidine blue (TBO) and methylene blue (MB) [121].
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Figure 13.12 Peri- implant defect after degranulation (a) and irradiation with a CO2 laser (b). Observe the blood clot stabilization 
on the implant surface (c). Bone grafting with bovine- based mineral (d) and coverage of the defect with a collagen membrane (e); 
flap closure with conventional interrupted sutures (f); preoperative clinical photograph (g) and a five- year follow up (h); preoperative 
radiograph demonstrating the peri- implant defect (i) and five- year postoperative radiograph (j) (Source: Dr. Georgios Romanos 
(faculty) and Dr. Lauren Spevack (resident) at the Dept. of Periodontology, Eastman Institute for Oral Health, Rochester, NY).

(a) (b)

(c) (d)

(e) (f)
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A systematic review by Vohra et al. [116] compared the 
efficacy of mechanical debridement in peri- implantitis 
patients with and without photodynamic therapy  [116]. 
While the experimental animal studies suggested promis-
ing results with PDT as an adjunctive therapy, the results 
were underwhelming when translated to clinical studies. 
Out of six clinical studies included in their review, four of 
them reported comparable results to standard mechanical 
therapy when adjunctive PDT was utilized  [116]. The 
authors hypothesized that the severity of peri- implantitis 
played a role in the success of the photodynamic treatment. 
One of their studies by Deppe et  al.  [122] only showed 
increased efficacy with PDT in pockets less than 5 mm 
while probing depths from 5 to 8 mm was ineffective at 
maintaining crestal bone levels [122]. The authors also sug-
gested that in the experimental studies, it is a more con-
trolled environment and easier to apply the photosensitizers 
than in the more narrow and hard- to- reach peri- implantitis 
defect in-vivo setting  [116]. As we know, deeper probing 
depths encompass higher quantities of red complex bacte-
ria and a potentially more mature biofilm [123]. Therefore, 

it may be difficult for the dye to penetrate deeper probing 
depths in in-vivo settings. Specifically, the clinical study by 
Doerbudak et al.  [124] showed that the TBO photosensi-
tizer with laser irradiation resulted in significant bacterial 
reduction in three periodonto- pathogenic bacteria. Even 
without laser irradiation, the photosensitizer alone resulted 
in a statistically significant reduction in A. actinomycetem-
comitans and P. intermedia, however, the reduction in 
P. gingivalis was not significant [124]. However, with laser 
irradiation a significant reduction in all three species was 
observed but complete elimination of the tested bacteria 
was not able to be achieved. As we know, it is critical to 
decontaminate implant surfaces during maintenance 
appointments for peri- implantitis.

Additionally, the authors acknowledged that there was a 
significant variability in the frequency and duration of PDT 
and laser parameters utilized. The authors also noted that 
true comparison was difficult as there was a lack of control 
groups (mechanical debridement only) and clear treatment 
groups utilizing only adjunctive PDT  [116]. Therefore, 
the authors decided that adjunctive PDT to traditional PDT 

(g) (h)

(i) (j)

Figure 13.12 (Continued)
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remains inconclusive. While the laser parameters can easily 
be changed for experimental studies, the pharmacokinetics 
of the photosensitizer are not as controllable. Therefore the 
pursuit of an ideal photosensitizer is of major focus [118]. 
Eleven out of the twelve studies included in the review by 
Vohra et al. [116] utilized methylene blue or toluidine blue 
as their photosensitizers. However, the effectiveness of these 
dyes may fail in comparison to a newer generation of photo-
sensitizers  [118]. Nanoparticle- encapsulated methylene 
blue has shown an increase in efficacy over traditional meth-
ylene blue [118, 125]. Additionally, Safranine O and SAPYR 
are budding photosensitizers for biofilm disruption  [126, 
127]. Therefore, more experiments with these newer photo-
sensitizers are necessary.

The effects of photodynamic therapy in peri- implantitis 
were investigated by Al Amri et al. [128] in a clinical trial 
involving 67 patients with peri- implantitis and type 2 dia-
betes mellitus [128]. The control group received mechani-
cal debridement alone while the test group received 
mechanical debridement in combination with photody-
namic therapy utilizing phenothiazine chloride as the pho-
tosensitizer and a 660 nm diode laser as the light 
source [128]. Both probing depths and bleeding on probing 
were significantly lower in the test group at the 6- month 
and 12- month follow- ups suggesting that mechanical 
debridement with adjunctive PDT is a superior treatment 
to peri- implantitis compared to mechanical debridement 
alone  [128]. Interestingly, the test group showed signifi-
cantly lower levels in HbA1c at 6-  and 12- month  follow-ups 
where the control group did not report any changes in 
HbA1c levels  [128]. The authors hypothesized that the 
adjunctive photodynamic therapy aided in decreasing the 
systemic as well as local inflammatory burden  [128]. 
Utilizing the same photosensitizer, Javed et al. [129] con-
ducted a clinical trial evaluating mechanical curettage with 
and without adjunctive PDT in the treatment of peri- 
implant mucositis in cigarette smokers  [129]. Fifty- four 
male patients were included in the study and divided into 
two different groups, one with adjunctive photodynamic 
therapy. The peri- implant parameters improved at 12 weeks 
in both groups; however, the plaque index and probing 
depths were decreased greater in the group without the 
photodynamic therapy.

Photodynamic Therapy in the Surgical 
Therapy of Peri- implantitis

Another systematic review by Chambrone et al. [130] con-
cluded that photodynamic therapy did not give a significant 
benefit as an adjunct to peri- implantitis management; how-
ever, there was insufficient evidence provided as only two 

studies were included [130]. One of which photodynamic 
therapy was utilized in conjunction with surgical manage-
ment of peri- implantitis [131]. In a randomized case- control 
study, 40 patients with peri- implantitis underwent open 
flap debridement with and without PDT with TBO as the 
initiator and a diode 810 nm as the laser. Anaerobic bacteria 
counts were taken before, three months, and six months 
post- operatively. In this study there was a statistically sig-
nificant reduction in BOP, PPD, and inflammatory exudate 
(IE) at 24 months [131]. However, there was no statistically 
significant difference in the amount of periodontopatho-
gens on the implant surfaces at the follow- up visit. The 
authors attributed this to the threads of the implant inter-
fering with the light distribution on the targeted area [131].

Summary of PDT Remarks

The mechanism of action of PDT is dependent on various 
factors including type, dose, and localization of the photo-
sensitizer, laser wavelength, power, frequency and settings, 
time of laser irradiation, target cell genotype, and intracel-
lular ATP levels. Therefore, it is difficult to compare studies 
when many of these variables differ from study to study. 
This may explain the variability of outcomes in the non- 
surgical management of peri- implantitis. In regard to surgi-
cal therapy of peri- implantitis, very few studies are available 
warranting more research to be done. While photodynamic 
therapy has a lot of potential in decontaminating the implant 
surface in the management of peri- implantitis, additional 
evidence in clinical studies is needed documenting consist-
ent success, specifically in surgical peri- implantitis therapy. 
With new photosensitizers continuing to develop, the 
improvement of this field is inevitable.

 Conclusions

A key goal to surgical therapy of peri- implantitis is to decon-
taminate the implant surface. Laser therapy provides a 
 significant advantage in the surgical management of 
peri- implantitis for several reasons including its ability to 
destroy targeted bacteria without altering the implant sur-
face if the right parameters are utilized. Giannini et al. [132] 
displayed successful decontamination of the implant surface 
with the Nd:YAG laser [132]. However, it has been shown 
that the Nd:YAG causes overheating of the implant surface 
leaving irreversible damage  [17]. Therefore, the Nd:YAG 
laser Is not suitable for peri- implantitis therapy due to high 
risks of overheating. Comparatively, the diode lasers did not 
have the same surface altering effects and were beneficial as 
an adjunct to conventional therapy in both non- surgical and 
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surgical therapy of peri- implantitis [21, 25]. However, addi-
tional studies are necessary since the current literature pro-
vides insufficient data. Er:YAG and Er,Cr:YSGG are the 
most documented lasers to decontaminate the implant sur-
face and have demonstrated success in many studies. A 
prominent clinical study by Schwarz et al. [96] compared the 
Er:YAG laser with plastic curettes and saline irrigation [72] 
and showed a reduction in bleeding on probing in the laser 
group but in a later study the same group showed no differ-
ence in bone fill in advanced peri- implantitis defects after 
use of the Er:YAG laser or plastic curettes with saline irriga-
tion [102]. The CO2 laser has documented success in many 
clinical cases, but some studies have shown that it might be 

harmful to the implant surfaces when utilized in super-
pulsed mode. However, when the correct settings are uti-
lized, resulting bone fill has been documented  [114]. 
Photodynamic therapy with low- power diode lasers is a rela-
tively new and innovative field with success in treating peri- 
implantitis via non- surgical therapy but requires more 
research with various wavelengths and photosensitizers in 
the surgical treatment of peri- implant diseases. Overall, uti-
lizing lasers provides an alternative method to decontami-
nate the implant surface which is a critical component of 
treating peri- implantitis (Figure 13.13). As new wavelengths 
and settings are tested, more efficient protocols will continu-
ously emerge.
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Figure 13.13 Summary remarks of 
existing laser systems on surgical 
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 Introduction

Peri-implantdiseasesaredefinedasanykindofinflamma-
toryreactioninthetissuessurroundingtheimplants’ [1],
whereasperi-implantitiswasintroducedasaninflamma-
toryprocessonhardandsofttissueresultinginpathologi-
calpocketformationandlossofsupportingbone [2].

Thewiderangeinprevalencesofperi-implantitisvary-
ing between 2.7 and 47.1% of implants  [1, 3, 4] can be
attributed to the missing of exact diagnostic parameters,
differences in study population, disease dentition, and
implantmicro-andmacrostructures.Aneffectivestrategy
fortreatingthisdiseaseisrequired,asotherwiseadebilitat-
ing condition around the affected implants will result in
riskoffurtherlossoffunctionandesthetics.

Thedevelopmentofanadherentbiofilmontheimplant
surfaceplaysanimportantroleinthemultifactorialetiol-
ogyofperi-implantitis [2].Onekeyfactorintheinitiation
andprogressofperi-implantdiseasesisthepresenceofa
bacterial biofilm; therefore, the elimination of the estab-
lishedbiofilmfromtheimplantsurfaceandpreventionof
adhesionofanewbiofilmare themainobjectives in the
treatment of peri-implant mucositis and peri-implantitis
[5].Thus,incompletedecontaminationoftheimplantsur-
face could be the biggest obstacle in maintaining the
remainingperi-implantbone [6].

When referring to peri-implant inflammation, peri-
implantitis isan irreversibleprogressive inflammationof
the surrounding bone  [7]. For the classification of peri-
implantitisandcorrespondingperi-implantbonelesions,a
classificationofdifferentdefectmorphologies –especially
focused on the various therapeutic options  – is recom-
mended.Ifthereisacombinationofbleeding/suppuration
with an increasing probing depth compared to previous

examinations,orprobingdepthsof≥6mmandradiologi-
caldetectableboneresorptionbeyondtheinitialbonelevel
after implant placement, this is referred to as peri-
implantitis [8].Intheabsenceofinitialradiologicalfind-
ings,boneresorption≥3mmapicaltotheintrabonypartof
theimplantisconsideredindicativeofperi-implantitis [9].
Furthermore,intrabonydefects(ClassI)aredistinguished
fromhorizontalsupracrestaldefects(ClassII).Thesuprac-
restalportionisdefinedasthedistancebetweenthetransi-
tionfromthesmoothtothemachinedimplantportionand
the peri-implant crestal alveolar bone  [10]. Intrabony
defectscanbedividedintopurelyvestibularororaldehis-
cence defects (Class Ia), vestibular or oral dehiscence
defects with additional semicircular portions (Class Ib),
vestibularororaldehiscencedefectswithadditionalcircu-
larboneresorption(classIc),andcircularboneresorption
with vestibular and oral dehiscence defects (class Id) or
with bilaterally preserved compact bone (class Ie).
Horizontal and intrabony defects mostly occur together.
According to current data, 55.3% of peri-implant bone
defectsareacombinationofClassIeandClassII [11].

Patientage,gender,genepolymorphisms,cardiovascular
disease, rheumatoid disease, osteoporosis, condition of
residualdentition, implantdesign,andsurfaceaswellas
implantsiteandtypeofrestorationarepossibleriskfactors
forperi-implantdisease.Severalclinicalprotocolsfortreat-
ment of peri-implantitis have been suggested, including
mechanicaldebridement, theuseofantisepticsand local
orsystemicantibiotics [12,13],surgicalaccess [14–16],and
regenerative  [17–20] or resective surgical proce-
dures  [21–24].Yet, re-osseointegration as desired goal in
implantdentistryhasnotbeenachievedaftertreatmentof
infectedtreatedimplantsinlongtermclinicaltrialsuntil
currentdays [25].
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Amongallclinicalapproachestotreatperi-implantitis,the
non-surgical treatment involving mechanical debridement
withlocalorsystemicantimicrobialsasadjunctshasnotbeen
effectivetoresolveperi-implantitissinceitcannotprovidean
adequate access to remove infected tissues around affected
implants,especiallyinadvancedlesions [26].Yet,inarand-
omized clinical trial mechanical therapy reduced bleeding
and plaque accumulation indexes after a six-month follow-
up [27].Hence, thenon-surgicalapproachasapreparatory
phasehasbeenrecommendedbeforeanysurgicalinterven-
tiontotreatPIsinceitcanreduceinflammationandbiofilm
accumulation improving the preoperative conditions of the
surgicalarea  [28].Compared to thenon-surgicalapproach,
peri-implantitissurgical interventionhasbeenclaimedasa
moreeffectivetherapysinceitprovidesanadequateaccessto
decontaminatetheinfectedimplant.Removingbiofilmaccu-
mulationandgranulationtissuearoundimplantscanreduce
theriskoffurtherdiseaseprogressionsincethelocaletiologi-
calfactorsareeliminated [29].

Different surgical approaches to treat peri-implantitis
havebeenevaluatedincludingresectivetherapy,implanto-
plasty,bonerecontouring,andregenerativetechniqueswith
adjunctssuchasbonefillerparticlesandmembranes [5].All
thesetechniquesdependespeciallyontheconfigurationof
theperi-implantbonedefectandthetreatedregionandaim
to either fill up bony defects by so-called regenerative
approaches or to provide effective access to osseodisinte-
grated areas for adequate daily oral hygiene by resective
measures [30].Regeneration,however,isnotappropriatein
manycaseseitherduetoanunfavorabledefectmorphology
orduetopatient-relatedfactorslikecontinuousheavysmok-
ing or incompliance regarding oral hygiene, leaving the
resectiveinterventionasamorereliablealternative [23,24].
Foraneffectiveresective,peri-implantitistherapycomprises
adiscreetosteoplastyofthemarginalperi-implantbone,an
implantsurfacemodificationcalledimplantoplastythrough
theremovalofexposedthreads,andantibacterialdecontam-
inationoftheimplantsurfacearekeyfactors.Usingresec-
tive techniquesthemainaimis tocreateapredominantly
horizontaldefectandthereforeallowforbetteraccessdur-
ing intervention and  – importantly  – during maintenance
lateron. Implant surface roughnessand the sizeof initial
peri-implant lesionseemtohavean influenceon thepro-
gression rate of peri-implantitis  [31]. Studies have shown
thatimplantandabutmentsurfaceroughnesssignificantly
influence the type and quantity of microbiota supra- and
subgingivally  [32]. Therefore, the commonly accepted
rationaleofimplantoplastyconsistsofmechanicalremoval
of implant threads (or any rough implant surface) using
sequential drills  [33], thus yielding a smooth-finished
implant structure that will reduce biofilm accumula-
tion [34].Thishasbeenfoundtoinfluencetheoutcomeof

peri-implantitistreatmentintermsofextentand/orseverity
ofresidualperi-implantinflammation [35].Successfulclini-
calandradiographicoutcomesofperi-implantitistreatment
havebeenreportedinliteraturewhenaresectiveprocedure
wascombinedwithimplantoplasty [23,24,26].

However,noneofthemhasbeenprovensuperiortothe
othersconcerningperi-implantitisresolutioninlongterm.
Thecombinedresectiveandimplantoplastyapproachhas
shownfavorableresultsinsomestudies [20,23,24,29,36].
Themechanicalremoval(grinding)oftheimplantthreads
andtheroughimplantsurface,renderingthusarelatively
“smooth” implantsurfacecanbeperformedeitherat the
partsoftheimplant,whereduetodefectanatomyonlya
limited potential for bone regeneration and/or re-
osseointegration after healing is expected, e.g. the supra-
bony and dehiscence-aspects of the implant or on the
wholeexposedroughimplantsurface [37].

Both implantoplasty approaches aim to reduce biofilm
accumulationbysmootheningtheroughexposedimplant
surface,sincenumerousstudieshaveshownthatarough
surfacecanprotectbiofilmfromshearforcescarriedoutby
mechanical debridement  [38, 39], thus allowing biofilm
growthandpersistenceasa local factor forprogessionof
peri-implantitis.1 Regarding that, the smoothening and
decontaminationof theexposed implantsurfacewillpro-
videamorefavorableareaforsofttissueadaptationduring
thehealingprocess.Invitrostudieshavealsoreportedthat
asmoothsurfaceenhancesfibroblastadherenceandconse-
quentlycanhelptogetperi-implantsofttissuehealth [36].

Unpleasantly, implantoplasty may cause perforation of
theimplantbody,destructionoftheimplant-abutmentcon-
nection,overheatingoftheimplantduringgrindingcausing
thermaldamage to the surroundingbone,or inductionof
mucosalstainingand/orincreasedriskforlateinflammatory
reactionsduetotitaniumparticledeposition [40],generated
fromthegrindingprocedure.Furthermore,reductionofthe
implantmass(implantdiameter)atitscoronalaspect,occa-
sionallyalsoinvolvingtheimplantcollar [41,42],maycom-
promise implant strengthand lead toan increasedrateof
latemechanicalcomplications,likeforexampleimplantcol-
lardeformation,looseningofthesupra-structure,fixation-
screw fracture and implant fracture. Altogether this may
leadtorecurrentperi-implantbiologicalcomplicationsand/
orrequireexplantation.

 Treatment

Patient-specifictreatmentofperi-implantinflammationisa
synoptictreatmentconceptwithattentiontoindividualrisk
factorsinordertopreventthedevelopmentorrenewedpro-
gressionofperi-implantinfectionsandanti-inflammatory,
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if possible reconstructive treatment of the peri-implant
lesion.Theaimedsuccessofimplanttreatmentisonlypos-
sible,ifinthelong-termbiological,technical,andesthetic
complicationscanbeavoided.Biologically,theabsenceof
peri-implantmucositis,peri-implantitis,andtheestablish-
mentofstablesofttissueconditionsisnecessary,especially
duringmaintenancetherapyafteractivetreatmentofperi-
implant infections. Biological complications at implants
differinfrequencyandseverityinpatientswithandwith-
out periodontitis. Thus, the implementation of a careful
anti-infectiveperiodontaltherapywithreductionofinflam-
matorysignsandprobingdepthvaluesbeforetreatmentof
implantoplastyismandatory.

For a successful long-term treatment of peri-implant
inflammation,particularlyfromthepatientpointofview,
itisessentialtodesigntheprostheticrestorationassimilar
aspossibletothenaturalappearanceoftheteethwithcor-
respondinggoodoralhygienecharacteristicstosatisfythe
patientopticallyand functionally;often, thiscanonlybe
achievedbyrestoringthelosttissuedimensions.

The extent to which the crown-to-implant length ratio
has an influence on the survival, on the marginal bone
level,oronprostheticcomplicationsintheabsenceofaug-
mentationiscontroversiallydiscussed.Somereviewscon-
cludedthatnonegativeinfluencesexist [43,44].Incontrast,
other systematic reviews observed a higher incidence of
prosthetic complications such as abutment loosening or
fractures, mainly in posterior jaw regions. Restoration
of  near-original dimensions of hard and soft tissues can
minimizetheserisksinthelongterm [45].Moreover,the
estheticresultissignificantlyimproved,andtheabilityto
maintain oral hygiene, thus ensuring the prevention of
inflammatoryprocesses [46].

If peri-implantitis develops despite consideration of
theserecommendations,thecausaltherapyofexistingrisk

factorsneedstostartwiththeutmostpriority;thisincludes
smoking cessation, control of diabetes mellitus, and spe-
cific oral hygiene instructions. Localized plaque-induced
inflammation should be eliminated by non-surgical
mechanicalplaqueremoval,optimizationoforalhygiene
skills,andinclusioninaregularmaintenancetherapypro-
gram [47].Toenableanefficientplaqueremovalisthepri-
mary goal  [48]. Home-based oral hygiene can be carried
outusingmanualorelectrictoothbrushesandappropriate
interdentalbrushes [49].

Peri-implantitis with a maximum of 75% mean bone
losscanmoreoftenresult in implant lossdependingon
implant position, prosthetic importance, inflammation,
oral hygiene access, and implant type. An implant with
meanbonelossof25–50%is8.86timesmorelikelytofail
than an implant with mean bone loss <25%. Moreover,
1mmofadditionalmeanboneloss increasestheriskof
failureby74%.Theremovaloftheaffectedimplantisusu-
ally indicated after clinical and radiological diagnosis
(Figures  14.1–14.8), as well as very low Resonance
FrequencyAnalysis(RFA)valuesorveryhighDamping
Capacity Analysis (DCA) values, deep tapping sounds,
mobility,andlargeprobingvaluesasindicatorsforinsuf-
ficientosseointegration [47].Inallothercases,theperi-
implantinflammationmustpermanentlybebroughtback
to a stagnation phase, beginning with a non-surgical
treatment phase and the adjustment of all oral hygiene
parameters.

The systematic and continuous prevention and treat-
mentofperi-implantdiseasesisbasedontheoriginalCIST
concept (cumulative interceptive supportive therapy or
antiseptic cumulative supportive therapy) according to
MombelliandLang [50,51].TheCISTconceptisastep-by-
step model divided into four treatment steps. Depending
on the diagnostic course, the modular therapy guide

Figure 14.1 Panoramic radiograph: 
peri- implantitis with severe bone loss.
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initially includes hygiene instructions and professional
dentalcleanings(partA),followedbychlorhexidinerinses,
gel applications (part B) and systemic antibiotic medica-
tion(partC),andfinallysubsequentsurgicalinterventions

witheitherresectiveorregenerativetreatmentapproaches
(part D) (Figures  14.9–14.15). However, especially in the
further development of patient-specific treatments, the
existingriskfactorsmustberecognizedandadjusted,and
the evaluation of each treatment step must not be made

Figure 14.3 Implant removal of posterior implants and 
removal of granulation tissue.

Figure 14.4 Implantoplasty at anterior two implant with the 
saving bar- retained restauration.

Figure 14.2 Baseline situation with removal of the bar. Figure 14.5 Free gingival graft harvested from the palate.

Figure 14.6 Clinical situation two weeks post- operatively.

Figure 14.7 Clinical situation four years post- operatively.
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according to rigid consideration of probing values, but
accordingtothechangeinprobingvaluesovertime [52,53].

Non-surgical treatment of peri-implantitis can be
expectedtoreducebleedingonprobing,butresultsinalim-
ited improvement in probing values  [54].When adjuvant

irrigationsolutionsorantibioticswereused,suchasmino-
cyclineproductsandtetracyclinederivatives,theeffective-
ness was shown by improved bleeding on probing values
and reduced probing depths  [13, 55–57] (Figure  14.11).
However,theadministrationofsystemicantibioticsshould
beavoidedfornon-surgicalprocedures [14,58].Theadju-
vant use of Nd:YAG and Er:YAG lasers in addition to
mechanical therapy resulted in only short-term success,
whichlastedafewmonthsintermsofbleedingonprobing
andprobingdepthsreduction [59,60].

Six weeks after the non-surgical procedure, a surgical,
mechanicaldebridementincludingchemicalde-contami-
nationoftheimplantsurfaceshouldbeperformed.Access
flaps,resectivetherapyapproacheswithorwithoutimplan-
toplasty, or augmentative procedures can be used in this
operative intervention. The decisive factors in surgical
treatment planning in this context are bony defect mor-
phologyandpositionoftheaffectedimplant –eitherinside
oroutsidetheestheticarea(Figures 14.12–14.14).Inprin-
ciple, augmentative measures for intrabony components
such as bowl-shaped defects (class Ie  [61]) and three- or

Figure 14.8 Post- operative radiograph four 
years after treatment.

Figure 14.9 Baseline situation: peri- implantitis regio #3.

Figure 14.10 Panoramic radiograph 
at baseline.
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four-walled bone defects can achieve improved clinical,
radiological therapeutic, and anti-inflammatory results.
The remaining bony defect morphologies are usually
treated with resective procedures optionally combined
withimplantsurfacemodification.

 Indications

Surgical access flaps and resective treatment approaches
are indicated for supracrestal bone defects (horizontal
bone resorption) with exposed implant threads  [62, 63].
Resective treatment of peri-implant inflammation can
recontourtheboneandreduceprobingvalues.Thiscanbe
performed with or without smoothening of the implant
surface.Peri-implantbonedefectmorphologycanlimitthe
angulation of the bur and, thus, affect the outcome of
implantoplasty.Concernshavealsobeenraisedregarding
biological and mechanical complications associated with
implantoplasty [64].

Figure 14.12 Open flap debridement six weeks after  
non- surgical approach.

Figure 14.14 Apical reposition flap.

Figure 14.13 Implantoplasty with antimicrobial irrigation and 
laser application.

Figure 14.15 Clinical situation five years after treatment 
without bleeding on probing.

Figure 14.11 Non- surgical debridement and decontamination 
with application of local antibiotics.
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Intheestheticregion,anaccessflapwithastrictlyintra-
sulcular incision preserving the soft tissue is preferred,
whereas in the posterior region, an apically repositioned
flap can be used  [62]. In esthetic regions with moderate
bone loss and shallow bone defects, the combination of
surgicaldebridementwithafreeconnectivetissuegraftisa
recommended option to achieve significant clinical
improvement while avoiding the high risk of recession
(Figures 14.16–14.21) [15,20].Especiallyinposteriorareas,
resectivetreatmentwithimplantoplastyleadstoimproved
clinicalandradiologicalresultsafterathree-yearfollow-up
compared to the resective approach without implanto-
plasty(STM:1.64±1.29versus2.3±1.45mm) [23,24].

Surgical Procedure

Theaimsofresectivesurgeryarereducingpocketprobing
depthsandgainingasofttissuemorphologythatenhances
goodself-performedoralhygieneandperi-implanthealth.
Thetherapeuticalapproachofperi-implantitiswithsupra-
bony defects surrounding rough implants comprises sev-
eral aspects  [65]: (i) removal of supragingival bacterial
plaque,(ii)surgicalapproachwithaccessflap,(iii)removal
of granulation tissue and detoxification of the exposed
implantsurface,(iv)correctionoftheanatomicalarchitec-
ture of the bone, (v) modification of the roughness of
implantsurface, (vi)establishmentofanefficientplaque
controlregime(Figures 14.22–14.28) [48,66].

Figure 14.16 Periimplantitis in the esthetic region.

Figure 14.17 Open flap debridement with granulation tissue 
removal.

Figure 14.18 Implantoplasty and antimicriobial irrigiation.

Figure 14.19 Connective tissue graft harvested from 
the palate.

Figure 14.20 Wound closure.

Figure 14.21 Clinical situation without bleeding and probing 3 
years post- operatively.
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Implantoplasty can be performed at the surgical peri-
implantitis treatment. Implantoplasty is done on the
exposed implant threads by polishing and smoothing
implant surface in order to reduce bacterial recoloniza-
tion [34,67].Removalofthethreadsandsurfacepolishing

can generally be performed using different sequences of
instruments.WhileChanet al. [68]andRamelet al. [33]
describedtheuseofdiamondbursfollowedbyanArkansas
stone,Sahrmannet al.  [69] suggested theuseofa rough
carborundumstonefollowedbyanArkansasstoneand –
like Chan et  al.  [68]  – silicon polishers. Beyond that,

Figure 14.24 Removal of suprastructure and suppuration.

Figure 14.25 Implantoplasty and minimal- invasive resective 
osseous treatment.

Figure 14.22 Peri- implantitis at mal- positioned implants.

Figure 14.23 Radiographic situation with mostly horizontal 
bone loss.

Figure 14.26 Laser application and wound closure.

Figure 14.27 Clinical situation one year post- operatively.
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severalothersequencesofinstrumentsforimplantoplasty
havebeenproposed  [23,70].Theyvary indifferentways
thatmightpotentiallyinfluencethemechanicalstabilityof
theinstrumentedimplant [71,72].Firstly,theinvasiveness
or quickness of abrasion that depends on the rotational
speedandthecoarsenessoftheinstrumentislikelytohave
aneffect:thequickertheabrasionthelessmateriallosswill
becontrollable.Secondly,instrumentswithunchangeable
morphologylikediamondsmightnotperfectlyadapttothe
implant surfacewhileabrasivestonescanbe trimmed in
order to fit perfectly. However, diamonds might have a
smaller diameter and therefore might be less prone to
injureneighboringteeth,whichshouldbeconsideredasa
potentialdamageduringinstrumentation [69].

Theso-called“modified”implantoplastytechnique [26]
formingabottleneckformatbeginningfromthemostapical
partoftheexposedimplantbodyiscommonlyperformed
followingasequenceofstepsandburs(Figures 14.29–14.33).
First, a bud-shaped diamond bur (grit size 106μm) at
120,000rpmisusedtosmoothentheexposedthreadsandto
performa“platformswitch”areaintheexposedapicalpart
of the implant. In this step, the smoothing procedure is
mainly restricted to the threads and does, obviously, not
affectthecorediameteroftheimplants.Awaistshape,nar-
rowing the medial region of the exposed implant body is
achievedbyusingfootball-shapedfine(gritsize46μm)and
extra-fine(gritsize25μm).Afterward,theroughsurfaceis
polished at 40,000rpm with flame-shaped fine (grit size
46μm)andextrafine(gritsize25μm)diamondburs(8379
314.021;379EF314.023,Gebr.BrasselerGmbH&Co.KG,
Lemgo, Germany)  [73] (Figure  14.34). Flame or ellipse-
shapedcarbideburs(30mmlength)canbeusedwithnor-
mal (12 cutting edges) and ultra-fine (30 cutting edges)
finishinggrades(Figure 14.35).Damageoftheneighboring
teeth, however, is a rather frequent finding with a preva-
lenceofone-thirdofallcases.Thatiswhyfootball-shaped
bursshouldonlybeusedcarefullyinsituationswithgood

accessibility [74].Thesmootheningofthesurfaceisfinal-
izedwithArkansasstonetorpedo-orround-shapedwhite
aluminumoxidebursat40,000rpm(601.314,extrafine,grit
420;Gebr.BrasselerGmbH&Co.KG)(Figure 14.36) [75].
The final polishing of the implant’s waist-like surface is

Figure 14.28 Clinical situation five years post- operatively. Figure 14.29 Baseline situation with suppuration.

Figure 14.30 Removal of the suprastructure and application of 
healing cap.

Figure 14.31 Bone defect.
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doneusingamini-point-shapedabrasive-impregnatedsili-
cone polisher (Greenie) until the smoothened areas look
evenlymachinedmacroscopically(Figure 14.36).Thecom-
pleteburssequenceisperformedundercopiousirrigation
with sterile saline. Using this technique, the median

implantdiametersintissue-levelorbone-levelimplantsare
normallyreducedbyabout0.10–0.20mm.Thesurfacemod-
ificationwithasequenceofbursleadstosmoothersurfaces
compared to diamond sonic tips. Followed by Arkansas
stones,equivalentfinalsurfaceroughnesscouldbedetected
in both implantoplasty procedures. In cases of narrow-
diameterimplants,itcouldbehelpfultousesonicdevices
asamoreconservativemethodwithlessstructureloss [64].
Bonerecontouringcanbeperformedwithasphericalbur
undercopiousirrigation(Figures 14.37–14.46).

Implantoplastycommonlyresultsinasmoothingofthe
sharp-edgedmicrostructure.However,itisalsoassociated
withthepresenceofirregulargroovesandflatpits,which
appear to be more uneven than the structure noted for
machined surfaces. In particular, implantoplasty-treated
andmachinedsurfacesarecharacterizedbyacomparable
quantity(Wt%)ofelementscarbon(C),oxygen(O),sodium
(Na), chloride (Cl),potassium(K),andsilicon (Si),buta

Figure 14.32 Implantoplasty achieving a platform switch area.

Figure 14.33 Wound closure and insertion of suprastructure.

Figure 14.34 Flame or ellipse- shaped fine and extra fine 
diamond burs.

Figure 14.35 Flame or ellipse- shaped carbide burs 
(normal and ultra- fine).

Figure 14.36 Torpedo- shaped Arkansas stone or round- shaped 
white aluminum oxide burs and abrasive silicone polisher 
(Greenie).
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significantly different quantity of elements nitrogen (N),
titanium (Ti) and aluminum (Al)  [73]. Finally, the peri-
implantmucosaisthinnedoutandrepositionedinamore
apical direction, leaving the previously smoothened sur-
face accessible for self-conducted oral hygiene by the
patient [20].

Theremainingtitaniumparticlesinthetissueshouldbe
reducedbymeansofgauzeexposureandexcisionof the
granulation tissue after implantoplasty or, depending on
the indication and diagnosis, implantoplasty should be
limited to the supramucosal areas before flap formation,
since the effect of tissue reactions to the remaining tita-
nium with regard to progressive peri-implant inflamma-
tion is currently unclear  [62, 76]. It is recommended to
remove the suprastructure before resective intervention,
especiallyincaseofimplantoplasty;ashereby,thesupras-
tructurecanbeadaptedtoassufficientoralhygienedesign
before being reinserted  [62]. Resective procedures with
adjuvant systemicantibioticsdidnot result in significant
clinical and radiological long-term improvement  [58].

Especially, implant position and design as well as the
hygienicsuitabilityoftheprostheticreconstructionshould
becriticallyevaluatedpreoperatively [47].Thequestionof

Figure 14.37 Baseline situation with peri- implantitis and 
insufficient attached mucosa.

Figure 14.38 Panoramic radiograph at 
baseline.

Figure 14.39 Removal of suprastructure.

Figure 14.40 Open flap debridement and removal of 
granulation tissue.
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openorclosedhealing [77]andthebenefitofadjuvantsys-
temicantibiotics [78]alsocannotbeclearlyansweredwith
thecurrentstateofliterature.Incasesofimplantsurface
modifications and open flap debridement, there is no
explicitneedforaclosedhealingandsuprastructurecanbe
inserteddirectlyafterthesurgicalprocedure [63].

 Decontamination

Theefficacyoftitaniumdecontaminationcanbeassessed
using different protocols under consideration of surface
changesinroughness,chemicalcomposition,andwettabil-
ity on the microimplant surface. Common protocols for
decontaminationare irrigationwith24%EDTA,2%chlo-
rhexidine (CHL), gauze soaked in 2% chlorhexidine
(GCHL), gauze soaked in ultrapure water (GMQ), irriga-
tionwithcitricacid(20%)orscaling(SC),useoftitanium

Figure 14.41 Implantoplasty and antimicrobial irrigation.

Figure 14.42 Clinical situation 12 weeks after implantoplasty 
treatment and healthy peri- implant conditions.

Figure 14.43 Vestibulumplasty with incision 5 mm apart 
from sulcus.

Figure 14.44 Free gingival graft harvested from the palate.

Figure 14.45 Clinical situation six years after treatment.
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brushes (TiB) and implantoplasty (IP)  [64]. All protocols
resultedinchangesinroughness,wettability,andchemical
composition,yetgauze-soakedchlorhexidine,scaling,tita-
nium brushes, and implantoplasty presented the best
decontaminationoutcomes.Changesinsurfaceroughness
wereobservedafteralltreatmentprotocols,butimplanto-
plastypresentedthesmoothestandleasthydrophilicsur-
face [26].Inbothinitiallysmoothandroughimplants,the
lowest values of residual contamination were observed
using gauze-soaked chlorhexidine, scaling, titanium
brushes,andimplantoplasty.Therewasastatisticallysig-
nificantreductioninhydrophiliaafterimplantoplasty,with
nodifference if implantswere initially smoothor rough.
Concurrently, the topographic implant changes are most
effective in removing biofilm  [34]. Almost no bacterial
remnants could be observed after implantoplasty
(Figures  14.47–14.52)  [79]. In accordance, most effective
decontaminationprotocolsdonotpreservetheelemental
integrityofthetitaniumsurface,affectingtheinteraction
oftheimplantwithsurroundingtissues [80].Thebenefits
of a combination of chemical disinfection and protocols
withimplantoplastyarestillcontroversial [81].

Wheelis et  al. investigated the effects of using various
antimicrobialchemicalagents for titaniumdecontamina-
tion [82].Asaresult,theynotedthatallprotocolsinvaria-
blyleftcontaminantsontheirsurfaces,whichinfluenced
thephysicalproperties.Inallexperimentalgroups,areduc-
tion in titanium signal was observed, as well as the

Figure 14.46 Radiographic situation 
six years after treatment.

Figure 14.47 Periimplantitis with recessions and bone loss 
(suprastructure removed).

Figure 14.48 Bone cup defects with buccal fenestrations.

Figure 14.49 Implantoplasty and removal of titanium 
remnants with saline- sauked gauze.
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depositionofO,C,Al,Na,Cl,andothercontaminants.All
these contaminants may reduce the surface energy ofTi
since the wettability of a surface can be altered by topo-
graphicchangesorbychangesinthechemicalcomponents
ofitssurface [83].Thismaybeaconcernduetoitspoten-
tial to compromise cell viability  [84]. Besides, it is

important to highlight that the selection of a peri-
implantitistreatmentcannotbesolelybasedonitsantimi-
crobialpotential,sincetheeffectivenessofdecontamination
isnottheonlyoutcomerelatedtobiologicalsuccess [79,85].

Overall, implantoplasty-treated implants showed high
diseaseresolutionrateandperi-implantmarginalbonesta-
bility. The surgical antibiofilm strategy can altogether
counteractperi-implantitisprogressionprovidinganade-
quateenvironmentforimplantfunctionandlongevityover
amoderatetolong-termperiod [26].

 Biofilm Formation

The steps of biofilm development on implant and natural
teethareverysimilar [86].Regardingthecompositionofthe
biofilm,nosignificantdifferencesbetweennaturalrootsand
titanium implants could be highlighted  [25, 87, 88].
Untreatedsurfacesshowedmature,complexbiofilmstruc-
tureswithwidemorphologicaldiversity,whereas,implanto-
plastytreatedsurfacesdidnotshowtheformationofmature
biofilm structures. Implantoplasty is efficient in reducing
plaqueadhesionandinfluencingbiofilmformationbyfirstly
removingthemostexternalbacterialcontaminatedlayerof
titaniumwhilecreatinganuncontaminatedsurfaceandsec-
ondlyreducingtheimplantroughnessinordertomakeits
surface less retentive forplaque.Fivedaysafter implanto-
plasty,only16%of implant surfaces (SD = 0)arecovered
withplaqueincontrastto65%ofplaquecoverageinthecon-
trolgroupwithoutimplantoplasty(SD = 7.07) [89].

Equivalenttothosefindings,in vivostudiesshowacor-
relation between plaque adhesion and surface roughness
on natural teeth surfaces  [32]. Similar correlations are
shownonacetatestrips [90]andontitanium [32],where
rough abutments harbored 25 times more bacteria than
standard abutments  [91–93]. In accordance, Albouy
et al.  [94] found that theprogressionof theperi-implant
lesionseemstobeinfluencedbytheroughnessofthesur-
facepossiblypredisposedbydifferentbiofilmquantityand
composition.

On day 1, there are no significant differences between
implant surfaces treated with or without implantoplasty
regarding plaque accumulation. Starting from day 2, a
highly significant difference is found between implanto-
plasty treated and untreated surfaces. Untreated surfaces
ofsupragingivalimplantpartsshowmatureandcomplex
biofilm structures with wide morphological diversity
expressingactivereplicationandinter-speciescommunica-
tionthroughpili.Onsurfacestreatedwithimplantoplasty,
lessmaturebiofilmstructuresareseen,showingapreva-
lenceofcocciembeddedintheextra-cellularmatrix.The
biofilmon subgingivalpartsof implant surfacesbiofilms

Figure 14.50 Wound closure after laser application.

Figure 14.51 Clinical situation two weeks after treatment.

Figure 14.52 Clinical situation five years after treatment.
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hasasmallerdiversity,withmostlybacilliandfilamentous
microorganismsinbothgroups,possiblyasaconsequence
of the subgingival-like conditions created by the silicon
envelope.Smallsurfaceirregularitiesareusedbypioneer
bacteria thatarealmostexclusivelycocci.A first layerof
pioneer cocci adheres to the surfaces, immediately starts
extra-cellularmatrixproduction,andcolonizesthesmooth
surfaces starting from the crestal part of the implant.
Biofilm develops as a complex multilayered structure in
which mainly bacilli and some hyphae can be observed,
while the surface disappears under the mature biofilm
structure, especially in spaces between the threads  [89].
Mature biofilm structures composed of mixed bacterial
specieswithmorethan100μmofthicknesscanbeobserved
atsomepoints.Intheupperpartsoftheimplant,mature
biofilm shows higher ratio of dead to alive microorgan-
isms, which are the layers more exposed to the environ-
ment.Deadcellsaremostly foundon theouter layersof
the microcolonies. Implantoplasty does not completely
prevent bacterial adherence and biofilm formation, but
biofilmstructuresaremuchmoreeasilyremovedbyshear
forces and mechanical action of oral structures than on
conventional implant surfaces  [89]. Thus, it can play a
majorroleinpreventingplaqueaccumulationandbiofilm
formation(Figures 14.53–14.56).

 Roughness

Areductionoftitaniumsurfaceroughnesshasbeencorre-
lated positively with reduced plaque colonization up to
average threshold roughness of 0.2mm  [35, 95].
Implantoplasty modifies implant surface topography.
Arithmeticalmeanroughnessvaluesrangingbetween0.32
and1.67μmhavebeenreachedafterimplantoplasty,with
the lowest value obtained using a sequence of diamond
bursandsiliconepolishers [33,34,41].

Thetimeforimplantoplastywithsonicdeviceswassig-
nificantly longer than with burs, with a greater implant
weightlossinthelattertreatment(−11and−3%,respec-
tively).Surfaceroughnessvalues(arithmeticalmean[Ra]
and average roughness [Rz]) were higher for ultrasonicFigure 14.53 Baseline situation after removal of suprastructure.

Figure 14.54 Implantoplasty without osseous resection and 
creation of a platform switch area.

Figure 14.55 Wound closure.

Figure 14.56 Clinical situation seven years after treatment.
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proceduresversususingbursandweresimilarafterpolish-
ing with Arkansas stones in both groups. SEM analysis
showed a faceted surface after implantoplasty with burs,
whereasthesonicdeviceleftamorehomogeneoussurface,
and differences between the treatments were minimized
afteruseofArkansasstones,reflectingsurfacetopography
findings [64].Sahrmannet al. [69]comparedasequenceof
bud-shapeddiamondbursfollowedbyArkansasstonesand
a sequence of conical silicon carbide stones followed by
Arkansas stones and silicone polishers: both procedures
recorded a total treatment time of 15  minutes. Ramel
et al. [33]hadanimplantoplastydurationof21±4 minutes
withasequenceofdiamondbursfollowedbysiliconepol-
ishersand13±2 minuteswithasequenceofdiamondburs
followedbyArkansasstones.Altogether,theprofileofthe
rotatinginstrumentsusedhasagreaterinfluenceonthesur-
faceroughnessthanthedurationofsurfacetreatment [96].

The performance of rotary instruments is significantly
determinedbytheiraveragecuttingspeedandalsodepends
on the bur diameter. Surprisingly larger round-end burs
showed rather worse roughness values than the smaller
sphericallyshapedburs.Sphericalcarbidebursworkona
minimalsurfaceintheapicalregionduetotheirgeometric
property. Conically shaped carbide burs, however, main-
tainacontactsurfacetothesubstrate,whichexplainstheir
bettercuttingperformance.Inaddition,carbideburspro-
duceratherroughersurfaceprofilesathigherthanlower
rotationalspeeds [96].Sphericalburswithlargerdiameter
havehighercuttingspeedswithapossiblenegativeinflu-
ence on surface roughness. Generally speaking, carbide
burswithlateralgroovesshowedhigheraverageroughness
values (Ra and Rz) compared to carbide burs without
transversegrooves,thuspreferringthelatterforimplanto-
plasty.Intheliterature,noinfluenceonthequantityand
compositionofthebiofilmisprovenbelowanRavalueof
0.2 microns [95].

Lookingatdifferentprotocolsusingasequenceofdia-
mond burs followed by a Greenie silicone polisher
reaches Ra levels of 0.59μm (SD 0.19, Rz 4.35μm, SD
1.37)  [33], a sequence of diamond burs followed by
BrownieandGreeniesiliconepolishersachievesRalev-
elsof0.32μm(SD0.14;Rz2.31μm,SD0.95),asequence
of bud-shaped diamond burs followed by Arkansas
stonesaimsRalevelsof0.76μm(SD0.14,Rz4.12μm,SD
0.72and)andasequenceofconicalsiliconcarbidestone
followed by Arkansas stones, Brownie, and Greenie
obtains values of Ra 0.38μm (SD 0.15, Rz 1.87μm, SD
0.69)  [69]. Silicone polishers are commonly associated
withapronouncedpollutionofthesurgicalsite,contrary
tothebeneficialeffectonsurfaceroughness [20].From
theclinicalpointofview,theuseofcarbideburswithout
transverse grooves and an additional surface treatment
withpolishers(Brownies,Greenies,andSuper-Greenies)
isrequiredtoachievethedesiredRavalueof0.2 microns
(Figures 14.57–14.61) [64,96].

Sequencesofdiamondbursrequirealongeramountof
time to achieve a subjectively evaluated smooth implant
surfaceandthushaveahigherriskofinducednecrosisof
bonecells [97,98].Clinically,theextentoftheperi-implant
defect, the type and shape of the suprastructure (e.g.
crowns, various retention elements bolted or cemented),
thegeometryoftheimplant,aswellasthepresenceofan
implant shoulder can considerably influence the accessi-
bilitytotheimplantsurfaceandthetreatmentpossibilities.
Basically,wheneverpossible,thepre-operativeremovalof
the suprastructure is recommended even in funnel- or
spiral-shapeddefectstoensuresufficientaccessibility.Due
to these morphological particularities, carbide bur no. 9
andallsphericallyshapedbursaresuitableforimplanto-
plastyandprovideanidealcontactareatotheimplantsur-
facebecauseoftheirshapeandsize.Thebestresultswith
respecttothetimerequiredareachievedwithcarbidebur

Figure 14.57 Panoramic radiograph: 
periimplantitis in the lower jaw.
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No.8,probablyduetotheshallowangleoftwist,thedeep
turns and the grooves of the cutting blades. Subsequent
polishing, however, is also recommended for these types
of burs [96].

 Biocompatibility

Specificimplantoplastyprocedures(i.e.fine/extra-finedia-
mond burs and arkansas stone or carbide burs without
transversegroovesandwithpolishers)resultinasmooth
transmucosalareawithacloseadhesionofthesubepithe-
lial connective tissue  [99]The formation of new bone to
implantcontactafterimplantoplastycannotbeidentified,
thusindicatingthatthesesurfacesdoobviouslynotattract
osteoblasts [24].Apositiveeffectofextensionbyimplanto-
plastyoncellviabilityofgingivalfibroblastshasalsobeen
confirmedbySchwarzet al. [36].Furthermore,spreading
and proliferation of fibroblasts are pronounced smooth
when compared with rough titanium surfaces  [100].
Besides,cellularinteractionsmayalsobeinfluencedbythe
chemicalelementalcompositionoftheimplantsurface.In
this regard, the presence of potential contaminants from
theatmosphere,suchashydrocarbonandcarbonhasbeen
showntoreducethefreesurfaceenergyandsubsequently
reducecelladhesion [101].Comparingthesedatawiththe
specific characteristics obtained after implantoplasty,

Figure 14.58 Open flap debridement.

Figure 14.59 Implantoplasty and removal of granulation tissue 
with particle remnants.

Figure 14.60 Clinical situation five years after treatment.

Figure 14.61 Panoramic radiograph five 
years after treatment.
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smoothened and machined surfaces reveal a comparable
quantity(Wt%)ofelementsC,O,Na,Cl,K,andSi,buta
significantly different quantity of elements Ti and Al.
However, compared with rough surfaces, implantoplasty
resultedinasignificantlydifferentquantityofelementsC,
O,Na,Ti,andAl,especiallywhenusing30-mmparticle-
size diamond egg-shaped burs  [102]. The elemental
composition of implantoplasty-modified surfaces closely
resemblesconventionalmachinedsurfaces [36].

 Overheating

Overheatingoftheimplantandthesurroundingbonecan
occurduring implantoplasty.An increase in temperature
between42and45°Cisknowntoresultinareversibleheat
shock [103],withathresholdforirreversiblethermaldam-
agetotheboneat47°Cfor1 minutes [97].Indeed,studies
assessing the impact of implant-abutment grinding on
temperature levels at the implant/bone interface have
shown,dependingonthetypeofburusedandthecontact
timeoftheburwiththeabutment,thereisquitesomevari-
ationintemperatureincrease,whichunderstandardwater
coolingremainsgenerallybelowthethresholdofthermal
damage [104].Duringimplantoplasty,however,thegrind-
ingisperformeddirectlyontheimplant;thus,thetempera-
tureincreaseattheimplant/boneinterfacemaybedifferent
(i.e.higher)thanisobservedinstudiesinvolvingabutment
grinding  [105]. In two laboratory studies, temperature
increase at the implant/bone interface during implanto-
plasty under standard water cooling was momentarily
<2°C, irrespective of type of bur or duration of grind-
ing  [105, 106], which is well below the 47°C threshold.
Thus,overheatingoftheneighboringbonetissuesduring
implantoplastywiththepotentialdangerofosseousther-
maldamageappearseasytocontrolbymeansofstandard
cooling. Implantoplasty performed under proper irriga-
tion, only leads to a minimal and temporarily increase
(max.1.8°C)inthesurroundingtissuetemperature, irre-
spectiveofthetypeofburused.Thus,temperatureremains
appropriateforsoftorperi-implantbonetissueintegrity.

 Particle Remnants

The role of titanium debris dispersion in hard and soft
peri-implant tissues,whichmight sustain the inflamma-
toryprocess,isstillcontroversial [64].Thereisnodefini-
tive evidence that the presence of titanium particles in
peri-implanttissuesiscorrelatedtoperi-implantitis [73].
Depositionof titaniumparticles intheneighboringhard
andsofttissuesduetogrindingisdifficulttocontroland

variable amounts of such particles should be expected
remaining in the tissues surrounding the implant after
implantoplasty. No post-operative complications after
implantoplastyare reported  [99,107].Post-operatively,a
slighttomoderatedepositionoftitaniumparticlesinthe
adjacenttissues,associatedwithalocalizedinflammatory
cell infiltrate, can be observed histologically. In another
study, one single case of slight mucosal pigmentation,
attributed to titanium particle deposition from grinding,
wasobserved [10].Onepreclinicalin vivostudyidentified
the presence of titanium particles in the surrounding
soft  tissues after implantoplasty  [99, 107], which was
associatedwithonlya limitedextent, low-grade,chronic
inflammatory response. Additionally except from the
above-mentioned single case of tissue discoloration, no
clinicalstudyincludedinthisreviewmentionedanyother
adverse events related to titanium particle deposition,
despitethevariabletypeofbursusedandmostlikelythe
variableamountofdeposition.Furthermore,somestudies
describetheultramicroscopicmorphologyandelemental
implantsurfacecompositionafterimplantoplasty [64],yet
adefinitivecorrelationwithhardandsoft tissuehealing
deficienciesinhumanscannotbedrawn.Inthiscontext,a
consensusreportconcludedonthebasisof theavailable
evidence, although the possibility cannot unequivocally
be excluded that it is not likely for titanium particles to
cause adverse biological reactions in the peri-implant
tissues [108].

As mentioned before, the use of silicone polishers can
resultinsiliconedebriscontaminationofbothimplantsur-
faceandperi-implanttissues [33,41,70,109].Ithasbeen
suggestedthatthereleaseoftitaniumandsiliconemicro-
and nano-particles can stimulate a number of cytokines,
which,inturn,sustainalocalinflammatoryresponse [110].
In a recent in  vitro study performing implantoplasty on
puregrade4titaniumandgrade5titaniumalloyimplants,
thereleasedparticleswereanalyzedintermsofsize,ionic
productrelease,andeffectsonhumangingivalfibroblasts.
In addition to titanium, both aluminum and vanadium
weredetectedingrade5particles.Carbonwasdetectedin
bothgrade4and5particles.Cellswereculturedwiththe
grade4particlesandshowednoadverseeffects.Grade5
particles, contain vanadium and thus can influence the
reductionofmetabolicactivityandcellviabilityinhigher
concentrations.Theexposureofparticles(especiallypure
grade4titaniumandgrade5titaniumalloyimplants)and
thepresenceofbothtitaniumandcarboninthedebrisin
usually low concentrations did not reduce cell viability
in vitro [75].Sufficientirrigationaroundtheimplantand
suction of metallic debris during implantoplasty can
reduce the deposition of metallic particles and ions into
surroundingtissues [111].
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 Fracture/Reducing Diameter

While the progress of peri-implantitis can be effectively
interruptedbyimplantoplasty [23,24],materialremovalin
theareaof the implant shoulder raiseddoubts regarding
theimplants’futureresistancetofracture.Implantoplasty
reducesboththediameterofimplantandthethicknessof
itswalls(Figures 14.62–14.66) [42,68,112],therebyreduc-
ingtheabilityoftheimplanttoresistfractureinresponse
to functional load. In combination with an increase in
crown-implantratioduetoboneloss,thiscanincreasethe
levereffect,whichinpresenceofhighmasticatoryforces
orparafunctionalhabits,canleadtocomplicationssuchas
fractureoftheimplantorlooseningoftheprostheticscrew.
Recent evidence noted that implantoplasty significantly
reduces the fracture resistanceof implantswitha2.5  : 1
crown-to-implant ratio  [113]. Implantoplasty and cyclic
loading can reduce the implants’ maximum bending
strength and influence the elastic limits of internal
connection [74].

Cyclic loading in a laboratory masticator, simulating a
five-yearequivalentofchewing,isusedtomeasureimplant
failure strength after different implantoplasty protocols.
Assessingtheimplantradius,implantwallsarereducedby
implantoplasty ranging from 0.36±0.04mm. Subtracting

Figure 14.62 Removal of suprastructure: peri- implantitis and 
mal- positioned implants.

Figure 14.63 Buccal fenestration defects and horizontal 
bone loss.

Figure 14.64 Implantoplasty to apical extension.

Figure 14.65 Wound Closure after laser application.

Figure 14.66 Clinical situation four years after treatment.
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thewidthofthethreads,thereisonlyanunintendedexcess
loss of the implant wall of 0.076±0.18mm  [74]. Among
instrumented implants of the different groups, fracture
loadandthecoefficientofelasticitydonotvaryconsidera-
bly. However, non-instrumented implants show higher
fractureloadvalues.Thismightnotbesurprising,since –
bydefinition –implantmateriallossisalogicconsequence
of implantoplasty, which suggests  – likewise  – a loss of
resistancetofracture.Ontheotherhand,materialremoval
shouldideallyreferonlytothethreadsandshouldnotorat
leastnotrelevantlyaffecttheimplantbody.Implantoplasty
doesnotaffectimplantstrengthandresistancetofracture
ofwide-diameterimplantssignificantly(i.e.,4.7mmdiam-
eter; [68]).Incontrast,variableresultsarereportedfornar-
row/regulardiameterimplants(i.e.3.75–4.1mmdiameter).
Aminimalreduction(i.e.0.2mm)incorediameterofthe
implantdoesnotsignificantlyaffectimplantstrength [41],
whileareductionofabout17–40%incorediameterleads
toaveragestrengthloss –dependingontheimplantplat-
form/connectiondesign [42,68].Inafiniteelementanaly-
sis [112],implantoplastyresultedinstressincreaseonthe
implantbodyof44–85%,moreorlessindependentofthe
simulatedbonelossheightandheightofimplantgrinding.
Implantoplasty does not affect bone micro-strain, which
dependsontheextentofsimulatedbonelossandiscritical
when theendo-osseousportionof the implant is smaller
than the exposed portion. In implants with a tapered
design,implantoplastymayweakenthestrengthespecially
intypesofnarrow-diameter [68].Inparticular,thebending
strengthwassignificantlyreducedbyperformingimplan-
toplasty with 30/15-μm egg-shaped diamond burs,
Arkansasstones,andfinesiliconpolishers,thusresulting
in a body fracture of all 3.75-mm diameter implants. In
contrast,at4.7-mmimplants,thefracturessolelyoccurred
attheleveloftheabutmentscrews [68].Implantmaterial
has a significant impact on tissue-level implants and
regular-diameter implants, with zirconia being stronger
than titanium. Implantoplasty significantly reduces the
maximum implant failure strength, irrespective of the
implant type/design,diameter,ormaterial, yet themaxi-
mumimplantfailurestrengthofregulardiameterandof
narrowbonelevelimplantsremainshigh.Thereseemsto
benoclinicallyrelevant impacton themajorityofcases,
exceptforthoseofsinglenarrowtitaniumtissueimplants,
whichmayhaveanincreasedriskformechanicalcompli-
cations.Thereisnosignificanthigherfailurerateinstand-
ard/regulardiameterimplants,eventhoughimplantoplasty
leads toamaximumof40%strengthreduction [42].The
highestfailurerateisinnarrow-diametertitaniumtissue-
level implants.Within the laboratory settings, maximum
implant failure strength of regular diameter and narrow
BoneLevelimplantsremainedhighdespiteimplantoplasty

(i.e.>650and440 N,respectively),while>50%ofthenar-
rowtitaniumtissuelevelimplantsfracturedafterimplan-
toplasty during dynamic loading, simulating regular
mastication.Altogether, implantoplastyseemstohaveno
clinicallyrelevantimpactonthemajorityofcases,except
fromsinglenarrowtitaniumtissue level implants,which
may have an increased risk for mechanical complica-
tions [114].Thisshouldbeconsideredforperi-implantitis
treatment planning (e.g. patient communication about
potentialcomplications).

Furthermore,therearenoreportedcasesofimplantfrac-
ture during clinical survival  [74]. Therefore, the clinical
impactofwell-performedimplantoplastyontheincidence
offractureseemstobelow.Especiallywhengentlyreduc-
tion of the implant diameter will allow to separate the
supracrestal area from the intra-bony area like in a plat-
form switch format, counteracting possible future mean
bone loss, the results show that after implantoplasty the
implant is narrower in the medial than in the coronal
region to achieve the desired “platform switch concept,”
This kind of implantoplasty leads to a distinct diameter
reductiondue to thewaist-like format,andevenhereno
implantfracturewasdetectedaftertwotosixyearsinfunc-
tion,provingthelowriskofthiscomplication [26].

Concerningtheconnectiondesign,Gehrkeet al.showa
varying implant fracture strength after implantoplasty.
Morse tapered implant connection is proven to be the
most resistant followed by external and finally internal
hexagonconnection [42].Inreferencetowhetherthecon-
nectionisexternalhexagonal,internalhexagonal,orcone
morse, the author observes a mean reduction of 37, 40,
and 20%, respectively, in resistance to fatigue  [6]. Even
thoughinternalhexagonalconnectionshowsthegreatest
decreaseinresistancetofatigueafterimplantoplasty,the
external hexagonal connection has the lowest resistance
values in total. Internalhexagonandconicalconnection
implantsseemtobemorepronetofractureafterimplanto-
plasty. Implantoplasty significantly decreases the elastic
limitof internalconnectionindentaltitaniumimplants,
especially in combination with a smaller diameter
(3–3.5mm).Thegreaterdecreaseintheelasticlimitcould
beduetotheconnectionoccupyingagreaterspacewithin
theimplantbody,leadingtoagreaterreductioninthewall
thickness of treated implants, especially in the neck
region.Alltestedbone-levelimplantsaremostlydeformed
in the coronal area close to the abutment connection,
whereas tissue-level implantsaredeformedin theapical
area at the surface where implantoplasty has been per-
formed  [6].Thedecrease in theelastic limitof implants
withanarrowerdiameterisprobablymoreclinicallyrele-
vant,asitcouldbeexceededbyocclusalforcesinthepos-
terior jaw in some patients  [115]. The elastic limit of
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internalconnectionofnarrowdiameterimplantstreated
withimplantoplastyshouldbeconsideredwhileplanning
the placement of the implant  [116]. The risk of plastic
deformationcanincreaseiftheimplantisunsplintedand
thereisconsiderableboneloss.

Nevertheless,noclinicalstudyhasreportedanyremark-
ablecomplicationdueto implantoplasty;among217–291
implants with implantoplasty, no implant fracture was
reportedduringafollow-upof3–126 months.Basedonall
currentlyavailable,yetlimited,in vivopreclinicalandclin-
ical evidence, implantoplasty seems not associated with
anyremarkablemechanicalorbiologicalcomplicationon
theshort-tomedium-term [37].

 Results

The treatment approach for implantoplasty requires the
eliminationofthecontaminationontheimplantsurface,
thusmitigatingtheinflammatoryprocessandstoppingthe
progression of bone loss. Ultimately, hereby clinical out-
comes portrayed by the decrease of purulence, bleeding,
andreductionofperiodontalpocketswillbeenhancedand
increaseimplantsurvival.Thesurvivalandthesuccessof
implant therapy seem to be associated to patient-related
factorssuchassmoking,poororalhygiene,plaqueforma-
tion, operator-related factors, and to implant-related fac-
tors such as implant shape, implant surface topography,
androughness [52].Manyin vitroandin vivostudiesshow
asignificantimpactofparameterslikesurface-freeenergy
andsurfaceroughnessondenovoplaqueformation [65].

Inareview,clinicalperi-implantparameterssuchasPD
and BOP improved after access apical surgery only  [15,
22–24],aftersurfacedecontaminationwithchlorhexidine
(CHX) and/or cetylpyridinium chloride (CPC)  [22, 117]
andaftersystemicantibiotics [15,21,58,118].Inonestudy,
no clinical benefits were seen using adjunctive systemic
azithromycin in combination with open flap debride-
ment  [14]. No potential benefits of systemic antibiotics
werefoundoverthreeyears [21].Theclinicalparameters
improvedsignificantlyespeciallyafterimplantoplasty [23]
or after the use of systemic antimicrobials  [15, 58]. In
detail, implantoplasty(diamond/arkansasburs+silicone
polishers) as an adjunct to open flap debridement with
bonerecontouringandapicalflaprepositioningresultedin
betterBOPandPDscores,buthighermeanmucosalreces-
sions compared to the control group with open flap
debridementalone(PD:1.64±1.29versus2.3±1.45mm),
wherepersistentactivesignsofperi-implantinflammation
recurredinallpatientsafter24 months.Adjunctivebene-
fitsinresectivesurgicaltreatmentwithanapicallyreposi-
tioned flap, bone recontouring, and surface debridement

with addition of 0.12% CHX + 0.05% CPC to a placebo-
solution(withoutCHX/CPC) [22,117]tendtoshowgreater
immediate suppression of anaerobic bacteria on the
implantsurfacethanaplacebo-solution,butdonotleadto
superior clinical results or differences in mean marginal
bonelossat12-monthfollow-up.Similarly,theadjunctive
useof980-nmdiodelasertomechanicalopenflapdebride-
ment alone  [16] failed to reveal any significant clinical
improvementsinmeanBOPandPDscoresatsix-months
follow-up.Theprobingdepthisacontroversialcriterionin
terms of disease resolution  [119]. A pre-surgical initial
probing depth of more than 7mm negatively influences
the  clinical prognosis of implants treated with non-
augmentativetherapy [3].Theclinicalsignsofinflamma-
tion seem more important since peri-implant health can
alsoexistaroundimplantswithhighmeanbonelossand
consequentlyhighprobingdepths [25].Overallimplanto-
plastyresultsinpositiveclinicalandradiographicfindings,
suchaslowbleedingrates,shallowprobingpocketdepths,
increasedclinicalattachmentlevels,andincreasedorsta-
ble bone levels on the short- to medium-term (Figures
14.67–14.71) [23,24,62,120,121]. IncreasedPPDcanbe
correlated with a higher degree of inflammation of the
peri-implantmucosa [122].

Stableradiographicperi-implantbonelevelsresultafter
systemicapplicationofantibiotics [14,15,58]orlocaluse
ofchemicalcompounds [22,117].Instudieswithsignifi-
cantimprovementofclinicalperi-implantparametersafter
implantoplasty, radiographic bone levels and marginal
bonelossweresignificantlylowerafterathree-yearfollow-
up [24]withaninterproximalbonelossatcontrolsitesup
to1.45–1.54mm.

Atotalnumberof35implantswereremovedafternon-
augmentative surgery due to progressive recurrence of
peri-implant inflammation  [21–24, 58]. One implant was
removedbecauseofimplantneckfracture [117].

Figure 14.67 Baseline situation: peri- implantitis with 
horizontal bone loss and cemented suprastructure.
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Fourstudiesreportedonsmokingstatusofthepatients,
ranging from 25%  [15] to 59.1%  [117]. Despite two stud-
ies [14,15]withnonegativeeffectofsmokingontreatment
outcome, smoking influences treatment success when
adjustedforbaselineandfollow-up [22,117].

Treatment Success

Implantoplastyasanadjuncttosurgicaltherapyprovedeffec-
tiveintermsofdiseaseresolutionandimplantsurvivalrate.
Foratherapeuticsuccess,implantlocation,defectmorphol-
ogy,andwidthofKMarealsoimportant.Inanine-yearfol-
low-upretrospectiveanalysisaboutimplantoplasty,Pommer
et al.reportsasuccessrate87.2% [121].Similarly,Romeoet al.
foundacumulativesurvivalrateof87.5%forresectiveimplan-
toplastytherapyinathree-yearfollow-up [24].Englezoset al.
havea0%failurerateand92.5%marginalbonestabilityrate
withameanPPDreductionof∼5mmafter implantoplasty
andosteoplastytherapyinaprospectivetwo-yearfollow-up
caseseries [123].AccordingtoCarcuacet al.overallsuccessis
definedasnoMBL>0.5mm,noBOP,nosuppuration,andno
PD>4mmandisseenin33%ofthecasesoverathree-year
follow-upafterresectivetherapy [21].Inatwo-yearfollow-up,
prospectivestudyresectiveandbonerecountoringtreatment
hasa48%peri-implantitisresolutionindex [124].Bianchini
et al.seestablebonelevelsat87%intheircaseseriesabout
implantsafterimplantoplastycombinedwithresectivether-
apy [26].Ravidàet al.analysesimplantsurvivalandclinical/
radiographicoutcomesofperi-implantitisafterresectivether-
apywith (test)orwithout (control) adjunct implantoplasty.
Interestingly,implantsinthetestgrouprespondmorefavora-
blyconsideringthehighersurvivalrate(90versus81.6%)over
amean∼three-yearperiod,althoughnotreachingstatistical
significance  [125]. Other authors have reported implanto-
plasty as adjunct to a combined therapeutic approach
(so-calledcombinedapproach).

 Follow- Up Care/SPT

The lack of compliance during maintenance therapy is
associatedwithtoothlossandattachmentloss [126,127].A
relationshipbetweenmicrobialplaqueanddiseases such

Figure 14.70 Clinical situation three years after treatment.

Figure 14.71 Clinical situation six years after treatment.Figure 14.68 Open flap debridement and implantoplasty.

Figure 14.69 Wound closure.
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as gingivitis and periodontitis is numerously demon-
strated [128,129].Plaqueremovalascasualtherapyshows
improvements in inflammatory lesionsdue to itsplaque-
associatedetiopathogenesis.Asubsequentstudyinvolving
mucositispatientsdemonstratesthatefficientplaquecon-
troliscriticalforthepreventionofperi-implantitis [130].
Inthisstudy,theincidenceofperi-implantitisoverafive-
year period is significantly lower in patients undergoing
maintenancetherapy(18%)thaninpatientswithoutmain-
tenance therapy (44%). Roccuzzo et  al  [131] also find a
higherprevalenceofperi-implantitisovera10-yearperiod
in the absence of maintenance therapy (41%) than with
maintenance therapy (27%).Patientswhoattendmainte-
nancetherapylessthantwotimesayearshowanincreased
risk of developing peri-implantitis (OR 4.69; 95% CI
1.17–18.79).Moreover,astrongassociationbetweeninad-
equate home-based oral hygiene and peri-implantitis is
shown in 4 studies with an odds ratio ranging from 5 to
14 [9,76,132].However,conflictingfindingsarealsopub-
lished [18,30,45],despitethefactthatonesingularplaque
indexrecordedinthesestudiesgenerallydoesnotreflecta
completelong-termoralhygienestatus.SerinoandStroem
investigate the oral hygiene ability of patients with peri-
implantitisatimplant-supportedrestorations [133]andare
abletoshowthatperi-implantitisisdiagnosedinonly18%
of the areas accessible to oral hygiene and in 65% of the
areasnotaccessibletosufficientoralhealthcare.

Implant failure is influenced by the amount of mean
bone loss at the time of treatment. Although hardly
reported,theseverityofmeanbonelossisacommonsensi-
calriskforimplantsurvivalfollowingperi-implantitisther-
apy, and there seems to be an agreement in literature
regarding its significance  [125, 134]. Furthermore, a sys-
tematic review and meta-analysis by Monje et  al.  [135]
show not only the significance of SPT but also how the
variableofSPTfrequencyisvitalforthepreventionofperi-
implantdiseases.Consistentwiththesefindings,implants
placed inpatientsreceiving≤2annualSPTvisitsand>2
annualvisitshave0.53and0.75mmlessmeanbone loss
peryear,respectively,comparedtopatientswithoutSPT.

Follow-up care (supportive periodontal therapy) is the
key to a successful, long-term treatment of peri-implant
inflammation  [78] and only functions when potential
patient-specific risk factors are taken into consideration.
Duringmaintenancetherapy,intensive,repetitiveinstruc-
tion,demonstration,andmotivationofthepatientisindis-
pensable [136].Moreover,theperi-implantprobingdepth
mustgentlyberecorded,andthereevaluationofeffective
home-basedoralcareandaprofessionaloralhygienemust
be carried out. The recall interval should be selected
according to the individual’s risk profile  [137, 138],
wherebypatientswithpreviousperi-implantinflammation

are generally considered to be at an increased risk  [78].
Maintenance frequency interval for most studies range
betweenthreeandsixmonths.Takingthebacterialetiol-
ogyintoaccount,astrictmaintenanceprogramwithmore
thantwovisits is imperativeforstabilityof theresults in
thelong-term [37].Forthisreason,aclose-meshedthree-
monthintervalforsupportiveperiodontaltherapyshould
alwaysbeselectedinitially,whichcanregularlybeadapted
onapatient-specificbasisaccordingtoexistingriskfactors.

 Discussion

Surgicaltechniquesareuseddependingonmultiplefactors
including patient general health condition, oral hygiene,
typeofbonydefects,implantsurface,post-operativemain-
tenanceprogramandotherfactorsthatcannotcompletely
be assumed in a systematic literature review. The non-
augmentative treatment concept is indicated for supracr-
estal bone defects (horizontal bone loss) with exposed
threads in esthetically non-demanding areas based on
patient needs and satisfaction. It involves reduction or
eliminationofpathologicalperi-implantpockets,theapi-
calpositioningofamucosalflap,orrecontouringthebone
withorwithoutimplantsurfacemodification;theso-called
implantoplasty. In case of modifications of implant sur-
faces, theroughdesignshouldberemovedandpolished.
However, a concern about remaining titanium particles
shouldbeaddressed.

Evenincasesofperi-implantmucositis,itcanbeadvis-
abletoperformanaccessflapforpropermechanicaland
chemical decontamination (i.e. additional removal of
cementremnants)oftheimplantsurface.

Theresolutionofinfectioncanbeachievedbyaproper
method of implant surface decontamination. Clinical
studiescomparingdifferentdecontaminationmethodsor
placebofailtorevealsignificantdifferencesbetweendiffer-
ent, locallyapplieddecontaminationmethodsonclinical
treatment outcomes  [22, 117]. Nevertheless, a combined
mechanical and chemical removal of biofilm is recom-
mended [5].Furthermore,adjunctivesystemicantibiotics
have no impact on the treatment’s success for implants
withamachinedsurface,andapositiveeffectwasobserved
forthetreatmentsuccessofimplantswitharoughsurface
onlyinthefirstyear [58].Localantibioticdeliveryinaddi-
tion to mechanical debridement and irrigation with an
antimicrobialagentmaybeaneffectiveoptionfortreating
peri-implantitis  [12, 13]. Moreover, the development of
bacterialresistanceseemstobeunlikelyevenintheevent
ofrepeatedapplications [139].

Resective peri-implantitis therapy combined with
implantoplastyleadstosuperiorclinicalandradiographic
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treatment outcomes compared to resective treatment
alone. In particular, implantoplasty, which can be per-
formedwithdiamondorcarbidebursandmetalpolishing
instruments with irrigation, positively influence implant
survivalrates(100%test,87.5%controlgroup),significantly
reducedperi-implantpocketdepths,andreducedbleeding
scores [23].Implantoplastyisassociatedwithstabileinter-
proximalbonelevelsatthethree-yearfollow-up,whilesig-
nificant radiographic bone loss at control sites is
detected [24].However,thegingivalrecessionindexissig-
nificantly higher when implant surface modification is
performed [23].Therefore,thistypeofsurgicaltechnique
can only be of benefit primarily in the nonesthetic areas
and alternative treatments should be developed for the
estheticzone [5].

The resective therapy outcomes are influenced by the
experienceofthesurgicalteam,theamountofperi-implant
bone loss, maximum probing pocket depth at baseline,
patientsmokinghabits,andthepresenceofplaqueduring
thefollow-up [117].

Analysisofstudiesandachievedreliabilityoftreatments
revealedsimilaritiesintreatmentapproachesbetweenthe
protocols including (i) pretreatment phase, (ii) cause-
relatedtherapy,and(iii)maintenancephase.Oralhygiene
instructions and their importance must be stressed to
patientsbeforeandafterthetreatment [140].Non-surgical
subgingivalmechanicaldebridement inconjunctionwith
local antibacterials, like chlorhexidine digluconate or
locallydeliveredantibioticsareeffective inreducingsoft-
tissueinflammation [13,141]andshouldbethefirststepin
successfultreatment [140].Thesupportivetreatmentphase
is mandatory for the success of peri-implantitis treat-
ment  [140]. In a five-year follow-up observational study,
healthy peri-implant tissue conditions in patients with
high oral hygiene standards (maintenance every six
months)couldbemaintainedforthemajorityofpatients
followingresectiveperi-implantsurgery [142].Furtherdis-
easeprogressionoccurredonlyin10%oftreatedimplants,
revealing that risk factors like residual pockets after sur-
gery, smoking, poor oral hygiene, untreated periodontal
disease,anddiabetesmaymodifyboththeinitialandlong-
termoutcome [140].

All studies included implants with both cemented or
screw-retainedsuprastructures.Hence,somesurgerieswere
performed with suprastructures in place and some after
removal of the suprastructures. All clinical assessments
were made with suprastructures in place.The suprastruc-
tureprobablymightaffectqualityofimplantdecontamina-
tion and modification, flap design, and possibly the
measurementofclinicalparametersIfpossible,itisstrongly
recommendedtoremovethesuprastructureduringsurgical
interventionandtoadaptitforbettercleanability.

Limitations of the revised studies are relatively small
sample sizes and short follow-up periods. Furthermore,
there are inconsistencies in methodology with various
treatment modalities, limited control groups, different
implant systems, and follow-up results from the same
researchgroups.Unclearorhighriskofbiasof included
studiesmayhaveaneffectontheconclusions [143].The
evidenceofthereviewis limitedduetosignificantvaria-
tions observed in included studies. Therefore, there is a
substantialneedforrandomizedcontrolledstudieswitha
properdesignandpowerfulsamplesizetoprovidestrong
and comparable evidence of benefits regarding non-
augmentativeproceduresfortreatingperi-implantitis.

 Limitations

Dueto thesubtractivenatureof implantoplasty, it isrea-
sonable to consider the possibility of various mechanical
complicationseitherduringtheprocedure(e.g.perforation
oftheimplantbodyordestructionoftheimplant-abutment
connection)oratalaterstage(e.g.implantcollardeforma-
tion and loosening of the supra-structure, fixation-screw
fracture, and implant fracture). While the complications
duringtheproceduremightbeavoidable,iftakencare,the
latecomplicationsmightnotbeabletocontrol,astheyare
dependentonthealtered(weakened)mechanicalproper-
tiesoftheimplant.Indeed,thelaboratorystudiesincluded
in this reviewhave indicated thatnarrow/standard –but
notwide –diameterimplantssufferfromavariable,mostly
significant,extentofweakeningduetoimplantoplasty.In
thiscontext,theinformationregardingtheclinicalperfor-
mance of implants after implantoplasty is based on rela-
tively limited numbers, with short- to medium-term
follow-up.Secureconclusionsmaybedrawnwithcaution,
becauseof(i)differentbrands/systems,thusrepresenting
different connection types, (ii) various positions in the
mouth,implyingmostlikelytheuseofonlywidediameter
implants,(iii)differenttypesofreconstructions,including
single crowns, (iv) different follow-up length, and (v)
remarkablemechanicalcomplications, it is reasonable to
claimthatimplantoplastydoesnotappeartosignificantly
compromisethemechanicalpropertiesofimplants,atleast
on the short- to medium-term; nevertheless, mechanical
complicationscannotdefinitelybeexcluded.

 Conclusion

It was shown that surgical non-regenerative modalities
treatingperi-implantitiscanreducetheamountofinflam-
mation in a short-term follow-up, but seem limited
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effectiveinthelong-term.Usingimplantoplastyinsurgi-
cal non-regenerative treatment leads to a significant
reductioninbleedingonprobingandprobingdepthsand
may result in improvement of clinical and radiographic
parameters, up to three years after surgery compared to
mechanical debridement alone. Application of systemic
antibiotics,chemicalcompounds,ordiodelasersdoesnot

result in significant clinical or radiographic long-term
improvements.Implantoplastyasadjuncttosurgicalther-
apy followedbyregularsupportivemaintenancetherapy
is effective in terms of disease resolution and implant
survival rate. Implant location, defect morphology, and
widthofkeratinizedmucosaareindicatorsoftherapeutic
success.
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 Introduction

Peri-implantmucositisandperi-implantitisarepathologi-
cal conditions affecting tissues surrounding dental
implants.Manyfactorsarecontributingetiologicallytothe
pathologyofthesediseases [1].Themajorfactorisconsid-
eredtobemicrobialplaque(ormicrobialbiofilm).Patients
whodonotfollowdailyoralhygieneroutineandarenot
underregularmaintenancetherapyhavebeenshowntobe
at a higher risk for developing peri-implant disease  [2].
Therearealsosecondaryetiologicalandpredisposingfac-
tors such as smoking, diabetes mellitus, radiation, genes
associated with host response that contribute to peri-
implantpathology [2,3].

Themaingoalof treatmentofperi-implantdiseasesof
microbialetiologyisthe(i)effectiveremovalofmicrobial
biofilm,(ii)disinfectionofimplantandprostheticrestora-
tion surfaces, (iii) inflammation resolution and stabiliza-
tion of marginal bone level, and (iv) regeneration of
peri-implant tissues(if feasible) [4].Treatmentcanbe(i)
surgical(resectiveand/orregenerativetechniques),or(ii)
non-surgical (mechanical removal of microbial biofilm
usingultrasonicscaling,curettes,orair-polishingwithout
raisingaflap) [4].Additionalmethodsthathavebeenstud-
ied include (i) systemic administration of antibiotics or
applicationofantimicrobialmouthwashes,(ii)localappli-
cation of antibiotic or antimicrobial gels in peri-implant
pocket,(iii)mechanicalorchemicalalterationofimplant
surfaces,aswellas(iv)applicationofdentallasers [5].

Theefficacyofdentallasersintreatingperi-implantdis-
easeshasbeenstudiedeitherasmonotherapyoradjunctive
therapyduringi) diseasecontrolphase,ii) surgicalphase
(implant placement), or iii)  irradiation phase of implant
surfacesfordisinfectionormodification.Varioustypesof

lasers have been investigated: i)  neodymium lasers
(Nd:YAG,Neodymium-DopedYttriumAluminumGarnet,
1064nm), ii)  Erbium lasers (Er:YAG, Erbium Yttrium
Aluminum Garnet, 2940nm and Er,Cr:YSGG, Erbium,
Chromium-Doped Yttrium Scandium Gallium Garnet,
2780nm),iii) CarbonDioxidelasers(CO2,CarbonDioxide,
10600nm),aswellas iv) Diodelasers(810,940,980,and
1064nm) [4].Low-levellasershavebeenstudiedinaspe-
cifictypeoftherapytermedas“PhotodynamicTherapy”or
“PhotothermalTherapy”.

 Photodynamic Therapy

Photodynamic therapy is a treatment modality that
includesapplicationof low-level laser light foractivation
of a non-toxic hydrophilic photosensitive substance,
termedasphotosensitizer,usuallyinanoxygen-richenvi-
ronment.Thismethodwasdiscoveredatthebeginningof
the twentieth century by Raab who reported that
Paramecium caudatum could be killed after incubation
with acridine hydrochloride or eosin and concomitant
exposure to daylight (but not to the dark)  [6]. At that
period, therapywith local eosinand lightwas studied in
skin carcinoma treatment for first time  [7]. At the same
time, therequirement foroxygenduring thisphotosensi-
tive reaction was reported and the term “photodynamic
action”was introduced for first timea fewyears laterby
von Tappeiner  [8]. Antimicrobial photodynamic therapy
(aPDT) was first introduced by MacMillan and his col-
leaguesin1966,whoappliedacontinuouswavegaslaser
(632nm)toactivateToluidineBlueΟandkilledbacterial
microorganisms including bacteria and yeast  [9]. Due to
discoveryofantibioticsandtheirbactericidalactivity,PDT
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applicationwasforgottenformanyyears,untilresistance
toantibioticsdevelopedbymanybacteriaandmulti-drug
resistancehasledtotheincreasingscientificinterestand
researchonalternativeantibacterialtreatmentmodalities
suchasaPDT.

Photodynamictherapyhasbeenappliedasamethodfor
treating conditionssuchascarcinomaandactinickeratosis
untilWilsonet al.reporteditsapplicationforinactivation
of oral and periodontopathogenic bacteria  [10–12]. More
specifically, Streptococcus sanguis, Fusobacterium nuclea-
tum, Porphyromonas gingivalis,andActinobacillus actino-
mycetemcomitans were reported to be killed by applying
Toluidine Blue O, Azure B Chloride, or Methylene Blue
andactivatingthembyaHe:Nelaser.Thetechniquewas
effectiveininactivationofthesespeciesnotonlyinculture
formbutevenwhentheywereorganizedintobiofilms.In
a report from the same group of colleagues at the same
period,subgingivalmicrobialplaquesamplesfrompatients
withchronicperiodontitiswereincubatedwithToluidine
BlueOandactivatedbyHe:Ne laser  [13].Photodynamic
Therapyledtoviabilityreductionofalldifferentperiodon-
topathogenic species of the samples (aerobes, anaerobes,
black-pigmented anaerobes, P. gingivalis, F. nucleatum,
and streptococci) (only a minor toxicity was caused by
thedyealone).Duetoitstargetedactivityagainstmicro-
organisms, Photodynamic Therapy was also termed as
PhotodynamicAntimicrobialChemotherapy(PACT),anti-
microbial Photodynamic Therapy (aPDT), or Lethal
Photosensitization [14,15].

As it was mentioned above, the main principle of this
treatmentmodalityliesintheapplicationofaphotoactive
dyewhichistermedas“photosensitizer.”Photosensitizers,
appliedeitherlocally,orbeenadministeredintravenously,
consequentlybindtotargetbacterialcellsandareactivated
by light of specific wavelength in the presence of oxy-
gen  [16]. Theoretically, neither light of a specific wave-
length nor photosensitizers alone can cause cytotoxic
effectsoncells.Laserscantransmitmonochromatic,high-
intensity but low-level energy to the photosensitizers
which can be highly effective for activation of photody-
namicreaction.

After light activation, the photosensitizer is promoted
from its stable ground state to an excited triplet state.
Electrons from highly excited states can return to their
ground states, and during this transition, light or heat
emission can be observed  [17]. The excited triplet state
photosensitizers react with their substrate following two
differentpathwaystermedasTypeIandTypeIIreactions,
dependingonthephotosensitizerappliedandtheexisting
conditions [18–21].InTypeIreaction,electronsaretrans-
ferred from the excited triplet state photosensitizer to
organicsubstratemoleculeswithinthecells.Thisleadsto

productionofotherreactiveagents(freeradicalsandradi-
cal ions) that react with molecular oxygen and produce
reactiveoxygenspeciessuchashydroxylradical,superox-
ideandhydrogenperoxide.Thesereactiveoxygenspecies
reactwithmoleculesinsidebacterialcellsandcausedam-
age to them.Type II reaction includes the interaction of
excitedtriplet-statephotosensitizerwithground-stateoxy-
genthatleadstoproductionofsingletoxygen(1O2).Singlet
oxygencanalsointeractwithmanymoleculesinsidecells
leading to their oxidation. Both reactions can eventually
damagethecellwallandcytoplasmicmembrane,leading
tocelllysisandcelldeathbynecrosisorapoptosis [22].

Singletoxygen(1O2)isconsideredtobetheprimaryreac-
tiveagentofphotodynamicreaction,somostoftheeffects
insidemicrobialcellsaremediatedbyTypeIIreaction [23].
Due to the short lifetime of singlet oxygen in cells, the
radiusofactivityofsingletoxygenisalsoshort.Asaresult,
photodynamic reaction is limited to the region of photo-
sensitizer application, and its effects are restricted to a
smalltargetedregionofactivity,withoutaffectingcellsand
tissuesatadistance.

aPDToffersmanyadvantagesincomparisontosurgicalor
non-surgicaltreatmentmodalities(mechanical instrumen-
tation, local or systemic administration of antibiotics,
etc.) [23].WhenaPDTisperformed,patientsavoidundergo-
ing the unpleasant experience of a surgical procedure.
Furthermore, this treatment modality can be performed
eveninpatientswithcompromisedmedicalhistory.Dueto
applicationof low-level lasers, theenergyandheat that is
transferredtotheimplantsurfaceisverylow.Photosensitizers
requirelessenergytobecomeactivatedandinactivatepath-
ogenic bacteria. As a result, the overall reaction does not
causeanydamagetotheimplantsurfaceandneighboring
healthy tissues (carbonization, cracking, or melting).
Furthermore,aPDTpresentsapromisingtreatmentmethod
for overcoming limitations of classical mechanical instru-
mentation methods to decontaminate implant surfaces,
evenindifficult-to-accessregionswithoutraisingaflap,and
this effect can be completed in a very short time period
which is controllable in a light-dependent manner (wave-
length,power,andtimeofirradiation),andwithoutcausing
traumatotheneighboringtissues.Incontrasttoantibiotics,
aPDTisadvantageousasitovercomesonemajordisadvan-
tageofantibioticsadministration(asithasbeenreportedfor
periodontalmicroflora)anddoesnotleadtodevelopmentof
antibiotic-resistantstrains [24].Thisisduetonon-targetspe-
cificmechanismofactionofaPDTwhich isbasedon the
productionofhighlyreactivecytotoxicmolecules,asmen-
tionedabove.Duetothetarget-specificactivityofantibiot-
ics,manyofthemwouldberequiredtoinactivatedifferent
speciesofbacteriainmicrobialbiofilm.However,aPDTcan
inactivatedifferentmicroorganismsnon-specificallydueto
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its mechanism of action. Furthermore, the effect of laser
irradiation on the photosensitizer can be diffused to the
innerlayersofmicrobialbiofilm,aneffectthatisdifficultto
achievebyantibiotics [24].

Many photosensitizers have been applied in aPDT, in
general,andmorespecificallyintreatmentofperiodontal
andperi-implantdiseases.Ideally,theyshouldhavethefol-
lowing features: (i) absence of toxicity, (ii) high binding
affinity,specificityandabsorptionfortargetdiseasedcells/
tissues and low for healthy cells/tissues, (iii) quick accu-
mulation at the target cells/tissues and short half-life, in
ordertobedispersedataspecificradiusfromthedesired
target region of tissue and not affect non-desired tissue
regions,(iv)haveabroadspectrumofactivity,(v)should
beactivatedbyaspecificwavelengthoflightandbeableto
produceasignificantquantityofcytotoxicmolecules [25].

Sincethefirstin vivohumanstudypublishedin2001by
Doertbudaket al.(thatappliedaPDTafterraisingaflap),
manyreportshavebeenpublishedinPubMeddatabaseof
the US National Library of Medicine so far that have
applied non-surgical aPDT in peri-implant disease treat-
ment(Table 15.1) [14].Themostcommonphotosensitizers
applied in these studies areToluidine Blue O [Tolonium
Chloride:(7-amino-8-methyl-phenothiazin-3-ylidene)-dim
ethyl-ammonium (C15H16N3S+)], Methylene Blue
[3,7-bis(dimethyl-amino)phenazathioniumchloridetetra-
methylthioninechloride(C16H18N3ClS)orphenothiazine-5-
ium,3,7-bis(dimethylamino)-chloride],andPhenothiazine
Chloride(Table 15.1).

Toluidine Blue has a blue–violet color, while MB in its
oxidizedformisblueandbecomescolorlessinitsreduced
state.Bothphotosensitizersaresimilarintheirfeaturesand
are effective against periodontopathogenic bacteria (both
Gram+ and Gram−)  [59]. MB is a cationic dye with its
absorption peak at light of 660nm wavelength, while
Toluidineblue isalsocationicwith itsabsorptionpeakat
lightof635nmwavelengthforinactivatingbacterialcells.
Phenothiazine Chloride is also a blue photosensitizer (its
mainingredientisToluidineblue)anditsmaximumabsorb-
anceisat670nmwavelengthoflight.Insevenstudiespub-
lishedsofarinPubMeddatabaseoftheUSNationalLibrary
ofMedicine,aPDTwithMBwasperformedtogetherwith
mechanical debridement or glycine air-polishing
(Table  15.1). MB was activated by (i) 630nm, (ii) 635nm,
(iii)660nm,or(d)670nmwavelengthoflight.Insixoutof
seven studies, aPDT resulted in improvement of clinical
and/or microbiological and immunological parameters in
thesestudies.Theonlystudythatdidnotreportanyaddi-
tivepositive resultafteraPDTwithMBwas thatdoneby
AlresheediandAlazmi [55].Infivestudiespublishedsofar
inPubMeddatabaseoftheUSNationalLibraryofMedicine,
aPDTwithToluidineBluewasperformedincombination

with scaling and/or mechanical debridement and/or sub-
gingivalglycineair-polishingand/orprofessionallyadmin-
isteredplaqueremovaland/orhome-basedadministration
ofprobiotics,and/orirrigationofperi-implantpocketwith
saline solution. In these studies,Toluidine Blue was acti-
vatedby(i)LED,(ii)630or(iii)635 wavelengthoflight.In
allof thesestudies,aPDTwithToluidineBlueresulted in
improvement of clinical parameters examined in each
study. Finally, nine studies have been published so far in
PubMeddatabaseoftheUSNationalLibraryofMedicine,
reportingaPDTwithphenothiazinechloride.Inallofthese
studies, phenothiazine chloride was activated by 660nm
wavelengthoflight.APDTwasperformedassoletreatment
or in combination with air-polishing and/or mechanical
debridementand/orscalingandrootplaning.

Anoverviewofallofthesestudies(samples,methodol-
ogy followed, results) investigating the effectiveness of
non-surgical photodynamic therapy in treatment of peri-
implantdiseasespublishedinPubMeddatabaseoftheUS
National Library of Medicine so far are presented in
Table 15.1.Abriefcommentisthatinmanystudies,aPDT
eitherassoleoradjunctive treatment leads toshort-term
improvement (three to six months) of clinical, microbio-
logical, and immunological parameters in patients with
peri-implantdiseaseincomparisontocontrolgroupsthat
have undergone only classical treatment methods (e.g.
mechanicaldebridement,air-polishing, local,orsystemic
administrationofantibiotics). In someof the studies,no
additional benefit from aPDT in any of the parameters
measuredwasreported.Therearesomestudies thatpre-
sented some limitations (no control groups). APDT is a
technique,thatasmentionedabove,duetoitsadvantageof
not causing resistant strain growth, could be repeated
many times to achieve better results if possible without
havingadverseeffects(insomestudies,repeatedapplica-
tionoftherapyinregularsessionsafterinitialtherapyhas
beenreported).TherearesomestudiesinwhichaPDThas
reportedimprovementlevelsofHb1Acindiabeticpatients
with peri-implant disease, while in others no additional
benefit was observed. All these results are shown in
Table 15.1.Althoughinsomeofthestudies,nodetailsof
methodologyareprovidedeitherinabstractorinfulltext,
itisobviousthattherehasbeenincreasinginterestinongo-
ingresearcharoundapplicationofthistreatmentinther-
apyofperi-implantmucositisandperi-implantitis.
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Inrecentyears,anotherphotosensitizerreportedtobe
applied in a more contemporary version of aPDT is
Indocyanine Green (Table  15.2). This photosensitizer



Table 15.1 In vivo human studies of non- surgical antimicrobial photodynamic therapy in treatment of peri- implant diseases.

Study  
Authors Sample

Typeofintervention 
Groups Results

Deppeet al. [26] 16patientswithperi-implantitis
(PD 8mm)

PD<5mm:PCfor3 min,Diode
laser(660nm)(100mW, continuous,
1min)

PD = 5–8mm:PCfor3 min,Diodelaser
(660nm)(100mW,continuous,1 min)

PD = 5–8 mm group:At6 months,
significantincreaseofCALandDIB

Scharet al. [27] 40patientswithperi-implantitis
(PD = 4–6mm)
Meanage:58years

MD,SubgingivalGlycineAir-
Polishing,Minocycline
microspheresinperi-implant
pocket.IfresidualBOPwas
recordedat3and6 months,1
additionalsessionwasperformed
eachtime

MD,SubgingivalGlycineAir-Polishing,
PCfor3 min,Diodelaser(660nm)
(100mW,continuous,10secpersite)
(repeatafter1 week).IfresidualBOP
wasseenat3and6 months,1
additionalsessionwasperformedeach
time

Comparablereductioninmucosal
inflammation,PD,andgainofCALupto
6 monthsinbothgroups

Thierbach
et al. [28]

28patientswithperi-implantitis
(PD>5mm)
Meanage:50.6±9.41years

PUS:FullmouthSRP.At2 months,
additionalSRP,PCfor3min,Diode
laser(660nm)(1min).At4 months
surgicaltreatment

NoPUS:FullmouthSRP.At2 months,
additionalSRP,PCfor3min,Diode
laser(660nm)(1min)

PD,BOP,andaMMP-8 levelsimprovedin
bothgroups.PUSgroup:peri-implantitis
canbeeffectivelytreatedwithadditional
surgicaltreatmentat4 months

Bassettiet al. [29] 40patientswithperi-implantitis
(PD = 4–6mm)
Meanage:58years

MD,SubgingivalGlycineAir-
Polishing,Minocycline
microspheresinperi-implant
pocket.IfresidualBOPwasseenat
3,6,9,or12 months,1additional
sessionwasperformedeachtime

MD,subgingivalglycineair-polishing,
PCfor3 min,Diodelaser(660nm)
(100mW,continuous)for10secpersite
(repeatafter1 week).IfresidualBOP
wasseenat3,6.9,12 months,1
additionalsessionwasperformedeach
time

At12 months:significantreductionof
BOPandCFlevelsofIL-1βinbothgroups
At9 months(inaPDTgroup)andat
12 months(incontrolgroup)significant
reductionofPD
At6 months(inaPDTgroup)andat
12 months(incontrolgroup)significant
reductionofP.gandT.f

AlAmriet al. [30] 67patientswithT2DMand
peri-implantinflammation
Meanage:51.4±3.7years
(control group),53.6±9.5years
(aPDTgroup)

MD MD,PCfor2 min,Diodelaser(660nm)
(100mW,10secpersite)

aPDTgroup:significantdifferencein
HbA1clevelsat6and12 months.BOP
andPD(notMBL)weresignificantly
reducedat6and12 months

Javedet al. [31] 84smokers,82 non-smokers
Peri-implantdiseases

MD MD,PCfor2min,andDiodelaser
(660nm)(100mW,10secpersite)

At6 months:PDhigherinsmokersvs
non-smokers.BOP,PD,andCBLwere
comparablebetweensmokersand
non-smokersat12 months.BOPwas
comparableamongsmokersatall-time
intervals
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Karimiet al. [32] 10patients,15pairsofdental
implantswithperi-implant
mucositis(PD 5mm)orperi-
implantitis(PD>5mm)

Controlimplants:Scaling
aPDTimplants:Scaling,TBOfor3 min,
LED (2000mW,2min)

SignificantdifferenceinPD,CAL,BOP,
andGIateachtimepointbetweentwo
groups.Nosignificantdifferenceinany
parameterincontrolgroup.At3 months,
completeresolutionofBOPinallaPDT
implants.At1.5and3 months,significant
differenceinPDandCALgaininaPDT
implants

Romeoet al. [33] 40patientswithperi-implantitis
(PD≥4mm)
Rangeofage:34–68years

GlycineAir-Polishing,MD GlycineAir-polishing,MD,MBfor1
min,Diodelaser(670nm)(75mW,1
min)

After24 weeks,inaPDTgroup,improved
PD,BOP,andPI,withanaveragePDvalue
of2mm(controlgroup 3mm)

Abduljabbar [34] 60prediabeticpatientswith
peri-implantdiseases(PD≥4mm)

MD MD,aPDT At3 months(butnotat6 months),
BOP andPDweresignificantlyhigherin
controlgroup.HbA1clevelswere
comparableinallgroupsatalltime
intervals

Abduljabbar [35] 64patientswithT2DMand
peri-implantdiseases(PD≥4mm)
Meanage:52.6±0.8years(smokers),
54.4±1.2years(non-smokers)

T2DMsmokers:MD,aPDT Non-T2DMsmokers:MD,aPDT At6-months,nosignificantdifferencein
BOPandPDamongpatientsingroups1
and2versusbaseline.HbA1clevelswere
comparableinallgroupsatalltime
intervals

Al-Sowygh [36] 48 male,smokelesstobacco
consumingpatients
Meanage:46.8±5.7years
(control group),42.5±6.5years
(aPDTgroup)

MD MD,aPDT At3-months,PI,BOP,andPDwere
significantlyhigherincontrolgroupvs
aPDTgroup

Javedet al. [37] 54 malepatients,smokerswith
peri-implantmucositis(PD≥4mm)
Meanage:52.2±0.5years(control
group),50.6±0.8years(aPDT
group)

MD MD,PCfor2 min,Diodelaser(660nm)
(100mW,10secpersite)

PDandPIweresignificantlyhigherin
controlversusaPDTgroupat12 months

Mongardini
et al. [38]

20patientswithexperimentally
inducedperi-implantmucositis
Meanage:57±11years

PAPR,TBOfor1 min, Diodelaser
(630nm)(10secpersite),
professionalandhome-based
administrationofplacebo
preparation

PAPR,TBOfor1 min,Diodelaser
(630nm)(10secpersite),professional
andhome-basedadministrationof
probiotics(L.pandL.b)

SignificantreductionofBOP+sitesat2
and6 weeks.Theadjunctiveuseof
probioticsdidnotsignificantlyenhance
theclinicaloutcomesofPAPR+aPDT

AlRifaiy
et al. [39]

38 malepatients,vapinge-cigarettes
withperi-implantmucositis
Meanage:35.4±2.1years(control
group),33.6±2.8years(aPDT
group)

MD MD,MBfor10sec,Diodelaser
(670nm)(150mW,1 min)

MoresignificantreductionofPIandPDin
aPDTgroupversuscontrolgroupat
12 weeks

(Continued)
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Zezaet al. [40] 20patientswithexperimentally
inducedgingivitisandperi-implant
mucositis
Meanage:57±11years

PAPR PAPR,TBOfor1 min,Diodelaser
(630nm)for10secpersite

SignificantreductionofBOPsitesaround
teethandimplantswithtreatmentresult
beingaffectedbyinitialPD.Significantly
highernumberofresidualBOPsitesin
implants,andthedifferencebetween
implantsandteethwereparticularly
pronouncedatshallow(1–2mm)sulcias
observedat6 weeks

Alqahtani
et al. [41]

98 malepatientswithperi-
implantitis(PD≥4mm),Meanage:
54.2±2.2years(Non-smokers),
55.6±1.6years,(Cigarette-smokers),
52.3±2.2years(Water-pipeusers)

MD MD,MBfor10sec,Diodelaser
(660nm)(150mW,1 minpersite)

MDalone:NodifferenceinPI,BOP,PD,
andCBLamongcigarettesmokersand
waterpipeusersat3and6 months.MD+
aPDT:PIandPDweresignificantlylower
amongcigarettesmokersandwaterpipe
usersat3 months.At6 months,PI,BOP,
andPDweresignificantlylowerin
never-smokersversusbaselineand
3-months

Wanget al. [42] 132patientswithperi-implantitis
(PD≥6mm)

Meanage:43.4±11.5years

MD,SubgingivalGlycine
Air-Polishing

MD,SubgingivalGlycineAir-Polishing,
TBOfor3 min,Diodelaser(635nm)
(750mW,10secpersite)

At1 month,PDinaPDTgroupwas
higher,whileat3and6 months,was
lowervscontrol.CAL,PLI,andSBIin
aPDTgroupwerebetterversuscontrol

Ahmed
et al. [43]

60 malepatientswithT2DMand
peri-implantitis(PD≥6mm)
Meanage:50.7±5.9years(control),
51.4±6.7 years(antibioticgel
group),48.9±4.5years (aPDT
group)

MD MD,antibioticgel
(400mg
metronidazole+
500mg
amoxicillin)

MD,PCfor2 min,
Diodelaser
(660nm)(150mW,
10secpersite)

At3 months,significantreductionofPS,
BOP,PD,andCBLinaPDTgroupversus
control.At6 months,BOP,PD,andCBL
weremoreimprovedinaPDTgroup
versusantibioticgelgroup.At3and
6 months,TNF-αandIL-6 levelswere
improvedinbothantibioticgelandaPDT
groupsversuscontrol

AlDeeb
et al. [44]

75patientswithperi-implantitis
(PD≥6mm)
Meanage:41.3±6.5years(Non-
smokers),35.6±4.8years(Cigarette-
smokers),44.7±7.2years
(e-cigaretteusers)

MD,MBfor10sec,Diodelaser(670nm)(150mW,1 min) BOPine-cigaretteandnon-smokers
groupssignificantlyreducedat3 months
(incigarettesmokersonlyat6 months).
Inter-groupcomparisonshowedRANK-L
significantreductioninnon-smokers
groupat3and6 months

AlDeeb
et al. [45]

71patientswithperi-implantitis
(PD≥6mm)
Meanage:30.2±4.4years(Non-
smokers),29.5±5.8years(Cigarette-
smokers),27.8±3.1years
(e-cigaretteusers)

MD,MBfor10sec,Diodelaser(670nm)(150mW,1 min) SignificantreductionofPI,PD,aMMP-8,
andTNF-αat12 weeksinallgroups.
SignificantincreaseofBOPincigarette
ande-cigarettesmokersat12 weeks

Table 15.1 (Continued)

Study  
Authors Sample

Typeofintervention 
Groups Results
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AlHafez
et al. [46]

60 patients withperi-implant
mucositis
Group 1:Prediabeticsmokers
Group 2:Prediabeticnon-smokers
Group 3:Systemically-healthy
smokers
Group 4:Systemically-healthy
non-smokers

MD,aPDT Groups1,2:nosignificantdifferencein
PI,BOP,andPDat4and12 weeks.
Groups3,4:significantreductionofPI
andPDat4and12 weeks

Almohareb
et al. [47]

40patientswithperi-implantitis
(PD≥6mm)withabscess
Meanage(control):50.9±6.3years
Meanage(aPDTgroup):51.7±7.5
years

MD,systemicamoxicillin(500mg)
andmetronidazole(400mg)(thrice
daily)for7days

MD,MBfor1 min,Diodelaser(670nm)
(10secpersite)

At12 months,significantreductionof
BOPinaPDTgroupversuscontrol.At
6 months,significantreductionofP.g,T.d
andT.f versusbaselineforbothgroups.At
6 months,moresignificantreductionof
P.ginaPDTgroupversuscontrol

Alresayes
et al. [48]

49patientswithmoderate
peri-implantitis
Meanage:45.8±9.2years(non-
obese),49.4±9.9years(obese)

aPDT SignificantreductionofPI,BOP,andPD
inbothgroupsat3and6 months.At
3 months,moresignificantreductionof
PI,BOP,andPDinnon-obeseversus
obesegroup.Significantreductionof
peri-implantCFvolume,TNF-α,IL-6 in
non-obeseaswellasobeseat3and
6 months

Deebet al. [49] 45 malepatients,smokers,with
peri-implantmucositis
Meanage:49.2±0.13years
(control),53.8±0.7years(antibiotic
gelgroup),52.6±0.9years(aPDT
group)

MD MD,systemic
antibiotic(500mg
azithromycin
on 1stdayand
250mgondays
2–4)

MD,PCfor2 min,
Diodelaser
(660nm)(100mW,
10secpersite)

At6 weeks,significantreductionofPS,
BOP,andPDinsystemicantibioticand
aPDTgroupsvscontrol.At12 weeks,
significantreductionofPSandBOPin
systemicantibioticandaPDTgroups
versuscontrol.At6 weeks,significant
reductionofBOPinaPDTgroupversus2
othergroups.At12 weeks,significant
reductionofP.aeandS.ainsystemic
antibioticandaPDTgroupsversuscontrol

Ohbaet al. [50] 21patientswithperi-implantitis
(PUS)

Salineirrigationofperi-implant
pocket

Salineirrigationofperi-implantpocket,
TBO,Diodelaser(630nm)(30 sec×2)

SignificantreductionofPUSinaPDT
groupversuscontrol

Al-Askaret al. [51] 49patientswithperi-implantitis
(CBL≥3mm)
Meanage:62.8±2.5years(control),
65.2±1.3years(aPDTgroup),
63.2±2.8years(PBMTgroup)

MD MD,patient
swishingwith
0.05%MBfor
5 min,aPDTwith
Diodelaser
(660nm)(180mW)

MD,PBMTwith
indiumgallium
arsenide
phosphorous
Diodelaser
(940nm)(20secat
15mmdistance

At3 months,significantreductionofmPI,
mGI,andPDinaPDTandPBMTgroups
(nointer-groupdifferencebetweenthem)
versuscontrol.At3 monthsnodifference
incontrolgroupversusbaseline.CBLwas
comparableinallgroupsat3 months

(Continued)
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Table 15.1 (Continued)

Study  
Authors Sample

Typeofintervention 
Groups Results

Alasqah [52] Obesepatientswithperi-implant
diseases

Group 1:MD Group 2:MD+
Er,Cr:YSGGlaser

Group 3:MD+
aPDT

Groups2,3:At3 months,significant
reductionofPI,BI,andPDversusgroup 1.
At6 months,PIandBIamonggroups
1,2,3 werecomparable.At6 months,
significantreductionofTNF-αand
IL-6 levelsingroups2,3

Al-Hamoudi
et al. [53]

Waterpipesmokersandnon-smokers
withperi-implantitis

Group 1:Participantswhodidnot
usewaterpipeinthelast2years
buthaveperi-implantitis(control):
MD

Group 2:Waterpipesmokers(WPS)for
thelast2yearswithperi-implantitis:
MD+aPDT

aPDT+MDreducedmeanRANKLlevels
at3and6 months

Alqutub [54] 95patientswithperi-implantdisease Group 1:MD Group 2:MD+
ECL

Group 3:MD+
aPDT

Groups2,3:At3 months,significant
reductionofPI,BI,andPDversuscontrol.
At6 months,PIandBIamonggroups
1,2,3 werecomparable

Alresheedi
et al. [55]

45patientswithimplantsbefore
prosthesisdelivery

Steamingprotocolfordisinfection PDTfor
disinfection

0.2%CHXgel NosignificantdifferenceinmPI,mBOP,
PD,andCBLinallgroups

Shettyet al. [56] 34patientswithperi-implant
mucositis

MD MD,aPDT aPDTgroup:At3 months,significant
reductionofmPI,mBI,PD,andoralyeast
colonizationversuscontrol

ALHarthi
et al. [57])

88patientswithperi-implantitis
Group 1:59.2±5.3years
Group 2:60.5±2.8years
Group 3:59.6±3.1years
Group 4:58.7±0.8years

Group 1:MD Group 2:
MD+
aPDT

Group 3:MD+
aPDTatbaseline,
3 months

Group 4:MD+
aPDTatbaseline,
3 and6 months

Groups2,3,4:At9 months,significant
reductionofPI,GI,PDversusgroup 1.No
significantdifferenceinPI,GI,andPD
betweengroups2,3,4.Nosignificant
differenceinCBLinallgroupsversus
baseline

ALHarthi
et al. [58]

107implants
Group 1:Systemicallyhealthy
patientswithahealthyperiodontal
andperi-implantstatus
Group 2:patientswithperiodontal
andperi-implantdiseaseswithout
depression
Group 3:patientswithperiodontal
andperi-implantdiseaseswith
depression

Ingroups2and3,patientsreceivedMDwithandwithoutaPDTrespectively Groups2,3:Atbaseline,higher
periodontalandperi-implantclinical
parametersandTNF-αlevelsversus
group 1.Groups1,3:At4 months,no
differenceinperiodontalandperi-implant
clinicalparametersintestandcontrol
groups
Group 2:significantreductionin
periodontalandperi-implantclinical
parametersat4 monthsversusbaseline.
Nosignificantdifferenceinthese
parametersamongpatients
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Table 15.2 In vivo human studies of non- surgical photothermal therapy in treatment of peri- implant diseases.

Study  
Authors Sample

Typeofintervention 
Groups Results

Birang
et al. [60]

20patientswithprimary
peri-implantitis
Meanage:52.6years

SRP,MD,SodiumBicarbonate
Air-Polishing,Diodelaser(810nm)
(Repeatafter2 weeks)

SRP,MD,SodiumBicarbonate
Air-Polishing,ICGfor90sec,Diode
laser(810nm)accordingto
manufacturer’sinstructions(Repeat
after2 weeks)

SignificantreductioninBOP,PD,andmPI
inbothgroups.A.a,T.f,andP.ginthe
aPDTgroupandP.ginthecontrolgroup
significantlydecreasedat3 months

Labban
et al. [61]

48patientswithT2DMand
peri-implantitis(PD≥6mm)
Meanage:50.4±9.3years(control),
47.8±7.2years(aPDT group)

MD MD,ICG,Diodelaser(810nm)
accordingtomanufacturer’s
instructions(Repeatafter7,17, 27 days)

At3and6 months,moresignificant
reductionofBOPinaPDTversuscontrol.
At6 months,moresignificantreductionof
PD,PUS,andCBLinaPDTgroupversus
control.At3and6 months,significant
reductionofP.gandT.donlyinaPDT
groupversusbaseline(incontrolgroup
onlyat3 months)
At3 months(notat6 months),significant
reductionofIL-1βandIL-6 inbothgroups
(nosignificantdifferencebetweenthem)

Lahteenmaki
et al. [62]

7patients,non-smokerswith
peri-implantmucositisorperi-
implantitis(PD≥3mm)
Agerange:65–89years

Dual-lightPDTdailyforfourweeksbeforemechanicalmaintenance
treatment.AsingleLumoral®treatmentincludesanICGmouthrinsefor
1minfollowedby40J/cm2radiantexposuretoacombinationof810and
405nmlight

Atfourweeks,significantreductionof
aMMP-8,VPI,andBOP
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is anionic, hydrophilic, and lipophilic, and shows its
absorption peak at 810nm.This wavelength is differ-
entfromwavelengthsappliedwiththeotherphotosen-
sitizersinaPDT(MethyleneBlue,ToluidineBlue,and
Phenothiazine Chloride), has a greater penetration
depth compared to them, which is favorable in deep
periodontalandperi-implantpockets.Incontrastwith
photosensitizers used in aPDT, Indocyanine Green’s
maineffectderivesprimarilyfromitsmolecules’vibra-
tionandheatreleaseinsidetargetcells/tissues,andat
a secondary degree through production of cytotoxic
reactive agents (thought to be 80% photothermal and
20% photochemical)  [23, 63]. Due to its different
mechanism of action, this type of aPDT is termed as
“Photothermal Therapy.” Photothermal therapy with
Indocyanine Green was initially applied in  treatment
of acne bulgaris  [64]. Indocyanine green has been
showntobeselectivelyabsorbedbyperiodontopatho-
genic bacteria (P. gingivalis and A. 
actinomycetemcomitans) [63].

Photothermal therapy includes application (with a
syringe with a blunt tip) of indocyanine green (mixed
accordingtomanufacturer’sinstructions)inperi-implant
pocketbeforeremovalofmicrobialbiofilmfromimplant
surfaceandperi-implanttissues(Figures 15.1–15.3).This
isperformedtoavoidbleedingthatwouldleadtoabsorp-
tionoflaserenergybythehemoglobin,andconsequently
leadtoreducedabsorptionoflightbythebacterialtarget
cells.Atfirststage,aspecifichandpiecefortransgingival
irradiationisirradiatingataverticaldirectionfromadis-
tanceof~15mmontheoutersurfaceofperi-implanttis-
sues(Figure 15.4).Thepowerthatisusedis500mWand
thedurationofirradiationlastsfrom5to15secondsper

Figures15.2 Application of Indocyanine Green in peri- implant 
pocket buccally and palatally.

Figure15.4 Transgingival irradiation with a specific therapy 
handpiece provided by the manufacturer.

Figure15.1 Initial situation of an implant in position 21 with 
peri- implantitis.

Figures15.3 Application of Indocyanine Green in peri- implant 
pocket buccally and palatally.
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targetedarea(buccallyandlingually).Thephotosensitizer
isactivatedtransgingivally.Atthesecondstage,a300μm –
optic fiber with a special tip (bulb fiber) is used
(Figure 15.5).Thisfibertipenablesirradiationinsideperi-
implantpocketata360°angle (Figure 15.6).Thepower
thatisusedis200mWandthedurationofirradiationlasts
from5to15secondspertargetedarea(buccallyandlin-
gually).Theopticfiberisplacedintheperi-implantpocket
and circular movements are performed inside it in all
directions.Atthethirdstage,thesame300μm –opticfiber
isused,butwithaflat tip(barefiber)(Figure 15.7).The
powerthatisimplementedis200mWandthedurationof
irradiation lasts from 5 to 15 seconds per targeted area

(buccallyandlingually).Theopticfiberisplacedintothe
pocket,againstitsexternalwall,andcircularmovements
areperformedtoachievede-epithelializationandremoval
of the granulation tissue from the infected peri-implant
pockettoanextentthatisdeterminedbytheclinician.Itis
recommended that microbial deposits can then be
removed from the implant surface during the same ses-
sion. Two studies investigating the effectiveness of non-
surgicalphotothermaltherapyintreatmentofperi-implant
diseaseshavebeenpublishedsofarinPubMeddatabaseof
the US National Library of Medicine (Table  15.2).
Photothermal therapy with Indocyanine Green was
applied in combination with mechanical debridement,
and/orscalingandrootplaning,and/orair-polishingwith
sodium bicarbonate powder. In both studies, photother-
maltherapyresultedinadditionalimprovementinsome
of theclinicalandmicrobiologicalparametersexamined
(threetosixmonths).Inarecentstudy,ahome-basedpro-
tocol of photothermal therapy was examined for first
time  [62]. Researchers reported that they provided their
patients with peri-implant disease, with a special kit of
ICGmouthrinseandanapparatusforradiantexposureto
acombinationof810and405nmlightatverylowlevelsof
energy for four weeks before performing mechanical
debridement.Atfourweeks,improvementofclinicaland
immunologicalparameterswas reported (however, there
isnocontrolgroupinthestudy).

The following clinical cases present the application of
photodynamictherapyinthetreatmentofperi-implantitis
to maintain health and stability of dental implants
(Figures 15.8–15.13).

Figure15.5 The bulb tip of the optical fiber is applied for 360° 
intra- pocket irradiation.

Figure15.6 Intra- pocket irradiation with the bulb tip of the 
optical fiber.

Figure15.7 Intra- pocket irradiation with the bare tip of the 
optical fiber.
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(a) (b) (c) (d)

Figure15.8 Radiographic images of implant in position 21 before non- surgical therapy and during follow- ups of a 63- year- old 
woman, at maintenance phase of periodontal therapy, with hypothyroidism. Implants were placed at sites #21, 36, 37, 26, 27 
(at the age of 53). Seven years after implant placement, severe peri- implantitis was identified (radiographic bone loss, suppuration, 
and bleeding on probing). Implants at sites 36, 37, 26, 27 were extracted. Sessions of Ultrasonic Scaling, Supra-  and Sub- gingival 
Air- Polishing with Glycine or Erythritol Powder, antimicrobial Photothermal Therapy with Indocyanine Green (810 nm diode laser), 
Local application of Blue®m gel or 2% w/w Minocycline gel or 0.3% Chlorhexidine gel + 1% Hyaluronic Acid, were performed in 
regular three month- recalls. Peri- implant probing depth has been reduced, suppuration and bleeding on probing have resolved and 
radiographic bone levels are presented. (a) Initial situation (seven years after implant placement). (b) one- year recall. (c) two- year 
diastema needed recall. (d) three- year recall.

Figure15.9 A 52- year- old man, at maintenance phase of periodontal therapy, with free medical history. Peri- implantitis was 
identified (radiographic bone loss, bleeding on probing). Sessions of Ultrasonic Scaling, Supra- gingival Air- Polishing with Glycine or 
Erythritol Powder, antimicrobial Photothermal Therapy with Indocyanine Green (810 nm diode laser), were performed in regular three 
month- recalls. Peri- implant probing depth has been reduced, bleeding on probing has resolved and radiographic bone levels are 
presented. (a) Initial situation. (b) one- year recall. (c) two- year recall. (d) two- year recall. Clinical situation.

(a) (b)
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(a) (b)

(c) (d)

Figure15.10 About 73- year- old woman, at maintenance phase of periodontal therapy, with free medical history. Peri- implantitis was 
identified (radiographic bone loss, bleeding on probing). Clinically a vertical fracture of implant at site 37 was identified. Sessions of 
Ultrasonic Scaling, Supra- gingival Air- Polishing with Glycine or Erythritol Powder, antimicrobial Photothermal Therapy with 
Indocyanine Green (810 nm diode laser), were performed in regular three month- recalls. Peri- implant probing depth has been reduced, 
minor bleeding on probing has been observed and radiographic bone levels are presented. (a) Initial situation. (b) one- year recall. 
(c) two- year recall. (d) two- year recall. Clinical situation.

(c) (d)

Figure 15.9 (Continued)



(a)

(c)

(b)

Figure15.11 A 62- year- old woman, at maintenance phase of periodontal therapy, with free medical history. Extraction of tooth 
46 was performed due to tooth fracture, and an implant was placed (at the age of 51). Seven years after implant placement, severe 
peri- implantitis was identified (radiographic bone loss, suppuration, and bleeding on probing) due to inadequate compliance of 
patient with regular periodontal recalls. Sessions of Ultrasonic Scaling, Supra-  and Sub- gingival Air- Polishing with Glycine or Erythritol 
Powder, antimicrobial Photothermal Therapy with Indocyanine Green (810 nm diode laser), Local application of Blue®m gel or 2% w/w 
Minocycline gel or 0.3% Chlorhexidine gel + 1% Hyaluronic Acid, were performed in regular three- month recalls. Peri- implant probing 
depth has been reduced, suppuration and bleeding on probing have resolved and radiographic bone levels are presented. (a) Initial 
situation (seven years after implant placement). (b) two- year recall. (c) four- year recall.

(a) (b) (c)

Figure15.12 A 71- year- old woman, with hyperlipidemia. No previous periodontal treatment. Three implants were placed at sites 
#44, #45, #46 (at the age of 59). Nine years after implant placement, peri- implantitis was identified (radiographic bone loss, bleeding 
on probing). Sessions of Ultrasonic Scaling, Supra- gingival Air- Polishing with Glycine or Erythritol Powder, antimicrobial Photothermal 
Therapy with Indocyanine Green (810 nm diode laser), Local application of Blue®m gel or 2% w/w Minocycline gel, were performed in 
regular three month- recalls. Peri- implant probing depth has been reduced, bleeding on probing has resolved and radiographic bone 
levels are presented. (a) Initial situation (nine years after implant placement). (b) one- year recall. (c) three- year diastema needed recall.
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Abbreviations

A.a Aggregatibacter actinomycetemcomitans
A.m Actinomyces meyeri
A.n Actinomyces naeslundii
A.o Actinomyces odontolyticus
aMMP- 8 active Matrix Metalloproteinase- 8
aPDT adjunctive Photodynamic Therapy
ΒΙ Bleeding Index
BOP Bleeding On Probing
C.r Campylobacter rectus
CAL Clinical Attachment Level
CBL Crestal Bone Loss
CF Crevicular Fluid
CHX Chlorexidine
DIB Distance from Implant to Bone
E.c Eikenella corrodens
ECL Er,Cr:YSGG laser
F.n Fusobacterium nucleatum
GI Gingival Index
HbA1c Hemoglobin A1c
HLLT High Level Laser Therapy
ICG Indocyanine Green
IL- 6 Interleukin- 6
L.b Lactobacillus brevis
L.p Lactobacillus plantarus

LED Light Emitting Device
MB Methylene Blue
MBL Marginal Bone Loss
mBOP Modified Bleeding On Probing
MD Mechanical Debridement
mGI Modified Gingival Index
mPI Modified Plaque Index
P.a Peptoniphilus asaccharolyticus
P.ae Pseudomonas aeruginosa
P.g Porphyromonas gingivalis
P.i Prevotella intermedia
P.spp Peptostreptococcus spp.
PAPR Professionally Administered Plaque Removal
PBMT Photobiomodulation Therapy
PC Phenothiazine Chloride
PD Pocket depth
PI Plaque Index
PLI Peri- implant PI
PS Plaque Score
PUS Suppuration
RANKL Receptor Activator of Nuclear Factor 

Kappa- β ligand
S.a Staphylococcus aureus
SBI Sulcus Bleeding Index
SRP Scaling and Root Planing
T.d Treponema denticola

(a) (b) (c)

Figure15.13 A 77- year- old woman, with hypothyroidism and hyperlipidemia. No previous periodontal treatment. Among others, 2 
implants were placed at sites #12, #13 (at the age of 65). Nine years after implant placement, severe peri- implantitis was identified 
(radiographic bone loss, suppuration, and bleeding on probing). Sessions of Ultrasonic Scaling, Supra-  and Sub- gingival Air- Polishing 
with Glycine or Erythritol Powder, antimicrobial Photothermal Therapy with Indocyanine Green (810 nm diode laser), were performed 
in regular three-month  recalls. Peri- implant probing depth has been reduced, suppuration has resolved, minor bleeding on probing 
has been observed. Radiographic bone levels are presented. Surgical therapy of peri- implantitis has not been performed due to 
patient’s decision. (a) Initial situation (nine years after implant placement). (b) one- year recall. (c) three- year recall.
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T.f Tannerella forsythia
T2DM Type- 2 Diabetes Mellitus
TBO Toluidine Blue

TNF- α Tumor Necrosis Factor- α
V.spp Veilonella spp.
VPI Visible Plaque Index
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 Introduction

Implants are generally a successful and well- established 
treatment for tooth replacement. However, like everything 
in dentistry, things can and will fail and clinicians placing 
implants need to be well versed in algorithms of diagnostic 
assessment [1]. Profound knowledge in therapeutic inter-
ventions in order to save an ailing implant is equally impor-
tant as skillsets in procedures where implants have not 
succeeded and are deemed to fail. The consequences of 
implant removal jeopardize the clinician’s efforts to accom-
plish satisfactory function and esthetics. For the patient, 
this usually involves further costs and additional 
procedures.

The current literature provides ample data on the high 
success rates of dental implant treatment, which range 
from 90 to 97% [2–5]. But over time, the percentage of den-
tal implants that fail increases. Clinicians must be knowl-
edgeable in different methods regarding removal of dental 
implants [6–8] on the basis of several clinical and anatomi-
cal factors and the patient’s desire for reimplantation in 
failed implant site. Regardless of the reason for explanta-
tion, being able to safely remove an osseointegrated implant 
is imperative.

Most late- failing implants are not mobile and remain at 
least partially osseointegrated in the apical aspect. The 
attempt to remove the implants can therefore still be very 
challenging; the explantation might be invasive, and neigh-
bor teeth or vital structures can also be potentially 
harmed [9].

Once the decision for the removal of an implant has been 
made, the selection of the appropriate removal technique 
should be addressed. The selected option should be fast, as 
minimally traumatic as possible and cost- effective for 
patient and dentist. Because the implant bed configuration 
is of outmost importance to a stable implant placement, 

the expected morphology of the remaining defect should 
also guide the choice over the method of the implant 
removal.

Multiple explantation techniques have been reported in 
the literature with variable success rates. But thus far, very 
little is known regarding the different aspects of each tech-
nique with respect to benefits, limitations, and overall suc-
cess rates. Moreover, universal explantation protocols with 
clear indications and guidelines are still lacking.

Since studies on the potential advantages and disadvan-
tages of different removal techniques are still scarce, the 
basic techniques are summarized according to the availa-
ble literature. Ideally, the explantation procedure should be 
followed either by the installation of another implant or by 
guided bone regeneration (GBR), or both procedures dur-
ing the same session, when indicated.

Overviewof RemovalTechniques
and Factorsfor Decision-making

Implant removal is quite different from extracting a tooth. 
Great caution has to be exercised not to remove a buccal or 
lingual plate during explanation. Therefore, numerous 
techniques were identified as seen in Figure 16.1:

Factorsfor Decision-making

Proper planning is fundamental in order to minimize treat-
ment time, side effects, and costs. The quantity of peri- 
implant residual bone, the proximity of vital anatomical 
structures, and the implant’s design should be evaluated. 
Maximal preservation of bone and the feasibility of future 
implant placement should be prioritized. Clinical and ana-
tomical factors that may govern the explantation protocol 
(Table 16.1) also have to consider the retrievability of the 
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prosthetic suprastructures. Their complete destruction 
may sometimes be required in order to access the implant’s 
inner structure. Broken screws or damaged abutments 
could also complicate implant removal and limit the choice 
between different explantation techniques.

Removal is easier when the implant driver connects 
directly to the internal connector. Therefore, an implant 
with an internal connection is much easier to remove than 
one with an external hex or spline connection because the 
internal connection is usually more rigid [9].

However, complications may occur when removing an 
implant with an internal “trilob” connections using the 

counter- torque ratchet. The neck portion of this type of 
implant system, especially those with smaller diameters 
(i.e. 3.5 mm), has been observed to fracture during removal 
procedure if the reverse torque is more than 45 Ncm [9].

Increased thread depth – which is the distance between 
the outer diameter and the implant body – is another char-
acteristic of overall implant geometry, which can make 
implant removal more difficult.

A tapered implant with the same platform diameter as a 
straight- walled implant has a decreasing outer diameter 
because of the taper. Thus, the thread depth decreases 
toward the apical region. The tapered, threaded implant 
has less implant- to- bone contact in the apical region and 
is, therefore, easier to remove with a more conservative 
technique.

Reasonsfor ImplantRemoval

There are multiple reasons identified in the literature for 
removal of implants and the prostheses retained to these 
implants (Figure 16.2). Some of these, but not limited to, 
are broadly categorized into the following groups:

1) Mobility of the implant
2) Extensive crestal bone loss
3) Chronic pain, including sinus problems, close proxim-

ity to the canal with neurological disturbances or 
nerve damage

Non-bone
removal

techniques

Tooth extraction
technique

High speed burs
and

elevator/forceps

Piezosurgery

Bone lid approach

Partial
explantation/

coronal resection

Laser-assisted
removal

Trephine drill
technique

Counter-torque
Technique

Reverse Screw
Technique

Bone removal
techniques

Alternatives

Figure 16.1 Overview of Explantation 
techniques.

Table 16.1 Clinical and anatomical factors that determine 
the explantation protocol.

Clinicalfactors Anatomicalfactors

Type of Implant/abutment 
connection/suprastructures

Bone density

Implant diameter Proximity of vital anatomical 
structures (maxillary sinus and 
inferior alveolar nerve)

Remaining level of 
osseointegration and 
mobility of implant

Width of buccal and lingual 
cortical plates

Presence of peri- implant 
inflammation/ infection

Distance from adjacent teeth or 
implants

Timing of future implant 
placement
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4) Advanced peri- implantitis
5) Fractured implant
6) Malpositioned and unrestorable implant

There is also an established association between biocor-
rosion, presence of titanium particles (titanium intoler-
ance) and other different metals alloys, and peri- implant 
aseptic bone loosening leading to a failure of implant osse-
ointegration [10, 11]. Since no metal or alloy is completely 
inert in vivo, the possible detrimental immunological con-
sequences of its by- products are contributing factors of 
clinical implant failure requiring removal of these fix-
tures [10, 11].

Irrespective of the reasons mentioned above: if radio-
graphically, an implant has a radiolucent line along the 
entire implant surface, the implant is tender to percussion 
and/or mobile, the only option is removal of the implant.

ImplantRemovalTechniques

Non-boneRemovalTechniques

ToothExtractionSet
Dental implants, which are mobile or show only little 
residual bone- to- implant contacts, can usually be removed 
with instruments, which are also used for tooth extraction 

including elevators and/or extraction forceps. If the 
threads oppose no resistance, rotating movements are not 
even required.

The application of counter- torque techniques has been 
proposed as another conservative and atraumatic alterna-
tive for the explantation of clinically stable dental implants. 
Counter- torque technique (CTT) and the reverse screw 
technique (RST) may be useful, where damage to the sur-
rounding tissues is to be avoided. Both of these techniques 
engage the implant and with a counterclockwise force and 
reverse screw the implant out of the bone.

Counter-torque-Technique
The treatment is performed using an implant removal kit 
(i.e. Biomet 3i Implant removal kit®, Figures 16.3 and 16.4) 
that allows the application of a counter- torque to the bone- 
implant interface.

The procedure commences with the removal of the cover 
screw or the abutment of the implant to be removed. The 
technique is applied by placing an abutment or an engag-
ing extraction tool into the implant and reverse torquing 
the implant counterclockwise (Figure  16.3). The need to 
raise a flap or not is made according to the surgical needs. 
A ratchet is engaged into the implant connection and then 
a counter- torque is exerted by a wrench in counter- 
clockwise direction. When the reverse torque reaches 

1%
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(b)
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Peri-implantitis Crestal bone loss
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Sensory deficit

Fracture
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Reasons for explantation
Peri-implantitis
Crestal bone loss
Fracture of the implant and/or prosthetic component
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Chronic periodontitis of neighboring teeth affecting implants
Malposition causing neurosensory deficit
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Figure 16.2 Reasons for explantation as reported in 16 
studies according to Roy et al. [2]. (a) Most common 
reasons for implant removals as pie chart, 
demonstrating that peri- implantitis is by far the 
most common reason. (b) Most common reasons for 
implant removals in percent (%) as table. 
Source: Adapted from Roy et al. [2].
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200 Ncm without success, a piezoelectric device can be uti-
lized to remove the coronal third (3–4 mm) of the bone- 
implant contacts. If not available, trephine drills or burs 
can be utilized at low speeds and under copious saline irri-
gation. The implant explantation is then continued with 
the reverse torque wrench.

The CTT has a high success rate but is not exempt from 
complications, although at a very low rate. Typical compli-
cations are usually identified as fractures of the 
implant [12]. As a minimally invasive technique, Solderer 
et al. [5] have recommended the CTT as the first option for 
the removal of failed nonmobile dental implants.

This technique is recommended in predominantly poor 
bone quality (∼maxilla). In higher bone density, bone  damage 
or fracture of the implant body or adjacent bone may occur. 
The existing bone density is the most critical factor, which 
affects the ease of implant removal via the CTT or RST.

ReverseScrewTechnique
A reverse screw removal drill is usually indicated when the 
internal connection of the implant (threads) is damaged, or 
an external connection implant requires removal and the 
Counter torque technique (CTT) technique may not be 
advisable, or when the counter- torque method is 
unsuccessful.

A screw removal device is inserted clockwise into the 
implant and tightened using the torque to engage the 
implant. This technique is recommended only for poorly 
dense bones. In higher bone density bone, damage or frac-
ture of the implant body or adjacent bone may occur. The 
existing bone density is the most critical factor which 
affects the ease of implant removal via the CTT or 
RST. Caution is also advised with smaller- diameter inter-
nal implants (∼3.0 mm) because fracture of the implant 
body may occur.

(b)(a)

Figure 16.3 Counter- torque set (a) and technique (b) used to remove a malpositioned implant.

Figure 16.4 Biomet 3i Implant removal kit.
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The counter- torque tool kit (Figure 16.4) is made up of 
three components:

1) internal implant removal screw, which is screwed into 
the implant

2) implant remover driver, which is screwed on the 
implant removal screw anticlockwise

3) torque ratchet which has two torque gauges – one side 
measures the correct torque for the implant removal 
screw to be driven into the implant, and the other side 
measures the correct torque for the removal of the 
implant.

The system has been designed to fit a large variety of 
implant systems and, therefore, is a universal kit and not 
implant- specific. The correct implant removal screw is 
chosen according to the thread pitch of the implant con-
nection to drive into the implant. This screw is for one use 
only and essentially creates its own thread inside the 
implant  – this is torqued to a maximum of 60 Ncm. The 
implant remover driver is selected according to the implant 
design platform. The implant remover driver has a thread 
inside it that screws down onto the implant removal 
screw  – this is torqued to a maximum of 300 Ncm. It is 
essential that when the torque wrench is used to remove 
the implant; the clinician turns it slowly anticlockwise 
working their way up to the maximum torque. Once the 
osseointegration has broken between the implant and the 
bone, the implant can be removed by hand.

Some implant designs have an anti- rotational feature, 
which is usually incorporated into the implant body in the 
apical region. The most common design employs a hole or 
vent. In theory, bone can grow through the apical hole and 
resist rotational loads applied to the implant. These 
implants may require the use of a trephine or bur to cut to 
the apex to sever the bone anchorage and remove the 
implant if the implant cannot be rotated with the CTT or RST.

BoneRemovalTechniques

SurgicalRemovalUsingHighSpeedBurs
and Elevator/Forceps
This surgical technique uses burs and elevators/forceps by 
creating mesial and distal slots on the implant. An elevator 
is used with lateral movements to loosen and remove the 
implant. Alternatively, bone is removed mesially and dis-
tally around the implant using a round bur or fissure burs, 
the implant is then grasped with the dental forceps, similar 
to a surgical tooth extraction.

In the presence of thin cortical plates but without any 
critically adjacent structures, the mesial and distal bones 
can be removed to allow insertion of elevators and extrac-
tion forceps.

In cases with thick cortical plates, or in the presence of 
buccal bone defects, an osteotomy can be performed on the 
vestibular aspect of the implant and up to the apex. 
Extraction forceps can then be employed for implant 
removal. Yet, flap reflection has to be performed in all cases.

Despite the successful implant removal, this technique 
remains more invasive and highly dependent on the opera-
tor’s skills. One study [13] described a two- part separation 
of the implant to minimize bone damage. This technique is 
described as difficult, especially when separating the apical 
portion of the implant. Nevertheless, successful explanta-
tion and simultaneous implant placement could be per-
formed using a similar implant in both length and diameter.

Moreover, the significant amount of titanium particle 
debris generated by the implant separation represents a 
major limitation [14]. Particles of the implant surface may 
enter the wound and should be removed as part of the 
procedure [9].

The additional risk of injury to adjacent bones and vital 
anatomical structures should also be considered when uti-
lizing this technique. When the implant is in close proxim-
ity to a vital structure before using the burs, accurate 
radiographs, and eventually a cone beam scan (CBCT) are 
recommended to locate and identify relevant anatomical 
structures [9].

Piezo-surgicalRemoval
As the use of ultrasonic inserts enables precise and selec-
tive cuts. Implant removal using piezosurgery is an attrac-
tive alternative to trephine burs or rotary drills [15, 16].

After careful clinical and radiographic analysis and flap 
selection according to the position and size of the implant, 
a full- thickness mucoperiosteal flap is recommended. The 
appropriate ultrasonic insert is selected (case by case) 
based on several factors, including the inclination of the 
fractured implant, dimensions of the implant fragment, 
type of bone density, and vital anatomical structures in 
close proximity to the implant. It is always preferable to 
begin the osteotomy using inserts with thin tips. A circum-
ferential osteotomy is performed with a piezoelectric device 
using a diamond- coated insert. The piezo- surgical device 
must be used in the “BONE”- mode under maximum irriga-
tion with cold saline solution. The handpiece is guided 
around the implant firmly but without excessive force. 
Heavy pressure which could impede insert vibration, 
should be avoided, since pressure might transform energy 
into heat.

A diamond- tipped ultrasonic insert is initially used to 
create circumferential peri- implant holes. The insert must 
be placed parallel to the long axis of the implant and gradu-
ally pushed up to a depth as close as possible to the apical 
portion of the implant.



Removal of Implants: Guidelines of Explantation Techniques340

Care must be taken to ensure minimal invasiveness; the 
clinician must work in close contact with the fixture 
threads, and the ultrasonic insert must be gently moved 
around the implant to remove only the necessary bone and 
safely remove the implant. Following osteotomy, the fix-
ture can be easily luxated and removed using common 
extraction tools. This approach enables the clinician to 
evaluate the potential of bone regeneration in the defect 
and simultaneous implant placement or future implant 
placement in the same surgical site.

Conventional explantation techniques always require 
protection of adjacent soft tissue, because cutting is not 
limited to bone and can easily affect other tissues if not per-
formed properly. In particular, complex explantation of 
implants located at technically or anatomically challenging 
sites requires adequate surgical exposure to ensure the 
safety of adjacent structures, and this resulting in an 
extended surgical time. In contrast, piezoelectric surgery 
does not cause visible damage to adjacent soft tissues, even 
when the tissues are only slightly touched by the instru-
ment. Piezoelectric surgery reduces the existing risks of 
damaging the vascular network of the lingual plate of the 
mandible and the preservation of intact soft tissues. The 
ultrasonic vibrations break down the irrigation liquid into 
very small particles that wash away from the surgical field 
and make it appear bloodless. Furthermore, the bone heal-
ing response following piezoelectric surgery seems to be 
more favorable than osteotomies performed with burs 
(Figure 16.5) [17].

Piezoelectricand GraftedRemovalTechnique
for Removalof BladeImplants
The piezoelectric and grafted removal technique of blade 
implants (Figure  16.6a–e) can be recommended for the 
successful removal of fixed mandibular blade implants 
with minimal intraoperative trauma, maximal conserva-
tion of the existing alveolar bone, and shortening of the 
total treatment time by simultaneous grafting for immedi-
ate or future implant placement [18].

In the case presented in Figure  16.6, a piezosurgical 
device was used to perform an ostectomy for the removal of 
the left blade implant to save as much bone tissue as 

possible, so that root- form implants might later be inserted. 
The patient underwent surgery for the removal of two blade 
implants that were no longer functional. The peri- implant 
ostectomy was carried out with conventional burs on the 
right side and a piezoelectric surgery device on the left side. 
The piezo instrument demonstrated to be effective and pre-
cise during ostectomy, providing an extremely thin cutting 
line. During the course of the operation and at postopera-
tive controls after 7 and 30 days, patients did not show any 
relevant complications and still had sufficient alveolar bone 
to be treated with root- formed implants. The piezosurgical 
device proved to be an effective instrument in interventions 
requiring a significant saving of bone tissue, extreme preci-
sion in cutting, and respect for soft tissues [31].

TrephineDrillTechnique
There are several sizes of trephines available that corre-
spond to various implant diameters. The smallest effective 
size trephine should be selected to avoid collateral damage 
to the neighboring bone, teeth, and/or implants [9]. Ideally, 
an appropriate trephine drill with a diameter and length 
corresponding to the size of the implant to be removed is 
selected (Figure 16.7).

The healing abutment or abutment/crown is unscrewed 
and a mucoperiosteal flap raised, if necessary. The trephine 
drill is sunk over the implant into the bone using low- speed 
drilling and light pressure with running saline cooling. A 
hole is drilled taking care that the trephine has been sunk 
to the exact depth by controlling the outside rings on the 
drill. For implant systems that do not provide a guiding cyl-
inder/pin, a healing abutment of the smallest emergence 
profile diameter is mounted before using the trephine. In 
the event that the implant is still firm after the trephine has 
been lifted (in cases of insufficient drilling depth), an ele-
vator is placed into the empty space and lightly twisted to 
break the bony anchorage, enabling easy removal of the 
implant using the fingertips.

Trephine burs can be used to remove implants, but this 
technique can be very invasive, and thus should be used 
only when absolutely necessary. There are a variety of sizes 
of trephines and the smallest trephine should be used (the 
internal diameter of the trephine should be slightly larger 
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Figure 16.5 Algorithm for non- bone removal techniques, modified according to Froum et al. [9]. Source: Adapted from Froum et al. [9].
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than the implant to avoid engaging the implant body). The 
preferred cutting speed is 1200–1500 rpm  [3]. Once the 
coronal half of the bone has been removed, elevators, for-
ceps, and torque drivers can be used to remove the implant. 
A number of complications have been noted in the use of 
trephine burs including fatigue fracture of the mandible 
and osteomyelitis [19, 20].

Furthermore, using trephine drills may complicate 
immediate implant placement. The new implants often 
need to be larger in diameter and/or longer than the 
explanted ones to ensure primary stability. Whether 

implant placement is immediately planned or not, care 
should be taken when utilizing resective techniques.

However, anatomical considerations and surrounding 
vital structures should be evaluated. If the apex of the 
implant is in approximation to a vital structure, the tre-
phine bur should not be used at the apex to avoid vital 
structure damage.

Finally, trephine drills should be utilized at a low speed 
with copious irrigation in order to avoid overheating and 
the consequent risk of necrosis and impaired bone 
regeneration [2].

(a)

(b) (c)

(d) (e)

Figure 16.6 (a–e) While the right blade implant was removed traditionally with bone cutting burs, the left blade implant was 
explanted with piezo electric tips (b + c), the defect was grafted with an allograft (d). The differences in postoperative defect healing 
can clearly be seen: right side in bone cutting technique, left side with piezoelectric device (e).
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Laser-assistedExplantation

Only one case report described the removal of a single den-
tal implant using an Er,Cr:YSGG- laser [21]. The procedure 
is described as being similar to piezo- surgical interven-
tions, because a circumferential destruction of the bone- 
implant interface by the laser light is achieved. The specific 
laser wavelength has a high absorption by hydroxyapatite 
generating micro- explosions and destruction on the sur-
rounding target tissue and leads to clean cuts without any 
thermal damage. As a further advantage of laser- assisted 
surgery, an optimal hemostatic control is reported, thus 
facilitating good visualization, and therefore accelerating 
the intervention [22].

Another in  vitro study on human mandibles used the 
same laser and compared it to the conventional trephine 
approach  [23]. Assessed parameters were the amount of 
the removed bone, duration of the procedure, and morpho-
logical alterations on the surface of the bone. The results 
showed almost half of removed bone through the laser 
method compared with the trephine burs. Regarding the 
duration of the procedure, the trephine burs were more 
than twice as fast as the laser. Assessing morphological 
bone alterations in the laser group, the authors found well- 
defined bone edges without any thermal alteration, 
whereas the trephine bur group showed abnormal bone 
formations with some microcracks.

In a case study, Worni et  al.  [24] heated the implant’s 
inner connection using a CO2 laser, which resulted in local-
ized laser- induced thermo- necrosis at the bone- to- implant 
contact. One week following laser application, explanta-
tion could be performed easily with a torque slightly more 

than 35 Ncm. No complications occurred during the heal-
ing period. The result was a very easily performed explan-
tation while preserving a maximum of the surrounding 
bony structure. Healing was uneventful, and no further vis-
ible bone loss could be observed during the healing time.

Laser surgical removal might be a less invasive and trau-
matic intervention as compared with trephine burs; how-
ever, the procedure is more time- consuming. Although 
laser surgery is already established in the fields of periodon-
tology and implant dentistry, and some preliminary data 
seem promising, more research is needed before this tech-
nique can be recommended for routine implant removal.

AlternativeTechniques

BonyLidApproach
The bony lid technique, as a bone- saving method, has been 
described for various indications in the literature by 
Khoury et  al. The main indication is endodontic apical 
 surgery of mandibular molars [25–27].

The bony lid is prepared with a MicroSaw (Dentsply, 
Mannheim, Germany) or a piezosurgical unit. The 
MicroSaw consists of a diamond disc mounted on a contra- 
angle or handpiece with a soft tissue protector. The cuts 
are large enough to achieve wide uncovering of the 
implant after luxation of the buccal window (Figure 16.8a). 
Careful handling is necessary to avoid injuring the roots of 
adjacent teeth with the diamond disc. Therefore, a safety 
margin of 1–2 mm has to be considered. The bony lid is 
then luxated with a thin chisel. If the implant to be 
removed is still covered by a layer of cancellous bone, the 

(a) (b)

Figure 16.7 Trephine drill kit with different diameters and lengths. (a) Trephine drill kit with trephine burs of different diameter and 
length. (b) Trephine drill set with 3 different trephine burs of different diameter but same length. Burs show depth precision markers.
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bone is luxated with a curette and preserved with the main 
cortical bony lid in saline solution. After removal of the 
implant, the bony lid is then reimplanted (Figure 16.8b). 
An exact fit can be achieved due to mesial and distal bev-
eling so that generally there is no need for further 
fixation [28].

In many patients, the bony lid approach can be per-
formed simultaneously with an implant insertion or with a 
bone grafting procedure. Implants can be placed in the 
grafted area after three months. Normal healing without 
any infection is usually observed.

Advantages of the bone lid technique over traditional 
methods for implant removal are considered to be a mini-
mization of the bony defect while preserving the contour of 
the explantation socket. The technique decreases the over-
all treatment time, improves outcomes, and allows a combi-
nation with other non- surgical techniques (counter- torque 
and RST).

PartialExplantation/CoronalResection
Partial explantation or coronal resection of osseointegrated 
but failing or fractured dental implants that were previ-
ously placed too close to the mandibular canal is a useful 
technique to avoid possible injury of the inferior alveolar 
nerve. The advantage of this technique is to avoid a man-
dibular canal entry by total explantation that can likely 
cause nerve injury by direct mechanical trauma or indirect 
postoperative injuries due to infection, induced hematoma, 
or pressure that compresses the nerve.

The remaining apexes of these implants can even act as 
a barrier to further insults to the nerve when followed by 
implant replacement  [29]. However, this implant resec-
tion technique is only appropriate when the peri- implant 

bone is very thin or well- osseointegrated part of the 
implant is very close to the crucial anatomical landmarks 
(Figure 16.9a). The remaining part of the resected implant 
should be at least 2–3 mm below the crestal bone to allow 
bony overgrowth (Figure 16.9b).

The technique could be an alternative to other reported 
techniques for the explantation of failed implants. Through 
the partial explantation, the preservation of existing hard 
tissue is possible in terms of avoiding serious complica-
tions during explantation surgery such as jaw fracture in 
highly atrophic mandibles or nerve injuries [30].

ClinicalGuidelinesfor Explantation
of OsseointegratedOralImplants

The proper removal technique depends on:

 ● the thickness of the cortical bone plates
 ● the proximity of the implant to adjacent vital structures 

(alveolar canal, teeth, implants, and sinus maxillaris)
 ● timing of future implant placement
 ● concomitant bone defects.

The reverse torque technique is the most conservative 
and should be the first choice but only be utilized when 
extraction inserts can be screwed into the implant.

With the exception of reverse torque techniques, muco-
periosteal flap elevation is recommended for sufficient 
access and visibility.

When the reverse torque reaches 200 Ncm without suc-
cess, a piezoelectric device is recommended to remove the 
coronal third of the bone. If not available: trephine drills or 
surgical burs at low speeds and under copious saline 

(a) (b)

Figure 16.8 Bony lid approach. (a) Exposing and removal of the implant after luxation of the buccal bone lid. (b) After removal of the 
implant, replantation of the bony lid.
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irrigation are an acceptable alternative before reverse 
torque can be reapplied.

If the CTT fails at this point or in case of fractured 
implants, an osteotomy can be completed up to the 
implant’s apex using piezosurgery or burs.

In the presence of thin cortical plates but without any 
critically adjacent structures: mesial and distal bone 
removal, insertion of elevators, and extraction forceps are 
recommended.

In cases with thick cortical plates or presence of buccal 
bone defects, an osteotomy on the vestibular aspect of the 
implant and up to the apex is possible before an extraction 
forcep is applied for implant removal.

Conclusion

Implant removal always should be performed in an 
atraumatic, tissue- preserving and time- saving, manner. 

The choice of technique should be based on the specific 
clinical factors such as the design of the implant–abut-
ment connection, remaining amount of bone- implant 
contact, anatomical conditions at the implant site, and 
bone quality.

The use of the counter- torque ratchet technique appears 
to be the most elegant and least invasive technique for 
removing an implant with the highest predictability for 
reinsertion of another implant, but a combination of differ-
ent techniques especially the use of piezosurgery might be 
necessary in other clinical situations.

The author recommends reverse torque as the first 
choice for explantation. Despite a 100 % success rate is not 
guaranteed, it is the most conservative technique in terms 
of bone removal and flap access, meaning there is a greater 
opportunity for immediate implant placement. Ideally, 
the  explantation procedure should be followed either 
by the installation of another implant or by GBR, or both at 
the same visit, when indicated.
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 Introduction

The original Branemark high water design fixed prosthesis 
was a watershed moment in dental history. It addressed the 
vexing problem of mandibular complete denture therapy 
by creating a predictable fixed prosthetic alternative for 
those patients lacking lower teeth. This treatment alterna-
tive had only one method of retaining the prosthesis to the 
transmucosal implant; abutment- screw retention. As 
implantology evolved, sectional fixed prosthetic and single 
tooth prosthetic designs were developed after the success 
of the Branemark full arch screw- retained prosthesis.

An early solution for partial edentulism in either arch 
was to utilize either a solid or angle- correcting stock 
abutment, or a custom cast then later a custom- milled 
abutment that was designed to retain the replacement 
crown, held in position by the selected luting agent. Many 
factors common to tooth preparation were employed: 
features to optimize retention and resistance form, and 
margin placement all evolved over time, driven by 
idealizing patient treatment outcomes.

Design features vary between the single tooth and fixed 
partial denture abutments. A single implant has been used 
in conjunction with a natural tooth to retain a three- unit 
fixed partial denture. In this instance, the only means of 
retaining the prosthesis is to utilize a luting agent. A review 
of the scientific literature reveals high success rates for this 
approach, although it is not considered a mainstream den-
tal therapeutic [1–3].

A commercially available solid abutment can be attached 
to an implant at the manufacturer’s recommended screw 

torque value. A prosthetic finishing line can then be devel-
oped and demarcated either on an analog cast or intraorally, 
and a conventional or digital impression can be generated. 
A final implant crown can be cast, milled, or printed, and 
attached to the abutment with a luting agent. Sometimes, a 
manufacturer- supplied prefabricated solid abutment can-
not adequately support the required tooth form due to 
implant body angulation issues. This requires a worka-
round of some sort. Either a machined angle correcting 
abutment can be attached to the implant, or a more costly 
custom- fabricated abutment can be manufactured via a 
casting or milling process [4].

The major disadvantage of cement retention is the 
process of safely applying the correct volume of luting 
agent. The selected agent could be a provisional or final 
cement. Ideally, supra- , or epi- gingival margin design is 
incorporated into the abutment fabrication, as well as 
optimal digital or analog cement spacing is also 
incorporated into the process. Various strategies have been 
undertaken to minimize excess cement in the gingival 
sulcus. An inadvertent excess of cement in the sulcus can 
be associated with the development of peri- implant 
mucositis or peri- implantitis  [5] (Figure 17.1). The 
unexpected outcome of cement in the implant sulcus can 
lead to chronic peri- implant inflammation proceeding on 
to crestal bone loss and ultimately can result in implant 
failure (Figure 17.2). Strategies to minimize excess cement 
include internal venting of the supporting abutment. 
Wadhwani et al. [6] advocate the placement of two holes in 
abutments, one high and one low in the abutment profile. 
This allows the excess luting agent to vent internally into 
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the screw access chamber which minimizes the amount of 
cement that can be squeezed into the gingival sulcus by 
crown seating. Haas and Haas  [7] advocate an approach 
described as the “Cement shield membrane technique” in 
which a specified length polytetrafluoroethylene (PTFE) is 
stretched over the implant abutment and adjacent teeth, 
and then the luting agent is applied to the intaglio surface 
of the implant restoration. The crown is removed, and the 
PTFE is removed, leaving a nearly optimal amount of 
cement to retain the crown atop the abutment.

 Retrievability

One of the main advantages of screw retention is 
retrievability in the event of screw loosening, screw 
fracture, or other prosthetic and biological complications. 
Without a screw- access hole, cement- retained restorations 
can be difficult if not impossible to remove and often 
require irreversible damage to the restoration and potential 
damage to the implant. There are solutions to combat the 
issue of retrievability with these types of restorations, both 
of which can be incorporated into the design of the 
prosthesis itself or employed if separating the restoration 
from the abutment(s) intraorally is not possible.

One method of improving retrievability for cement- 
retained restorations is the inclusion of additional screws 
into the framework design, such as the lingual set screw. 
The crown is cemented using the luting agent of choice 
and the screw is inserted. If the crown must be removed, 
removing the screw will cause shear forces that break the 
cement adhesion. Additional retention from the screw 
also makes it possible to use an interim cement more pre-
dictably, which can make removal easier. Disadvantages 
to this approach are that the additional screws/access 
channels can be bulky, especially in the lingual area, 
which can be uncomfortable to the tongue and cause 
plaque accumulation. The design of such a restoration 
also takes additional laboratory time and skill, which can 
be costly.

Another method of retrievability is the lingual retrieval 
slot mechanism, proposed by Schweitzer et  al.  [8] for 
metal ceramic implant prostheses. A 3 mm deep horizon-
tal slot is incorporated in the mid- marginal position of the 
lingual cast metallic surface, and this area is not covered 
by ceramic. If the crown must be removed, an instrument 
can be inserted into this slot and turned to break the 
cement barrier. Though slightly less laboratory technique 
sensitive in its fabrication than the previously described 
design, this will also take additional time and skill to fab-
ricate and can also be a plaque trap. This area can be filled 
on a  provisional basis with composite to negate the plaque 
trap, but this material would require removal by rotary 
instrumentation.

A screw access channel can be cut through the crown to 
access the abutment screw if the crown is cement- retained. 
This will cause weakening of the ceramic and potential for 
future fracture, as it will then need to be filled with a differ-
ent material such as composite resin after completion of 
the screw- tightening procedure. Without knowing pre-
cisely where the abutment screw access is, this hole can 
become quite large and compromise the integrity of the 
restoration. Several techniques have been proposed to reg-
ister the location of the screw- access hole to minimize the 

Figure 17.1  Cement visible below crown margin on implant 
surface. (Source: Courtesy: Dr. G. Romanos, Stony Brook, NY).

Figure 17.2  Visible cement excess on a periapical radiograph. 
(Source: Courtesy: Dr. G. Romanos, Stony Brook, NY).
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damage. Farzin et al. [9] proposed designing a ledge in the 
framework in the location of the screw access hole to sup-
port the remaining porcelain after perforation of the 
restoration.

Doerr [10] proposed the fabrication of a retaining- screw 
location guide utilizing the original implant– and abut-
ment–level casts. A cast of the cemented restoration is 
made and used to fabricate a vacuum clear guide, like a 
surgical guide, with the screw- access hole prepared.

Another option is to place the abutment on the master 
cast and mount this on a surveyor. After recording the 
screw- access position using a surveyor pin, the restoration 
is placed on the abutment and placed back on the surveyor. 
The surveyor pin is replaced with a fine- tip brush loaded 
with brown or white stain, which can be applied to the 
occlusal surface of the restoration in the screw- access hole 
area. This requires that a small concavity first be made in 
the restoration so that the stain can be received and not 
worn away. However, this is limited due to esthetic con-
cerns as well as the potential for removal of stains if the 
restoration needs intraoral adjustment after insertion or 
the patient exhibits parafunctional habits.

Several authors proposed the use of digital photographs 
prior to the insertion of the restoration to document the 
position of the screw- access hole. The camera is mounted 
on a tripod to maintain the same position for both photos. 
One photo is taken of the definitive abutment(s) on the cast 
and one with the definitive prosthesis placed on the 
abutment(s) on the cast. The photos are superimposed to 
locate the screw – access hole using a photo- editing soft-
ware of presentation software program and can be stored 
digitally in the patient’s file.

CAD/CAM

Finally, the use of provisional cement may be advised to 
provide better potential retrievability. This is acceptable 
only if the abutment has been designed appropriately with 
maximal retention, but even then, degree of retention may 
be unpredictable. Extra appointments, loss or damage to 
the restoration, and patient dissatisfaction can arise if 
recements are required. Provisional cement tends also to be 
more soluble and not advised for long- term use. However, 
it must be noted that different prostheses may warrant 
different luting agents, and not all restorations should be 
managed in the same manner. Using definitive versus 
provisional cement for cement- retained implant 
restorations is dependent upon a multitude of factors such 
as provider preference, the design and span of the 
restoration, the ability to achieve a dry field, access to clean 
and remove excess cement, and the potential for future 
biologic or prosthetic complications.

 Cement Selection

Material properties such as viscosity, flow rate, and work-
ing time will influence the potential for remaining excess 
cement. Factors such as the amount, site, and radiographic 
density will influence the detection of residual cement [11]. 
Ideally, the cement used to lute cement- retained implant 
restorations would be as radiopaque as possible, to help 
distinguish remaining subgingival cement from surround-
ing anatomic structures and materials. The site of cement 
extrusion will also influence its radiographic detectability, 
as even a highly radiopaque cement may be indetectable if 
it is directly facial or lingual and obstructed by the implant–
abutment complex. In comparison, a less radiopaque 
cement such as RMGI may be detected even in small 
amounts if the cement flows in a circumferential layer 
around the abutment, since the radiographic beam will 
pass through it tangentially many times, described as the 
“peripheral egg- shell effect” [11]. In summary, it is easier to 
identify cement remnants radiographically in the proximal 
areas compared to buccal/lingual.

Radiographic detectability of cement varies widely, 
some allowing for easy detection and others undetectable 
even at a thickness of 2 mm  [12]. Zinc is highly radio-
paque, making zinc oxide eugenol and zinc phosphate 
readily detectable. In comparison, glass ionomers, calcium 
hydroxide, and resin cement have poor radiodensity prop-
erties, especially with a thickness less than 1 mm, unless 
specific radiopacifiers are added during formulation [12]. 
Other factors that influence the detectability of luting 
agents are the exposure settings, beam angulation, and 
evaluation methodology [13].

Biocompatibility of luting agents must also be consid-
ered, and not all cements that are used on natural teeth are 
suitable for implant restorations. Resin types of cement can 
be damaging to tissues as there can be a release of free 
monomers after polymerization and the formaldehyde 
present in their air- inhibited non- polymerized superficial 
layer [14]. In comparison, zinc- containing cements show 
potentially beneficial antibacterial effects due to zinc ion 
release [13]. Though commonly used in clinical practice, 
Durelon® (ESPE Co.), a polycarboxylate luting agent, 
according to the manufacturer’s instructions has a corrod-
ing effect on titanium and is only recommended for Ti- free 
restorations on natural teeth [15]. The application of meth-
ods to reduce excess cement can help avoid the biological 
side effects of remnant cement.

As previously discussed, several factors influencing the 
retentiveness of the restoration, along with the span of the 
restoration and the provider preference, contribute to 
the  choice between a provisional or definitive cement. 
Definitive types of cement (resin cement and glass 
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ionomer cement) have shown to be more difficult to 
remove and result in more residual cement when com-
pared with zinc oxide eugenol cement [16].

 Strategies to Minimize Cement Excess 
Expressed into Sulcus

The soft tissue attachment around an implant differs from 
that surrounding a natural tooth [15]. A reduced number 
of collagen fibers and the direction of these fibers, as well 
as the lack of perpendicular gingival fibers, make the soft 
tissue- implant interface significantly more delicate  [15]. 
For this reason, the potential for cement extrusion deep 
into the gingival sulcus is more common around implant 
restorations. Implants and their corresponding restorative 
surfaces (i.e. titanium and zirconia) also provide a more 
difficult surface for cement debridement compared to den-
tin  [17]. The presence of excess cement may cause an 
adverse biological response, with the potential for peri- 
implantitis and even implant failure [18]. As a result, vari-
ous methods have been reported to help reduce the amount 
of cement expelled into the gingival sulcus.

Schwedhelm et  al.  [19] proposed the use of a vent or 
escape way in the metal- ceramic implant restoration. In 
this design, an 18- gauge stainless steel rod is incorporated 
into the wax pattern at the thickest portion of the restora-
tion’s lingual surface to produce a small, accessible vent 
hole. When the prosthesis is inserted, excess cement theo-
retically escapes through the vent hole as opposed to being 
expressed down into the sulcus. At the time of insertion, a 
steel rod is placed into the hole, and cement is allowed to 
set. The rod is then cut to be flush with the restoration sur-
face and the restoration is therefore sealed.

Multiple authors have proposed the use of a copy abut-
ment/abutment analog for a two- step cementation  [15, 20, 
21]. Various materials and methods have been studied dem-
onstrating this concept, which ultimately establishes an ideal 
and uniform cement layer prior to insertion on the definitive 
abutment intraorally. This can therefore reduce if not elimi-
nates excess cement. Per Wadhwani et al. [11], the optimal 
cement volume necessary for cementation is estimated to be 
3% of the total crown volume, which fills approximately 
40–50 μm of space. An abutment analog can be fabricated 
using CAD/CAM technology and milled/printed to a smaller 
dimension than the definitive abutment, accounting for ideal 
cement space. Or, this can be accomplished via analog proce-
dures, for example using a die spacer or PTFE tape along the 
intaglio surface of the restoration to represent ideal cement 
thickness and then fabricating the copy abutment using 
PVS  [15]. When using a two- step cementation approach, 
cement with a longer working time must be used [22].

Within the restoration, where the cement is placed 
before seating has been studied. Dumbringue et  al.  [22] 
proposed placing a luting agent only on the occlusal half of 
the intaglio of the restoration, allowing flow along the axial 
walls upon seating. However, this has been shown to lead 
to incomplete sealing of the restorative margin which can 
cause biological complications due to microgap formation 
harboring bacteria  [23]. Haas and Haas  [7], on the other 
hand, found that cement placement around the marginal 
area, less in the occlusal portion of restoration aids in less 
extrusion. Romanos  [24] suggests introducing liquified 
petroleum jelly into the abutment sulcus immediately after 
cementation and then using the air- water spray with a suc-
tion tip to remove the sulcular excess of cement.

Seo and Seo [25] propose the use of a rubber dam when 
cementing implant restorations, which can block the extru-
sion of excess cement into the sulcus as well as provide iso-
lation and protection of the gingiva from direct contact 
with cement. This method is appealing as it requires no 
additional laboratory steps, is not significantly time- 
consuming and can ultimately reduce patient discomfort 
during the insertion process. According to Wadhwani 
et al. [6], one possible way to reduce excess cement flow is 
to leave the screw access channel open or partially open as 
it will act as a reservoir for excess cement. In addition to 
limiting excess cement, it has been shown that partial fill-
ing of the screw channel can improve prosthesis 
retention [26].

 Digital Versus Analog

CAD/CAM procedures allow for more accurate fabrica-
tion – precise control of cement space compared to analog 
fabrication [27].

 Abutment Margination

CAD/CAM or analog procedures can be used to fabricate 
custom abutments whose margins precisely follow the soft 
tissue contours, bringing the gingival margin of the 
restoration to an ideal position, despite the depth and 
position of the implant. Ideally, the gingival margin of a 
cement- retained restoration should be supra or epigingival 
for ease of cement removal. Though supra- gingival 
margins are recommended, this is not always possible, 
especially in the esthetic zone. An anterior implant 
restoration must often have a subgingival margin to meet 
the demand for a proper emergence profile. Buser 
et  al.  [28] recommended leaving the restoration margin 
1–2 mm subgingivally (Figures 17.3–17.6).
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Removal of excess cement becomes complicated, par-
ticularly if the sulcus depth is greater than 3 mm [17]. Deep 
gingival margin placement makes it not only difficult to 
ensure excess cement removal, but also to assess the dam-
age to the surface of the implant restoration caused by the 
removal [19]. An in- vitro study by Ayyadanveettil et al. [16] 
showed a statistically significant relationship between 
the location of the finish line and the amount of cement 
trapped in the peri- implant sulcus. The findings were 
consistent with those of Agar et al. [17] in that subgingival 
margins between 1.5 and 3 mm may lead to inadequate 
cement removal. Consistent with the findings of Wilson [29], 
even after the operator believed all cement had been ade-
quately removed, some remained adhered to the restoration 
in the gingival sulcus.

 Peri- implantitis Incidence Relating 
to Cement Displaced into the Sulcus

A major disadvantage of cement- retained restorations is 
the extrusion of excess cement into the peri- implant area, 
which accounts for 81% of peri- implant disease [29]. The 
presence of residual cement in the sulcus is a risk factor for 
bleeding, abscess formation, and inflammation in the peri- 
implant tissues with the potential for attachment loss and 
implant failure [27]. It is believed that the etiology of peri- 
implant disease related to residual cement is a result of 
bacterial colonization of the foreign material  [11]. This 
response may happen quickly; it can also occur several 
years after the restoration has been completed  [29]. Per 
Wilson  [29], upon identification and removal of residual 

Figure 17.3  Screw retained single tooth provisional for left 
central incisor (#9).

Figure 17.5  Custom ceramic abutment corrects angulation and 
allows supragingival crown margination and cementation.

Figure 17.4  Impression coping demonstrates poor angulation 
of a well- integrated implant in the #9 position.

Figure 17.6  Cemented all- ceramic crown 9 atop custom zirconia 
abutment with gingival ceramic applied to the abutment.
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cement in these clinical situations, resolution of the signs 
of periimplantitis occurred in 76% of the patient 
treatments [29]. It has also been seen that residual excess 
cement will not always cause this response, suggesting 
different variables such as host factors, type and amount of 
cement, and location of cement likely play a role. In a 
retrospective treatment analysis by Linkevicius et al. [30], 
the authors found that residual cement around implant 
restorations was more likely to cause peri- implantitis in 
patients with a history of periodontitis.

Several attempts to combat the issue of residual 
cement have been discussed; however, sometimes it is 
very difficult to avoid. Irrespective of the type of instru-
ment used scratches on the abutment and some amount 
of cement remnants are consistently present which is 
undesirable due to the potential for increased biofilm 
formation on rough surfaces  [17]. Resin cement has 
been reported to be more difficult than zinc phosphate 
or glass ionomer cement to remove from titanium abut-
ments [31]. Titanium abutments have long been used as 
the gold standard to support implant restorations due 
to  their excellent physical properties and biocompati-
bility  [31]. However, zirconia has become a popular 
material selection due to improved esthetics, excellent 
physical properties, and biocompatibility. Specific prop-
erties such as low surface free energy, low surface wet-
tability, low cement bond strength, and high surface 
hardness make zirconia a desirable choice with regards 
to cement removal, as these may facilitate ease of 
removal and minimize scratching of the abutment 
surface [31].

Multiple studies have compared peri- implant soft tis-
sues of cement versus screw- retained restorations and 
reported poorer soft tissue health associated with cement- 
retained restorations [32]. In a systematic review by Sailer 
et al. [33], it was found that the incidence of serious bio-
logic complications such as bone loss exceeding 2 mm was 
higher with cemented reconstructions compared to screw 
retained. While screw- retained restorations encountered 

more frequent mechanical and technical complications, 
cement- retained restorations experienced more serious 
biological complications which may be more difficult to 
resolve clinically. There was no statistically significant dif-
ference in the five- year survival rate of implants support-
ing single crowns when comparing screw-  versus 
cement- retained restorations. However, partial FDPs 
showed a trend toward more implant failures with 
cemented reconstructions, and for full- arch FDPs, signifi-
cantly more implant failures compared to screw- retained 
restorations. The incidence of implant loss increased with 
the size of the reconstruction, which could theoretically 
be in part due to difficulty in cement removal with increas-
ing span [33].

In summary, when considering implant prosthesis reten-
tion, carefully designed abutments, which incorporate two 
vent holes can be successfully utilized with cement reten-
tion. There are numerous techniques elucidated previously 
that minimize uncontrolled cement expression into the 
implant gingival sulcus. Unfortunately, when not carefully 
controlled, excess cement has been implicated as a primary 
etiology for cement- induced peri- implantitis. Clinically the 
author’s preference is screw retention. For an implant- 
fixed prosthesis, this can include a combination of “implant 
support” which utilizes a custom abutment to support a 
prosthesis with unfavorable screw access angulation in 
combination with a direct- to- the- implant engaging screw 
connection. For example, a 3- unit implant FPD 
12- 13- 14 with an unfavorable facial screw access channel 
on the 1st maxillary bicuspid in the esthetic zone can have 
a single custom abutment for implant support. The final 
screw- retained fixed prosthesis can attach by screw reten-
tion directly to the 1st molar implant using engaging com-
ponentry. In this manner, the three- unit FPD is a one- piece 
construct that inserts over the custom abutment and screws 
into the terminal molar implant. Finally, the clinician’s 
treatment philosophy should change over time based on 
best practice evidence that is continuously evolving in 
implant dentistry.

 References

 1 Shadid, R. and Sadaqa, N. (2012). A comparison between 
screw and cement- retained implant prostheses. a literature 
review. The Journal of Oral Implantology 38: 298–307.

 2  Sherif, S., Susarla, H.K., Kapos, T. et al. (2014). A 
systematic review of screw-  versus cement- retained 
implant- supported fixed restorations. Journal of 
Prosthodontics 23: 1–9.

 3 Wittenben, J.G., Joda, T., Weber, H.P., and Bragger, 
U. (2017). Screw- retained vs. Cement- retained 

implant- supported fixed dental prosthesis. Periodontology 
2000 73: 141–151.

 4 Malpartida- Carrillo, V., Tinedo- Lopez, P.L., Ortiz- Culca, 
F. et al. (2020). Techniques for retrievability and for 
registering screw access holes in cement- retained implant- 
supported prostheses: a scoping review of the literature. 
The Journal of Prosthetic Dentistry 123: 427–433.

 5 Tsigarida, A., Chochlidakis, K., Fraser, D. et al. (2020). 
Peri- implant diseases and biologic complications at 



  References 355

implant- supported fixed dental prostheses in partially 
edentulous patients. Journal of Prosthodontics 29: 
429–435.

 6  Wadhwani, C., Hess, T., Pineyro, A. et al. (2013). Effects 
of abutment and screw access channel modification on 
dislodgement of cement- retained implant- supported 
restorations. The International Journal of Prosthodontics 
26: 54–56.

 7 Haas, R.C. and Haas, S.E. (2020). Cement shield 
membrane technique to minimize residual cement on 
implant crowns: a dental technique. The Journal of 
Prosthetic Dentistry 123: 223–227.

 8 Schweitzer, D.M., Berg, R.W., and Mancia, G.O. (2011). 
A technique for retrieval of cement- retained implant- 
supported prostheses. The Journal of Prosthetic Dentistry 
106: 131–135.

 9 Farzin, M., Derafshi, R., Giti, R. et al. (2021). A special 
design to facilitate retrieval of cement- retained zirconia- 
based implant- supported restorations. Journal of 
Dentistry 22 (2): 132–137.

 10 Doerr, J. (2002). Simplified technique for retrieving 
cemented implant restorations. The Journal of Prosthetic 
Dentistry 88 (3): 352–353.

 11 Wadhwani, C., Rapoport, D., La Rosa, S. et al. (2012). 
Radiographic detection and characteristic patterns of 
residual excess cement associated with cement- retained 
implant restorations: a clinical report. The Journal of 
Prosthetic Dentistry 107: 151–157.

 12  Wadhwani, C., Hess, T., Faber, T. et al. (2010). A 
descriptive study of the radiographic density of implant 
restorative cements. The Journal of Prosthetic Dentistry 
103: 295–302.

 13 Nematollahi, F., Beyabanaki, E., and Alikhasi, M. (2016). 
Cement selection for cement- retained implant- supported 
prostheses: a literature review. Journal of Prosthodontics 
25: 599–606.

 14 Goldberg, M. (2008). In vitro and in vivo studies on the 
toxicity of dental resin components: a review. Clinical 
Oral Investigations 12: 1–8.

 15 Wadhwani, C. and Pinero, A. (2009). Technique for 
controlling the cement for an implant crown. The Journal 
of Prosthetic Dentistry 102: 57–58.

 16  Ayyadanveettil, P., Thavakkara, V., Koodakkadavath, 
S. et al. (2021). Influence of collar height of definitive 
restoration and type of luting cement on the amount of 
residual cement in implant restorations: a clinical study. 
The Journal of Prosthetic Dentistry 129: 109.

 17 Agar, J.R., Cameron, S.M., Hughbanks, J.C., and Paker, 
M.H. (1997). Cement removal from restorations luted to 
titanium abutments with simulated subgingival margins. 
The Journal of Prosthetic Dentistry 78: 43–47.

 18 Gapski, R., Neugeboren, N., Pemeraz, A.Z., and Reissner, 
M.W. (2008). Endosseous implant failure influenced by 

crown cementation: a clinical case report. The International 
Journal of Oral & Maxillofacial Implants 23: 943–946.

 19 Schwedhelm, E.R., Lepe, X., Aw, T.C. et al. (2003). 
A crown venting technique for the cementation of 
implant- supported crowns. The Journal of Prosthetic 
Dentistry 89: 89–90.

 20  Bhushan, P., Aras, M.A., Chitre, V. et al. (2017). A novel 
universal cementation technique for implant- supported 
crowns with subgingival margins. Journal of 
Prosthodontics 26: 628–632.

 21  Yuzbasioglu, E. (2014). A modified technique for 
extraoral cementation of implant retained restorations for 
preventing excess cement around the margins. The 
Journal of Advanced Prosthodontics 6: 146–149.

 22  Dumbrigue, H.B., Abanomi, A.A., Cheng, L.L. et al. 
(2002). Techniques to minimize excess luting agent in 
cement- retained restorations. The Journal of Prosthetic 
Dentistry 87: 112–114.

 23  Quirynen, M. and van Steenberghe, D. (1993). Bacterial 
colonization of the internal part of two- stage implants. 
An in vivo study. Clinical Oral Implants Research 
4: 158–161.

 24  Romanos, G.E. (2019). A simplified technique to 
control excess cement material underneath cement- 
retained implant restorations: technical note. The 
International Journal of Oral & Maxillofacial Implants 
34: e17–e19.

 25  Seo, C.W. and Seo, J.M. (2017). A technique for 
minimizing subgingival residual cement by using rubber 
dam for cement- retained implant crowns. The Journal of 
Prosthetic Dentistry 117 (2): 327–328.

 26  Tan, K.M., Masri, R., Driscoll, C.F. et al. (2012). Effect of 
axial wall modification on the retention of cement- 
retained, implant- supported crowns. The Journal of 
Prosthetic Dentistry 107: 80–85.

 27  Wang, W., Chang, J., Wang, H.M. et al. (2020). Effects of 
pre- cementation on minimizing residual cement around 
the marginal area of dental implants. The Journal of 
Prosthetic Dentistry 123: 622–629.

 28  Buser, D., Martin, W., and Belser, U. (2004). Optimizing 
esthetics for implant restorations in the anterior 
maxilla: anatomic and surgical considerations. The 
International Journal of Oral & Maxillofacial Implants 
19: 43–61.

 29  Wilson, T.G. Jr. (2009). The positive relationship between 
excess cement and peri- implant disease: a prospective 
clinical endoscopic study. Journal of Periodontology 
80: 1388–1392.

 30 Linkevicius, T., Vindasiute, E., Puisys, A. et al. (2013). 
The influence of the cementation margin position on 
the amount of undetected cement. A prospective 
clinical study. Clinical Oral Implants Research 
24 (1): 71–76.



Risks and Opportunities for Cement- retained Implant Restorations356

 31 Hsu, K.W., Liang, C.H., Peng, Y.C. et al. (2021). 
Comparison of the residual cement on custom computer- 
aided design and computer- aided manufacturing 
titanium and zirconia abutments: a preliminary cohort 
study. The Journal of Prosthetic Dentistry 128: 618.

 32  Weber, H.P., Kim, D.M., Ng, M.W. et al. (2006). Peri- 
implant soft- tissue health surrounding cement-  and 

screw- retained implant restorations: a multi- center, 
3- year prospective study. Clinical Oral Implants Research 
17: 375–379.

 33 Sailer, I., Mühlemann, S., Zwahlen, M. et al. (2012). 
Cemented and screw- retained implant reconstructions: 
a systematic review of the survival and complication rates. 
Clinical Oral Implants Research 23 (Suppl 6): 163–201.



357

Saving Dental Implants, First Edition. Edited by Georgios E. Romanos.
© 2024 John Wiley & Sons, Inc. Published 2024 by John Wiley & Sons, Inc.

18

The introduction of dental implants as a treatment modality 
in dentistry has helped millions of edentulous people to 
overcome the need for removable complete dentures by 
making fixed implant–supported prosthetic reconstruc-
tions possible. Implants have thus offered a great service to 
edentulous patients with maladaptive denture experiences. 
While the success of dental implants has been reported to be 
outstanding, early and late implant failures, as well as failure 
of implant prostheses, are well- documented and considered 
to be serious issues [1–3]. That is especially true for patients 
with advanced cases of bone resorption and limited bone 
quantity and quality for implant placement. Soft and hard 
tissue ridge deficiencies not only hinder the surgical and 
prosthetic success of implant therapy, but subsequent 
implant and/or prosthetic failure will cause further tissue 
loss, complicating treatment or leaving the patient with tra-
ditional removable prosthetics as the only remaining option. 
Maintenance is a critical component of dental care, and 
implant therapy is no exception. As such, it is the aim of the 
authors to present an evidence- based discussion of factors 
influencing the short-  and long- term maintenance of fixed 
Implant–supported prosthetic rehabilitations.

The complications associated with complete arch fixed 
implant–supported rehabilitations are numerous as dis-
cussed in this chapter, but most of these complications can 
be summarized by the following etiologies: bacterial adhe-
sion and load, host response, mechanical overload, and 
physical deterioration. In analyzing these etiologies, the 
authors have found that the choice of prosthetic materials 
is a key factor in prognosis affecting biocompatibility, 
occlusal surface, and color stability. Additional factors 
include the prosthesis design, especially at the intaglio sur-
face, location of the prosthetic platform, and the mode of 
retention influencing the presence of residual cement.

Restorative treatment involving dental implants presents 
multiple interfaces, which impact the maintenance and 
prognosis of the restoration. Some of those interfaces exist 
within the prosthetic apparatus: implant to abutment, 
abutment to prosthesis framework, and prosthetic frame-
work to veneering material, if any (Figures  18.1–18.2); 
some are between the prosthetic components and the sur-
rounding hard and soft tissues: implant to bone, implant, 
and abutment to emergence soft tissue (non- keratinized), 
intaglio surface of the prosthetic framework to the 
attached mucosa, polished surface of the prosthesis to the 
buccal and lingual mucosa, lips, and tongue, and occlusal 
surface to the opposing dentition or prosthesis (Figures 
18.3–18.5). The topography of interfaces between the 
prosthetic components and the surrounding tissues, the 
properties of the materials, and the biology of those  tissues 
in contact with the prosthesis would all influence proper 
hygiene, bacterial adhesion, and biological response. 
Passivity of fit, the use of screw or cement retention, the 
presence of micro- gaps, as well as occlusal stability would 
additionally influence bacterial and mechanical factors, 
and thus, long- term success.

The materials used in the fabrication of complete arch 
fixed implant prostheses include framework materials 
such as gold, silver- palladium, titanium, zirconia, and 
high- strength polymers, and veneering materials includ-
ing acrylic resin, composite resin, and ceramics. These 
materials all have different physical and mechanical 
properties which influence the performance of the pros-
thesis and long- term success. On the other hand, surface 
properties, such as roughness, hydrophobicity, and elec-
tric charge, can significantly modify the extent of bacte-
rial adhesion  [4]. Biological complications will then 
follow the increase in pathogenic bacterial load adjacent 
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to a prosthesis. While oral bacteria can adhere to 
 hydrophobic and hydrophilic surfaces, fluctuating shear 
conditions that exist in vivo prevent much biofilm from 
accumulating on hydrophobic surfaces. As such, biofilm 
tends to accumulate on hydrophilic surfaces, particularly 
those that are more rough than smooth. Multiple bacte-
rial strains make up oral biofilms, but their character and 
impact can be material- specific. For example, Candida 
species tend to attach to acrylic resin. Gold has been 
found to harbor thick biofilms in vivo, but they are barely 
viable. Biofilms on ceramics, on the other hand, are thin 

and highly viable. As for composites, biofilms cause 
 surface deterioration, which bolsters the process of fur-
ther biofilm formation and attachment [5].

 The Metal- acrylic Hybrid Prosthesis

Understanding the current advances in implant–supported 
prosthetic rehabilitation requires a historical understand-
ing of the development of prosthetic materials used in this 
domain. This no doubt goes hand- in- hand with the earliest 

Figures 18.3–18.5 Interfaces of prosthetic components to 
tissues. (a) implant to bone (subcrestal). (b) abutment/prosthesis 
to soft tissue (subgingival), (c) prosthesis to soft tissue (intaglio/
pontic), (d) prosthesis to buccal and lingual mucosa (polished), 
(e) occlusal surface to opposing dentition/prosthesis.

Figures 18.1–18.2 Interfaces of prosthetic apparatus. 
(a) implant to abutment. (b) abutment to prosthesis. 
(c) framework to veneer.
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applications of implantology in dentistry. Immediately 
after comprehending the biologic process of osseointegra-
tion, Professor Brånemark and his co- workers realized the 
therapeutic value of implants and foresaw the great impact 
implants would make in the dental community  [6]. 
Therefore, based on their long- time scientific research and 
observations on tissue repair and osseointegration of com-
mercially pure titanium implants in jaw bones of dogs they 
started further experimental work aiming at the develop-
ment of surgical and prosthetic protocols for the rehabilita-
tion of mandibular completely edentulous patients  [7]. 
Their primary aim was the prosthetic reconstruction of 
severely resorbed mandibular alveolar processes. Today, 
more than 50 years since the first placement of implants 
for the rehabilitation of an edentulous patient, it is known 
that complete arch implant–supported fixed dental pros-
theses have very high long- term success rates [8–10]. The 
first prostheses were supported by five implants placed 
between the mental foramina and were fabricated by a 
metal framework with beads and other retentive elements, 
so as to retain the heat- processed polymethyl methacrylate 
(PMMA) resin and ten to twelve denture teeth. As the 
implants were placed between the mental foramina, the 
posterior segments on each side were cantilevered. A bio-
mechanical analysis was attempted at that time, without 
however taking into consideration differences in arch 
shapes, interarch distance, length of implants, and length 
of cantilevers (Figures 18.6–18.7) [6].

This type of prosthesis has been widely known as a 
hybrid prosthesis, as it has the characteristics of two types 
of prostheses. It is made of multiple materials used in a 
traditional removable complete denture, while at the same 
time, it is fixed on the osseointegrated implants through a 
metal framework and abutments, and therefore can only 

be removed by the dentist. According to the 9th edition of 
the Glossary of Prosthodontic Terms (GPT- 9), the term 
“hybrid prosthesis” is a nonspecific term applied to any pros-
thesis that does not follow conventional design; frequently 
used to describe a dental prosthesis that is composed of dif-
ferent materials, types of denture teeth (porcelain, plastic, 
composite resin), variable acrylic denture resins, differing 
metals or design, etc.; may refer to a fixed dental prosthesis, 
removable dental prosthesis, or maxillofacial prosthesis [11]. 
Most often, a hybrid prosthesis consists of an alloy frame-
work with retentive elements (i.e. beads, rods, loops, etc.), 
supported by the implants. These retentive elements are 
necessary, because acrylic polymers cannot bond to metal, 
at least without surface treatment. This fact necessitates 
the incorporation of the retentive elements to mechani-
cally interlock the processed acrylic. The denture teeth that 
are used in these restorations are chemically bonded with 
the PMMA resin retained on the alloy framework. This 
type of prosthesis is also known as the “Toronto bridge,” 
due to a series of clinical studies that Professor George 
Zarb and his colleagues conducted on that subject in the 
1980s and 1990s, at the University of Toronto [12–14].

Figures 18.3–18.5 (Continued)

Figures 18.6–18.7 The metal framework of a mandibular 
hybrid prosthesis with beads and rods for the retention of PMMA 
resin. The hybrid prosthesis intraorally.
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Removable overdentures supported by dental implants 
have also been utilized for the treatment of complete edentu-
lism, as they are less expensive than their fixed counterparts, 
due to the smaller number of implants required for their 
 support and the lower cost of the involved materials and 
 laboratory procedures needed for their fabrication  [15–17]. 
Additionally, they are preferred when patients have limited 
bone volume at the host sites, and they are unwilling to pro-
ceed with bone grafting procedures, due to financial or other 
restrictions. Moreover, a consensus conference in the early 
2000s has advocated that implant–supported overdentures 
should be considered as the first prosthetic treatment of 
choice in case of complete edentulism in the mandible and 
should always be presented to edentulous patients as a better 
alternative, given that there are no contraindications for 
implant placement [18] (Figures 18.8–18.13).

It should also be mentioned that the selection of a 
removable complete denture as a treatment option, is 
many times necessitated because of the substantial loss of 
volume of the residual alveolar ridges and loss of lip sup-
port, which can be better served by removable prostheses. 
Finally, this type of prosthesis is many times indicated in 
cases of geriatric patients and/or patients with dimin-
ished manual dexterity, due to Parkinson’s disease, stroke, 
arthritis, peripheral neuropathy, etc., which prevent the 
application of proper oral hygiene measures  [19]. These 
measures, in the cases of hybrid prostheses, are quite 
demanding, involving the use of interproximal brushes, 
floss threaders, and oral irrigator units.

Prognosis and Maintenance of Metal- acrylic 
Hybrid Prostheses

In the initial era of implant prosthodontic therapy, the 
use of PMMA acrylic resin in combination with denture 
teeth was considered as an advantage, due to the absorp-
tion of occlusal forces, which would not be transmitted to 

Figures 18.8–18.9 Loss of facial support due to extensive 
residual alveolar ridge resorption in an elder patient.

Figures 18.10–18.11 Two implants placed in the mandibular 
canine regions and an implant–supported complete denture 
fabricated to restore function and facial support.
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the supporting implants. To compensate for the stark 
 difference in expected biomechanical behavior between 
the periodontal ligament compared to implants, 
Brånemark recommended that implants and natural 
teeth not be used as abutments for the same fixed prosthe-
sis, that implants be restored with resilient restorative 
materials, and that prostheses be planned with a retriev-
able design  [20]. However, acrylic denture teeth wear 
down much faster than enamel and porcelain (Figures 
18.14–18.17). As a result, long- term occlusal stability is 
very often compromised, with deleterious effects in the 
function of the stomatognathic system and the prognosis 
of the restoration. A clinical study by Ohlmann et  al. 
found that after a period of six months, the mean wear of 
acrylic teeth was 20.5 μm. The wear was significantly 
higher in males than in females. Moreover, this study has 
shown that the wear was higher when the acrylic teeth 
had natural teeth as antagonists [21]. A very recent sys-
tematic review has concluded that even new- generation 
denture acrylic teeth wear substantially. Factors that play 
a role in this wear include the antagonists, the age and the 
sex of the patient, the type of the prosthesis, and the 

amount of the occlusal superficial layer removed during 
equilibration, at the delivery appointment  [22]. Several 
studies in the past have also demonstrated similar 
results  [23–25]. These studies have also shown that it is 
always better to use the same restorative materials in 
opposing arches.

The cumulative implant survival rates for metal- acrylic 
hybrid prostheses range between 87.9 and 100% for follow-
 up periods of 5–10 years and 78.3–98.9% for 10 years or 
more. Cumulative prosthetic survival rates are 93.3–100% 
and 82–100%, for periods of 5–10 years and 10 years or 
more, respectively  [26]. Bone loss around implants sup-
porting hybrid prostheses has been reported to be greater 
than 2 mm in 20.1% of the cases after a 5- year period, and 
in 40.3% of the cases after 10 years [27]. Prosthetic compli-
cations in these prostheses usually include loosening or 
fracture of fastening screws, fracture of the PMMA den-
ture acrylic resin, as well as fracture or debonding of 
acrylic resin teeth (Figures 18.18–18.19) [26]. A systematic 
review has reported that screw loosening or fracture 
occurs at rates of 10.4 and 20.8% after periods of 5 and 10 
years, while chipping or fracture of veneering materials 
occurs at a rate of 30.3% after 5 years and 66.6% after 10 

Figures 18.12–18.13 Maxillary complete denture and 
implant–supported mandibular overdenture in place. Restored 
lip support and vertical dimension of occlusion.

Figures 18.14–18.15 Extensive wear of acrylic denture teeth 
after many years of service.
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years [27]. Framework fractures have also been reported, 
but at a rate of 8.8% after a period of 15 years  [28]. The 
highest incidence of prosthetic incidences was reported in 
a retrospective study by Krennmair et al., where 256 com-
plications were recorded in 42 individuals, after five years 
of service  [29]. As already mentioned, phonetic and 
esthetic issues have also been reported by patients treated 
with hybrid prostheses  [30]. Esthetic deficiencies due to 
progressive deterioration of the resin material of the pros-
thetic base and of the denture teeth were reported at a 
9% rate [28].

Bacterial Adhesion to Metal- acrylic Hybrid Prostheses

Apart from the fact that denture teeth wear down, classic 
hybrid prostheses are associated with inherent problems of 
PMMA denture acrylics, namely weak strength, residual 
monomer content, low dimensional stability, water 

absorption, as well as color changes. Internal and external 
porosity in heat- processed acrylic resins is one additional 
disadvantage. Porosity usually results from the presence of 
residual monomer, which may boil if the peak temperature 
of the resin rises, due to the exothermic reaction of the 
polymerization, above the boiling point of monomer [31]. 
Then, the evaporation of the unreacted monomer may pro-
duce porosity, which can compromise esthetic properties 
and physical characteristics, adversely affecting hygiene. 
Retention of fluids and harboring of micro- organisms in 
the porous surface of PMMA acrylics may negatively impact 
the health of the peri- implant tissues [32]. Recent studies 
have demonstrated that acrylic resins are prone to microbial 
colonization, with anaerobe species prevailing over aer-
obes. This research has shown that the most predominant 
bacteria in acrylic resins were actinomyces, oral strepto-
cocci, and Enterobacteriaceae  [33, 34]. Bacteria present 
 possible threats to treatment success, as they can lead to 

Figures 18.16–18.17 Hybrid metal- acrylic bar- retained 
removable implant prosthesis with gold occlusal surfaces to 
provide stable occlusal support and circumvent high wear and 
fracture rate of acrylic resin.

Figures 18.18–18.19 Fractured and debonded acrylic resin 
denture teeth of metal acrylic hybrid fixed implant prosthesis 
with limited prosthetic space, replaced with new denture teeth.
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peri- implant mucositis and peri- implantitis. Peri- implant 
mucositis has been found to be present in 80% of the cases, 
while peri- implantitis was reported to be present in 56% of 
the cases  [35]. Previous research has shown that surface 
irregularities, voids, or pits can be colonized as fast as 
30 minutes from the moment a prosthesis is placed in the 
oral cavity [36, 37]. Surface roughness significantly increases 
the available surface area for the attachment of bacteria and 
offers support for adhesion [38].

Bacterial adhesion starts at sites protected from shear 
forces and is driven by hydrophobic, electrostatic, and van 
der Waals forces, which can take bacteria in a proximity 
with the acquired pellicle on implant surfaces  [39, 40]. 
Bacteria’s direct adhesion to the proteins of the acquired 
pellicle leads to the establishment of an irreversible attach-
ment. This is a critical point as next, upregulation of bacte-
rial activity and migration on implant surfaces is noticed. 
From that moment on, a maturation of dental plaque and 
an increase in the diversity of the bacterial community is 
observed [41–43]. In the initial stages of biofilm formation, 
gram- positive cocci, non- motile bacilli, as well as a limited 
number of gram- negative anaerobic species dominate 
supra-  and sub- gingival plaque [44, 45]. Different bacteria 
have been identified by numerous studies in the dental lit-
erature. It has also been observed that bacterial species 
have some dynamic specific interrelationships which may 
produce shift patterns in the colonization process  [46]. 
That explains the fact that a discrepancy both in the quality 
and quantity of peri- implant microbiota is very often 
noticed between screened populations [47].

Besides material’s surface roughness, other surface prop-
erties may contribute to a stronger or weaker adhesion too. 
These primarily include: (i) surface topography, (ii) surface 
charge density, (iii) surface wettability. Other environmen-
tal factors, such as the fluid dynamics and bacterial mobil-
ity also affect bacterial adhesion on dental material 
surfaces [48]. (i) Surface topography is a term that is related 
to surface roughness, as it refers both to surface roughness 
and the profile shape. Bacteria can sense mechanical cues 
related to surfaces. Generally, surface microscale topogra-
phy, in the size order of bacteria can impact their adhesion 
via hydrodynamics. Surface topography characteristics in 
the nanoscale affect bacterial attachment through defor-
mation of cell membrane, physicochemical forces, and 
chemical gradients [49]. Furthermore, it has been demon-
strated that the expression of bacterial adhesions can be 
modified when the surface topography is altered [50, 51]. 
Research has shown that bacterial attachment is enhanced 
when material surface has characteristic features larger 
than a single bacterium, as the latter can find shelter and 
greater available contact area,  [52, 53] (ii) surface charge 
density of the dental material affects bacterial adhesion, as 

electrostatic interactions and van der Waals forces are 
 contributing greatly in this process [54]. According to pub-
lished data, bacterial adhesion is easier on surfaces that are 
positively charged, as usually bacteria have a negative 
charge on their cell wall surfaces, due to the presence of 
amino, carboxyl, and phosphate groups  [55–59]. 
Specifically, for PMMA acrylics which are positively 
charged, it was shown that adhesion and growth of 
Pseudomonas aeruginosa was twice as much, compared to 
negatively charged surfaces [60]. Similar results regarding 
Pseudomonas, Staphylococcus aureus, and Escherichia coli 
have been reported by other researchers too [61]. It should 
be mentioned, however, that there is evidence showing 
that some bacteria have the ability to adhere to negatively 
charged surfaces through the help of lipopolysaccharides 
(LPS) or appendages, like fimbriae, existing on their sur-
faces  [62, 63], (iii) surface wettability is defined by how 
much a liquid phase is spread over a solid surface. 
Therefore, an increased contact area between a liquid and 
a solid shows enhanced surface wettability, and it is one of 
the major properties determining solid–liquid interactions 
in biological systems  [48]. Material’s surface energy and 
roughness affect wettability, and several models have been 
developed to demonstrate the association between bacte-
rial adhesion and surface energy. For that purpose, a ther-
modynamic approach has shown that bacteria with 
hydrophilic cell surfaces tend to favor hydrophilic materi-
als, while bacteria with hydrophobic cell surfaces show a 
preference to hydrophobic materials  [64]. As mentioned 
previously, van der Waals and Coulomb interactions affect 
bacterial adhesion to material surfaces. In that sense, the 
distance between bacteria and surfaces, as well as the ionic 
strength of the surrounding fluid is very important. 
Generally, as ionic strength increases, so does the bacterial 
adhesion to materials  [65]. The fact that PMMA denture 
acrylic presents increased porosity and favors bacterial 
adhesion combined with the difficult access for hygiene 
under hybrid prostheses has led to the use of highly pol-
ished metal at the gingival surface (Figures 18.20–18.21).

Dental alloys can be highly polished and therefore pre-
sent minimal surface roughness, which favors bacterial 
adhesion. Research has shown that resin and synthetic 
materials are more prone to bacterial adhesion than met-
als, especially chrome–cobalt  [4]. Therefore, if a hybrid 
prosthesis is chosen as a treatment modality, a proper 
 convex design with metal finishing should be selected. 
Moreover, space between the prosthesis and the residual 
alveolar ridge should be provided to facilitate oral hygiene 
measures. This space, which is required for dental hygiene, 
may pose a problem if used in the maxilla, as it is many 
times associated with speaking problems, due to the air 
passage between the residual alveolar ridge and the 
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prosthesis. Some esthetic concerns have also been reported 
in the literature, due to the aforementioned space [30].

Although highly polished metal presents smaller bacte-
rial adhesion than acrylic resin, dental ceramics demon-
strate an even better behavior than dental alloys. An 
in vitro study has demonstrated that artificial plaque syn-
thesized of Streptococcus sobrinus and glucans was retained 
significantly less on dental ceramics than on metals and 
resins [66].

The Shift to Metal–Ceramics

With the advent of new methods and materials in the early 
1990’s, full- arch implant–supported prostheses shifted 
from denture acrylic PMMA to metal–ceramics in an effort 
to avoid the shortcomings of acrylic resin.

Although there is a lot of published evidence on the clin-
ical outcome of hybrid prostheses and their supporting 
implants, there is not enough data on full arch metal–
ceramic implant- retained restorations. However, as metal–
acrylic restorations are currently rarely in use, it is very 
important for clinicians to know the technical and biologic 

complications of metal–ceramic implant–supported fixed 
complete dentures. This information is critical for treat-
ment planning and design of the prostheses. There is a 
need for clinical studies with large sample sizes and long 
follow- up times, in order to draw some meaningful conclu-
sions. A recent retrospective study that included 52 patients 
with both metal- acrylic and metal- ceramic full- arch fixed 
complete dentures found that while the 5- year and the 10- 
year failure rate for the metal- acrylic was 7.1 and 58.2% 
respectively, the corresponding failure rates for metal- 
ceramic full- arch prostheses were 0% [67].

Technical complications occur quite often in full- arch 
fixed implant–supported prostheses. These can be divided 
into two broad categories: minor and major complications. 
Minor complications include all these complications which 
are easily managed and can be usually fixed chairside. These 
include minor wear or chipping of the veneering material, 
loss of the screw access filling, and abutment-  or prosthetic- 
screw loosening. On the contrary, major complications 
include those complications that are quite serious and can-
not be easily managed chairside. These include fracture of a 
big part of the veneering material, fracture of the frame-
work, fracture of the abutment, fracture of a fastening screw, 
and fracture of an implant (Figures 18.22–18.26).

It should be indicated that the same retrospective study 
has found that more than 40% of the full- arch fixed implant–
supported prostheses (for both the hybrid and the metal- 
ceramic) presented a complication in the first 5 years, while 
the estimated complication rates for the 10- year period was 
98% [67]. Although a bigger number of complications was 
identified in that study in the metal–ceramic group (78.6%) 
than in the metal–resin (hybrid) group (42.3%), it should be 
mentioned that more metal- ceramic (55) than metal–resin 
(16) prostheses were included.

 Modern CAD/CAM Framework Materials

By the start of the twenty- first century, framework materi-
als had been traditionally metal- based. This was to provide 
implant–supported fixed dental prostheses with sufficient 
rigidity  [68]. Gold alloy was considered the benchmark 
material for frameworks of implant–supported fixed dental 
prostheses. Due to the high cost associated with gold, a 
demand for less expensive options developed. This included 
titanium, which presented with a technically difficulty 
manufacturing process and higher framework dimension 
requirements, which subsequently affected the level of 
patient comfort [68]. The arrival of computer- aided design/
computer- aided manufacturing (CAD/CAM) provided 
an  alternative manufacturing process that bypassed the 
shortcomings of the traditional process (waxing/investing/

Figures 18.20–18.21 Implant supported hybrid prosthesis 
with denture teeth and PMMA acrylic resin at the coronal 
surface and highly polished metal at the gingival surface.
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casting) and the associated procedural errors. With CAD/
CAM technology, large frameworks could now be manu-
factured precisely from homogeneous blanks of various 
high- strength materials [68]. This included zirconia, which 
has now been in use in dentistry for about two decades, 
dominating the market owing to its high strength, low cost, 
and natural white color [69].

Figures 18.22–18.23 (Top) Multiple fractures of the veneering 
material in a non- esthetic area. This can be polished with 
fine- grit diamonds and abrasive points. (Bottom) Fracture of the 
framework is one of the most serious technical complications. 
Although the occlusogingival and buccolingual size of the 
connector is appropriate (>3 mm), the fact that the soldering 
metal did not reach the central part of the connector caused the 
fracture.

Figures 18.24–18.25 Fracture of an abutment screw. In some 
cases, these screws can be retrieved by a counterclockwise 
motion with an explorer. If this is not possible, an ultrasonic 
scaler can be employed, taking care not to approach the internal 
threads of the implant, as they can be damaged. Some retrieval 
systems are also available from implant companies.

Figure 18.26 Fracture of two implants in a patient with 
parafunctional habits. Angular bone loss around the distal 
implant can also be observed. This fact may contribute to the 
fracture, especially if the end of the fastening screw coincides 
with the new bone level.
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Zirconia- based Prostheses

Zirconia, or zirconium dioxide, has been predominantly 
used in dentistry in the form of yttria- stabilized tetragonal 
zirconia polycrystal (Y- TZP). With a flexural strength of 
900–1400 MPa, zirconia is considered the strongest of all 
dental ceramics presently available  [70]. Early zirconia 
materials were quite opaque, so full contour ceramic 
veneering was employed to fulfill esthetic requirements. 
With little understanding of appropriate veneering proto-
cols for zirconia compared to the long- standing experience 
with PFM, the primary clinical complication associated 
with porcelain- fused- to- zirconia (PFZ) was the substan-
tially high rate of fracture or chipping of veneered porce-
lain, at a range of 15–54% documented in the literature, 
while framework fracture was reported at less than 1% [69].

A careful selection of good- quality zirconia blanks, opti-
mized rates of heating and cooling during the firing stage, 
and digital rather than physical cut- back techniques effec-
tively reduced the rate of ceramic chipping when veneered 
over zirconia [69]. Another solution was to restrict veneer-
ing to non- occlusal loading areas such as facially and gingi-
vally, or to eliminate the veneer material entirely by using 
monolithic zirconia, with the addition of stains for tooth 
and gingival shading, and internal coloration for improved 
esthetics [69]. The availability of various compositions of 
zirconia has greatly influenced the design of full- arch zir-
conia frameworks. The early 3  mol% yttria- stabilized 
tetragonal polycrystal (3Y- TZP) zirconia offered phenome-
nal strength but inadequate esthetics for full- contour resto-
rations. This necessitated veneering with feldspathic 
porcelain. Improved framework designs involved a mini-
mal facial cutback to maximize strength in occlusal stress- 
bearing areas (Figures 18.27–18.29). In an effort to produce 
more translucent zirconia restorations, yttria content was 
altered to produce 4 and 5 mol% partially stabilized zirco-
nia (4Y/5Y- PSZ). This zirconia does not exhibit the same 
strength and resistance to crack propagation as 3Y- TZP and 
is contraindicated for long- span multiple- unit prostheses. 
Further improvements, however, brought multilayer zirco-
nia blanks to the scene, available from multiple manufac-
turers. These materials present with various degrees of 
translucency and strength built into the same blank, maxi-
mizing esthetics toward the occlusal surfaces, while main-
taining high overall strength to serve most restorative 
indications. This allows an even more conservative frame-
work design with no cut- back while using internal and 
external stains to produce characterization and the appear-
ance of roots and artificial gingiva (Figures 18.30–18.32).

Comparing technical complications in metal–acrylic 
and zirconia- based prostheses, Barootchi et  al. found 
that metal- acrylic prostheses presented a higher rate of 

minor complications, such as single tooth fracture or 
chipping, as well as a greater tendency for delayed com-
plications. While zirconia fixed implant–supported pros-
theses come with higher initial costs, there is an overall 
reduction in complications and higher survival rates 
than metal–acrylic hybrids [71]. The shortcomings with 
zirconia are certainly of importance as well, including 

Figures 18.27–18.29 Maxillary full arch fixed implant–
supported prosthesis consisting of a screw- retained abutment- 
level 3Y- TZP zirconia framework with minimal facial porcelain 
layering. Cutback was completed digitally before milling of the 
zirconia framework.
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the heavy weight, and the difficult adjustment and 
 polishing of the framework. Delucchi et  al. reported 
complications, such as ceramic veneer chipping (Figures 
18.33 and  18.34) and the less frequent failure of the 
framework  [72]. According to some authors, a non- 
layered monolithic zirconia could solve the high inci-
dence of ceramic chipping, by eliminating the interface 
between the zirconia framework and veneering ceramic 
(Figures  18.30–18.32)  [72]. Table  18.1 summarizes the 
advantages and disadvantages of zirconia as a framework 
material for full- arch fixed implant prostheses.

In a study comparing porcelain- veneered zirconia 
frameworks (PVZ) to monolithic zirconia with non- 
functional porcelain veneering (MZ), Caramês et  al. 
 suggests that zirconia is a robust material for fixed 
implant–supported full- arch frameworks, with low 
reported rate of technical complications, high survival 
rate of the prosthesis and short/medium term success of 
the implants involved [73].

Bacterial growth on zirconia surfaces has been a contro-
versial topic. An in vitro study comparing feldspar- based 
porcelain, CoCr alloy, commercially pure titanium grade 
IV, and yttria- stabilized zirconia showed the highest values 
of formation and absorbance for biofilms grown on CoCr 
alloys when compared to the other test materials for 24–48 
hours, while no significant differences were found between 
biofilms grown on zirconia, porcelain, and titanium [74]. 
Research has also shown that the bacterial community 
colonizing zirconia and titanium were similar to those 
found in the natural dentition. These results suggest a 
selective adhesion of different microflora for either tita-
nium or zirconia surfaces  [75]. Furthermore, an in  vivo 
study has demonstrated that zirconia exhibited low plaque 
accumulation compared to lithium disilicate glass–ceramic 
after 24 hours [76].

Figures 18.30–18.32 Maxillary full arch fixed implant–
supported prosthesis fabricated as a screw- retained abutment- 
level full contour multilayer (3Y- TZP/5Y- PSZ) zirconia framework 
with internal and external staining. Source: Courtesy of Dr. 
Esteban Molina, DDS, CAGS, Boston, MA.

Figures 18.33–18.34 Chipping of facial ceramic veneering at 
the canine incisal tip, on minimally layered full arch fixed 
implant–supported zirconia prosthesis in a patient with chronic 
bruxism after one year of follow- up.
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Milled Titanium Frameworks

While casted titanium frameworks have been commonly 
used as alternatives to traditional castings, they can also be 
milled using CAD/CAM technology. The beneficial proper-
ties of titanium for use as a framework material include 
biocompatibility, good resistance to corrosion, and high 
mechanical properties, as well as possibly better passive fit 
to the implants. A passive fit is critical, and a lack thereof 
may cause screw loosening and consequential fractures in 
prosthetics components. Although laser- welded titanium 
frameworks have been used too, they were associated 
with significantly more complications, and these were 

increasing after the third year of function. Laser- welded 
areas on titanium framework could possibly act as the 
weakest link. Computer Numerical Controlled (CNC) mill-
ing techniques to fabricate one- piece titanium frameworks 
were introduced in order to make up for this disadvantage. 
Through such procedures, there is a better control of dis-
tortion, compared to conventional casting fabrication [77].

Surface roughness, contact angle, bacterial count, bacte-
rial adherence, biofilm thickness, and bacterial distribution 
on zirconia and titanium surfaces have been studied by a 
meta- analysis of 39 in vitro and in vivo studies [78]. It was 
shown that results in the literature were inconsistent, as 10 
studies concluded that zirconia accumulated less initial oral 
biofilm parameters, 16 trials showed negligible inter- 
material differences, and only one study demonstrated that 
the most biofilm adhered to zirconia  [78]. This meta- 
analysis also did not yield any conclusive differences 
between zirconia and titanium for the remaining parame-
ters. An important point is that studies presented a substan-
tial degree of heterogeneity, and thus no clear preference for 
the use of zirconia or titanium can be inferred [78]. Research 
is still ongoing, and a promising five- year prospective rand-
omized controlled trial commenced by Jia et  al. in 2020, 
comparing the peri- implant submucosal microbiota in 
arches with zirconia or titanium implant–supported fixed 
complete dental prostheses may shed light on this discus-
sion [79]. With regards to soft tissue adhesion, animal stud-
ies showed that zirconia demonstrated connective tissue 
adhesion that was like that seen on the machined titanium 
surface while exhibiting limited plaque formation and 
improved esthetics [70].

High- strength Polymers

Going back to Brånemark’s recommendations, specifically 
that implants be restored with resilient restorative materi-
als, clinicians have since tried to replicate the damping 
effect of the periodontal ligament with various implant, 
abutment, and restorative systems. Researchers and clini-
cians have then incorporated various resilient and viscoe-
lastic components to be part of implant prosthetics [80–82]. 
These components have predominantly been composed of 
polymeric materials to emulate the viscoelasticity of the 
PDL. Historically, this has been the approach in dentistry 
when using acrylic- based composite resins. More recently, 
several high- strength CAD/CAM polymers have emerged 
that are more suitable for this role.

High- strength CAD/CAM polymers include fiber- 
reinforced polymers such as composite resin, epoxy resin, 
or acrylic resin reinforced by glass fibers or carbon fibers, 
and a class of polymers known as high- performance poly-
mers, which are already widely used materials in aerospace 

Table 18.1 Advantages and disadvantages of using zirconia 
in fixed implant–supported prostheses.

Advantages Disadvantages

Good dental and gingival 
esthetics

Inability to repair 
framework fractures

Superior strength and rigidity Difficulty in adjusting and 
polishing

Excellent wear compatibility Heavier than metal- resin or 
metal- ceramic prostheses.

Fabrication requires CAD/CAM 
providing superior fit of the 
prosthesis

Low tolerance for minor 
inaccuracies in impression 
and can result in fracture of 
the prosthesis at the time of 
insertion.

Reduced laboratory cost due to 
less laborious nature of 
fabrication

High rate of chipping/
fracture of veneering 
porcelain

Provision of warranty by dental 
laboratories and manufacturers 
against fracture

Empirical reporting of 
occasional clicking sounds 
in double arch situations 
may be objectionable to 
some patients

Digital files can be stored 
permanently for fabrication of 
future prosthesis if necessary

Minimal long- term 
scientific data on clinical 
out-  comes

Can be used in monolithic form 
with stains or with veneered 
porcelain (conventional, 
minimal, or gingival)

Potential for low- 
temperature degradation

Allows fabrication and testing of 
prototype prosthesis in PMMA 
for patient approval and for 
future contingency use

Reduced staining compared to 
acrylic resin

Good biocompatibility

Reduced plaque accumulation 
and favorable soft tissue 
response

Source: Adapted from Bidra et al. 2017 [69].
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and in orthopedic surgery. Examples of high- performance 
polymers include PEEK and PEKK, fiber- reinforced or 
non- reinforced, and this class of polymers has been in 
increasing use in dentistry as CAD/CAM materials for 
applications in fixed and removable prostheses. As these 
materials have been introduced recently in the dental mar-
ket, a lack of studies on their performance as framework 
materials for full arch fixed implant prostheses, is 
noted  [72]. Carbon fiber- reinforced composite (CFRC) 
frameworks have been employed recently for full- arch 
implant prostheses. Research shows that when CFRC 
frameworks are compared with cast metal frameworks, the 
former exhibit greater implant survival, less bone resorp-
tion, and no prosthetic complications  [72]. CFRC boasts 
the benefits of high rigidity and tenacity comparable to 
metal, excellent fatigue resistance, good energy dissipation 
capacity, low cost, low weight, and a compatible surface for 
veneering acrylic resin to adhere to. This may explain the 
low occurrence of chipping of the veneering material in 
this study  [72]. The combination of full- arch fiber- 
reinforced resin fixed prostheses on four ultrashort 
implants in patients with highly atrophic jaws has also 
been studied. An average follow- up of 19.5  months has 
shown that 97.25% success and survival rates were reached, 
with minimal bone loss. Although no chipping or fracture 
of the prostheses was observed, these prostheses were 
bonded to telescopic copings that abutted the implants, 
and the main complication involved decementation [83].

 Prosthetic Design – Impact on Maintenance

Early complete arch fixed implant prosthesis was a treat-
ment modality employed for patients who have been 
 completely edentulous and were initially restored with 
removable complete dentures, which are quite often asso-
ciated with a significant loss of soft and hard tissues. This 
necessitated the prosthesis to restore both teeth and gingi-
vae. Later on, as implants were used more often for the 
rehabilitation of patients whose teeth with questionable or 
hopeless prognosis were being extracted, as part of a restor-
ative treatment plan, alveolar bone resorption was not 
advancing to the same degree [84–88]. Therefore, the need 
to replace, with implant–supported fixed prostheses, not 
only teeth but also the neighboring soft tissues was smaller. 
As a result, the design of the prostheses changed, with an 
impact on dental hygiene. Today, full- arch fixed implant 
prostheses can restore [89]:

1) Only the anatomic crowns of the missing natural teeth, 
where there has usually been minimal loss of soft and 
hard tissues. In these cases, the implants can be placed in 
an ideal position, mimicking the roots of the lost teeth. 

Proper planning and execution of implant placement, 
along with gingival contouring, usually results in a natu-
ral esthetic outcome, which is of utmost importance in 
the anterior esthetic region. The prosthesis- tissue inter-
face is most coronal in these cases, and the intaglio sur-
face is usually convex and festooned. These qualities 
provide for an accessible design for the cleansability of 
full- arch fixed implant prostheses (Figures 18.35–18.36).

2) The anatomic crown and part of the root of the missing 
natural tooth, where there has been considerable bone 
loss, either due to advanced periodontal disease or bone 
resorption from previously performed extractions. In 
these cases, if no bone augmentation procedures are 
implemented, implants are placed more apically and 
more lingually than the original position of the roots of 
the teeth to be restored. Ideally, each one of the implants 
supporting the fixed complete denture should corre-
spond to a tooth, to facilitate proper hygiene and esthetic 
result, especially in cases where exposure of both teeth 
and neighboring soft tissues exist. The patient must be 
informed that the teeth will look longer than normal, 
and the roots of the teeth will have to be mimicked to 
achieve a more natural result. If the patient objects to 
this outcome bone grafting should be planned to be 

Figures 18.35–18.36 Screw- retained full arch fixed zirconia 
prosthesis, with minimum facial porcelain veneering, restoring 
the anatomical crowns of missing teeth.
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performed prior to implant placement, after a careful 
evaluation of the benefits and risks [90, 91], or artificial 
gingiva would need to be employed (Figures 18.37–18.42).

3) the anatomic crowns of natural missing teeth and a part 
of the neighboring soft tissues, usually due to extensive 
bone resorption after teeth extraction and/or prolonged 
use of removable complete dentures. These fixed com-
plete dentures resemble the hybrid prostheses that have 
been described earlier but are made of metal–ceramic 

or zirconia. In these prostheses, implants are placed 
also in a more apical and lingual position, than the orig-
inal position of the natural teeth. This fact complicates 
the biomechanical behavior of the prosthesis, as 
prosthesis- to- implant ratios are unfavorable, and 
greater moments of force are generated at the prosthe-
sis/abutment/implant connection. A proper occlusal 
scheme should be planned to minimize technical com-
plications. However, in contrast to the previous cate-
gory, each implant does not necessarily have to 

Figures 18.37–18.42 Screw- retained full- arch fixed implant 
prosthesis restoring anatomic crowns and parts of the roots.

Figures 18.37–18.42 (Continued)
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correspond to a tooth, as pink ceramics or zirconia are 
added, and the esthetics are not compromised. A careful 
framework design should be made to avoid technical 
complications related to unsupported ceramics. 
Additionally, highly skilled dental technologists should 
be employed, as matching soft tissues with pink ceram-
ics is very challenging and usually requires additional 
firings if feldspathic porcelain is used. Additional prob-
lems include the increased dimensions of the metal 
framework, which retains more heat leading to ceramic 
fracture upon cooling. As these prostheses extend to the 
soft tissues of the residual alveolar ridge, careful plan-
ning should be made and instructions should be given 
to the patient to facilitate proper hygiene, which is cru-
cial for long- term maintenance (Figures 18.43–18.45).

Expanding on this classification, the design of complete 
arch- fixed implant prostheses can be further categorized by 
prosthetic platform position, mode of retention, segmenta-
tion, and framework design (Table 18.2). The various combi-
nations of designs are determined by existing patient 
condition, availability of hard and soft tissues, clinician pref-
erence, and laboratory systems available. Various configura-
tions have evolved alongside the available technology and 
laboratory systems. Each design has a different impact on 
maintenance, and the most contemporary approaches are 
not well supported in the literature due to the lack of long- 
term follow- up and increasingly heterogenous studies. 
Figures 18.46–18.51 demonstrate various examples of design 
configurations based on the classification presented below.

 ● Position of Prosthetic Platform:
 – Implant level (bone level implants and tissue level 

implants)
 – Abutment level (screw- retained prosthesis over multi- 

unit abutments, cement- retained prosthesis over stock 
or custom abutments)

 ● Mode of Retention:
 – Screw- retained (e.g. metal–ceramic prostheses using 

UCLA abutments, NobelProcera® screw- retained fixed par-
tial dentures with/without friction- fit titanium adapters)

 – Cement- retained (e.g. framework cemented directly 
over stock or custom abutments – no screw access)

 – Screw/Cement- retained (e.g. suprastructure cemented 
intraorally over screw- retained bar or individual 
crowns cemented over screw- retained framework 
with studs – no screw access)

 – Screw/Cement- retained (e.g. screwmentable prosthe-
sis cemented extraorally over stock or custom abut-
ments, cylinders, or adapters with screw channels 
through prosthesis)

 ● Segmentation:
 – One- piece prosthesis
 – Segmented prosthesis

Soft tissue adherence and stability can be influenced by 
additional factors, such as prosthesis contour, platform 
switching, number of abutment disconnections from 

Figure 18.43 Mandibular screw- retained fixed full arch 
implant metal- ceramic prosthesis restoring the anatomic crowns 
and neighboring gingival tissues.

Figures 18.44–18.45 Removal of the metal–ceramic fixed 
complete denture for peri- implant soft tissue evaluation. 
Minimal inflammation is noted on the lingual side of two 
implants. Good oral hygiene in combination with proper 
restorative materials helps minimize peri- implant inflammation.
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Figures 18.46–18.47 Maxillary and mandibular full arch fixed 
implant–supported rehabilitation utilizing screw- retained 
segmented facially veneered zirconia restoring teeth only 
extraorally cemented on titanium custom abutments 
(screwmentable). Screwmentable implant restorations combine 
the benefits of cement- retained and screw- retained restorations 
while avoiding the drawback of residual cement which may be a 
potential source of biological failure [80]. Segmented prostheses 
have the advantage of the option of replacing a segment rather 
than the whole arch if any mechanical or biological 
failure occurs.

Table 18.2 Classification of full arch fixed implant prosthesis designs.

Restored structures Prosthetic platform Mode of retention Segmentation

Crown only (white) Implant level Screw- retained One- piece

Crown and root (white) Abutment level Cement- retained Segmented

Crown and gingiva (white/pink) Screw/cement- retained

Figures 18.48–18.49 Maxillary full arch fixed implant–
supported rehabilitation utilizing segmented facially veneered 
zirconia restoring teeth only intraorally cemented on screw- 
retained titanium custom abutments (cement- retained). Custom 
abutments in this case compared to the previous case are 
designed such that the prosthetic margin is no more than 1 mm 
subgingival to provide adequate access for cleaning after 
intraoral cementation of suprastructure. Cement- retained 
prostheses can be considered to be esthetically superior from 
the patient’s perspective due to the absence of visible screw 
channels. However, retrievability is difficult and there is a risk of 
residual cement in the peri- implant tissues [93].
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implant, quantity and quality of available soft and hard tis-
sues, and the presence of multi- unit abutments. Multi- unit 
abutments can potentially influence the bacterial pumping 
during micromotion by moving the microgap that results 
from inherent inaccuracies of long- span restorations fur-
ther away from the bone crest [90, 92]. Pre- prosthetic bone 
recontouring can be done to allow for non- plaque- retentive 
intaglio surface to residual ridge interface [91].

On the other hand, bone reduction for esthetic reasons 
to hide the artificial to natural gingiva transition zone 

may move the interface further apically and make hygiene 
more difficult. In those cases, a careful pre- prosthetic 
planning is necessary to visualize the need for soft tissue 
replacement and to assess the esthetics of the planned 
prosthesis (Figures 18.52–18.55). After the prosthetically 
driven placement of implants (Figures 18.56 and 18.57), a 
provisional restoration is delivered, and esthetics, func-
tion, and oral hygiene can be carefully evaluated 
(Figures  18.58 and  18.59). It is the restorative dentist’s 
duty to determine the fine line between optimal esthetics 
and adequate access for hygiene. Although modern mate-
rials, like zirconia, do not retain as much plaque as 
PMMA, the patient’s ability to use effective oral hygiene 
practices is the most important prerequisite for a long- 
lasting result. The definitive implant–supported prosthe-
sis is fabricated only after a careful assessment of patient’s 
function and their ability to clean the provisional prosthe-
sis effectively (Figures 18.60–18.62).

Figures 18.50–18.51 Maxillary full arch fixed implant–
supported rehabilitation utilizing one- piece facially veneered 
zirconia restoring teeth and tissue screw- retained directly over 
multi- unit abutments (screw- retained). Multi- unit abutments 
allow for easier retrievability in cases of prosthetic screw 
failure [92]. Abutments can be easily replaced, if necessary, while 
risk of damage to implant platform due to screw failure is low.

Figures 18.52–18.53 Patient with terminal maxillary dentition 
planned for implant rehabilitation.
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 Conclusions

Various combinations of materials are available for com-
plete arch- fixed implant–supported prostheses. At the 
time of this writing, zirconia, and titanium frameworks 
with various designs of ceramic veneering or zirconia 
suprastructures appear to be the predominant materials 
in  use due to mechanical and biological predictability 
and  cost- effectiveness. CAD/CAM technology has also 
unlocked the possibility of utilizing high- strength, high- 
performance polymers which may present a promising 
future alternative. Design options range across implant- 
level or abutment- level, screw- retained or cement- retained, 
one- piece or segmented, and tooth- only replacement or 
tooth- tissue replacement based on clinical scenario, 
patient desire, and clinician preference.

Materials and prosthesis configurations all have an 
impact on maintenance strategies and can be considered 
prognostic factors for the success of fixed implant rehabili-
tation. As such, careful planning is needed to modify these 
factors starting with the desired tooth position based on 
esthetics, phonetics, and function, prosthetic margin posi-
tion based on dynamic esthetics and restorative space, 
and implant position based on anatomical factors, esthetic 
parameters, and mechanics. Attention to intaglio surface 

topography and the need for sculpting to allow access 
for maintenance should be a major concern in every 
step of the treatment including planning, surgical phase, 
provisionalization, finalization, and recare. Moreover, the 
 consideration of opposing dentition, material wear, and 
occlusal stability is crucial for long- term success and effec-
tive maintenance. Of utmost importance is a strict restora-
tive and periodontal maintenance and re-care program, in 
order to ensure a long-term successful result. In cases of 
non-compliant patients, other therapeutic approaches 
should be considered, as implant supported restorations 
will ultimately fail (Figures 18.63–18.65).

Figures 18.54–18.55 3D- printed removable complete denture 
prostheses designed digitally against ideal mandibular 
occlusion and used as a prototype for implant planning. 
Flangeless and flanged design used to visualize the need for 
soft tissue replacement and to mark the exaggerated smile line.

Figures 18.56–18.57 Prosthetically driven implant placement, 
simulating the use of angled multi- unit abutments to maximize 
native bone support of implants while achieving a screw- 
retained prosthesis with vertical prosthetic margin position 
hidden beyond the smile line.
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Figures 18.58–18.59 Tooth extraction, bone reduction, and 
immediate implant placement completed. Multi- unit abutments 
inserted at time of implant placement and were not removed 
throughout treatment (one abutment one- time concept). 
Screw- retained provisional prosthesis inserted over multi- unit 
abutments. Provisional demonstrated good esthetics and 
function, including the position of the transitional zone of 
artificial to natural gingiva hidden beyond the smile line. 
Moving the transition line apically for esthetics does 
compromise the difficulty to access the prosthesis- tissue 
interfaces for proper home care and maintenance.

Figures 18.60–18.62 Full arch screw- retained monolithic 
3Y- TZP zirconia framework with facial cutback was milled and 
veneered with pink and white ceramic on the facial surface to 
achieve adequate esthetics. Convex intaglio surface of prosthesis 
achieved for interfacing with residual ridge. Definitive maxillary 
full arch fixed implant prosthesis and mandibular posterior full 
coverage restorations delivered after a careful evaluation of 
patient’s function and ability to use effective oral hygiene 
measures.
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 Introduction

Decisions between fixed and removable implant–supported 
restorations are usually governed by clinical considera-
tions (anatomy and esthetics). Financial constraints and 
patient requests may also enter the equation, and there is 
a growing tendency for sociodemographic aspects to 
become relevant in selecting treatment modalities  [1, 2]. 
Due to a rapidly changing population, dental clinicians in 
the United States will be treating an ever- increasing pro-
portion of older patients, whose percentage in the age 
range of 65 and over is expected to increase from currently 
16.5% to almost 20% by the late 2020s and to 25% by 
2060  [1, 3]. Dental clinicians will have to develop treat-
ment concepts in line with the requirements and limita-
tions of this continuously growing population. This 
particularly applies to implant dentistry, where the goal is 
to achieve high success rates combined with low compli-
cation rates. Advanced fabrication methods  – such as 
computer- aided design and manufacturing (CAD/CAM) 
technology – have increased the precision and time effi-
ciency of achieving treatment goals. At the same time, 
there is a mandatory need to ensure that the resultant 
prostheses can be readily handled by patients whose motor 
abilities will foreseeably decrease with age. There is also a 
need, notably, with a view to the longevity of dental 
implants, that good cleansability of the superstructures 
by routine self- performed hygiene is ensured. With a view 
to these manipulation and maintenance requirements, 
implant–supported removable prostheses are considered 
beneficial, but attention should also be devoted to their 
attachment systems [4, 5].

AttachmentSystemsfor Removable 
Superstructures

Different attachment systems are the main distinguishing 
feature between implant–supported removable super-
structures. Two major subtypes exist: freestanding 
(unsplinted) and splinted systems. All of these have in 
common that they comprise a patrix (male) and a matrix 
(female) component, the latter forming an integral part of 
the superstructure and acting as a receptacle, the former 
being connected to the implant and engaging them  [6]. 
Freestanding systems notably include ball, locators, mag-
netic, and telescopic attachments. Splinted systems may 
take the form of either flexible (cast) or rigid (milled) bar 
attachments (Figure 19.1).

Long-termEvaluation

For all these attachment systems, adequate outcomes are 
documented with regard to function, esthetics, and “oral 
health- related quality of life” (OHRQoL) [7, 8]. They have 
been shown to offer high rates of five- year overall survival 
ranging from 95 to 100% [5, 9]. While a complete assess-
ment of long- term prognoses will also, of course, have to 
consider the risk of complications, a uniform approach to 
classifying complications of implant–supported removable 
prostheses does not currently exist. Back in 2001, Payne 
et  al.  [10] proposed that a distinction should be made 
between routine maintenance performed during periodic 
recall visits on the one hand, and repair or corrective main-
tenance requirements on the other. Reports in the litera-
ture actually do tend to differentiate between technical 
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complications (often used interchangeably with mechani-
cal complications) and routine maintenance requirement.

Complicationsand Maintenance

Technical complications in the sense that patrix or matrix 
components need to be activated, replaced, or repositioned 
and are the most common type of intervention with 
implant–supported removable prostheses  [11–14]. While 
ball attachments seem particularly susceptible to requiring 
such interventions notably within the first year of delivery, 
these inventions do not translate into a significant differ-
ence in overall comparisons between freestanding ball or 
Locator attachment systems [14, 15]. Within splinted sys-
tems, a difference has been reported in favor of rigid 
(milled) bars, where significantly fewer interventions were 
required for the retentive part [14].

Inconclusive rates are documented for screw (including 
abutment screw) loosening or fracture. On one hand, all 
attachment systems appear to require interventions for these 
events similarly often  [13]. On the other, the incidence of 
this complication with maxillary prostheses has been 
reported to be especially high for bar attachments [12].

The risk of prosthetic fractures – including failure of a 
resin tooth or the denture framework  – is influenced by 
how the restoration has been fabricated in the dental labo-
ratory. Current evidence in the literature indicates a higher 
rate of technical complications associated with the  denture 
itself for maxillary restorations that do not feature a metal 
reinforcement or coverage of the palate [12, 16]. Another 
modifier of intervention rates is for how long a denture 
has been worn. Systematic reviews have unanimously 
 disclosed that complications increase after a five- year 
period [12, 13].

Howto Selectan AttachmentSystem?

A variety of parameters come into play in deciding which 
attachment system should be selected in each patient. 
What follows is a short discussion of three diagnostic levels 
from which the decision should eventually be derived.

DecisionLevel1:People-relatedFactors

At this level, the clinician and the patient are the main two 
factors contributing to the decision. Other modifiers 
include the clinical and technical expertise of the entire 
team, the patient’s desires and expectations, and how much 
he or she can afford to pay for the treatment. Selectable 
attachment systems may also be limited by health- related 
issues, most notably regarding the patient’s motor abilities.

DecisionLevel2:Tissue-relatedFactors

This level, too, combines various aspects to be considered 
in the decision- making. Most importantly, these include 
the existing prosthetic space, number of implants, inter- 
implant distance, implant angulation, and implant position. 
Of particular note in this context, removable prostheses are 
generally considered to involve greater horizontal and ver-
tical space requirements than fixed prostheses. It is manda-
tory to make sure in the diagnostic phase that adequate 
space will be present for both the attachment and its hous-
ing, as well as for the denture itself. In the literature, verti-
cal dimension requirements of 7 or 11 mm have been 
reported for freestanding or splinted (i.e. bar) attachments, 
respectively  [17]. These values should be regarded as 
the minimum height capable of avoiding undersized com-
ponents (Figure 19.2).

Unsplinted (freestanding) attachments

Magnetic Double crowns Ball Locator

Figure 19.1 Unsplinted Attachment systems for implant–supported removable superstructures.
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DecisionLevel3:Simulation-relatedFactors

Factors related to the quality of simulation need to enter the 
decision process as well. They are not only concerned about 
the question if palatal coverage is required, but also about 
the dimensions of the future prosthesis. Whenever coverage 
of the palate is not tolerated by a patient, inserting an ade-
quate number of implants will eliminate this need. Four or 
more implants are required to this end [18]. The use of dou-
ble crowns for attachments is considered beneficial by 
allowing for substantially reduced dimensions of the pros-
thesis. Experience has shown that implant–supported 
removable prostheses of this type, similar in design to fixed 
bridgework, meet with high patient acceptance (Figure 19.3).

This author believes that an ideal attachment system, 
which will reliably meet a given patient’s individual 
requirements, can only be selected by taking a synoptic 
view (Figure 19.4).

ProsthesesRetainedbyDouble-crowns

Of the aforementioned retention systems for implant–
supported removable prostheses, the variant of double- 
crowns will be discussed in depth for the remainder of this 
chapter. Compared to other freestanding systems, this 
attachment mechanism has several distinguishing features 
and is extremely versatile.

(a) (b)

Figure 19.2 (a) and (b): Intraoral view of a case where inadequate space resulted in undersized prosthetic components, thereby 
causing fracture of the denture and loss of the matrix component.

(a) (b)

Figure 19.3 (a) and (b): Intraoral views of differently designed full- mouth restorations with double crown attachments. Those on the 
left are designed as removable dentures, while those on the right are similar to fixed prostheses.
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Historyof TelescopicCrowns

Telescopic crowns were invented for fixed dental prosthe-
ses. Their use was first described by a Philadelphian dentist 
named R. W. Starr in 1886 [19]. Initially used for bridge-
work segmentation, they were later harnessed for remova-
ble prostheses.

The conventional use for double- crown telescopes is to 
retain dentures on residual teeth. A telescopic double 
crown is made up of a primary (internal) crown fixed to a 
natural tooth or implant abutment, and a secondary (exter-
nal) crown, which, being a rigid component of the denture 
framework, forms an integral part of the prosthesis.

Friction-type(CylindricalCrown)Telescopes

These telescopes are based on a primary crown milled to 
0−2° of parallelism, which slides into the secondary crown 
much like a plunger into a cylindrical receptacle, having 
contact with its wall circumferentially. Retention is thus 
achieved by friction, i.e. by the frictional resistance devel-
oping between the two contacting surfaces. The original 
design of these friction- type telescopes, and their further 
development into parallel attachments and bars, dates 
back to Karl Häupl und Hermann Böttger [20].

Resilience-type(ClearanceCrown)Telescopes

This non- friction variant of telescopic double crowns was 
introduced by Manfred Hofmann in 1966. Here retention is 
achieved mainly by mucosal support. Given around 0.5 mm 
of occlusal clearance between the primary and secondary 
crowns, retention develops not immediately but after 
mucosal resilience is established [20]. In European coun-
tries, these prostheses are known as “cover dentures.” 
Good results with this system have been obtained mainly 
in the presence of up to three natural tooth abutments. 
Resilience- type telescopes are not used in implant dentistry.

Cone-type(ConicalCrown)Telescopes

In 1968, Karl- Heinz Körber worked on refining the friction- 
type telescopes by developing a primary crown no longer 
cylindrical in shape, but featuring a taper of 4°–8°, which 
reduced frictional resistance to telescope closure  [20]. 
Depending on the convergence angle of the primary crown, 
either a retentive or a supportive function is accomplished. 
Smaller angles translate into more retention, the strength of 
which is also influenced by different surface characteristics 
and materials. A high- gold alloy has proven to be the mate-
rial of choice for the components of this system (Figure 19.5).

Simulation

Prosthetic design

Palatal coverage

Mobility

Maintenance

Patient

Inter-implant distance

Existing prosthetic space

Number of implants

Implant angulation

Implant positioning

Treatment concept

Expectations

General health

Financial means
(Affordability)

Dental clinician

Expertise

Dental technician

People Tissue

Figure 19.4 Overview of modifiers to be considered in selecting an ideal attachment system.



he  Frankfurt Principlee  385

Gold-on-zirconiaDoubleCrowns

This system also uses a conical primary crown with a defined 
cone angle of 2° but with a high- strength oxide ceramic as 
the primary crown material and a secondary crown made of 
electroformed gold. This principle was developed and intro-
duced by Paul Weigl at the turn of the millennium, has 
entered the daily clinical practice with the introduction of 
advanced CAD/CAM techno logy, and is today widely 
accepted. This system, also known as the “Frankfurt princi-
ple,” does not rely on friction between the patrix and matrix 
components for retention (which therefore remains unaf-
fected by intraoral service). Rather, the retention is accom-
plished tribologically, with the  surfaces interacting in relative 
motion via a gap of 5 μm that is created between the primary 
and secondary crowns. In contact with saliva, this feature 
serves as a capillary gap allowing cohesive forces to develop 
that will ensure continuous retention of the prosthesis. The 
design and material selected for the primary crowns are also 
beneficial, as zirconia minimizes the “demasking” effect and 
given a predefined vertical height of at least 7 mm, acts as a 
rest seat allowing for a delicate removable prosthesis similar 
to what would normally be the design of a fixed prosthesis. In 
addition, primary crowns of zirconia offer more stable reten-
tion than crowns made of gold alloy (Figure 19.6) [5, 21–23].

To summarize, a variety of double- crown telescopic sys-
tems are available, all of them having their own strengths 
and weaknesses. The characteristics of the most widely 
used systems are listed in Table 19.1.

The“FrankfurtPrinciple”

Indicationsand Limitations

A challenge routinely posed by severely reduced denti-
tions is for the clinical team and the patient to decide 
whether the proposed rehabilitation should incorporate 
any compromised residual teeth or should be supported 
and retained exclusively by implants. While there is never 
going to be a universally applicable solution to this 
dilemma, the concept of telescopic retention by double 
crowns, notably in accordance with the “Frankfurt princi-
ple,” does offer several advantages in prostheses combin-
ing both existing teeth and strategically inserted implants.

Combinations of tooth and implant abutments are 
known to offer mutual stabilization. While the tactile sen-
sitivity of natural abutments, given intact periodontal 
receptors, will counteract any excessive masticatory forces, 
the much higher stability of the implants will protect the 

Friction-type (cylindrical crown)
telescopes

Resilience-type (clearance crown)
telescopes

Cone-type (conical crown)
telescopes

Resilience gap

Figure 19.5 Different primary crowns used in double crown attachment systems.

Tertial structure

Fine gold (150 μm)

Saliva (5 μm)

Ceramic

Titan-insert 

Capillary
action

Secondary crown
(electroformed gold)

Primary crown Saliva

5 μm

(a)
(b)

Figure 19.6 (a) and (b): Principle of the “tribological system” according to Weigl et al. [21].
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compromised abutment teeth from excessive loading [25]. 
The goal is to achieve total integration of abutments, i.e. of 
all residual natural teeth with all implants placed. As an 
additional consideration, the prosthetic usefulness of each 
potential abutment tooth should be evaluated in advance 
based on periodontal, endodontic, and reconstructive crite-
ria [26, 27]. Its suitability for a hybrid prosthesis of this type 
can be derived from the result of this evaluation outlined in 
Table 19.2.

Another important advantage of these restorations is 
that they can potentially survive any loss of one or several 
tooth abutments. In a scenario like this, the prosthesis will 
usually continue to serve its purpose. Later, an additional 
implant can be inserted to re- establish stability at the site 
of the lost abutment tooth.

A distinctive feature of the Frankfurt treatment protocol 
is to fabricate and provide these patients with a “travel 
denture” (described in detail later in this chapter). As a 
result, the patient can resort to an acceptable copy of the 
definitive denture whenever the need arises, so that any 
maintenance and/or repair jobs can be conducted in the 
laboratory as required without creating an unpleasant 
waiting period for the patient.

Compared to fixed restorations, it is easier to maintain 
high levels of plaque control with a prosthesis that can be 
removed by the patient at all times. Compared to dentures 
retained by splinted bars, it is also much easier for the 
patient to maintain self- performed hygiene of the free-
standing implant–supported crowns serving as primary tel-
escopes. One potential limitation to keep in mind, however, 
is the long- term prognosis of the patient’s general health, 
including his or her motor abilities (Figure 19.7 and 19.8).

Correct implant positioning is essential to the long- 
term success of the prosthesis and, therefore, should be 
driven by the design of the future prosthesis, to avoid any 
malpositioning that might cause deviations from the uni-
form orientation that is needed for all abutments to prop-
erly insert into the secondary crowns. These requirements 
may necessitate a more extensive surgical approach, 
which, in turn, might exceed the patient’s willingness 
to accept risks or be contraindicated in the presence of 
health problems. While few compromises are acceptable 
with regard to the position, length, and angulation of 
implants for fixed prostheses, there is nothing wrong 
with selecting between several options of implant posi-
tioning for removable prostheses to strike an appropriate 

Table 19.1 Double- crown telescopic systems, overview modified and expanded.

Cone-type(conical
crown)telescopes

Gold-on-zirconia
telescopes
(Frankfurt concept)

Friction-type(cylindrical
crown)telescopes

Resilience-type(clearance
crown)telescopes

Retention mechanism Wedging Adhesion Friction No inherent retention

Function for prosthesis Retention, support, 
guidance, indirect- 
retainer function

Retention, support, 
guidance, indirect- 
retainer function

Retention, support, 
guidance, indirect- 
retainer function

(Support), guidance 
Indirect- retainer function

Shape of primary crown 
(patrix component)

Conical (tapered) Conical (tapered) Cylindrical 
(parallel- walled)

Parallel along marginal 
third

Convergence angle α 4° < α < 8° 2° 0°–2° 0°–2°

Fit Defined transition fit Precision fit (<5 μm) Transition fit Clearance fit

Prosthetic design Various Bridework- style or 
with a denture base

1–3 tooth abutments, 
functional margin 
(usually) interrupted 
in the abutment area

*Cover denture*, 
continuous functional 
margin

Prosthetic retention Via the matrix component (secondary crown) Denture base with 
functional margin design

Double crown support Yes Matrix makes positive (or near- positive) contact with patrix No. Distance between 
matrix and patrix equals 
mucosal resilience

Prosthetic support 
principle

Immobile seating Mobile seating

Indications Tooth-  and/or implant–supported dentures, tooth-  and mucosa- supported 
dentures

Dentures supported mainly 
by mucosa (secondary 
support function possible)

Source: From Lehmann and Gente [24].
* Cover Denture = resilience-type telescopes
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balance between the extensiveness, cost, and benefit of 
treatment. For instance, major surgical procedures like 
bone augmentation can often be avoided or their invasive-
ness reduced without repercussions on the function or 
esthetics attainable by prosthetic treatment. An effort 
should be made, however, to achieve an abutment distri-
bution as quadrangular as possible for optimal support of 
the prosthesis. Pertinent follow- up examinations have 
demonstrated a statistically significant difference between 
the success rates offered by quadrangular versus both trian-
gular and linear transverse distributions, in the absence of 

a difference between these latter two support distributions 
(Figure 19.9) [5].

Also, removable restorations supported by implants 
allow for better flexibility in optimizing the prosthetic 
design for aesthetics and function. The denture- mucosa 
interface can be positioned more freely, and the tooth axes 
more readily corrected. Occlusal relationships can be trans-
formed or adjusted in the vertical and horizontal planes 
with modest effort. Limitations of these prostheses, nota-
bly when natural tooth abutments are to be incor porated, 
arise from the total space requirements for a primary 

Table 19.2 Suitability of natural teeth for use as abutments, modified and expanded.

Well suited thanks
to a safe prognosis

Suitability limited by an
uncertain prognosis but

the position is
strategically important

Unsuited because
the prognosis is

hopeless

Suitability of natural teeth for use as abutments

Treatment goal Tooth should be preserved Tooth should be pretreated for a safe 
prognosis

Tooth should be extracted

PERIODONTAL criteria Safe Uncertain Hopeless

 ● Attachment loss  ● Probing depth: ≤3 mm  ● Probing depth: ≥6 mm  ● Attachment loss: up to apex

 ● Residual pockets 
after completion of 
active treatment for 
periodontitis

 ● Attachment loss: ≤25%
 ● Furcation involvement: 

grade ≤1

 ● Attachment loss: ≈ 50%
 ● Bone loss: 50–70%
 ● Furcation involvement: grade I, II 

or III

 ● Probing depth: >9 mm
 ● Mobility: grade III
 ● Bone loss: ≥70%
 ● Furcation involvement: grade III

ENDODONTIC criteria Safe Uncertain Hopeless

 ● No clinical signs of 
inflammation

 ● Vital, or root canal 
adequately treated

 ● Nonvital without root canal 
treatment

 ● No radiolucencies  ● No clinical signs of 
inflammation

 ● No or diminishing 
radiolucency

 ● No clinical signs of inflammation
 ● Persistent radiolucency
 ● Teeth requiring revision
 ● Apicoectomy required

 ● Clinical and radiographic problems, 
treatment no longer useful

 ● Longitudinal root fracture
 ● Symptomatically obliterated teeth
 ● Periodontal- endodontic lesion
 ● Cysts
 ● Root resorption

RECONSTRUCTIVE 
criteria

Safe Uncertain Hopeless

 ● Residual hard tissue  ● Circular ferrule: ≥1.5–2 mm  ● Reduced retention and resistance 
form

 ● Residual hard tissue inadequate 
(less than 1.5 mm of circular 
ferrule)

 ● Convergence angle  ● Abutment height (retentive 
surfaces): ≥3 mm

 ● Abutment height: <3 mm  ● Crown lengthening and 
extrusion not possible

 ● Ferrule  ● Resistance form (abutment 
height/diameter: ≥0,4)

 ● Convergence angle: >25° in a 
strategic position

 ● Strategic value  ● Convergence angle: 15–20°
 ● Biologic width: 2–3 mm
 ● Adequate crown- root ratio

 ● Requires post- and- core restoration
 ● Requires surgical crown lengthening
 ● Circular cervical defects

Source: From Zitzmann [26] and Naumann [27].
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crown, secondary crown, tertiary structure, and veneer 
layer. Also, preparing natural teeth with abrasive instru-
ments for use as abutments is somewhat invasive. Esthetic 
limitations may arise from a need for over- contoured 

prosthetic restorations notably in the anterior segment 
of the maxilla or mandible. Giving due consideration to 
all these limitations in the planning stage is absolutely 
required.

The treatment and fabrication process are more com-
plex for hybrid prostheses than for other restorations. 
A team approach to planning is required, followed by close 
coordination of the successive clinical and laboratory 
steps. Meticulous care should be devoted to “passivation,” 
which is required to compensate for the physiological 
mobility of natural tooth abutments as compared to the 
relative rigidity of osseointegrated implants. The process 
of laboratory fabrication, too, is technique- sensitive and 
should be performed by a considerably experienced and 
skilled technician.

Clinicaland TechnicalProcess

The rest of this chapter will be dedicated to case reports 
illustrating the chairside and laboratory workflows for 
prostheses retained by gold- on- zirconia double crowns.

(a)

(c)

(e)

(b)

(d)

(f)

Figure 19.8 Abutment distributions as classified by Steffel [28]. (a) punctiform support. (b) linear sagittal (unilateral anteroposterior) 
support. (c) linear transverse support. (d) linear diagonal support. (e) triangular support. (f) quadrangular support.

Figure 19.7 Reinforcement of oral- hygiene training for cleansing 
of freestanding primary crowns required by dental providers. These 
ceramic primary telescopes had been in situ for eight years.
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SpecificWorkflowConsiderations

Primaryand SecondaryCrowns

Using CAD/CAM technology, the primary crowns are milled 
from zirconia, an oxide- ceramic material known for its high 

strength. Based on an esthetic try- in (mock- up) of a digitized 
denture setup, a backward- planned design process is carried 
out first for ideal abutment shapes and then for the primary 
crowns. Once milled, these primary crowns are then processed 
using diamond finishing instruments without polishing.

Digitized setup (mock-up) Setup-based designing of abutments

Finished abutment designs Finished primary-crown designs
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Milled abutments Primary crowns milled from zirconia

Workflow: figures 1–6.

A milling device is used to create the contact surfaces of 
the conical crowns. Care should be taken to ensure smooth 
surfaces, as any tiny “dent” will be replicated in the pro-
cess of electroforming the matrix component, which then, 
in the process of being dislodged from the conical crown, 

is bound to expand by the amount of this dent, thus com-
promising the high precision of fit. Any polishing will 
indent these smooth surfaces in ways not always visible to 
the naked eye. Therefore, following processing in the mill-
ing unit, the conical crowns should never be polished.

Processing of the primary crowns Surface smoothening (no polishing!)

Workflow: figures 7 and 8

The secondary crowns, or matrix components, are cre-
ated directly on the surface of the conical primary crowns 
using a fully automated process of electroforming by depo-
sition of fine- gold particles. Thus, rather than duplicating 
the primary crown for indirect forming of the matrix com-
ponent, the internal surface of the fine- gold coping is 
directly defined by the external surface of the conical 
crown. To render the surface conductive for 

electroforming, the conical crown is covered with a very 
thin layer of silver varnish by air- spraying, which also cre-
ates a separating layer allowing the electroformed coping, 
once finished, to be dislodged from the conical crown. The 
layer thickness (and especially evenness) of conductive sil-
ver varnish is critical for an accurate fit of the electrofor-
med matrix component. Given a correct procedure, a 5 μm 
fit is created between the primary and secondary crown.
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Workflow: figures 9−12: Fabrication of the secondary crown by deposition of fine- gold particles.

CaseReport1

This female patient presented with existing maxillary 
and mandibular restorations. Being dissatisfied with her 
chewing function and esthetic appearance, she requested 

treatment to replace the old prostheses and resolve her 
masticatory muscle pain.

Case report 1: figures 1−9: Baseline situation.

Frontal view Perioral view
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Right lateral view Left lateral view

Occlusal view of maxilla Occlusal view of mandible

Orthopantomogram (first visit)
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MRI of right TMJ MRI of left TMJ

The diagnostic examinations revealed, in addition to 
inadequate prostheses in the maxilla and mandible, find-
ings of complete anterior disc displacement in both tem-
poromandibular joints.

In the pretreatment stage, before restorations were 
completely removed, an occlusal splint was fabricated to 

correct the inter arch relationship. Once the patient no 
longer reported feeling any pain, the existing blade 
implants were removed and all teeth except for 13 (#6) 
and 33 (#22) were extracted. The next step was implant 
placement in both jaws.

Case report 1: figures 10−13: Pretreatment.

Occlusal splint Occlusal splint

End of pretreatmentEnd of pretreatment
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Case report 1: figures 14−19: First stage of denture fabrication.

Tooth preparation and impression-taking
(maxilla)

Tooth preparation and impression-taking
(mandible)

Provisional intermaxillary analysis
(laboratory view) 

Provisional intermaxillary analysis
(clinical view) 

Esthetic try-in (mock-up) of the denture setup.



Speciiic  orriloo  onsiderations  395

Case report 1: figures 20−28: Second stage of denture fabrication.

Definitive abutments (occlusal view) Primary crowns (ceramic crowns) cemented 
to the abutments; covered by secondary 

crowns

Try-in of tertiary framework (maxilla) Try-in of tertiary framework (mandible)

Situation after intraoral bonding Situation after final intermaxillary analysis
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Primary crowns (ceramic crowns)
after intraoral bonding

Overimpression of tertiary framework Delivery of interim dentures
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Fabricationof theTertiaryStructure

The tertiary structure, designed to become an integral part 
of the finished prosthesis, is bonded to the secondary 
crowns in the patient’s mouth. It was previously fabricated 
with the framework loosely and passively seated on the 
secondary crowns. Due to the gap involved, the precision 

requirements are relatively low for such an extensive 
framework. What is required is a massive build (ideal: 
9 m2) notably where the cantilever- style distal denture 
bases start, as these removable prostheses with primary 
crowns telescoping into electroformed gold are supported 
purely by teeth and/or implants. Forces are distributed in 
exactly the same way as in fixed dental prostheses!

Workflow: figures 13 and 14: Tertiary framework designed by CAD and milled by CAM.

Case report 1: figures 29−32: Treatment stage of intraoral delivery.

Intraoral view of prostheses in situ Perioral view of esthetic zone

Occlusal view of maxillary prosthesis Occlusal view of mandibular prosthesis
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IntraoralBonding

For the high- precision 5- μm fit between the primary and 
secondary crowns, the framework needs to be assembled 
with the secondary crowns right in the patient’s mouth. 
This assembly cannot possibly take place on a cast (as 
would be possible for traditional conical crowns). What fol-
lows is a brief summary of the required workflow:

1) Definitive intraoral tightening of implant abutments 
and/or trying in of primary crowns on natural abut-
ment teeth.

2) First try- in of the tertiary framework with the primary 
and secondary crowns placed underneath.

Workflow, figure 15

3) Definitive cementation of the primary crowns with the 
secondary crowns seated on top.

Workflow: figure  16: Definitive tightening of the 
implant abutments, followed by cementation of the 
 primary crowns.

4) Second try- in of the tertiary framework. The fit should 
be completely passive.

Workflow: figure 17

5) Intraoral bonding of the tertiary framework to the sec-
ondary crowns (using an adhesive cement).

Workflow: figures 18 and 19: Cemented primary crowns with secondary crowns seated on top.
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Workflow: figures 20 and 21: Loading adhesive cement into the tertiary framework.

Workflow: figure 22: Intraoral bonding of the tertiary framework to the secondary crowns.

Workflow: figures 23 and 24: Occlusal and frontal views of the ceramic primary crowns after the tertiary framework 
now integrated with the secondary crowns has been removed.
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Workflow, figures 25–27: Over- impression of the tertiary framework in polyether with a custom tray.

CaseReport2

This female patient presented with a request to have her 
existing mandibular denture replaced. She reported hav-
ing a hard time with multiple pressure sores. She also 

expressed a desire for better esthetics particularly in the 
esthetic zone.

Case report 2: figures 1−4: Baseline situation.
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After in- depth counselling, four interforaminal implants 
were inserted.

Case report 2: figures  5 and 6: Impression of the 
patient’s edentulous maxilla (left) and impression of 
abutments attached to the implants (right).

Case report 2: figure 7: Following a provisional inter-
maxillary analysis, an esthetic mock- up was tried in with 

the main goal of verifying the anterior maxilla 
(esthetic zone).
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Case report 2: figures  8 and 9: Mandible: prosthetic 
components were fabricated in accordance with the 
“Frankfurt” protocol (implant abutments, primary and 

secondary telescopic crowns, a tertiary framework, and a 
mandibular travel denture). Maxilla: finishing of the 
mucosa- supported denture.

Case report 2: figures 10 and 11: Tightening definitive abutments to the mandibular implants.

Case report 2: figures  12 and 13: Definitive cemen
tation of the primary crowns (with their matrix 

counterparts of electroformed gold seated on top) to the 
abutments.
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Case report 2: figures  14–18: Intraoral bonding of 
the  tertiary framework to the matrix components, 

intermaxillary analysis against the definitive maxillary 
denture, and insertion of the travel denture.
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Case report 2: figure 19 and 20: Delivery of the final maxillary and mandibular prostheses.

Case report 2: figures 21 and 22: Finished maxillary and mandibular setups from the laboratory.

Case report 2: figure  23 and 24: Five years after 
 insertion of the prostheses, minor coffee- related 

discolorations were seen, which easily came off by surface 
polishing in the laboratory.
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CaseReport3

This male patient, who had experienced multiple tooth 
loss, asked to have his existing restorations replaced. He 
specifically expressed a desire for as many teeth as 

possible to be preserved and incorporated in the 
rehabilitation.

Case report 3: figures 1–8: Baseline situation.
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Any restorative steps were preceded by a comprehen-
sive pretreatment regimen for systematic control of peri-
odontitis. Subsequently, following removal of all 
restorations, implants were strategically inserted in the 
maxilla (sites #3, #5, #12, #14) and mandible (sites #20 
and #29). Then a mock up was tried in to define the 

esthetic appearance of the future prostheses. As the 
patient expressed a desire for designs as delicate as pos-
sible at this point, prosthetic dimensions similar to fixed 
bridgework were planned.

Case report 3: figures 9 and 10: Situation after pretreat-
ment and intraoral esthetic mock- up.

Case report 3: figures 11 and 12: Definitive tightening 
of the implant abutments and preparation of the residual 
natural teeth for use as abutments.
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Case report 3: figures 13 and 14: Cementation of primary crowns and try in of tertiary framework.

Case report 3: figures 15 and 16: After the try in had 
revealed direct contact of the seated tertiary framework, 
the intaglio surface was relieved.

Case report 3: figures 17 and 18: Situation after intraoral bonding, followed by intermaxillary analysis.

Case report 3: figures 19 and 20: An overimpression of 
the tertiary framework was taken, transferred to the labo-
ratory, and segmented for divestment. Case report 3: 

figures 21 and 22: The frameworks were mounted in an 
articulator and veneered with composite resin.



Prosthetic Rehabilitations to Optimize Maintenance and Implant Long- term Success408

Case report 3: figures 23 and 24: Finished prostheses for the maxilla and mandible.

Case report 3: figure 25 and 25a: Intraoral delivery of the maxillary and mandibular prostheses.
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Case report 3: figures 26 and 27: Occlusal views of the inserted maxillary and mandibular prostheses.

Case report 3: figure 28: Follow up examination 1 year after intraoral delivery.

Case report 3: figure 29: Follow up examination 8 years after intraoral delivery.
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TravelDenture

The initial requirement for a temporary restoration arises 
from the modified treatment process, particularly because 
the primary crowns are definitively cemented before the den-
ture is finished. Therefore, concurrently with the primary 
crowns, an interim removable denture is fabricated, which is 
referred to as a “travel denture” since it can be worn even 
after the definitive prosthesis has been delivered. This option 

comes in handy whenever the definitive prosthesis may need 
to be repaired, and the patient will always have two restora-
tions (the standard one and a backup) to choose from.

Once the aforementioned processing of the definitive 
tertiary framework (intraoral bonding and over impres-
sion) has been completed, this future “travel” denture, 
whose basal intaglio surfaces have been generously 
relieved, is relined with a soft material and inserted, at this 
point in time, as an interim denture in the patient’s mouth.

Workflow: figures 28–31: Maxillary travel denture before, during, and after soft relining (basal views), as well as after 
intraoral insertion (perioral view)

The case reports that have been presented in this chapter 
illustrate a number of different applications for the 
“Frankfurt” attachment system of gold- on- zirconia double 
crowns. It should be emphasized that this system lends 
itself well to efforts in the laboratory aimed at meeting 
patient expectations. Good results can be obtained even in 
complex cases associated with functional problems.

Long- term performance of “Frankfurt” gold- on- zirconia 
double crowns.

A large- scale observation study has been performed to 
evaluate the long- term clinical outcomes of prostheses 
retained by gold- on- zirconia telescopes.

A total 126 prostheses with 603 abutments in 111 
patients, with observation periods of up to 11.5 years, 
resulted in Kaplan–Meier survival rates of 92.9 ± 0.05% 
(maxilla) or 100% (mandible). Based on all prostheses, the 
authors reported Kaplan- Meier survival rates (time to 
failure) of 82.5 ± 8.6% (95% CI: 65.7–99.6) at 5 years and 
82.5% ± 4.8% (95% CI: 65.7–99.6) at 10 years. These findings 
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are consistent with current evidence in the literature and 
indicate favorable outcomes of functional survival for these 
prostheses [5, 29]. Prostheses with any abutment configu-
rations (natural teeth and/or implants) were included, the 
largest subgroup being prostheses supported exclusively by 
implants (n  = 77). Which abutment configurations were 
used was not found to influence survival or ’time to first 
repair’ in a significant way.

Another essential question, in addition to functional sur-
vival, concerns the incidence of complications and mainte-
nance requirements. In this regard, the study focused on 
whether the laboratory requirements for these prostheses, 
which can fairly be called extensive, are justified by an 
appropriately low incidence of technical complications. 
Moreover, patient- centered measures were to be used in 
the overall assessment.

Repair requirements were found to equal 1.9 events for 
each maxillary prosthesis and 1.89 events for each man-
dibular prosthesis. Maintenance requirements were found 
to be associated with corresponding event rates of 0.72 or 
1.3 for each maxillary or mandibular prosthesis, respec-
tively. Low maintenance requirements were identified at 
the abutment level (Figure 19.10).

These findings are consistent with the complication rates 
emerging from a systematic review and meta- analysis [30]. 
To summarize, removable prosthesis featuring the “Frankfurt” 
attachment system of gold- on- zirconia double crowns are a 
low- complication treatment modality with manageable 
maintenance requirements.

The patients’ own ratings were found to indicate high 
satisfaction and that the handling of these prostheses daily 
was not a significant problem (Table 19.3).

Abutment based maintenance

Percentage of dentures

0 10 20 30 40 50 60 70 80 90 100

0.8%

1.6%

0.8%Abutment
loosening

Tooth fracture

Endodontic
post insertion

None 96.8%

Figure 19.10 Abutment based maintenance [5].

Table 19.3 Patient satisfaction scoring of the prosthetic rehabilitation.

Parameter Maxilla(MX) Mandible(MD) MX+MD

VAS scores in % n = 22 n = 39 n = 13

Satisfaction 87.77 ± 13.59 89.79 ± 9.81 87.88 ± 14.89

Handling 92.9 ± 7.47 90.85 ± 8.62 90.12 ± 14.4

Retention 90.36 ± 16.88 89.79 ± 12.68 87.96 ± 19.33

Comfort 94.77 ± 7.11 90.95 ± 9.48 86.42 ± 17.79

Esthetics 94 ± 6.32 88.36 ± 13.09 86.15 ± 16.42

Function 88.5 ± 15.72 90.23 ± 8.93 82.23 ± 22.53

Stability 90.54 ± 14.02 87.44 ± 13.22 79.42 ± 26.36

Feeling safe 92.54 ± 12.11 91.026 ± 7.34 85.08 ± 22.14

Phonetics 90.23 ± 12.72 91.21 ± 9.76 84.38 ± 20.66
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Even though the current literature gives no clear evi-
dence to justify recommending one specific attachment 
system for implant–supported removable prostheses, the 
“Frankfurt” double- crown system presented in this chap-
ter, consisting of gold- on- zirconia double crowns, covers a 

broad spectrum of indications and offers a high degree of 
safety with regard to complications and maintenance 
requirements. Moreover, it appears that this treatment 
modality also meets with high patient acceptance and 
ensures the long- term success of dental implants.
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 Introduction

“Older adult” or “elderly” are terms conventionally referred 
to individuals older than 65 years of age  [1]. The World 
Health Organization estimates an increase in the elderly 
population from 900  million to 2 billion by 2050  world-
wide; an increase from 12 to 22% of the total global popula-
tion (WHO)  [2]. Not only is this age group increasing in 
number, but also exhibits a notable increase in life expec-
tancy, educational level, and personal wealth, factors that 
play a role in overall health. The impact of social determi-
nants of health such as these, in oral and overall health 
should be considered when treatment planning a patient 
affected by any combination of the factors. On the other 
hand, geriatric dental patients are biologically compro-
mised adults, that may or may not be older than 65, with 
one or more chronic, debilitating, physical, or mental ill-
ness [3]. Older adults as well as geriatric patients can pre-
sent with unique challenges that impact treatment 
planning for implant prosthodontics rehabilitation. Even 
though treatment planning for these cohorts of patients 
has been recognized more so now than in the past, includ-
ing greater emphasis in dental school curriculum, provid-
ing ideal and safe care with long- term clinical and patient 
outcomes is still a challenge. The concept of rationale treat-
ment planning applies to this patient population when 
considering dental implants as long- term solution in oral 
rehabilitation.

From an oral health perspective, an increase in chrono-
logical age has traditionally been associated with an 
increase in tooth loss and partial edentulism  [4–6], and 

prevalence of total edentulism ranging from 1.3 to 78% 
worldwide (Figure 20.1) [7–9]. Prevalence of edentulism in 
most developed countries has shown a dramatic decline 
more recently [10]. Between 1990 and 2010, a decrease in 
global age- standardized prevalence of complete edentulism 
in individuals decreased from 4.4 to 2.4%, respectively [7]. 
This decrease is notable in developed countries as a result 
of various public health initiatives. However, when consid-
ering age, there exists a steep increase in prevalence of 
edentulism around the seventh decade of life. Reasons may 
include low utilization of dental services by this cohort, the 
lack of financial support from the government or third- 
party payment systems, and absence of relevant oral health 
policies  [11]. The data indicates that even with a clear 
decline in edentulism, there will continue to be a need for 
replacement of teeth in the future, most especially among 
older patients. Dental care in the elderly can no longer be 
limited to removable complete prostheses. Retaining natu-
ral teeth in the older patient population has inadvertently 
led to dentistry’s achievement of an adverse “consequence 
of success” as described by Joshi et al in 1996 [12]. With the 
increased retention of natural teeth in the elderly popula-
tion, there is also an increased risk for developing perio-
dontal disease or dental caries as well as increased need 
and demand for complex restorative care that provides not 
only function and form, but also includes expectations for 
esthetic outcomes. Furthermore, treatment planning for 
partially edentulous patients is a complex challenge as 
compared to edentulous patients, further necessitating the 
use of dental implants in a practitioner’s armamentarium.

Studies have shown that tooth loss results in a reduced 
quality of life. Notable consequences of tooth loss include 
compromised masticatory ability with subsequent poor 
nutrition [13, 14], as well as restriction on social activities or 
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psychological well- being are observed [15]. With the advent 
of implant- retained and implant–supported prostheses, 
there has been a significant shift in treatment strategies to 
help improve stability and support in removable prostheses 
in edentulous patients and improve esthetics and function 
in partially edentulous patients. As patients’ demand for 
more complex, multidisciplinary interventions increase, 
along with dental training in implant dentistry, it can be 
expected elderly individuals in high- income countries will 
choose the aforementioned to address their oral quality of 
life [6, 16, 17]. In the United States, implant dentistry was 
the only prosthodontic procedure that increased per capita 
from 1992 to 2007 and from prevalence of 0.7% in 1999–2000 
to 5.7% in 2015–2016 [18, 19]. The largest absolute increase 
in prevalence of dental implants was observed among 65-  to 
75- year- old individuals  [19]. In 2020, North America 
accounted for 38.2% revenue share, leading the worldwide 
implant market [20]. Driving forces include increased geriat-
ric population with high oral healthcare needs and increased 
awareness of dental implants as well as introduction of 
advanced technologies and digital workflows [20].

Review of peer- reviewed scientific literature overwhelm-
ingly supports the use dental implants as a reliable, predict-
able treatment modality for replacement of missing teeth in 
elderly patients [6, 21–24]. Studies have shown high implant 

survival rates in patients 65 years and older. However, 
implant and prosthesis maintenance have become an 
important factor impacting long- term success that needs 
further investigation with increased use of implants surgi-
cally placed and restored using various prosthodontic 
designs. An elderly patients’ ability to (i) maintain dental 
implants long- term considering their co- morbidities, (ii) 
perform oral hygiene habits, (iii) seek and obtain regular 
supportive care, and (iv) manage care of fixed and remova-
ble prostheses associated with the implants are important 
aspects reviewed in this chapter.

 Rapid Oral Health Deterioration 
in Elderly Patients

Even though most studies focus on age when grouping 
patients based on demographic profiles, a functional defi-
nition for an elderly adult is at times more appropriate than 
a chronological one. In 1984, Ettinger and Beck developed 
a means of categorizing elderly patients based on their 
functional abilities as opposed to their age alone. The aging 
population can be categorized in one of three functional 
groups: functionally independent older adult, frail older 
adult, or functional dependent older adult  [3]. Those 

Figure 20.1 Worldwide prevalence of edentulism among both sexes for ages 70 and above in 2019. Latin America and Caribbean had 
47.69% of total prevalent cases compared to Sub- Saharan Africa at 13.95% among 70 years and older individuals. Source: Institute for 
Health Metrics and Evaluation. Used with permission. All rights reserved. Access 8/23/2021.
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 persons who are frail and functionally dependent are 
known to have higher rates of oral disease that develops 
over time due to the overall decline in their general health 
and function  [25]. The rapid oral health deterioration 
(ROHD) concept was introduced to help identify patients 
who experience a decline in general health later in life and 
subsequently, a decline in oral health [3].

Advanced chronologic age is correlated with age- related 
diseases, with 92 age- related diseases accounting for 51.3% of 
the adult global burden [26]. According to the World Health 
Organization (WHO), the most common chronic conditions 
in the elderly include cardiovascular disease, cancer, respira-
tory diseases, diabetes mellitus, cirrhosis of the liver, osteoar-
thritis, and neurocognitive impairments like unipolar 
depression, Alzheimer’s, and dementia. In addition, polyp-
harmacy is a complex issue for the older population and can 
result in several oral side effects, such as xerostomia. These 
systemic diseases can affect oral health including indirect 
impact on dental implants and prostheses in various ways. 
For instance, the consequences of systemic disease can 
reduce a patient’s ability to maintain proper oral hygiene, 
especially in those with dementia, depression, arthritis, and 
stroke; or predispose patients to more aggressive oral disease 
as seen with those with diabetes; and finally, diminish the 
effects of protective factors by reducing salivary flow as in 
patients with medication- induced xerostomia [27].

Social determinants can also lead to a reduction in access 
to needed care and ultimately, place a patient at risk for 
ROHD [3, 28–30]. The World Health Organization defines 
social determinants of health as “the conditions in which 
people are born, grow, work, live, and age, and the wider set 
of forces and systems shaping the conditions of daily life. 
These forces and systems include economic policies and sys-
tems, development agendas, social norms, social policies 
and political systems.” [31] Our goal as clinicians is to pro-
vide the optimal care not just for today but for years to come, 
thus aiming for a patient- centered long- term outcome as 
opposed to mere procedure- centered outcomes. As best 
stated by Marchini and colleagues, it is critical to “look at a 
patient as a moving picture rather than a snapshot” [27].

Evidence- based risk factors for ROHD (Figure  20.2) 
should be reviewed when assessing a patient for any 
implant–supported or implant- retained treatment. A thor-
ough medical and social history will ultimately help ascer-
tain data relative to general health, social support, and oral 
conditions that may contribute to ROHD risk. Providers 
can categorize patients within one of four stages:

Stage 1: Risk factors for ROHD not present
Stage 2: Patient is at risk of ROHD, but not currently expe-

riencing ROHD
Stage 3: Patient is currently experiencing ROHD
Stage 4: ROHD has happened

Evaluating and assessing a patient for stages of ROHD 
ultimately enables a clinician to properly formulate a treat-
ment plan, while also planning for failures and determin-
ing the complexity or aggressiveness nature for a proposed 
preventive plan. Again, the goal is to envision the patient as 
a moving picture. For instance, if a patient is a well- 
controlled diabetic via medication (HbA1c level of 6.5% or 
less), this condition is unlikely to affect the treatment plan 
for implant therapy and restorations at this point of time. 
In this example, diabetes is not considered a risk factor and 
does not impact implant survival up to five years after 
implant loading based on current evidence available [32]. 
In contrast, if a patient has been recently diagnosed with 
dementia, reports indicate that these types of patients have 
lower motivation to perform regular oral hygiene mainte-
nance along with diminished cognitive and manual skills 
to perform adequate hygiene maintenance protocol  [33]. 
Thus, without consistent home- care support, the long- 
term outcome of the implant and prostheses may be at risk. 
Implant and prosthesis maintenance should be taken into 
consideration at the time of treatment planning. In addition, 
long- term maintenance costs should be considered and 
included as part of the treatment plan discussion [34].

 Treatment Modalities

Treatment plans should be formulated based on a thor-
ough medical and dental evaluation of elderly patients and 
customized to everyone following the patient- centered 
approach to assess the possibilities for medical and oral 
deterioration [27]. There are multiple terminologies refer-
ring to this decision- making process of formulating a treat-
ment plan. Examples include cost- effective care, minimally 
invasive dentistry, and rational dental care. In medicine, 
alternative treatment strategies have been proposed to 
develop “best sequence” treatment decisions in order to 
optimize long- term outcomes with both present and 
delayed benefits [35]. The concept of rational dental care 
applies to the elderly patient population when considering 
treatment plans that incorporate the use of implants for 
long- term clinical outcomes. Rational care, as described by 
Ettinger and Beck, is not a new concept; it emphasizes the 
importance of making thoughtful decisions with regards to 
patient treatment plans while considering modifying fac-
tors that will play a large role in the patient’s systemic and 
oral health (Figure  20.2). Rational dental care has been 
described as clinical decision- making based on a patient’s 
characteristics and consideration for modifying factors to 
formulate the best, individualized treatment plan  [36]. 
Rational treatment plans can range from complex treat-
ment, limited treatment, and emergency care to decisions 
that reflect no treatment for the individual. The plan should 
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Rational evaluation of elderly patients for dental implants
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Patient risk factors for rapid oral health deterioration

1. General health conditions:
    Cognitive deficit (Alzheimer's, dementias)
    Functional deficits (stroke, osteoarthritis, Parkinson's, etc.)
    Sensory loss (speech, sight, hearing, taste)
    Medication (oral and systemic side effects, drug interactions)
    Manageable chronic diseases (hypertension, diabetes,
    osteoporosis, etc.)
    Degree of dependence/autonomy (institutionalization,
    home care, dependence on caregiver, etc.)
    Terminal diseases/palliative care
    Life expectancy
2. Social support:
    Institutional support
    Family/social support
    Financial issues (insurance, Medicaid, etc.)
    Expectations
3. Oral status:
    Oral Hygiene
    Periodontal condition
    Number of teeth/restorations
    Prosthetic status (fixed, removable, implants)
    Oral lesions (inflammatory lesions, oral cancer)
    Stopped seeing dentist

Preferred treatment plan
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2. Technical capabilities
3. Maintenance capabilities

1. Soft tissues
2. Hard tissues
3. Prostheses

1. Pain or discomfort
2. Functional problem
3. Neuromuscular problem
4. Esthetics
5. Oral lesions

1. Personal history, e.g. age, sex,
    marital status, etc.

(Patient-perceived problems)

1. Posture
2. Gait
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4. Grooming

2. Social history, e.g. occupation
3. Medical and drug history
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5. Prosthesis history

Dentist’s assessment, risks, and prognosis with
and without treatment

Figure 20.2 Diagram shows a modified model for decision- making for older adults while considering risk factors for rapid oral health 
deterioration (ROHD). Source: Adopted from Ettinger and Beck, and Marchini et al. [27].
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also include preventive and therapeutic treatments. Recall 
and professional maintenance regimen should be pre-
scribed and individualized based on the soft and hard tis-
sue risk assessment and supportive care [37].

When an elderly patient is categorized as Stage 1: “Risk 
factors for ROHD not present,” an advanced treatment 
approach including a fixed- retained prosthesis can be pro-
posed to restore form, function, and esthetics. For instance, 
implant–supported fixed complete dental prostheses have 
been documented to provide patients with improved func-
tion, esthetics, and quality of life [38]. Potential prosthetic 
complications in this prosthodontic approach include 
wear, chipping, and fracturing of the prosthetic teeth [39]. 
High patient satisfaction and oral health- related quality of 
life have been documented with favorable outcomes. 
However, sustained hygienic maintenance of a prosthesis 
has been reported as the most significant complaint by 
patients [40].

For a patient in the category of Stage 2: “Patient is at risk 
of ROHD, but not currently experiencing ROHD,” a more 
conservative treatment approach [41] should be considered. 
Changing from a complex, intricate design for an implant–
supported prosthesis to a simplistic, straightforward pros-
thetic design may be needed as the patient ages. As described 
by Muller, “today’s fixed implant prosthesis should be con-
sidered for tomorrow’s overdenture, at first retained by a 
bar, then a stud- type attachment, and converting to a lower 
retention attachment when the patient is in a palliative care 
setting.” In addition, the prosthetic design should support a 
cleansable, hygienic environment that will allow a patient 
and their caregiver to maintain optimal oral health.

When a patient falls in the category of Stage 3: “Patient is 
currently experiencing ROHD,” oral hypofunction, mastica-
tion functions, tongue pressure, tongue, and lip movement 
function deterioration will most likely be observed  [42]. 
Therefore, a treatment plan involving removable implant- 
retained prosthesis may be indicated to provide function and 
form. Esthetics may not be the top priority for this cohort, 
but comfort should be [43].

When a patient is determined to be in Stage 4: “ROHD 
has happened,” the treatment plan should incorporate sim-
ple prosthetic design for ideal hygiene maintenance to be 
managed by the patient and if needed, by caregivers. 
Planning for an implant- retained prosthesis with complex 
and intricate design elements may not be indicated for a 
patient in the ROHD stage. Alternatively, a conventional 
prosthesis should be considered for these patients. The 
maintenance of a healthy intraoral environment and a 
prosthetic design with relatively easy access to home care 
cleaning and maintenance should be the primary goals for 
this cohort. Cognitive deterioration function should be 
assessed for the patient’s understanding of the treatment 

plan and maintenance  [43]. Finally, home caregivers 
should be educated and trained in providing care for the 
elderly, both the oral cavity and the prosthesis.

 Recall and Maintenance in Elderly  
Patients

Routine patient recall appointments, professional hygiene 
maintenance appointments, and at- home hygiene mainte-
nance regimens are essential for long- term success in elderly 
patients to decrease the frequency of biological, mechanical, 
and technical complications commonly associated with 
implant–supported prostheses  [44]. Frequent, prescribed 
dental implant maintenance over a long- term period has 
been shown to be critical in implant survival [45]. According 
to recently published clinical practice guidelines for recall 
and maintenance of patients with implant–borne dental 
prostheses, patient recall frequencies should be more often 
than every six months if patients are considered as higher 
risk based on their age and ability to perform oral self- care 
and potential biological or mechanical complications  [44] 
(Figure  20.3). During professional maintenance appoint-
ments, thorough extraoral and intraoral health and dental 
examinations, intraoral hygiene instructions, and hygiene 
instructions for cleaning the prostheses and oral hygiene 
intervention are performed. In addition, the prostheses 
should be professionally cleaned with established mechani-
cal and chemical debridement and cleaning protocols.

In regards to professional prosthesis maintenance, the 
prostheses should be evaluated and assessed to determine 
need for adjustment, repair, replacement, or remake upon 
evaluation. Lastly, patient education is important for the 
person to learn about potential for anticipated issues to 
respond and seek consultation with the dentist, learn use 
of individualized home care instruments or cleaning aids, 
and learn cleaning protocol based on their specific needs. 
The various aspects addressed through the clinical practice 
guidelines are vital to help oral healthcare providers and 
caregivers improve clinical outcomes for patients.

There are confounding factors such as systemic health 
status, transportation, access to care, and financial stand-
ing of an elderly patient that may influence the commit-
ment necessary for professional and at- home maintenance 
regimens and consequently, compromise outcomes related 
to tissue health and prosthesis longevity. Advanced age 
may be related to more difficulties in adapting to the new 
prostheses, delayed muscular function and adaptation, and 
post- insertion problems  [22, 46]. Further, deteriorating 
maintenance conditions, such as reduced dexterity in the 
elderly [43], may also be observed. This may make it chal-
lenging for elderly patients to manage a removable implant 
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prosthesis since proper hygiene maintenance requires 
patient agility to manage insertion and removal of the pros-
thesis multiple times during a single day. Deterioration of a 
patient’s social environment defined as lacking supportive 
care from either family members or caregivers, can influ-
ence access to care and prevent the elderly from receiving 
adequate professional care and maintenance.

There are some recommendations to promote recall and 
professional maintenance and preserve the prostheses 
outcomes in the elderly in anticipation of the patient’s aging. 
For instance, anticipating or converting an implant–
supported or implant- assisted prosthesis from a fixed- 
retained design to a removable prosthesis for ease of cleaning 
and maintaining is highly recommended [34, 43, 47]. It may 
be challenging for those elderly in nursing home care with 
limited access to seek or conduct off- site professional care or 
continue self- care to keep up with their oral health follow- up 

and professional maintenance care [48]. Many elderlies in a 
nursing home or assisted living environments depend on the 
caregiver and other social services to provide oral hygiene 
care. Therefore, educating the caregivers with the appropriate 
information from journals, books, audio- visual media, and 
in- house training should be planned to provide oral health 
support for the elderly [49]. At the same time, preparing for 
increased home health and oral health care involving oral 
health professionals visiting the personal residences, assisted- 
living to transitional nursing home facilities, and hospitals 
for those patients who cannot attend regular maintenance 
care may be needed to support the elderly oral 
maintenance care [50].

At the policy level, recommendations to standardize 
implant components help ensure compatibility of implant 
instrumentation across various manufacturers, in order to 
evaluate and perform repair of implant superstructures. In 

Figure 20.3 Clinical Practice Guidelines for implant–borne dental restorations from the American College of Prosthodontists. 
Accessed 8/23/2021 from the American College of Prosthodontists website (https://www.prosthodontics.org/assets/1/7/Final_ACP_
Chairside_guide_July_2016.pdf). Used with permission.

https://www.prosthodontics.org/assets/1/7/Final_ACP_Chairside_guide_July_2016.pdf
https://www.prosthodontics.org/assets/1/7/Final_ACP_Chairside_guide_July_2016.pdf
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addition, it is important to ensure all oral health providers 
are competent in providing implant prosthetic mainte-
nance and post- insertion, and post- delivery maintenance 
for their patients, especially those who provide care in 
nursing homes [43]. At a patient level, the use of a specific 
manufacturer for an implant system should be selected to 
ensure the availability to supply component parts over the 
lifetime of a patient. In addition, if a patient continues to 
experience natural tooth loss, a record of the implant sys-
tem and components employed can be recorded on a per-
sonalized “implant card.” This documentation of the 
implant system, component parts, and manufacturer iden-
tification codes should be provided to the patient in case 
they relocate, move, or transfer care elsewhere. In certain 
situations, it may be prudent as oral healthcare providers to 
provide the patient their casts or models used to fabricate 
the implant prostheses so that they may safely retain them 
for future reference in prostheses maintenance or 
replacement.

 Conclusion

As a person ages, it is important to anticipate potential 
challenges due to consequences associated with aging 
when providing implant treatment. The Rapid Oral 
Health Deterioration staging classification is one means 
of rationalizing a patient’s current status relative to gen-
eral health, social support, and intraoral conditions while 
taking into consideration the potential of future adverse 
changes.

Key perspectives when considering incorporation of 
dental implants in treatment planning for elderly patients 
include the following:

 ● Life expectancy and quality of life: It is important to 
note that clinical decision- making relative to implant–
supported prostheses should not be solely based on sur-
vival or success rates. The focus should be a patient’s 
subjective gain of quality of life and overall well- being as 

well as anticipated life expectancy based on the patient’s 
systemic conditions.

 ● Rational treatment planning: Careful consideration 
as to the final treatment plan, prosthesis type, and the 
ability to change from a fixed to a removable restoration 
or vice versa can be critical especially as the patient’s 
general health, social support, and oral conditions dete-
riorate with time.

 ● Prosthesis design: Clinicians must also take into con-
sideration the type of implant prosthesis and design in 
addition to a patient’s ability and motivation to wear 
and/or maintain it as the person ages. An implant may 
successfully integrated with minimal bone loss; however, 
if the prosthesis cannot be utilized for its intended pur-
pose due to the patient’s inability to maintain it, then this 
cannot be considered a successful outcome  [41]. 
Prosthodontic treatment plans should be ultimately 
designed to be cleansable for long- term maintenance, 
but also retrievable, repairable, and replaceable.

 ● Implant systems and manufacturers: Consideration 
to utilize one implant system over time for a patient is 
preferred as opposed to use of multiple implant systems 
with various implant component manufacturers along 
with providing the patient with a listing detailing implant 
specifications.

 ● Access to care: As the patient ages, their ability to 
schedule and commit to professional maintenance care 
may depend on several factors such as transportation 
and assistance to gain access to care. Identifying an 
appropriate support system is important for an elderly 
patient to maintain good oral health for overall health, 
yet the support system must adapt to increased needs of 
the patient and/or unexpected complications. Many 
elderly depend on their caregivers to maintain their oral 
health and general health. Therefore, educating the car-
egivers to raise the level of oral health literacy is essential 
in providing optimal care for the elderly.

Case reports of patients that required implant prostheses 
management over time, impacting clinical decision- making.

Case Report 20.1 Implant- retained overdenture

A 71- year- old edentulous male patient in good health 
presented for placement of two, mandibular implants, in 
September 2007. Following the prescribed healing period 
to achieve osseointegration, the mandibular denture was 
converted to mandibular implant- retained overdenture 
opposing a maxillary denture. At the time of active 
 treatment, the patient was categorized as Stage 1: “Risk 
factors for ROHD not present.” The patient continued to 

report to the clinic on a regular basis for maintenance 
follow- ups, periodic exams, cleanings, attachment 
(Locator®; Zest Dental Solutions, Carlsbad, CA) inserts 
replacement, and ultimately, new prostheses as the old 
ones naturally wore away and required relines. In 2014, the 
patient stopped visiting the clinic regularly. Even though 
the patient’s general health continued to be  relatively 
good, the patient’s support system diminished and evidence 
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of ROHD surfaced after his wife passed away and children 
moved to other states. Patient was fully self- reliant and 
managed all his personal needs, including dental care. 
Patient returned to the clinic in 2021 at the age of 85 with 
the chief complaint of “my implant broke, and it took me 
two months to even find the number for this clinic.” Clinical 
examination revealed soft tissue inflammation surrounding 

#27 implant Locator® attachment (patrix), absence of 
Locator® housing attachment, and a fragment of the 
insert lodged within the Locator® abutment (Figure 20.4). 
After the abutment was removed, it was noted that the 
remainder of the insert fragment had shifted apically 
along the abutment and determined to be the likely 
source of the inflammation (Figures 20.5 and 20.6).

Figure 20.4 Occlusal view of the mandibular abutments 
(Locator® patrices).

Figure 20.5 After the Locator® implant abutment was 
removed, a portion of the matrix is shown as drifted apically 
and subgingivally.

Figure 20.6 The portion of the matrix and the remainder 
of the matrix are shown after intraoral removal of the 
abutment.
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Case Report 20.2 Implant- supported fixed dental prosthesis

A 62- year- old female reported to the clinic in 2011 with 
the chief complaint of missing mandibular anterior teeth. 
At the time, patient had a history of well- controlled 
schizophrenia, hypertension, goiter, and borderline 
diabetes. The patient was categorized as Stage 2: “At risk 
of ROHD, but not currently experiencing ROHD.” Patient 
was deemed to have a strong social support system that 
tended to her needs and scheduled her for regular dental 
and medical appointments. Thus, an implant–supported 
fixed dental prosthesis was planned, and implants 
surgically placed. When the patient returned to her home 
country, the implants were restored by a local dentist 
(Figure 20.7). Because of the economic deterioration in 
her home country in approximately 2016, the patient was 
unable to obtain the necessary hygiene maintenance 
care. The patient’s diagnosis of schizophrenia, need for 
hospitalization on multiple occasions, medication- 
induced xerostomia, and lack of trust in the dental care 

within her country ultimately led to poor follow- up and 
professional maintenance care. In 2019, the 70- year- old 
patient returned to the United States for follow- up with 
the chief complaint of “I think my implants are failing. 
I have a bad taste in my mouth.” Based on a review of her 
medical and social history, patient had and continued to 
experience Rapid Oral Health Deterioration. Risk factors 
for ROHD had increased markedly in a short period 
of  time. Her implants showed clinical signs of peri- 
implantitis, and the patient was treatment planned for 
removal of the implants; the prosthesis was poorly 
maintained and multiple teeth had deteriorated and were 
non- restorable (Figure  20.8). One implant and several 
teeth were extracted, and the patient was temporarily 
restored with interim partial dentures in anticipation of 
alternating her treatment plan to an implant– supported 
overdenture. The patient passed away within 1.5 years 
due to a rapid decline in her medical and mental health.

Figure 20.7 Radiographs of mandibular dentition, images dated 2014.

Figure 20.8 Radiographs of mandibular dentition, images dated 2019.
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Case Report 20.3 Fixed complete denture

A 65- year- old patient reported to the hospital with a 
chief complaint of fractured front tooth of the fixed 
complete denture and difficulty in cleaning (Figures 20.9 
and 20.10). The patient was categorized as Stage 1: “Risk 
factors for ROHD not present” and treatment was 
completed. The patient was motivated and demonstrated 
the ability to perform at- home care of the prosthesis. The 
patient returned after completion of treatment 
approximately 4.5 years later and since the initial 
treatment, the patient’s dexterity decreased, and he no 
longer was as motivated in cleaning his prosthesis. After 

removal of the maxillary fixed implant complete denture 
and assessing aspects of the prosthesis design, it was 
observed that the cameo surface (tissue surface) contours 
did not incorporate ideal convexity for at- home cleaning 
and maintenance of the prosthesis (Figure 20.11). Due to 
the difficulty in the patient’s ability to clean the 
prosthesis intraorally, the decision was made to convert 
his existing maxillary fixed complete denture to an 
implant–supported overdenture (Figures  20.12–20.14). 
Case and photos courtesy of Dr. Alvin G. Wee; VA Hospital, 
Omaha, Nebraska.

Figure 20.9 Maxillary fixed implant denture shows signs 
of wear, including chipping of the anterior tooth.

Figure 20.10 Occlusal view of the fixed implant denture 
shows the signs of wear, including chipping of the 
anterior tooth.

Figure 20.11 Intaglio view of the maxillary fixed implant 
denture revealed the contours were not ideal and not 
conducive for proper home care hygiene maintenance and 
for patient ease in cleaning the prosthesis intraorally.
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Figure 20.12 Intraoral view of the new prosthesis, 
redesigned with a fixed bar infrastructure, that incorporates 
overdenture attachments (patrices) for the suprastructure – 
maxillary overdenture.

Figure 20.13 Intaglio view of the maxillary overdenture 
that incorporates the custom suprastructure housing for the 
attachment retention elements (matrices).

Figure 20.14 Frontal view of the completed prostheses in 
the patient.
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 Background

The subgingival oral biofilm is generally criticized for the 
initiation and progression of peri- implant diseases, peri- 
implant mucositis, and peri- implantitis  [1]. The oral bio-
film harbors pathogenic bacteria such as Aggregatibacter 
actinomycetemcomitans (A. actinomycetemcomitans), 
Prevotella intermedia (P. intermedia), and Porphyromonas 
gingivalis (P. gingivalis) that have been directly related with 
the etiopathogenesis and prognosis of peri- implant dis-
eases [2–5]. Local and systemic risk factors that are com-
monly associated with the increased colonization of 
pathogenic bacteria around implants include poor oral 
hygiene status and tobacco- smoking and poorly controlled 
diabetes mellitus, respectively [6–8]. However, handling of 
implant prosthetic components by staff and laboratory per-
sonnel can also increase the risk of microbial contamina-
tion  [9, 10]. A major challenge in two- phase implant 
treatment (delayed loaded implants) is the risk of micro-
bial leakage at the implant–abutment connection (IAC) 
due to the presence of microgaps  [11, 12]. An increased 
bacterial colonization has also been identified on custom-
ized titanium abutments [9]. Biologically, molecules such 
as toxins and constituents of bacterial wall are accountable 
for peri- implant inflammatory reactions. These molecules 
(endotoxins) penetrate the microgaps at the IAC instead of 
the whole bacterial cell and enhance an inflammatory 
response and jeopardize the surrounding bone  [13, 14]. 
Moreover, the extent of bacterial contamination at the IAC 
depends on the accuracy of fit between the fixture and 
the  abutment, tightening torque and micro- movements 
between the connected components during chewing. This 
is concerning as presence of pathogenic bacteria at the IAC 
increases the risk of future peri- implant soft tissue 

inflammation and crestal bone loss (CBL) even in individu-
als stringently following routine oral hygiene maintenance 
protocols such as toothbrushing and flossing of interproxi-
mal spaces. It has also been proposed that complete 
removal of contaminants and pollutants from implant 
abutments improves the preload maintenance of the 
screw/abutment complex [15].

 Objective

This chapter aims to provide an evidence- based review of 
methods that are used to disinfect implant abutments 
before insertion.

 Literature Search Strategy

Indexed databases namely PubMed/Medline, Google 
Scholar, and ISI Web of Knowledge were searched without 
time and language barriers to identify studies that assessed 
methods of disinfection of implant abutments before deliv-
ery. The pattern of this chapter was customized to mainly 
summarize the relevant information.

Methodsof ImplantAbutment 
Disinfection

ArgonPlasma

Mixtures of gases such as argon (Ar) and oxygen are meta-
stable rare gases that carry significant amounts of energy; 
and lead to the formation of reactive oxygen species (ROS) 
via energy transfer reactions. The final manufacturing 
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process of Titanium implants involves treatment with 
argon plasma (AP) prior to sterilization by gamma rays. In 
this technique, electronic mantle of materials is activated 
by a spray of argon under room temperature and pressure. 
This procedure helps remove contamination and microbio-
logic pollution from metal surfaces. Simultaneously, 
AP also helps modify the physico- chemical, and biological 
features of implant surfaces, and their ability to adapt with 
the surrounding soft and osseous tissues [16–18]. In vitro 
studies [19, 20] have assessed the effect of AP on different 
implant surfaces with reference to adhesion of osteoblasts, 
fibroblasts, and microbial decontamination. The scanning 
electron microscopy results showed that AP reduces 
 bacterial adhesion to implant discs and promotes spread-
ing and attachment of fibroblasts and osteoblasts [19, 20]. 
In an experimental study on canine- models, Coelho 
et al.  [18] assessed the effect of AP applications immedi-
ately prior to  dental implant placement on peri- implant 
bone. Histomorphometric examinations performed at 
three weeks showed a significantly higher bone- to- implant 
contact percentage (>300%) and mean bone area fraction 
occupancy (>30%) in AP- treated implant surfaces com-
pared with controls (untreated surfaces)  [18]. In a rand-
omized controlled trial (RCT), Canullo et  al.  [21] 
investigated radiographic osseous changes around custom-
ized, platform- switched abutments placed according to 
the  “one- abutment- one- time” protocol, with (test- group) 
and without (control- group) PA cleaning treatment in 30 
patients with a history of periodontal disease and thin gin-
gival phenotype (<1 mm). Patients were randomly divided 
into test and control groups immediately before abutment 
connection. In the control group, cleaning protocol com-
prised steaming. Outcome measures were: (i) implant 
and  prosthesis success rate; (ii) prosthetic and biological 
complications; (iii) CBL; (iv) esthetic and periodontal 
parameters; and (v) patient satisfaction [21]. At five- years’ 

follow- up, none of the implants in either group were lost; 
however, CBL was significantly higher in the control than 
the test group. Periodontal parameters were stable in both 
groups at 60  months of follow- up. This study  [21] con-
cluded that AP treatment is a useful technique for disinfec-
tion of implant abutments before connection. This study 
was basically a long- term (5- years follow- up) of an interim 
RCT, which was followed up for 24 months [22]. Outcomes 
of this interim study  [22] were also similar with those 
reported in the five- year follow- up RCT [21], that is, disin-
fection of implant abutments using AP removes bacteria 
and minimizes the risk of CBL to a much greater extent 
compared with steam disinfection (SD). It is known that a 
history of periodontitis is a risk factor for peri- implant dis-
eases including peri- implantitis  [23–25]. In this context, 
the risk of future peri- implantitis is higher in these patients 
in case traditional methods, such as SD are used to decon-
taminate implant abutments before delivery. Therefore, 
abutment disinfection using AP is a reliable strategy to 
minimize bacterial colonization and leakage of their 
biproducts at the IAC. This may help facilitate long- term 
success and survival of dental implants. An overview of 
studies, which assessed the role of AP in abutment disin-
fection is presented in Table 21.1.

Chlorhexidine

In a double blinded RCT  [26], investigators applied 0.2% 
chlorhexidine (CHX) gel (16 patients) or a placebo gel 
(n = 16 patients) to the IAC during all surgical and pros-
thetic phases and assessed the effect on CBL for up to one 
year. The one- year follow- up results showed a significantly 
higher CBL around implants treated with the placebo gel 
compared with those in which, 0.2% CHX as applied at the 
IAC [26]. However, implants in both groups showed mini-
mal peri- implant plaque and gingival bleeding scores at 

Table 21.1 An overview of studies, which assessed the role of AP in abutment disinfection.

Authorset al. Study design Groups Follow-up Outcomes

Canullo et al. [19] In vitro Test- group: AP treatment on implant discs
Control group: No treatment

NA AP causes bacterial decontamination 
and increases osteoblastic attachment.

Canullo et al. [20] In vitro Test- group: AP treatment on implant discs
Control group: No treatment

NA AP increases fibroblast attachment to 
implant discs

Canullo et al. [21] RCT Test group: Abutments cleaned with AP
Control group: Abutments cleaned with 
steam disinfection

5 years AP is more effective in decontaminating 
implant abutments than steam 
disinfection

Canullo et al. [22] RCT Test group: Abutments cleaned with AP
Control group: Abutments cleaned with 
steam disinfection

2 years AP is more effective in decontaminating 
implant abutments than steam 
disinfection.

AP, Argon plasma; NA, Not applicable; RCT, Randomized controlled trial.
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one- year of follow- up. This study  [26] concluded that 
application of 0.2% CHX gel at the IAC minimizes the risk 
of CBL for up to 12 months. One limitation of this study is 
that microbiological assessment of subgingival oral biofilm 
samples and immunological investigations (for instance, 
assessment of destructive inflammatory cytokines such as 
tumor necrosis factor- alpha and interleukin 1- beta in the 
peri- implant sulcular fluid [PISF]) were not performed. It 
is tempting to speculate that application of 0.2% CHX gel to 
the IAC during all surgical and prosthetic phases reduces 
the counts of pathogenic bacteria (such as A. actinomycet-
emcomitans, P. gingivalis, and P. intermedia) in the sub-
gingival oral biofilm; and reduces the expression of 
proinflammatory cytokines in the PISF thereby contribut-
ing toward the maintenance of peri- implant health. 
Another double- blinded RCT  [27] quantitative investi-
gated, the presence of P. gingivalis on the healing abutment 
when 0.20% CHX gel or a placebo gel were applied during 
the first and second implant surgical stages. Besides record-
ing peri- implant plaque and gingival bleeding scores, 
inflammatory infiltrate and the micro- vessel density sur-
rounding peri- implant soft tissues were also assessed at 
three- four points (at the time of implant insertion, second 
stage surgery, prosthetic phase, and 12 months of follow- up). 
At one- year follow- up, all implants showed low scores of 
plaque and gingival bleeding; however, a significantly low 
count of P. gingivalis was observed in healing abutments 
belonging to the 0.2% CHX group compared with the pla-
cebo group  [27]. Moreover, the placebo group demon-
strated the highest expression of inflammation markers for 
B- lymphocytes, T- lymphocytes, and macrophages cluster 
definitions (CD) (CD3, CD20, and CD68). Thus, use of 
0.2% CHX is most likely a reliable treatment option in clini-
cal implant dentistry as it significantly reduces P. gingivalis 
counts and host inflammatory response around implant 
abutments. However, in a recent in vitro study [28], anti-
bacterial efficacy of 0.2% CHX was compared with 0.8% 
hyaluronic acid (HA) against P. gingivalis strains. The 
experimental results showed that 0.8% HA is a more potent 
antibacterial agent against P. gingivalis strains compared 
with 0.2% CHX [28]. By no means should this result tempt 
readers to perceive that 0.2% CHX is inferior to other phar-
macologic preparations in terms of its antibacterial efficacy 
as there was a marked difference in the concentrations of 
both tested preparations. There is a possibility that 0.2% 
CHX gel is as effective as 0.2% HA in demonstrating anti-
bacterial actions against P. gingivalis strains; however, an 
in vitro study reported that 0.2% CHX has no effect on bac-
terial endotoxin that possesses the ability to invade the 
IAC  [29]. With regards to CHX rinsing, results from a 
 clinical study [10] on 10 patients showed that CHX rinsing 
does not have any effect toward decontamination at IAC.  

The  study showed presence of bacteria (incl. anaerobic 
species) after a continuous irrigation (for 3 mm) within the 
butt- joint connections after the use of CHX. However, 
results of a six- months follow- up RCT  [30] showed that 
0.1% CHX gel displays antibacterial activity against a vari-
ety of microbes including P. intermedia, A. actinomycetem-
comitans, P. gingivalis, Fusobacterium nucleatum, and 
Treponema denticola. In summary, the antibacterial effec-
tiveness of CHX at the IAC remains debatable predomi-
nantly due to limited clinical evidence. Moreover, it 
remains to be determined what concentration (0.1%, 0.2%, 
or another concentration) is most relevant in terms of 
 minimizing the risk of bacterial contamination at the IAC 
immediately after prosthetic loading (Table 21.2).

Nanoparticles

Nanostructures or nanoparticles are derived from a variety 
of metals such as copper and zinc [32]. Studies have shown 
that nanoparticles possess unique physiochemical proper-
ties [33]; and their varying shapes (cylindrical, cubic, and 
spherical), sizes (5−100 nm), and larger contact surfaces 
compared with microparticles generate a change in the 
physical properties, which results in different degrees of 
damage to bacterial cells [34]. In Gram- negative bacteria, 
nanoparticles act chiefly in the range of 1−10 nm [35]; and 
small- sized oxidized nanoparticles are more toxic than 
larger non- oxidized particles  [36]. To date, one in  vitro 
study [32] has assessed the effects of zinc oxide (ZnO) and 
copper nanoparticles against Streptococcus sanguinis and 
P. gingivalis models in cell cultures of human gingival 
fibroblasts (HGFs). Both NPs induced mitochondrial dose- 
dependent cytotoxicity, ZnO nanoparticles increases actate 
dehydrogenase release and intracellular ROS production. 
The results showed that nanoparticles exhibit a bacteri-
cidal effect against pathogenic bacteria  [32]. It has been 
reported that nanoparticles improve the proliferation and 
adhesion of osteoblast cell lines [37]. The mode of action of 
nanoparticles is summarized in Figure 21.1. There are sev-
eral unanswered questions related to the significance of 
nanoparticles with reference to clinical implant dentistry; 
however, it is hypothesized that incorporation of nanopar-
ticles in custom abutments minimized bacterial coloniza-
tion at the IAC and helped maintain crestal bone height. 
However, there are no clinical studies in this regard.

HydrogenPeroxide

Hydrogen peroxide (H2O2) possesses antibacterial proper-
ties in biological systems  [38]. The broad- spectrum anti-
microbial activity, ease of use, and safety profile makes 
H2O2 a potent agent for sterilization and disinfection 



Disinfection of Implant Prosthetic Components Before Delivery430

Induction of oxidative
stress

Inhibition of cell wall
synthesis

Inactivation of
enzymatic activity

Nanoparticles

Hinderance with biofilm
formation

Inactivation of protein
synthesis

Penetration into cell
membranes

Interference with cell
signaling

Incorporation into DNA
bases

Figure 21.1 Mode of action of nanoparticles.

purposes  [39]. In clinical implant dentistry and related 
research, antibacterial efficacy of 10% H2O2 irrigation 
has been shown to be superior to 0.9% saline and 0.2% 
CHX [40]. A recent study [41] compared the effect of dif-
ferent protocols (0.2% CHX, 0.9% saline, 10% H2O2, and 
70% alcohol) toward implant internal decontamination 
(IID). The results showed that out of all the disinfection 
agents assessed, 10% H2O2 was most effective toward 
IID [41]. However, in a literature review in which, Claffey 
et  al.  [42] reviewed 43 clinical and experimental studies 
showed that none of the decontamination protocols 
(saline, CHX, and/or H2O2) are superior to the other in 

terms of implant surface disinfection. The current under-
standing is that H2O2 has been used to eradicate microbes 
from contaminated implant surfaces; however, there are 
no studies in indexed literature that have evaluated the 
efficacy of H2O2 in disinfecting implant prosthetic compo-
nents (including restorations) immediately before delivery.

EthylAlcohol

Denaturation of microbial proteins is the most likely mech-
anism through which ethyl alcohol exerts its antimicrobial 
effects. Absolute ethyl alcohol is a dehydrating agent, 

Table 21.2 An overview of studies, which assessed the role of chlorhexidine in abutment disinfection.

Authorset al. Study design Groups Follow-up Outcomes

Romanos 
et al. [10]

Clinical Group- 1: morse- tapered connection implants
Group- 2: Internal (butt- joint) connection implants

1 month CHX irrigation is ineffective 
for IAC decontaminant.

Sinjari 
et al. [26]a

RCT Group- 1: 0.2% CHX applied to IAC during loading
Group- 2: Placebo gel applied to IAC during loading

12- months 0.2% CHX reduces CBL during 
first year of loading.

Koutouzis 
et al. [29]

In vitro Group- 1: IAC inoculated with E. coli (1 μl) for 24 hours 
and saline irrigation
Group- 2: IAC inoculated with E. coli (1 μl) for 24 hours 
and 0.2% CHX irrigation
Group- 3: IAC irrigated with saline (control)

Up to 
54 hours

CHX irrigation is ineffective 
for IAC decontaminant.

Paolantonio 
et al. [30]

RCT Group- 1: 0.2% CHX applied to IAC during loading
Group- 2: Placebo gel applied to IAC during loading

6 months 0.1% CHX gel is effective in 
reducing counts of pathogenic 
bacteria at the IAC.

de Waal 
et al. [31]

RCT Group- 1: Implant decontamination with 2% CHX
Group- 2: Implant decontamination with 0.2% CHX

12 months CHX reduces bacterial load 
but this does not influence 
peri- implant clinical and 
radiographic status.

CB, Crestal bone loss; CHX, Chlorhexidine; E. Coli, Escherichia coli; IAC: Implant abutment connection; RCT: Randomized controlled trial.
a Microbiological assessment was not performed.
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which is less bactericidal than mixtures of alcohol and 
water as proteins are denatured more rapidly in an aqueous 
medium [43]. Ethanol, at a concentration of at least 70% 
has been labeled as an “antimicrobial lock solution” [44]; 
however, ethanol concentrations over 28% have been asso-
ciated with side effects including protein denaturation, diz-
ziness, and blood clotting  [44]. There is a possibility that 
ethyl alcohol is suitable for disinfecting implant abutments 
immediately before implant prosthesis delivery. However, 
to date, there are no clinical trials and/or in vitro experi-
ments that have tested this hypothesis. Further well- 
designed and power- adjusted studies are needed to test this 
hypothesis.

Iodine

In orthopedic surgery, iodine- coated titanium implants can 
be advantageous in terms of prevention of post- operative 
infections  [45]. Tsuchiya et  al.  [45] performed a clinical 
trial to evaluate the antimicrobial activity of iodine- coated 
and non- coated titanium hip implants. In this trial  [45], 
222 patients (mean age approximately 49 years) with post-
operative infections were treated with iodine- coated tita-
nium implants. The 12- months follow- up showed that all 
implants had osseointegrated and there were no complica-
tions (such as loosening of implant and infections at the 
surgical site). Also, bone ingrowth was radiographically 
observed around all hip prostheses. Since achievement of 
osseointegration accompanied by the least possible risk of 
infection is a prerequisite for a successful dental implant 
therapy, it is speculated that coating implant abutments 
with iodine immediately before prosthetic loading plays a 
role in achieving osseointegration and minimizing the risk 
of microbial colonization at the IAC. Regrettably, there are 
no clinical trials and/or experimental studies that have 
tested this hypothesis. This warrants additional well- 
designed and power- adjusted clinical and experimental 
investigations.

CitricAcid

In oral implantology, citric acid (CA) is used to disinfect 
infect implant surfaces due to its antibacterial properties 
against biofilm formation without jeopardizing periodon-
tal tissues [46, 47]. Immersion of titanium implants in CA 
may slightly increase implant surface roughness (<0.2 μm); 
however, this does not facilitate adherence of biofilm on 
implant surfaces [48]. The CA is characterized by high con-
centration and low pH; however, this does not affect cellu-
lar activity on the titanium surfaces [49]. In a radiologic, 
histologic, and histomorphometric evaluation on canine 
models, Htet et  al.  [46] reported that CA possesses great 

potential for disinfection of implant surfaces and facilitates 
stability of peri- implant crestal bone height. It is therefore 
likely that immersion of implant abutments in CA imme-
diately before prosthetic loading minimizes the risk of bac-
terial contamination at the IAC, which in turn reduces the 
chances of future occurrences of peri- implant diseases. 
Lamentably, so far this hypothesis remains under investi-
gation. This warrants additional studies.

Authors’Perspective
Prevention of microbial colonization around implant sur-
faces including the IAC plays an important role in mini-
mizing the risk of soft tissue- related and osseous 
complications, peri- implant mucositis, and peri- 
implantitis. To date, the ideal disinfection protocol for dis-
infecting implant abutments, as well as implant- retained 
prostheses, immediately before prosthetic loading remains 
unknown. Moreover, the precise concentrations and dura-
tion/frequency of disinfection treatment remain undeter-
mined. Based upon currently available indexed scientific 
evidence, it seems that the subject “Disinfection of implant 
prosthetic components (including restorations) before 
delivery” deserves further attention from clinicians and 
researchers (Figure 21.2).

Abbreviations

A.  actinomycetemcomitans  
Aggregatibacter actinomycetemcomitans

AP Argon plasma
Ar Argon
CA Citric acid
CBL Crestal bone loss

Figure 21.2 The unknown dilemma. What is the best way to 
disinfect an implant-retained prosthesis, an abutment, or 
other prosthetic components (alcohol, iodine, H2O2, or CHX) 
in Implant Dentistry?
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CD Cluster definitions
H2O2 Hydrogen peroxide
HA Hyaluronic acid
IAC Implant abutment connection
IID Implant internal decontamination
RCT Randomized controlled trial

P. gingivalis Porphyromonas gingivalis
P. intermedia Prevotella intermedia
PISF Peri- implant sulcular fluid
ROS Reactive oxygen species
ZnO Zinc oxide
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 Introduction and Key Issues

The following statements schematically summarize the 
premises as well as represent a number of absolutely sig-
nificant conclusions, therefore proposed as an introduction 
to the chapter.

 ● Proper home care for effective plaque removal is unde-
niably crucial for the prevention, management, and 
control of peri- implant infections, induced by bacterial 
biofilm [1–6].

 ● The mechanism of biofilm formation and the role of 
the  peri- implant microbiome is a core component in 
 preventing most biologic complications [6].

 ● Poor oral hygiene and lack of regular maintenance are 
strongly correlated with the development of both peri- 
implant mucositis and peri- implantitis [7].

 ● Implants should be placed only in patients who can mas-
ter oral hygiene skills required for disease prevention 
and already adhering to a recommended and tailored 
recall frequency (Figures 22.1–22.9).

 ● It is extremely valuable to emphasize that implant 
 placement and prosthetic reconstructions need to 
allow proper personal cleaning, diagnosis by probing 
(Figures  22.3 and  22.7) and professional plaque 
removal [8].

 ● A dedicated dental team must inform the patient about 
the need for a constructive therapeutic alliance and edu-
cates patients to mechanically and efficiently remove 
biofilm (Figures 22.4, 22.6, 22.9) [9].

 ● Home care for the implant patient is still extensively 
neglected or delegated, but it is an indisputable cause 
of  success  [10] or failure even in case of implant 
treatment [11].

 ● It is valuable to properly coach the patient on how to use 
dedicated home care tools and more importantly in 

adjunct to routine oral care procedures. Dental implants 
require some additional tools beyond routine oral 
hygiene care.

 ● The patient should be instructed to always begin daily 
oral hygiene from implant–supported restorations.

 ● The presence of an “adequate” amount of peri- implant 
keratinized mucosa is beneficial to improving proper 
daily oral care [3, 12].

 ● Various other factors can affect home care efficacy:  tissue 
anatomy, periodontal status, or phenotype [3].

 ● At each follow- up recall appointment the clinician 
must update the diagnosis (Figures 22.3 and 22.7) and 
 continually remotivate the patient after assessing 
home care performance [9].

 ● Consider implant subjects always “high- risk” 
patients.

 ● Peri- implant diseases are frequent and prevalence of 
peri- implantitis is increasing over time [8, 13]. As peri- 
implant diseases could be effectively controlled by accu-
rate prevention, the importance of giving proper oral 
hygiene instructions to the patients who are rehabili-
tated with dental implant and of fitting prosthetic con-
structions that allow accessibility for oral hygiene around 
implants [14–16] is not stressed enough.

Rationaleand Relevanceof HomeCare

In implant dentistry, plaque control and oral hygiene 
practices are essential to limit the risk of complication 
and failure in the long term [3]. The identified etiological 
factor is certainly the biofilm [1].

Home care is the most important factor in impacting 
prevention, treatment, and prognosis of complica-
tions [11, 17].

However, effective Oral Hygiene remains a daily challenge.

Marisa Roncati

Department of Translational Medicine, School of dentistry, University of Ferrara, Ferrara, Italy

HomeCarefor theImplantPatient
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(a)

(b)

Figure 22.1 (a–b). Full mouth X- ray before (a) and twenty years after (b) implant treatment in the posterior sectors.



ationale ann eleeanne of Home Care  437

A considerable body of evidence indicates that patients 
with implant–borne removable and fixed restorations 
require lifelong professional recall regimens to provide 
home care instructions, biological and mechanical mainte-
nance, customized for each patient [18].

Experimental biofilm accumulation leads to a higher fre-
quency of bleeding sites around implants as compared 
with teeth  [19]. Consequently, in the case of a positive 
bleeding index, the clinician is responsible for providing 
site- specific recommendations so that, in addition to 
professional hygiene, proper home care can resolve plaque- 
induced inflammation.

Neglected or poorly treated periodontal disease increases 
the threat for peri- implantitis and implant loss  [20]. 
Prevalence of peri- implantitis is higher in noncompliant 
patients demonstrating poor home care adherence. Patients 
with a history of periodontitis presented lower survival 
rates and a statistically significantly higher number of sites 
with peri- implant bone loss [20]. A higher implant failure 
rate was found in periodontally compromised patients who 

did not completely adhere to the recommended supportive 
periodontal therapy and showed improper home care [20].

Lack of regular supportive therapy in patients with peri- 
implant mucositis is associated with increased risk for 
onset of peri- implantitis [8].

These important concepts should be highlighted: the 
periodontal patient is at greater risk of complications 
than periodontally healthy patients [9]. Consequently, 
all implant patients should be considered at high risk.

In contrast, stable clinical results could be achieved 
up  to  five years after initial therapy but adequate oral 
cleanliness across this period appeared to be an essential 
prerequisite [21, 22].

Figure 22.2 Clinical case aspect with a 20- year follow- up.

(a) (b)

Figure 22.3 (a–b). The periodontal probe detects normal probing values in the absence of bleeding. The clinician should always 
update the diagnosis at each recall appointment by circumferential probing.

Figure 22.4 Electric toothbrush with oscillating- rotating 
technology (Oral B Procter and Gamble Company, USA). 
It is crucial to teach the patient proper brushing technique 
to ensure effective biofilm removal while preserving peri- 
implant tissue integrity.
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(a) (b)

Figure 22.6 (a–b). Clinical use of a very useful and practical gauze soaked in 0.12% chlorhexidine (Digital Brush, Enacare, Micerium, 
Avegno, GE, Italy), wrapped around the finger of the dominant hand (a). The medicated gauze is initially placed on the keratinized 
gingiva or on the alveolar mucosa and then rolled in an apico- coronal direction, as indicated by the arrow (a). This procedure results in 
effective biofilm removal respecting the integrity of the peri- implant soft tissues. In addition, the use of the gauze is supplemental to 
the brushing (b).

(a) (b)

Figure 22.7 (a–b). Normal probing values are also recorded in the right posterior mandibular area, after 20 years of follow- up from 
implant treatment.

(a) (b)

Figure 22.5 (a–b). Clinical use of a tritonal plaque disclosing solution (a) (Tri Plaque ID Gel, GC Corporation, Tokyo, Japan), to more 
effectively highlight the biofilm to be removed (b).
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Therefore, home care reinforcement is so crucial 
to  control reinfection and limit biologic complica-
tions, enhancing the long- term outcomes of implant ther-
apy, particularly in patients with previous history of 
periodontitis [23].

The paramount importance of periodontal treatment 
with the goal of complete resolution of any periodontal 
inflammation before implant placement in partially eden-
tulous patients has been highlighted throughout the dental 
literature [24, 25].

Prevention is the ideal treatment of peri- implantitis It 
is also advisable to begin supportive peri- implant therapy 
before positioning the implant. Patients must receive 

detailed and, above all, personalized instructions on home 
care procedures based on their particular clinical situation, 
including any hopeless teeth planned for extraction, 
prior to implant placement [9]. Use of medicated gauze or 
a digital brush (Figure 22.6 a) is recommended for hope-
less teeth [9, 11].

Periodontal pathogens can be transmitted from natural 
teeth to implant; therefore, meticulous oral hygiene 
 regimens of the entire oral cavity are an indispensable 
prerequisite.

The soft- tissue conditions around the implant, the 
width of keratinised mucosa, and the phenotype and 
 thickness of the  mucosa are also considered major risk 

(a) (b)

Figure 22.9 (a–b). The interproximal toothbrush is the most appropriate tool for the removal of microbial biofilm from the 
interdental site. It is important to teach the patient to insert it correctly with an oblique movement in the apico- coronal direction 
(Interdental brush, Enacare, Micerium, Avegno, GE, Italy).

(a) (b)

Figure 22.8 (a–b). Plaque disclosing solution (Tri Plaque ID Gel, GC Corporation, Tokyo, Japan) is applied with a micro brush (a). 
Clinical appearance after rinsing with the air- water syringe (b). The clinician thus has the opportunity to motivate the patient to 
rigorously cleanse the residual biofilm (b).
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indicators, as  the presence of any mucosal defect around 
an implant can increase plaque accumulation and result in 
tissue inflammation [3].

As periodontists became concerned about cleanability 
and ease of hygiene with mucosal margins around implants, 
further revisions in techniques focused on the importance 
of the preservation of attached gingiva for mainte-
nance of the implants [26].

Most clinicians agree that an “adequate” amount of 
attached gingiva facilitates proper daily oral care [3, 12].

The prosthetic suprastructure design and the possibility for 
the patient to easily access each implant for plaque removal 
is crucial [3]. The coronal portion of the implant, which is 
exposed to the bacterial challenge of the mouth, should be 
smooth enough not to foster plaque accumulation [26].

Howto Motivateand InformImplantPatients
on EffectiveHomeCare

Implants patient education must be the combined team 
efforts of the dental office staff and patients themselves 
for long- term success of dental implantology.

The clinician must ascertain the patient’s awareness and 
understanding that effective oral hygiene is absolutely cru-
cial. Poor oral hygiene resulting in plaque accumulation 
leads to peri- implant disease [27].

The patient should also be informed that peri- implant 
tissues respond to plaque accumulation in a way similar to 
that of periodontal tissues and that disease may develop 
in  the tissues around the implants jeopardizing their 
longevity [27].

Implant–supported prosthetic restorations are more vul-
nerable to plaque- induced inflammation. Such concept is 
well known by all clinicians; however, the question is: do 
we do enough [9]?

In other words, do we as patient educators, do as much 
patient training in oral hygiene as necessary? Special 
awareness should be devoted to exemplifying tactics for the 
patient’s approach to achieve appropriate plaque control, 
reinforcing desirable behaviors and producing results in a 
short time.

Always strengthen motivation at every possible opportu-
nity, asking commitment to change, for autonomy and not 
with authority, and especially boost self- efficacy.

It is important to make the patient aware that dental 
health care habits, such as brushing and interdental clean-
ing, are crucial for long- term maintenance.

Patients should be guided in the selection of instruments 
best suited to their individual needs and trained in their 
use so to perform proper daily oral hygiene care [9].

During all subsequent sessions, it is essential to assess 
oral hygiene status and check if the cleaning procedures 

applied are actually appropriate, offering additional home 
care reinforcement or changing tools and techniques as 
needed [9].

A dedicated clinician educates patients to mechanically 
remove biofilm. Invest time in demonstrating how to brush 
teeth/implant–supported restorations properly either with 
an electric or manual tooth brush.

Dental office staff devote time to teaching interproximal 
hygiene techniques with the proper instrument for the 
existing interdental dimension.

Emphasize to start brushing from posterior areas, 
 frequently hosting implant–supported restorations 
(Figure 22.10).

People usually brush their teeth with special attention to 
the anterior areas, both as a matter of habit and because of 
cosmetic considerations. Consequently, the posterior teeth 
and particularly the palatal and lingual surfaces are 
brushed hastily [9].

Suggest specific and dedicated implant care, i.e. the 
patient should use a supplementary tool, and/or add 
some extra antimicrobial/antiseptic substance, or specific 
toothpaste for implants beyond the appropriate routine for 
natural teeth.

There is consensus that prevention is more necessary 
than cure.

Figure 22.10 Implants are frequently inserted in the posterior 
sectors, especially in periodontal patients who have replaced 
completely compromised teeth. The clinician should always 
recommend starting the brushing maneuver from the areas 
where the implants are placed, and particularly from the palatal 
and/or lingual aspect, as indicated in the drawing. In the initial 
stages of brushing, the patient should be more careful and 
meticulous for effective biofilm removal precisely at those sites 
most vulnerable to plaque- induced inflammation.



EEential Home Care  oolE ann  enhniiqe  441

Even in the case of implant treatment an adequate pre-
vention could avoid plaque- induced peri- implant diseases. 
Nevertheless, peri- implant inflammatory complications are 
increasing, so the strategies that should modify this trend, 
according to the author, would be: convince the patient to 
use additional tools, always giving priority to the cleansing 
of areas where implant reconstructions are located.

Advise patients that mouthwash rinsing is ineffective 
for adhesive microbial plaque.

When we began to successfully place dental implants, 
the entire surgical team, adopted a strict protocol, provided 
by Branemark, including an intra- oral pre- operative chlo-
rhexidine “scrub.”

The take home message is to educate the population to a 
mechanical removal of biofilm.

During the infancy years of dental implantology, the 
emphasis for long- term success of osseointegrated implants 
was the surgical phase [28]. In the years that followed, the 
significance for long- term maintenance had switched to 
focusing more on the proper fixture placement, dictated by 
the prosthetic and aesthetic needs of each specific case. 
In  more recent years, professional implant mainte-
nance [18] and meticulous patient home care [17] has 
been recognized as two critical factors for the long- term 
success of dental implants.

Bleeding on probing is considered as key clinical measure 
to distinguish between peri- implant health and disease [8].

Consequently, wherever bleeding on probing is detected, 
the entire dental team must be involved in scheduling a 
suitable time to remotivate the patient in order to effec-
tively remove the biofilm and resolve plaque- induced 
inflammation.

Dental assistants and dental hygienists have a significant 
role in the education of implant patients so that meticulous 
oral self- care can be accomplished. However, it is impor-
tant that dentists do not give the impression that they 
are delegating the motivation phase only to auxiliary 
personnel. On the other hand, the dentist should emphasize 
the importance of giving first- hand instructions and partici-
pating in the practical sessions of oral hygiene instruction.

The clinician should NOT GIVE THE FEELING to 
DELEGATE OHI.

Current evidence also demonstrates that the use of spe-
cific oral topical agents and oral hygiene aids can improve 
professional and at- home maintenance of implant–borne 
restorations.

Current evidence also demonstrates that the use of spe-
cific oral topical agents and oral hygiene aids can improve 
professional and at- home maintenance of implant–borne 
restorations.

Current evidence also demonstrates that the use of spe-
cific oral topical agents and oral hygiene aids can improve 

professional and at- home maintenance of implant–borne 
restorations [18].

HowMuchTimeShouldbe Spenton Motivation?

It is recommended that the 1st appointment of etiological 
therapy of all implant patient should last 2 hours, so at 
least 20/30 minutes can be devoted to motivation and very 
thorough home oral hygiene instructions.

Approximately 15 minutes at subsequent appointments 
should be scheduled to remotivating the patient and assess-
ing his/her home care performance efficacy, based on 
instructions given at the previous appointment.

During periodontal support therapy, motivation time 
ranges from 5 to 15  minutes, depending on the level of 
patient compliance.

These times are approximate; all patients deserve their 
own personalized reinstruction sessions when indicated. 
It is always important to set aside enough time to explain 
the home care techniques: the therapist needs to make 
 certain that the patient has mastered the oral 
hygiene skills.

Most importantly, it is imperative that the oral hygiene 
instructions be practical, i.e. the clinician must demon-
strate the proper use of the hygiene instruments in the 
patient’s mouth, and then supervise home care procedures 
to ensure the patient is able to implement all the tech-
niques correctly.

The clinician must not assume that once the instructions 
are given, the patient will remember them in all their 
details, for long time.

Continuous Patient Remotivation is a Never- 
Ending Job.

Audiovisual educational materials are recommended as 
a supplement to home oral hygiene explanations.

The author has released a DVD in Italian addressed to the 
patient, with the catchy title: “If I say implant, what do you 
think?,” focused mainly on the motivation of the patient, as 
well as providing useful practical information especially in 
the short and long term post- surgical follow- up [29].

EssentialHomeCareToolsand Technique

A plethora of home care tools have become commercially 
available.

To keep high compliance, clinician should avoid over-
whelming the patient with several devices or complicated 
protocols, most of which, other than brushing, are dropped 
following a short trial period [9].

Therefore, only the essential instruments should be 
selected, fully describing the technique to effectively 
using them.
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It is crucial to recommend to the implant patient the 
following [9]:

 ● Effective brushing technique (with manual or electric 
toothbrush).

 ● An interproximal cleaning aid (definitely an interdental 
brush). Oral hygiene should always include an interprox-
imal device, which could be either an interdental brush 
or dental floss (Figures 22.19–22.22), depending on inter-
proximal space viability and width.

 ● An additional home care device. (e.g. a Digital Brush, 
Enacare, Micerium)  [9] The patient should always 
use some extra instrument, specific to the area where the 
implants have been placed, in addition to the oral hygiene 
routine for the rest of his or her mouth.

Home care effectiveness is mainly determined by the 
dexterity of the patient. Therefore, the technique used is 
more important than the instrument selected, which must 
be appropriate for the peri- implant site.

In terms of patient- centered care, the presence of a peri- 
implant keratinized tissue is beneficial to easing proper 
oral hygiene. The keratinized mucosal collar offers greater 

resistance to possible trauma resulting from brushing 
maneuvers and the use of auxiliary tools such as interden-
tal brushes, tufts, and special flosses [12].

This is crucial especially for less motivated patients, 
who could justify their oral hygiene negligence if 
they are experiencing localized discomfort or soft tissue 
lesions following self- injury due to inappropriate tool 
use. This does not mean that oral hygiene maneuvers 
cannot be carried out effectively if the peri- implant 
keratinized mucosa is minimal or even absent, but they 
are undoubtedly more difficult to perform properly [12]. 
(Figures 22.10–22.35) However, the clinician must com-
mit even more to providing very specific and tailored 
instructions.

Importantand UsefulClinicalRecommendation

The clinician should always suggest to the patient to follow 
a precise sequence of use of the various devices, preferably 
starting from the posterior areas, and from the internal sur-
faces, to avoid any omission [12], since it is easier to clean 
the anterior areas while neglecting the posterior teeth.

(a) (b)

(d) (e)(c)

Figure 22.11 (a–e) The periodontal probe detects 2 mm probing depth on the mesial aspect (a) and 3 mm on the distal aspect (b), 
both in the absence of bleeding (a–b), of the implant replacing the left maxillary lateral incisor. The peri- implant tissue is in good 
health, although keratinized gingiva is absent in this clinical case at 19- year follow- up (a–b). The patient’s oral hygiene is satisfactory. 
In addition to tooth-  and interdental- brushing, the patient uses a special implant toothpaste (Implaclean®, Dyna Dental, Netherlands), 
which can also be applied by the clinician with a micro brush (c–e) or at home by the patient with a single tufted toothbrush. It is 
important to train the patient to use a specific tool and especially additional to routine oral care methods.



(a) (b)

Figure 22.12 (a–b). Educational drawings illustrating the Roll Brushing technique. The bristles are initially placed parallel to the 
vertical axis of the implant–supported prosthetic restoration and in the apical direction (a). Subsequently, the brush is rotated 
coronally in the arrow direction (b).

(a) (b)

Figure 22.13 (a–b). Sulcular type of brushing. An adequate amount of keratinized tissue is present in the clinical photograph 
(a). The presence of a stable mucosal seal can endure a Bass technique. The patient uses a sulcular toothbrush, with only two bristle 
rows, gently inserting it into the peri- implant sulcus (b), according to the modified Bass technique.

(a) (b)

Figure 22.14 (a–b). Clinical aspect of a keratinized mucosa present in ideal quantity and quality (a). The periodontal probe is applied 
at the alveolar mucosa and kept perpendicular to the vertical axis of the implants, exposing the generous amount of attached gingiva 
(a). The manual brush is applied initially with the bristles parallel to the vertical axis of the implants (b), according to the Roll 
technique, followed by a rotational movement in the coronal direction.
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It is also crucial that the clinician take every opportunity 
to remotivate the patient: for example, even during the pol-
ishing phase. The clinician might draw the patient’s atten-
tion to the fact that he/she has started this procedure from 
the posterior areas and not from the esthetic, anterior area, 
which will nevertheless be addressed later.

Toothbrushand BrushingTechnique
Peri- implant phenotype assessment should guide the clini-
cian in recommending the most appropriate instrument 
for routine brushing [9].

Powered toothbrushes were found to result in an 
improvement in clinical parameters over time [17, 30].

It is equally significant not to cause tissue trauma to the 
peri- implant mucosa while brushing.

To date, no one method of brushing has been recognized 
as undoubtedly superior to the others [31].

Cleaning efficacy has an impact on preferring one tech-
nique over another. Effective biofilm removal is the most 
critical factor when assessing brushing technique, thor-
oughness is more important than method [9].

(a) (b)

Figure 22.15 (a–b). The same patient and the same brushing technique as in the previous figures (Figure 22.14), but using a smaller 
toothbrush, which better, more easily reaches the most posterior areas (a–b). Children’s toothbrushes are often ideal for facilitating 
hygiene maneuvers especially in the inner and/or rearmost areas. According to the Roll technique, the bristles are initially positioned 
parallel to the vertical axis of the implant–supported prosthetic restoration, well distanced from the gingival margin, on the attached 
gingiva (a), and then are rotated in the coronal direction (b).

Figure 22.17 The image illustrates how the clinician 
recommends that the patient retract the cheek with the 
nondominant hand to facilitate toothbrush correct placement, 
especially if it is of normal size and/or voluminous, into the 
most posterior areas of the buccal aspect.

Figure 22.16 The clinician should always recommend that the 
patient begin brushing from the more posterior, often neglected, 
inner areas of the oral cavity, where implant–supported 
prosthetic restorations are frequently located.



EEential Home Care  oolE ann  enhniiqe  445

Figure 22.18 (a–e). Initial, baseline radiographic status (a), full mouth X- ray (b), and current clinical condition (c) at 24- year follow- up 
(b–c). The patient shows adequate plaque control. The clinician should always monitor the effectiveness of biofilm removal from both 
implant–supported prosthetic restorations (d) and from natural teeth (e). The interdental brush should be consistently introduced in 
an apico- coronal direction (d–e), explaining to the patient that the interproximal device should be inserted from top to bottom for the 
maxillary arch (d) and from bottom to top for the mandibular arch (e).

(a)

(b)

(c) (d)
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In case the patient prefers a manual toothbrush, in the 
presence of implant–supported prosthetic reconstructions, 
the author recommends the Roll method (Figure 22.15), 
combined with a soft toothbrush, as it is not traumatic and 
effective [9].

The Roll technique seems to be appropriate to effectively 
eliminate plaque accumulation without causing soft tissue 
distress. It is particularly recommended for thin periodontal 
phenotypes or when the implants are surrounded by alveo-
lar mucosa and not by keratinized mucosa (Figure 22.13).

In case the Modified Bass sulcular brushing technique is 
preferred by the clinician, the bristles are introduced just 
inside the peri- implant sulcus at 45° to the vertical axes of 
the implant (Figure 22.13a, b). Slight oscillation and vibra-
tion are then applied on the area to disrupt the bacterial 
colonies that have become established within the sulcus. 

Single bristle layered brushes are also available to better 
accommodate for sulcular adaption (Figure 22.13b).

In case of an implant–supported prosthesis that is sur-
rounded by a generous quantity of well- keratinized adher-
ent gingiva (Figure 22.14), the roll brushing technique is, 
however, also suitable, as it is adequate in the case of a 
thick periodontal phynotype (Figure 22.15) [9, 32].

(e)

Figure 22.18 (Continued)

Figure 22.19 The didactic drawing illustrates the correct 
insertion of the interdental brush, always at 45° to the vertical 
axis of the implant supported prosthesis, and also always in the 
apico- coronal direction, therefore from the bottom to the top for 
the mandibular arch and from the top to the bottom for the 
maxillary one.

(a) (b)

Figure 22.20 Clinical images showing the interdental brush insertion (a) complying with the correct angulation in the apico-coronal 
direction (a). Two different sizes of interdental brushes fit the two different interproximal spaces (b). Verifying the proper space 
adaptation is important, especially at the stage of provisional prosthetic restoration.
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Supragingival plaque is the first deposit to form; its 
 prevention and control are critical to the prevention of 
 subgingival plaque formation [9]. If the patient is able to 
remove most of supragingival plaque, very modest subgin-
gival deposits will develop [9, 33].

Recommend starting the brushing routine in the 
inner and more posterior surfaces of the mouth. 
Typically, people brush their teeth paying particular atten-
tion to the anterior areas, both as a matter of habit and 
aesthetic demand. However, the surfaces with the greatest 
accumulation of soft, calcified deposits are the lingual 
areas of mandibular molars and bicuspids [9], which are 
often neglected or reached hastily, possibly “fooled” by a 
feeling of freshness, by the use of toothpaste. Therefore, 
advising the patient to start the cleansing of the oral cavity, 
starting from the most posterior areas, and from the 

lingual and palatal surfaces (Figures 22.10 and 22.17), can 
be a practical and valid  suggestion to improve plaque 
control.

TongueBrushing
Recommend that patients never forget to brush 
their tongue.

To thoroughly cleanse the oral cavity, the tongue must 
also be brushed [9, 34].

The toothbrush, either electric or manual, should be 
placed at a right angle to the tongue, initially orienting the 
bristles toward the throat. The instrument is then rotated 
to the tongue tip, exerting a gentle pressure. This move-
ment should be repeated at least four to five times until the 
instrument feels effectively removes the deposit coating 
the dorsal surface of the tongue [9]. Microorganisms can 

(a)

(b) (c)

Figure 22.21 (a–c). The interdental brush (Enacare interdental brush, Micerium Ge, Italy) can be soaked in various antimicrobial 
substances, such as 10- volume 3% hydrogen peroxide, into a small plastic cup (a). Alternatively, it can be dipped in prophylactic paste 
at the end of the professional hygiene session to demonstrate its use (b). The patient at home can associate the use of an implant- 
specific toothpaste (Implaclean®, Dyna Dental, Netherlands) (c). The goal is to lubricate the bristles to make insertion of the 
interdental brush more easily (b–c).
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accumulate in the tongue, especially in the presence of 
deep fissures and grooves, receptacle for the bacteria 
responsible for halitosis [34].

Especially the posterior part of the tongue, as less oxy-
genated, also not as affected by self- cleaning very easily 
develop a patina and even bad breath.

InterdentalBrush
The interproximal brush is unquestionably the 
 best- performing instrument for interproximal 
 cleaning  [35], also in case of implant-borne fixed 
restorations [9].

Interdental brushes are to be considered always prefera-
ble to floss for interdental plaque removal [36].

In the case of implant–supported prosthetic restorations, 
it should always be possible to use an interproximal brush 
in both the posterior and anterior sites [12].

The use of interdental brushes is essential for biofilm 
removal in patients during initial periodontal and follow-
 up therapy [37].

The interdental space should have a 2- mm mini-
mum interproximal dimension to allow easy inser-
tion of the interdental brush in an oblique direction, 
from bottom to top, at mandibular sites and from top to 
bottom maxillary.

Recommending interdental brushes, clinician has to select 
a wide enough device, to fill the viable space, adequately 
 flexible to pass through to the other side (Figure 22.21c).

(b)

(c)

(a)

Figure 22.22 (a–c). Medicated wipes soaked in chlorhexidine at 0.12% (Digital Brush, Enacare, Micerium, Avegno, GE, Italy) (a) are 
commercially available (the author co-patented such digital brush). These devices are indicated for the biofilm removal from teeth, 
prosthesis and mucous membranes and are particularly suitable for peri- implant tissue scrubbing. In particular, the tissues allow an 
effective and gentle cleansing, even outdoors. As an alternative to the product on the market (a), a simple gauze can be wrapped around 
the index finger of the dominant hand (b), and then soaked in a disinfectant substance, chlorhexidine- based or other antimicrobial and 
then passed with a roller movement from the mucous membranes to the teeth/restorations, as indicated by the blue arrow in the 
drawing (c), both by the patient or by the clinician.
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DigitalBrush
Medicated Gauze, Disposable Towel The use of a medicated 
gauze or disposable towel/digital brush soaked in 0.12% 
chlorhexidine is recommended [9].

Medicated wipes or gauze, i.e. soaked in chlorhexidine 
at 0.12%, are commercially available and very useful and 
practical (Figures 22.22–22.25) (Digital Brush, Enacare, 
Micerium, Avegno, GE), in convenient disposable, 
pocket- sized packages, as an alternative to many other 

products on the market (the author co-patented such digital 
brush). In this period in which chlorhexidine is one of the 
substances indicated for an effective disinfection against 
Corona virus [38, 39], its use could be recommended.

Such device can be wrapped around the second (index) 
finger of the dominant hand and used to clean the peri- 
implant mucosa, teeth, and implant supported prosthesis 
with rolling movements in an apico- coronal direction 
(Figure 22.22).

Alternatively, or better in addition, the use of a gauze, 
always wrapped around the index finger of the dominant 
hand (Figure 22.22), and soaked in an antimicrobial sub-
stance poured into a plastic cup (Figure 22.22), is proposed 
to remove soft deposits from tooth surfaces, with rota-
tional movements from the gingiva to the tooth crown 
(Figure 22.22), resulting in a mechanical removal of bacte-
ria in combination with chemical decontamina-
tion [11, 40–42].

This procedure is simple and highly effective for remov-
ing plaque and can supplement the use of a toothbrush, 
potentially improving its effectiveness [11, 40–42].

When the patient is holding the toothbrush handle, he or 
she is not able to check whether the brush is effectively 
reaching all the surfaces of the teeth. Conversely, the fin-
gertips contain tactile receptors that make it possible to sys-
tematically control the cleaning action when it is performed 
with a gauze pad wrapped around the finger. After taking 
out and unfolding a gauze pad or a medicated disposable 
towel [9], the individual places the forefinger of his or her 
dominant hand in the center of the pad before wrapping it 
completely around the finger (Figure 22.22). The gauze pad 
is then used all over the oral cavity. The correct movement 
is vertical (Figure 22.22), from the peri- implant soft tissue 
to the prosthetic crown, and one implant/tooth is cleaned 
at a time.

Figure 22.23 The didactic drawing illustrates the use of a 
gauze, drawing a letter "C," wrapped around the distal surfaces of 
the most posterior element in the dental arch, for effective 
mechanical biofilm removal.

(b)(a)

Figure 22.24 In case of very wide interdental space, a gauze fragment is recommended, drawing a letter "C," wrapped to encircle both 
the mesial (a) and distal (b) surfaces of adjacent teeth.
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Use of a gauze pad is recommended immediately post 
implant placement and in the case of serious localized sen-
sitivity or when the toothbrush bristles can cause an 
unpleasant sensation with a consequent avoidance reac-
tion. In such cases, the patient tends to skip the sensitive 
area, which thus leads to greater plaque buildup, can 

trigger a vicious cycle and worsen the pain symptoms. 
Conversely, use of the gauze pad, or a medicated disposable 
towel, is never traumatic. Other indications include all 
clinical conditions where the use of a conventional tooth-
brush can be difficult, troublesome, or not fully effective, 
for example, in patients who have had oral, periodontal, or 

(b)(a)

(d)(c)

(e)

Figure 22.25 (a–e). The periodontal probe detects normal readings (a–b). The patient reports cutting out tissue fragments (c–d) and 
applying them to the buccal aspect, like a patch, for local decontamination action (Digital Brush, Enacare, Micerium, Avegno, GE, Italy).
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(b)(a)

Figure 22.26 (a–b) Clinical use of a plaque disclosing agent applied with a micro brush (a). It is necessary to rinse, using the dental 
unit syringe (b) to remove excess product, and then assess for soft deposits present.

(b)(a)

(c)

Figure 22.27 (a–c) The plaque disclosing solution (Tri Plaque ID Gel, GC) is applied with a micro brush (a), water is sprayed with the 
dental unit syringe (b) to highlight to the patient the areas neglected during homecare hygiene, giving further suggestions for a 
more effective brushing, recommending, for example, to move away the cheek using the non- dominant hand, to make it easier 
for the toothbrush to reach the most posterior areas in the vestibular aspect (c).
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implant surgery [43, 44]; who have difficultly opened their 
mouth; who have poor dexterity [5] or who are bedridden 
or have a disability  [45]. The use of gauze, following the 
specified instructions, is never traumatic.

The gauze pad or a medicated disposable towel, wrapped 
around the crown of the tooth as shown in Figure 22.23, 
is  also useful to clean surfaces adjacent to edentulous 
areas. A rubbing movement is performed, in a shoe- 
shining motion.

It is useful for operators to suggest to patients the use of 
medicated or ordinary gauze, which can easily be 
wrapped around fixed implant–supported restorations 
(Figure 22.24). This manual method is effective and can be 
performed to clean the microbial plaque off the exposed 
threads of an implant, for cleansing areas subject to inflam-
mation or following  surgery [26, 44].

The presence of chlorhexidine does not appear to 
cause  pigmentation of the tooth/prosthetic surfaces, like 

(b) (c)(a)

(e)(d)

(f) (g) (h)

Figure 22.29 (a–h) Clinical use of an implant- specific toothbrush (a–c), recently introduced to the US market and protected by 
patent. The bristles are positioned on either side of the handle, angled (d), to facilitate cleansing while simultaneously retracting the 
cheek (a), to better reach the most posterior sites (a–c). The periodontal probe detects peri- implant tissue health (e, g) and adequate 
bone support (f). The patient also uses the interdental toothbrush (h) necessary to clean the interproximal spaces, but the dedicated 
implant toothbrush is however and certainly a particularly effective additional tool (a–d), to be recommended especially in the 
presence of implant–supported prosthetic restorations in the posterior areas.

Figure 22.28 The single tufted toothbrush is certainly an 
appropriate tool for implant–supported prosthetic restorations. 
Thanks to the small size of this instrument, bristles insertion 
between the prosthesis and the peri- implant tissue is particularly 
easy, even in case of poor dexterity. The bristles can also be 
dipped in an antimicrobial substance for an additional 
decontamination effect.
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(b)(a)

(d)(c)

(f)(e)

Figure 22.30 (a–f) The Single- tufted brush (TePe Implant Care™, Malmö Sweden) is particularly effective for cleaning biofilm under 
the prosthetic flange (a, e), and all surfaces in the posterior and palatal region (b–c) and all prosthetic structures that are quite 
articulated and not easy to clean (a–f). The single- brush toothbrush can be used in combination with antimicrobial substances (d–e) 
for a better decontamination action of the implant supported prosthesis.
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chlorhexidine- based antimicrobial agents in the form of 
mouthwashes or gel, because the substance is present in 
reduced concentrations, is combined with discoloration 
prevention systems, and mainly remains on the gauze pad.

DisclosingSolution
The use of a liquid plaque- disclosing solution (Figures 
22.26–22.27) is recommended for patient motivation, 

identifying any areas neglected during home hygiene 
techniques [12].

Furthermore the biofilm can be identified to perform 
site- specific and effective instrumentation that is 
never excessive, especially in the presence of healthy peri- 
implant tissues, in the immediate post- treatment phases, 
or even after the provisional and/or definitive prosthetic 
restorations have been placed [12].

The plaque- disclosing solution can also be used at the 
end of nonsurgical periodontal instrumentation to evalu-
ate site- specific instrumental performance, indicating 
any areas where additional treatment is required to complete 
an effective, comprehensive decontamination phase [12].

In particular, when a tri- colored substance (e.g. Tri 
Plaque ID Gel, GC) is used, acidophilic plaque takes on a 
bright turquoise color (Figure 22.27b).

Tufts
Single- tufted Brushes A single- tufted toothbrush is 
particularly indicated for cleaning all surfaces that the 
patient is unable to reach effectively, such as prosthetic 
restorations supported by osseointegrated implants  [9]. 
(Figures  22.28–22.30). It is a useful tool for cleansing 
relatively complex and bulky implant–supported prosthetic 
superstructures (Figures  22.28–22.30). It is particularly 
indicated also in the case of the gag reflex, preventable 
because of the small size of this tool [9].

Floss
The ideal instrument for cleansing the interproximal 
spaces remains the interdental brush  [9, 35]. The dental 
floss (Figures  22.31–22.41), therefore, is a certainly less 
indicated tool in case of prosthetic restorations supported 

Figure 22.31 Didactic drawing illustrating the correct 
technique for the use of dental floss. It is important to draw a 
letter “C” with the index fingers of both hands, kept in direct 
contact with the surfaces to be cleaned, trying to embrace the 
element as circumferentially as possible, for a more effective 
cleansing of the interproximal surfaces.

(b)(a)

Figure 22.32 (a–b). Clinical images illustrating the correct use of dental floss. It is important to wrap the implant–supported 
prosthetic restoration as circumferentially as possible by drawing a letter “C” on both the mesial aspect (a) and distal aspect (b) of the 
interproximal space of two adjacent elements.



(b)(a)

Figure 22.33 (a–b). A floss cut (a) is evident in the clinical images, resulting from a traumatic use of this instrument. The interdental 
brush (b) is always to be preferred and recommended.

Figure 22.35 The clinical image illustrates another correct 
technique of implant special floss use. By crossing the thread on 
the buccal aspect, a circumferential contact is made with the 
implant surface below the prosthetic margin.

Figure 22.34 The clinical image shows the rigid tip of the 
special implant wire.

Figure 22.36 The figure illustrates the use of a special implant 
floss for prosthetic restorations with bridge elements. The floss 
should be guided to bypass the bridge element by cleansing the 
microbial biofilm from the mucosal- facing surface.

Figure 22.37 Special implant floss is required to clean the 
surface of the bridge pontic facing the mucosal tissue, but 
always in conjunction with an interdental brush to clean the 
interproximal spaces.
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(b)(a)

(d)(c)

(e)

Figure 22.38 (a–e). Clinical use of the special implant floss (a) to bypass the pontic in mesial position. Follow- up periapical 
radiograph (b). The use of interdental brushes is always necessary for interproximal space cleansing (c), in order to maintain a clinical 
stability of the case, assessed with an update of the diagnosis by circumferential probing at each recall appointment (d–e). 
The periodontal probe detects 3 mm probing readings in the absence of bleeding.
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by implants, both for its lower cleansing efficiency and 
especially for its greater difficulty in the appropriate tech-
nique of use. The patient’s manual dexterity is generally 
poor even in the presence of natural teeth, and therefore 
finds major obstacles in the presence of implant supported 
prostheses. The technique for the efficient use of the dental 
floss is illustrated in the didactic drawing, where the fin-
gers of both hands are placed very close to each other and 
in direct contact with the surfaces to be scrubbed, drawing 
a letter “C” (Figures 22.31 and 22.32).

The floss should clean circumferentially in a shoe- 
shining motion (Figure 22.32a, b). But not all patients will 
be able to perform this action. Many patients may have 
dexterity issues, creating an overexaggerated C- shape is the 
next best option.

SpecialFloss
Floss specifically designed for implants and bridges is 
also available.

Figure 22.39 Didactic drawing illustrating how the special 
implant floss cleans the surface of the prosthetic restoration 
facing the soft tissue.

(b)(a)

(d)(c)

Figure 22.40 (a–d). Flossing is indicated to remove biofilm in the presence of prosthetic restorations with pontics (a–b). It is 
recommended to use a special spongy floss, (a–b) which is inserted with a stiffer termination in the interproximal space (a) and then 
guided to pass under the pontic (b) to effectively remove the biofilm at that site. However, it is recommended that interproximal brushes 
(c–d) also be used in conjunction with dental floss, as they remain absolutely necessary in the home care routine. This particular type of 
interdental brush has bristles of different sizes, so that the larger ones, as they flex, face less resistance from the shorter bristles 
(Interdental Brush, Enacare, Micerium, Avegno (Ge) Italy) (d) (The author co-patented such anatomical interdental brushes).
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A special implant floss with a spongy portion is indicated 
in the presence of pontic elements to clean the area facing 
the soft tissue. However, the patient must have enough 
dexterity to use such an instrument effectively and espe-
cially safely, with no soft tissue injury (Figure 22.33).

In case of prosthetic reconstruction with pontics, it is 
necessary to use a special implant floss featuring a stiffer 
end that facilitates its insertion (Figure 22.34).

Recommend an extra hygiene tip in case of implant 
patient. Suggest to all implant patients to pay specific 
attention to that area of their mouth, which is more vulner-
able to inflammatory, plaque- induced diseases, especially 
in case of previous history of periodontal disease and in the 
presence of other risk factors [46]. All implant patients 
are, however, associated with a high risk. It is also 
important to recommend dedicating additional time to the 
area where there are implants.

The patient is commended to use a specific instrument, 
which could be the mono tufted toothbrush 
(Figures  22.28–22.30) or the 0.12% medicated gauze 
(Figures 22.22–22.25) or an implant- specific toothpaste or 
other antimicrobial substance at the clinician’s discretion, 
applied with a micro brush or cotton fioc, in addition to 
the  daily oral hygiene routine for the rest of the oral 
cavity [12].

Continuous patient remotivation is the single most 
 significant factor in determining and maintaining the 
long- term success following effective etiologic therapy. Our 
professional concern must be focused on promoting the 
most appropriate home hygiene behavior possible, hoping 
that these simple suggestions will inspire others so that our 
patients will be able to perform consistent and effective 
“smart home care.”

(a)

(b) (c)

Figure 22.41 (a–c). At each recall appointment, the clinician has a responsibility to re- evaluate the patient’s home hygiene 
performance: the titanium- coated stainless- steel curette (Universal Curet, ENACARE, Micerium, Avegno, Ge, Italy) detects abundant 
biofilm deposits, especially at the pontic, a particularly difficult area to successfully clean (a). The radiographic (b) and clinical (c) 
evaluations, however, are satisfactory.
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The benefits of plaque reduction around teeth and 
implants can improve oral and overall systemic health. 
We can no longer accept a one- tool- for- all approach; 
 at- home maintenance routines need to be customized.

PromoteHealthyLifestyle

Clearly that future is bright, as periodontists embrace the 
responsibility of placing and maintaining dental implants.
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 Background

Advancements in implant dentistry and related research 
have played a role in improving the overall success and 
survival of dental implants. Modernizations in surgical 
protocols, implant surface characteristics, bone and tis-
sue regeneration techniques, and implant geometry are 
worth mentioning in this regard. Nevertheless, the risk 
of  peri- implant diseases (peri- implant mucositis and 
peri- implantitis) cannot be overlooked. Habitual use of 
combustible and non- combustible tobacco products, 
routine alcohol consumption, and a state of immuno-
suppression are common risk factors that jeopardize the 
integrity of peri- implant soft tissues; and if left unad-
dressed and treated in a timely manner can lead to loss 
of osseointegration even implant loss. This book entitled 
“Saving Dental Implants” used references from indexed 
scientific literature to describe various protocols that 
can be used to augment peri- implant soft tissues and 
supporting bone. Home- care regimes, for young and 
elderly patients, which could help maintain the integrity 
of peri- implant soft and hard tissues are also compre-
hensively discussed; and the contribution of potential 
adjunct therapies such as osseous grafting, photobio-
modulation, and photodynamic therapy are also dis-
cussed in detail. In summary, from the authors’ 
perspective, a critical factor that supersedes all risk fac-
tors is routine oral and implant hygiene maintenance; 
and this is dependent on “compliance.” By no means do 
the authors of this chapter intend to solely nominate the 
patient for unfavorable clinical scenarios such as occur-
rence of peri- implant diseases and implant failure; 

however, poor patient compliance in terms of factors 
including oral hygiene maintenance, routine dental vis-
its, (such as checkups and prophylaxis) and non- 
compliance toward medications and control of risk 
factors (such as smoking and hyperglycemia) may turn 
out to be calamitous particularly toward the long- term 
(preferably lifetime) implant success and survival. In 
this chapter, the authors emphasize on the significance 
of compliance (both from the patients’ and profession-
als’ perspectives); and highlights the common risk fac-
tors associated with non- compliance. The author have 
also documented suggestions that could help improve 
patient compliance; which in turn, can improve and 
maintain the soft- tissue- based and osseous integrity of 
oral tissues as well as dental implants. 

 Introduction

Modern Dentistry and Critical Thinking

Advancements in healthcare technology have revolu-
tionized clinical dentistry and related research. Over 
the years, much of the research has emphasized on the 
etiopathogenesis, diagnosis, and management of oral 
conditions such as dental caries, periodontal and peri- 
implant diseases, endodontic diseases, oral premalig-
nant and malignant lesions, and malocclusion  [1–9]. 
Moreover, various modern diagnostic (such as use of 
artificial intelligence), and therapeutic (including pho-
tobiomodulation, photodynamic therapy, and probiotic 
therapy) strategies have been incorporated into routine 
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dental practice and have shown to facilitate diagnosis 
and management of oral diseases. There are, however, a 
variety of factors that influence the outcomes of such 
diagnostic and therapeutic protocols. Firstly, oral 
healthcare providers are routinely challenged with dif-
ficult situations in terms of making decisions that are in 
the best interest of patients with regards to their oral 
health- related conditions. A situation commonly 
encountered in a dental setting is “to extract or not to 
extract” questionable dentition. From a periodontal 
perspective, placement of dental implants in patients 
with a history of periodontitis may compromise the 
long- term success and survival of dental implants. In 
such situations, operator and/or oral health care pro-
vider’s knowledge, adequate training, and clinical expe-
rience/skills are critical factors help formulate a 
diagnosis and treatment plan that is in the best interest 
of the patient. Such factors may also assist early diagno-
sis and successful management of oral health- related 
conditions such as those mentioned above  [10–12]. 
Thus, clinicians must follow an evidence- based diag-
nostic and treatment approach that is unbiased for the 
determination of the most effective yet realistic thera-
peutic plan for patients [13–16].

Complications in Dental Procedures 
and Their Consequences

Complications and failures during and after dental treat-
ment are not unusual in clinical dentistry; and may occur 
for procedures performed by the most experienced and 
knowledgeable dental professionals [17]. Moreover, it is 
not uncommon for patients to solely nominate dental 
professionals as the primary cause of complications and/
or failure of the treatment performed. Such attitudes and 
perceptions are risk factors for dental anxiety and pho-
bia [18]; and may compromise communication and feel-
ing of professional “trust” among patients and dental 
professionals  [19]. Furthermore, postage of criticisms 
and comments on the internet and social media plat-
forms based on dissatisfactory/negative personal experi-
ences of patients with healthcare usually brings dental 
providers and related offices to the spotlight. People read 
online reviews about dental professionals and their 
offices; and this information usually influences the per-
ceptions of readers toward dental professionals and their 
practices. Readers often use public opinions, which may 
either be constructive or critical to judge the skills of 
dental professionals; however, it is important to mention 

that negative feedback that often targets dental profes-
sionals may not necessarily patients’ own compliance 
toward post- operative care [20]. In other words, the ulti-
mate objective of any form of medical treatment is to 
attain certain desired outcomes; and an essential factor 
that influences the occurrence and prevention of post- 
operative complications and success of the performed 
dental procedure is “patient compliance.”  [21] “Non- 
compliance” is a shortfall that may compromise and even 
have serious effects from the aspect of disease manage-
ment [21–23]. In this context, “patient compliance” is a 
continuous area of concern for clinicians as well as 
researchers in healthcare practice and related research, 
respectively.

 What is Compliance?

The Oxford Advanced American dictionary defines com-
pliance as “the practice of obeying rules or requests made 
by people in authority.” In other words, it is the act of obey-
ing an instruction, rule, or request by an inspector or 
officer- in- charge.

Compliance and Non- compliance 
in Healthcare

In healthcare, compliance is described as the patient’s 
attitude or behavior in terms of taking medications, fol-
lowing dietary and pre/post- operative instructions, rou-
tine follow- up visits and/or implementing changes in 
life- style (such as quitting smoking and routine exercise) 
based upon advice and recommendations from health-
care professionals [24, 25]. The World Health Organization 
has defined compliance as an extent to which, a patient is 
willing to take a medication, follow recommendations on 
nutrition or lifestyles, and comply with healthcare pro-
vider’s instructions  [26]. The term “adherence” is often 
used as a synonym for compliance in a healthcare 
setting [27].

“Non- compliance” or “non- adherence” occurs when 
patients’ attitudes toward advices and recommendations 
by healthcare providers demonstrate a lack of analogy. 
Non-  or lack of compliance is associated with lower qual-
ity of life, poor clinical outcomes, increased hospitaliza-
tions, and financial burdens in relation to healthcare [28]. 
Various types of non- compliance associated with general 
and oral healthcare systems are summarized in 
Figures 23.1 and 23.2.
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 Common Risk Factors 
of Non- compliance

Risk factors of non- compliance can be categorized into five 
themes as shown in Figure 23.3. In the following text, each 
of these risk factors are discussed in further detail using 
references from evidence- based research.

Patient- related Factors

Dental Anxiety/Phobia
Research studies  [30–34] have shown that dental anxiety 
(DA) or dental phobia (DP) affects up to 20% of the adult 
population; and compromises dental attendance and 
related therapy and oral health in general  [34]. Results 
from a survey- based study reported that nearly 15.5% of the 
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respondents avoided dental visits due to DP [35]; and 36.5% 
of the respondents had not visited a dentist for over 
12 months [35]. A common reason for DA and DP is “nee-
dle phobia or NP,” and the thought of being “poked” in the 
mouth with a sharp needle often contributes toward wors-
ening DA and DP [36]. It has been reported that NP has 
psychologic (such as unconsciousness and convulsions), 
physiologic (such as bradycardia and hypotension) and 
social (such as avoidance behavior) consequences. People 
with high levels of DA often encounter increased DP 
which, in turn, compels them to (i) avoid routine dental 
visits and treatment, and (ii) seek dental care only when 
pain becomes inevitable. When such patients finally pre-
sent themselves for treatment, the therapeutic needs are 
often extensive as well as invasive. Patients with DA and/or 
DP may not only skip dental check- ups and routine dental 
visits but may even demonstrate reluctance to seek help 
from a dental professional in times of emergency such as 
severe dental pain  [37]. It is worth mentioning that high 
levels of DA and DP are directly associated with a poorer 
oral health status and an increased number of missing 
teeth [38].

Gender
Results from a survey- based study performed in Saudi 
Arabia reported that non- compliance toward dental visits is 

more common in male patients compared with females [39]. 
In other words, females have a more positive attitude toward 
dental visits than their counterparts. Moreover, female 
patients demonstrate a more positive behavior toward den-
tal flossing compared with males [39]. Similar results were 
reported in a study done in Japan [40]. However, DP is more 
often manifested in women than men [34].

Age
A statistically significant association exists between 
advancing age and non- compliance  [41]. By no means 
should this be interpreted as older patients are ignorant 
toward oral health maintenance and management of 
related diseases. However, it is known that forgetfulness 
and dementia are more often manifested in the senior pop-
ulation or elderly patients compared with relatively 
younger individuals  [42]; and it is quite uncommon for 
elderly patients to forget abiding to pre-  and post- operative 
instructions such as taking medications at the recom-
mended time, dosage, and frequency. This seems to be a 
reason for missing scheduled dental and medical visits, 
especially in the elderly patient populations. Other factors 
that are linked with a lack of compliance among the elderly 
populations include but are not limited to lack of dexterity, 
compromised cognitive skills, and barriers in transportation 
to healthcare facilities [43, 44].
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Previous Unpleasant Experience/s of Patients
Before seeking consultation and/or treatment from par-
ticular dental professional, patients often read reviews and 
opinions published online by individuals about the pro-
vider. These reviews and options are usually based on the 
experiences of patients with the healthcare provider and 
office staff. Commonly, the number of “stars” allotted to a 
practitioner and his/her office staff is often sufficient for 
readers to “judge” the skills of the healthcare professionals. 
The purpose of this chapter by no means is to criticize 
patients’ perceptions and/or skills toward writing reviews 
for health professionals; however, positive reviews often 
decorated with “golden 5- stars” are usually a source of 
encouragement especially for new patients who are inter-
ested in seeking professional healthcare consultation and/
or treatment; however, despite the professional receiving 
numerous positive feedbacks, negative criticisms are not 
uncommon. Patients’ options played by one or two stars on 
social media and search engines’ review segments are 
sometimes sufficient to demoralize vulnerable patients and 
perhaps raise their latent or evident anxiety levels.

Demographics- related Factors

Education and Socioeconomic Status
Underprivileged socioeconomic and education standards 
are risk factors of oral diseases such as periodontitis [45]; 
however, these factors are also linked with poor patient 
compliance toward oral health maintenance and related 
treatment. Moreover, limited financial resources among 
patients with low education and underprivileged income 
statuses may compel them to strive to attain or reach the 
basic standards of living than focusing on oral health main-
tenance and related visits. These individuals often perceive 
that visit to dental professionals and attaining therapy for 
oral health- related diseases is a luxury reserved for the 
affluent populations  [46]. According to Syrjälä et al.  [47] 
low education standards are significantly associated with a 
lack of patient compliance toward visiting oral healthcare 
providers.

Treatment- related Factors

Complexity and Duration of Treatment
Healthcare providers may often change the therapeutic 
strategy such as alterations in types/dosage and frequency 
of medication intake. Moreover, in complex scenarios 
where preliminary treatment is unable able yield desired 
outcomes, a invasive treatment approach such as surgery is 
considered and recommended to patients. Such situation, 
despite being in the best interest of the patient from the 
healthcare professionals’ perspective, may be a source of 

psychological and/or financial stress for patients. Under 
such scenarios, patients tend to either (i) evade continu-
ing/seeking treatment from the same provider; (ii) look for 
alternative treatment regimens including consultation 
with other healthcare professionals; (iii) consider comple-
mentary treatments including but not limited to herbal 
treatment, homeopathic medicine, and spiritual therapy; 
(iv) disregard all treatment options at least until the signs 
and symptoms of the underlying condition become 
inevitable.

Moreover, treatments that require routine maintenance 
such as glycemic control among patients with diabetes 
mellitus (DM) warrants long- term dietary restrictions and 
regular exercise. It has been reported that rate of compli-
ance with diet among patients with DM varies from 25 to 
65%  [48]. Here it is worth mentioning that poorly con-
trolled DM is also a classical risk factor for oral diseases 
such as periodontitis and peri- implantitis [49–51]. Research 
has shown that compliance with oral health- related recom-
mendations is correlated with hemoglobin A1c levels [47]. 
This suggests that a state of chronic hyperglycemia among 
diabetic populations is a risk factor for poor compliance 
toward routine oral hygiene maintenance and related 
therapy.

Non- effectiveness of Therapy
Patients often expect fruitful outcomes related to treatment 
within a short- time frame after treatment if not immedi-
ately. Failure of attaining relief or achievement of the 
expected outcomes can compromise patient compliance 
toward healthcare- related visits and ongoing treatment. 
Here, it is important to note that a variety of factors that 
may compromise the outcomes of therapeutic interven-
tions include tobacco smoking, malnutrition, immunosup-
pression, and habitual alcohol intake [52, 53]. Such factors 
may in turn compromise patient compliance toward their 
healthcare needs.

Communication and Trust Between the Patient 
and Dental Professional

A major barrier toward lack of compliance is lack of com-
munication between the patient and dental professional. 
There are a variety of factors that may influence this rela-
tionship. Firstly, rushing with consultation and/or treat-
ment often leaves patients with the perception of being 
ignored and/or disrespected. Secondly, a lack of communi-
cation with the patient undergoing treatment (even con-
scious sedation) may increase vulnerability among patients. 
Being attentive toward the treatment and/or prescription is 
critical and ethical; however, merely focusing on the 
region  of interest in the maxillofacial region and notes/
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prescriptions without intermittent direct “eyeball to  eyeball” 
contact with the patient is demotivating for some patients. 
Furthermore, communication distortion or language barri-
ers patients and practitioners may discourage patients from 
asking questions and pursuing future visits and treatment 
with dental professionals [54].

 Suggestions

 ● Recognizing patients with anxiety and dental 
 phobia: It is important for dental professionals to recog-
nize patients with DA and DP prior to any form of exami-
nation or intervention to minimize the risk of unpleasant 
consequences such as those mentioned above.

 ● Non- pharmacologic behavioral management: A 
welcoming attitude from the professional team toward 
the patient especially those with diagnosed DA and DP 
may help improve compliance in vulnerable patient 
populations.

 ● Communication: It is critical for dental professionals to 
be attentive and “patient” with the patient. In other 
words, “good listening skills” or “being a good listener” 
influence the perception of the patient about the pro-
vider and the future or ongoing treatment. Patients 
should be invited to ask questions; and it is the responsi-
bility of the dental professional to answer all questions 
raised in a simple, understandable, and yet logical man-
ner. Motivation procedures such as reminding the patient 
of upcoming and future visits, follow- up communication 
via phone, letter, and/or email with patients, especially 
after invasive procedures and expressing appreciation 
even for minor efforts made by patients for improve-
ments in oral health may help build the patient–dentist 
relationship and likely improve compliance. Interpreter 
or translator services should be utilized in situation 
where the patient and dental professional do not share 
the same primary language. Such patients should be 
identified prior to appointment; and in case the dental 
office is not equipped with interpreter services, then rela-
tives, friends, and/or acquaintances that can communi-
cate with the dental professional on behalf of the patient 
should be encouraged to accompany at the visit.

 ● Sedation dentistry: Treatment under partial/conscious 
(such as nitrous- oxide sedation) or intravenous/complete 
sedation (general anesthesia) is often performed for inva-
sive procedures including removal of impacted third 
molars, full mouth extractions and extensive periodontal 
and endodontic interventions [55–57]. These approaches 
are also adopted for dental management of pediatric 
patients, and individuals with autism spectrum disorders 
and special needs [58–60]. Although dental interventions 

performed under sedation address the individuals cur-
rent needs, there is insufficient scientific evidence for its 
long- term impact on patients’ dental attendance. 
Moreover, research has shown that patients with dental 
fear who undergo dental treatment under sedation dem-
onstrate significantly less regular dental attendance at 2-  
and 10- year follow- up compared with patients who 
receive treatment without sedation [61, 62]. In this con-
text, sedation dentistry is a useful strategy for addressing 
the dental needs of vulnerable patient populations; how-
ever, the contribution of sedation dentistry toward 
improvement in patient compliance toward oral health 
remains perplexed.

 ● Community- based dental education programs: 
Patient education with respect to oral and systemic 
health maintenance and importance of routine visits to 
healthcare providers plays a role in improving patient 
compliance  [63, 64]. Community- based health aware-
ness programs are particularly helpful for vulnerable 
patient communities, such as those with a deprived edu-
cation and socioeconomic status [65–68]. In this context, 
community- based health insurance (CHI) can be a pro-
tuberant and promising concept in tackling financial 
healthcare issues confronting especially the underprivi-
leged communities particularly in developing countries. 
Results from a cross- sectional study performed in 
Ethiopia showed that CHI was effective in improving 
awareness, attitude as well as compliance toward health-
care needs [69]. Execution of such insurance- based poli-
cies particularly in developing countries may also help 
patients visit oral healthcare providers, seek related ther-
apy in a timely manner and improve compliance. 
Irrespective of the strategy adopted, identifying vulnera-
ble patients (such as non- compliant individuals) is 
important and every possible level of support should be 
extended to these patients to educate them that can help 
improve the overall quality of life of these individuals.

Steps Toward Compliance: Authors’ Opinion

From a general perspective, patient compliance is linked 
with “patience and persistence.” Ideally, such characteris-
tics should be demonstrated by the patient as well as the 
provider; however, realistically, it is the healthcare provider 
who is expected to demonstrate such traits in order to gain 
patients’ confidence and trust. Such a strategy is a possible 
“first step” for non- compliant individuals such as with 
patients demonstrating DA, DP, and/or those who have had 
unpleasant experiences in the past with other healthcare 
settings. Communicating with patients in simple language 
is another factor that can help patients gain compliance. 
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Even minor efforts made by patients toward improvements 
in their health conditions should be acknowledged by 
healthcare providers; which in turn may further augment 
patient compliance. In addition, efforts such as facilitating 

and offering assistance related to communication (inter-
preter service) and arraigning transport for patients are 
additional factors that may boost patient compliance 
(Figure 23.4).
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 Introduction

For centuries, dental practitioners have relied on partial 
dentures, complete dentures, and fixed prosthesis (such 
as bridges) for the replacement of missing teeth. Dental 
implants have revolutionized modern clinical practice 
and are a contemporary substitute to such traditional 
fixed and removable dental prosthesis. It is well known 
that dental implants can osseointegrate and remain 
functionally and aesthetically stable over long durations 
in patients with missing teeth. Studies have reported 
high success and survival rates of dental implants in sys-
temically healthy individuals; however, dental implant 
therapy has also been reported to be successful among 
patients with systemic disorders, such as diabetes melli-
tus and acquired immune deficiency syndrome (AIDS). 
This chapter provides essential information on the osse-
ointegration and survival of dental implants in medi-
cally challenged patients. In the present chapter, an 
evidence- based approach was adopted to identify origi-
nal research studies that had assessed the success and/or 
survival of dental implants in patients with systemic dis-
eases. In this chapter, we compiled original studies from 
indexed databases (including PubMed, MEDLINE, 
OVID, ISI Web of Knowledge, Scopus, and EMBASE) 
with reference to their impact/influence on the survival 
and success of dental implants. These studies have for-
mulated into individual subheadings focusing on spe-
cific focused questions and data has been presented 
using a systematic review approach. The content of this 
chapter is arranged on evidence- based dental implant 
therapy among patients with systemic diseases. 
Moreover, each sub- category discusses the outcomes of 
the respective studies and recommendations for future 
research are also presented.

DentalImplantsin Patients
with DiabetesMellitus

It is well known that systemic disorders, such as poorly- 
controlled diabetes mellitus (DM), jeopardize periodontal 
health and are also a significant risk factor for dental 
implant failure  [1–3]. One explanation for this is that 
chronic hyperglycemia increases the formation and accu-
mulation of glucose- mediated advanced- glycation- end- 
products (AGEs) in the periodontal and systemic tissues in 
patients with poorly controlled DM [4, 5]. These AGEs play 
a role in the pathogenesis and altered periodontal wound 
healing by activating the receptors for AGEs (RAGE) 
located on the periodontium [5] (Figure 24.1). In addition, 
it has been reported that endothelial cells take up glucose 
passively in an insulin- independent manner, thereby caus-
ing tissue damage  [6]. Also, chronic hyperglycemia has 
also been associated with alterations in host resistance by 
defective migration of polymorphonuclear leukocytes, 
impairment in phagocytosis, and exaggeration in inflam-
matory response to microbial products  [7]. These factors 
may also be held responsible for the increase prevalence of 
peri- implant diseases (peri- implant mucositis and peri- 
implantitis) in patients with poorly controlled DM as com-
pared to non- diabetic controls [8, 9].

On the contrary, glycemic control in patients diagnosed 
with DM has been reported to improve the overall health 
status [10]. Studies have reported that dental implants and 
osseointegrate and remain functionally stable in patients 
with well- controlled DM in a manner contrast to patients 
with a poor metabolic control of DM [11–13]. For example, 
in a clinical study by Tawil et al. [11], implant survival rates 
were comparable among patients with well- controlled dia-
betes and nondiabetic controls. Likewise, in an experimen-
tal study, Casap et al. [14] assessed the osseointegration of 
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implant discs placed in tibial medullary spaces of 140 male 
diabetic and control rats. Histomorphometric results 
showed significantly higher trabecular bone volumes 
among controls and rats with well- controlled diabetes, as 
compared to those with poorly- controlled diabetes. Similar 
results were reported by de Molon et al. [15] A strict glyce-
mic control has also been shown to reduce microvascular 
complications in diabetes  [16]. It has been reported that 
maintenance of serum glycemic levels may help to improve 
the function of osteoblasts, and the progression of perio-
dontal bone loss is markedly reduced in subjects with well- 
controlled diabetes compared to individuals with poorly 
controlled diabetes in subjects with diabetes  [17]. The 
serum and GCF concentrations of proinflammatory 
cytokines are also significantly reduced in subjects with 
well- controlled diabetes compared to individuals with 
poorly controlled diabetes [18, 19]. Therefore, under opti-
mal glycemic control, diabetic subjects can have a perio-
dontal bone height similar to that of healthy individuals.

Although maintenance of serum glycemic levels plays an 
important role in successful osseointegration, there are 
other factors that may also assist in enhancing the implant 
survival rates in diabetic patients. Maintenance of perio-
dontal healthy environment is essential for successful den-
tal implant treatment  [20]. Dental plaque is a major 
etiological factor in periodontal destruction and studies 
have reported higher scores of plaque index, BOP, and PPD 
in diabetic patients compared to nondiabetic controls 

[3, 21]. It has been reported that inflammatory periodontal 
diseases may increase insulin resistance in a way similar to 
obesity, thereby aggravating glycemic control  [20]. 
Inflammatory reactions in the peri- implant tissues have 
been associated with the presence of dental plaque around 
implants  [22]. Periodontal therapy has been shown to 
improve glycemic control in hyperglycemic patients  [23]. 
In high- fat- fed diabetic rats, periodontitis accelerated the 
onset of severe insulin resistance and impaired glucose 
homeostasis [24]. Therefore, control and treatment of peri-
odontal infections should thus be an important part of the 
overall management of diabetes mellitus patients and con-
sequently could play an important role in the success of 
implant therapy.

The routine use of antibiotics in oral implantology is 
widespread; however, there is a controversy over the use of 
antimicrobial agents in healthy candidates for dental 
implant therapy  [25]. In diabetic patients undergoing 
implant surgery, the use of antimicrobial agents reduces 
the risk of surgical wound infection and improves the 
implant survival rate. It has been shown that a preoperative 
antibiotic cover in diabetic patients improves the implant 
survival rate by 10.5% compared to healthy candidates for 
implants (improvement with antibiotics was 4.5%) [26]. In 
another study, data for 2973 implants were investigated 
with reference to success of osseointegration at different 
stages of implant treatment [27]. The results showed that 
at each stage of treatment, the implant survival rate was 
notably higher in subjects, who had received preoperative 
antibiotics [27]. It has been reported that the use of chlo-
rhexidine mouth- rinse is effective at reducing the viability 
of Porphyromonas gingivalis infection and peri- implant 
mucositis [28]. A twice- daily use of an antiseptic mouth-
wash has been suggested for the maintenance of dental 
implants [29]. In conclusion, dental implants can osseoin-
tegrate and remain functionally stable in patients with DM 
provided the glycemic levels are maintained. Nevertheless, 
the role of routine dental hygiene maintenance and regular 
dental checkups in this regard should not be overlooked.

DentalImplantsin Patients
with CardiovascularDiseases

Cardiovascular diseases (CVD) are a group of diseases that 
include atherosclerosis, congestive heart failure, coronary 
artery disease, hypertension, and vascular stenosis. It has 
been proposed that restricted supply of oxygen and nutrients 
to tissues may negatively affect osseointegration in patients 
with CVD [30]. To our knowledge from indexed literature, 
only a limited number of studies have assessed the influence 
of CVD on osseointegration of dental implants [31]. It has 

AGEs AGEs

AGEs

AGEs

Hyperglycemia
Non-enzymatic

Glycosylation

Alteration
in oral

microbiota

Hyper-reactive
inflammation

Oversecretion
of inflammatory

mediators

Severe
periodontal

inflammation

IL-6 TNF-α

Figure 24.1 Pathophysiology of soft tissue inflammation and 
alveolar bone loss in connection with a state of persistent 
hyperglycemia. AGEs, Advanced glycation endproducts; IL, 
Interleukin; TNF- α, Tumor necrosis factor alpha.



ental  mplants in Patients  ith Hepatic isorders  473

been reported that the risk of stroke is 80% higher for non-
smoking patients with up to 24 teeth as compared to indi-
viduals who had 25 or more teeth  [32]. Likewise, results 
from another study reported an association to exist between 
periodontitis and increased risk of ischemic stroke com-
pared with patients without periodontitis, gingivitis, or tooth 
loss  [33]. The correlation between periodontitis and CVD 
has several possible pathophysiologic links. An increased 
systemic burden of bacteria, endotoxin, and other bacterial 
products could induce an abundant production of proin-
flammatory cytokines, cause inflammatory cell proliferation 
into large arteries, and increase the production of clotting 
factors (such as fibrinogen) through the liver, which may 
contribute to atherogenesis and thromboembolic events [34, 
35]. Moreover, periodontopathogenic microbes may induce 
platelet  aggregation that may be thrombogenic when enter-
ing the systemic circulation as in periodontitis  [36, 37]. 
Furthermore, bacterial toxins (lipopolysaccharides) may 
also damage the endothelial cells by attacking the arterial 
lining [38]. These results indicate that there is a relationship 
between periodontitis and CVD. Since a previous history of 
periodontitis is a significant risk factor for peri- implant dis-
eases [39], it is hypothesized the outcome of dental implant 
therapy is compromised in patients with CVD compared 
with systemically healthy controls.

Results from a retrospective analysis of patients with cer-
tain types of CVD showed no statistically significant differ-
ence in the implant failure rates among patients with and 
without CVD [31]. This study concluded that patients with 
controlled CVD are not at an increased risk of failure of 
osseointegration [31]. In another retrospective study, influ-
ence of CVD on implant failure, up to one week after the 
second stage of surgery was evaluated  [40]. The results 
showed that there was no statistically significant associa-
tion between CVD and failure of osseointegration  [40]. 

Alsaadi and co- workers [41] CVD were not associated with 
an increased incidence of early implant failures. In another 
retrospective analysis, the authors reported that CVD such 
as hypertension and ischemic heart diseases are not signifi-
cantly associated with early implant loss  [42]. Although 
results from a publication showed that a history of CVD is 
associated with dental implant failure [43]; it has also been 
reported that oral rehabilitation with dental implants 
among patients with or without CVD is a valid treat-
ment [44]. Table 24.1 summarizes the outcomes of studies 
that have assess the influence of CVD on the survival of 
dental implants. In conclusion, it seems that dental implants 
can osseointegrate and remain functionally stable in 
patients with CVD; however, further long- term follow- up 
studies are needed in this regard.

DentalImplantsin Patients
with HepaticDisorders

Aspartate aminotransferase (AST) is a pyridoxal phosphate-  
dependent transaminase enzyme, which plays an essen-
tial role in the metabolism of amino acids  [45]. AST is 
mainly found in the liver but is also present in other tis-
sues including heart, red blood cells, and skeletal mus-
cles. When body tissue or an organ such as the liver is 
diseased, additional AST is released into the bloodstream, 
thereby elevating its levels. In this regard, assessment of 
AST levels is commonly performed for the diagnosis of 
hepatic disorders [45,  46]. Elevated AST levels in the 
saliva and gingival crevicular fluid have been associated 
with periodontal inflammatory parameters (probing 
depth and gingival bleeding) [47, 48]. It has been reported 
that salivary AST levels are significantly higher in patients 

Table 24.1 Outcome of assessing the outcome of implant therapy among patients with cardiovascular diseases.

Authorset al. Study design Participants Outcome

Khadivi et al. [31] Retrospective Group 1: 39 patients with CVD
Group 2: 98 without CVD

There was no difference in implant survival 
rates among patients with and without 
controlled CVD.

van Steenberghe et al. [40] Prospective 399a CVD was not associated with implant failure.

Alsaadi et al. [41] Retrospective 2004a CVD was not associated with implant failure.

Alsaadi et al. [42] Retrospective 283a CVD was not associated with implant failure.

Neves et al. [43] Retrospective 721a CVD was not associated with implant failure.

Nobre Mde et al. [44] Retrospective Group 1: 38 patients with CVD

Group 2: 32 without CVD

CVD was not associated with implant failure.

CVD, cardiovascular diseases.
a Patients had systemic diseases, including CVD. The exact number of patients with CVD remained unknown.
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with chronic periodontitis (CP) [49]; however, mechani-
cal debridement of plaque and calculus from teeth sur-
faces results in a statistically significant decrease in 
salivary AST levels in patients with CP  [49]. Similarly, 
increased AST activity in the peri- implant sulcular fluid, 
have been associated with peri- implant bleeding on prob-
ing and bone loss [50, 51]. Since levels of AST in blood are 
significantly higher in patients with hepatic disorders and 
that increased AST activity has been associated with peri-
odontal and peri- implant diseases [49], it is hypothesized 
that the outcomes of implant therapy are compromised in 
patients with hepatic disorders. Following a vigilant 
review of pertinent indexed literature, no studies that had 
assessed the influence of hepatic disorders on the success 
and survival of dental implants were identified. However, 
it is imperative to interpret this outcome with caution as 
the  possible contribution of elevated AST levels toward 
the  initiation and progression of peri- implant diseases 
(peri- implant  mucositis and peri- implantitis) cannot be 
disregarded.

DentalImplantsin Patientswith
PsychologicalDisorders

It has been reported that scores of periodontal inflamma-
tory parameters (including bleeding on probing, probing 
depth, and dental calculus index) are poorer among 
patients with psychiatric disorders, such as schizophrenia 
and mood disorders  [52]. Porphyromonas gingivalis  
(P. gingivalis) (a classical microbe associated with the etiol-
ogy of periodontal disease) can transmigrate to the brain 
and modulate an innate inflammatory response  [53]. In 
patients with Alzheimer’s disease, P. gingivalis inhibits the 
local interferon- gamma response by preventing entry of 
immune cells into the brain [54]. Moreover, an increased 
number of missing teeth has also been associated with an 
increased incidence and prevalence of dementia [55]. Since 
patients with psychological/psychiatric disorders are more 
susceptible to periodontal disease  [52, 55]; it is hypothe-
sized that the outcome of dental implant therapy is com-
promised in patients with psychological/psychiatric 
disorders as compared to healthy individuals.

A limited number of studies have assessed the success 
and survival of dental implants in patients with psycho-
logical/psychiatric disorders  [56–61]. In the retrospective 
study, personal grief and depression were nominated as 
significant risk- factors associated with dental implant fail-
ure [56]. In the study by Addy et al.  [58], dental implant 
retained prostheses were provided to 3 patients with psy-
chiatric disorders. The study concluded that psychiatric 

disorders are not a contraindication to dental implant ther-
apy [58]. Results from a five- year follow- up study showed 
that dental implant retained prosthesis can remain func-
tionally stable in patients with Schizophrenia  [59]. 
Similarly, results from another case report showed success-
ful implant surgery in the maxilla in a 72- year- old patient 
with Parkinson’s disease; however, follow- up results were 
not reported in this study [61]. On the contrary, in another 
case report, Kromminga et  al.  [60] concluded that out-
comes of dental implant therapy are compromised among 
patients with psychological disorders.

The literature with respect to the success and survival of 
dental implants in patients with psychiatric/psychological 
diseases is sparse and inconsistent. However, poor oral 
hygiene status, oral parafunctional habits such as bruxism, 
habits such as repeated insertion of fingers in the mouth 
and behavioral issues are common in patients with psychi-
atric/psychological diseases. Such factors may complicate 
dental implant therapy in these patients and jeopardize the 
long- term success and survival of dental implants.

DentalImplantsinPatientswithHIV/
Acquired Immune Deficiency Syndrome

In a mono- centric study, 66 HIV- infected patients with a 
stable disease with good oral hygiene, requiring implant 
rehabilitation, were included  [62]. In this study, each 
patient received at least 1 dental implant with a total of 
190 implants placed in the study population. The primary 
outcome variables were implanting failure, prosthetic fail-
ure, peri- implant marginal bone loss, and biological com-
plications including peri- implantitis, pus discharge, pain, 
and paresthesia [62]. The peri- implant status was assessed 
at the time in intervention and after 12 months of follow-
 up. At follow- up, there was no evidence of fractures of fix-
tures or paresthesia and implant failure occurred in 
patients (15 out of the 190 fixtures) [62]. The study con-
cluded that dental implant therapy is a suitable therapeu-
tic strategy for oral rehabilitation in HIV- infected patients 
provided the disease is well- controlled and appropriate 
infection control protocols are adopted  [62]. Similar 
results were reported in another study  [63]. In total, 13 
studies were identified  [62–74]. The study participants 
ranged between 1 and 68 patients and the duration of fol-
low- up ranged between 4 weeks and 10 years. Results from 
nearly 50% of the studies were based on case reports and 
case series [65–67, 71–74]. All studies reported that dental 
implants can remain functionally stable in HIV- positive 
patients with stable disease (Table 24.2). There is insuffi-
cient evidence to determine whether in the long- term, 
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dental implants can remain functionally stable in HIV+ 
patients and patients with AIDS. Hence, further studies 
are warranted in this regard.

DentalImplantsin Patientswith
Eating Disorders

Eating disorders (EDs) are abnormal eating habits, which 
may involve either insufficient or excessive food consump-
tion thereby jeopardizing an individual’s physical and/or 
mental health status [75]. The most common forms of EDs 
include anorexia nervosa (AN) and bulimia nervosa 
(BN)  [76, 77]. AN is characterized by malnutrition and 
restricted food consumption [78, 79]; and BN is character-
ized by excessive food consumption (binge eating), followed 
by inappropriate compensatory behaviors such as self- 
induced vomiting, use of laxatives, and excessive exercise 

[78, 79]. In general, EDs are a heterogeneous combination 
of AN-  and BN- like EDs [80]. Prevalence of EDs has been 
documented in a limited number of studies  [81–83]. EDs 
are a major health issue among children and adolescents of 
all ethnic groups in the United States [84]. According to the 
American Dietetic Association  [85], EDs are dominant 
among adolescent females with prevalence rates of up to 
5%. In Europe, lifetime estimated prevalence of 0.48, 0.51, 
1.12, 0.72, and 2.15% have been reported for AN, BN, binge- 
eating disorder, sub- threshold binge- eating disorder, and 
any binge eating, respectively [83]. These values are up to 
eight times higher in females as compared to males with 
EDs [83]. In a recent cohort study, prevalence of AN, BN, 
and binge- eating disorders were reported to be 1.7, 0.8, and 
2.3%, respectively, among Dutch females  [82]. In this 
study [82], EDs were relatively rare among males.

Following an exhaustive search of indexed literature, 13 
studies were initially identified. Twelve studies, that did 

Table 24.2 An overview of studies, which have investigated the survival of dental implants in HIV- positive patients.

Authorset al. Study design Participant/s HIV/AIDS Follow-up Result

Gherlone et al. [62] Prospective 68 patients HIV+ 1 year Dental implants can remain functionally 
stable in HIV- positive patients with stable 
disease

Gherlone et al. [63] Retrospective 66 patients HIV+ 1 year Dental implants can remain functionally 
stable in HIV- positive patients with stable 
disease

May et al. [64] Retrospective 16 patients AIDS 5 years Dental implants can remain functionally 
stable in HIV- positive patients with stable 
disease

Vidal et al. [65] Case series 3 patients HIV+ Up to 10 years Dental implants can remain functionally 
stable in HIV- positive patients with stable 
disease

Gay- Escoda et al. [66] Case- series 9 patients HIV+ ~6 years Dental implants can remain functionally 
stable in HIV- positive patients with stable 
disease

Romanos et al. [67] Case report 43- year- old male HIV+ 4 years Immediately loaded dental implants can 
remain functionally stable in HIV-positive 
patients with stable disease

Oliveira et al. [68] Prospective 40 patients HIV+ 1 year Dental implants can remain functionally 
stable in HIV+ patients with stable disease

Kolhatkar et al. [69] Retrospective 2 patients HIV+ Up to 4 weeks Dental implants can remain functionally 
stable in HIV+ patients with stable disease

Stevenson et al. [70] Prospective 20 patients HIV+ 6 months Dental implants can remain functionally 
stable in HIV+ patients with stable disease

Strietzel et al. [71] Case series 3 patients HIV+ ~3 years Dental implants can remain functionally 
stable in HIV+ patients with stable disease

Achong et al. [72] Case series 3 patients HIV+ 2 years Dental implants can remain functionally 
stable in HIV+ patients with stable disease

Baron et al. [73] Case report 1 patient HIV+ 2 years Dental implants can remain functionally 
stable in HIV+ patients with stable disease
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not fulfill the eligibility criteria, were excluded (Table 24.3). 
Therefore, one case report was included and processed for 
data extraction [86]. In this case report, oral rehabilitation 
using dental implants was performed in a 31- year- old non-
smoking female with a 10- year history of BN [86]. Clinical 
examination showed multiple crowns with extensive cer-
vical caries, and prognosis of all teeth was poor. Peri- 
implant tissues were inflamed, and lack of keratinized 
tissue necessitated additional periodontal procedures 
before a definitive restoration could be placed in this 
patient. Most of the remaining teeth were endodontically 
treated. According to the treatment plan, these teeth were 
extracted and followed by implant placement and fixed 
restorations. The goal of the prosthetic plan was to provide 
first molar occlusion to the patient using eight maxillary 
and six mandibular implants. The one- year follow- up 
results showed that the implants were aesthetically and 
functionally stable. The patients’ self- esteem had also 
improved at follow- up  [86]. To date, there is insufficient 
evidence to determine whether dental implants can 
remain functionally stable in patients with EDs. Hence, 
further studies are warranted in this regard.

DentalImplantsin Patientswith
Autism Spectrum Disorders

Autism spectrum disorder, or ASD, is a group of develop-
mental disorders that includes a variety/spectrum of symp-
toms, skills, and levels of disability [87]. Patients with ASD 
usually have these characteristics: (i) Ongoing social prob-
lems such as resistance to communication and interaction 
with others; (ii) repetitive behaviors and limited interests 
or activities; (iii) Symptoms that hurt an individuals’ ability 
to function in various areas of life [87]. The precise etiology 
of ASD remains unclear; however, a number of risk factors 
have been associated with the etiology of ASD. These 
include genetic factors (genetic differences associated with 

the X chromosome), neurobiological factors (problems 
with genetic code development involving multiple brain 
regions), and environmental factors (exposure to drugs and 
environmental toxicants) [88–91].

A compromised oral health status has been reported in 
adult patients with ASD. In a study from Sweden, dental 
caries and periodontal health status were assessed 
among 47 adults with ASD and 69 age-  and gender- 
matched controls  [92]. The results showed a signifi-
cantly reduced stimulated salivary flow rate among 
patients with ASD as compared to controls. Buccal gin-
gival recession was more often manifested in patients 
with ASD than controls [92]. Although there was no sta-
tistically significant difference in dental caries among 
patients with and without ASD, the authors hypothe-
sized that adults with ASD are more susceptible to den-
tal caries than healthy adults most likely as a consequence 
to a reduced salivary flow rate in ASD adults  [92]. 
However, in another study, a statistically significant 
association was reported between ASD and the preva-
lence of dental caries. Other oral manifestations among 
adults with ASD are bruxism, self- perpetrated oral 
lesions, and dental malocclusions (most commonly 
anterior open bite) [93]. A vigilant review of indexed lit-
erature revealed no studies that assessed the success and 
survival of dental implants in adults with ASD. Hence, 
further studies are warranted in this regard.

DentalImplantsin Patientswith
Crohn’sDisease

Crohn’s disease (CD) is an idiopathic chronic inflamma-
tory disorder of the gastrointestinal tract, which may also 
affect the oral cavity [94]. CD is characterized by the pres-
ence of several antibody- antigen complexes, leading to 
autoimmune inflammatory processes in many parts of the 
body  – for example, enteritis, recurrent oral ulceration, 

Table 24.3 Characteristics and outcome of the study that assessed osseointegration and survival of dental implants in a patient 
with eating disorders.

Authorset al.
Study 
design

Age of 
patient
(in years)

Type of 
eating 
disorder

Duration 
of eating 
disorder 
(in years)

Numberof
implants 
placed
(n) Jaw location

Duration of 
follow-up
(in months) Outcome

Ambard and 
Mueninghoff [86]

Case- 
report

31 Bulimia 
Nervosa

10 14 Maxilla 
(8 implants)

Mandible 
(6 implants)

12  ● Implants were aesthetically 
and functionally stable.

 ● Patients’ self- esteem had 
also improved.
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vasculitis, arthritis, or keratoconjunctivitis. Increasing 
trends in the incidence and prevalence of CD have been 
reported almost globally, with Canada, France, Italy, 
New Zealand, Scotland, and Scandinavia being among the 
most distinct regions [95, 96]. In the United States, there 
are 400,000–600,000 patients with CD. In the US state of 
Minnesota, an incidence rate of 7/105 has been reported or 
CD [97]. Early reports from Canada (Quebec and Ontario) 
have shown a lower incidence and prevalence of CD 
(0.7/105 and 33/105, respectively)  [95, 98]. An Australian 
study conducted between the years 1971 and 2001 showed 
an increase in annual rates from 0.13 to 2/105 in a typical 
urban patient population [99]. Although the incidence of 
CD remains low in Asian countries (including China, 
India, and Malaysia), cases of CD are often misdiagnosed 
as enteric tuberculosis, or amebic colitis  [95, 100–102]. 
Therefore, the Asian continent may also harbor a vast 
majority of CD patients worldwide.

The prevalence rates of oral manifestations in patients 
with CD vary between 5 and 20%; however, in pediatric 
patients, the prevalence is much higher (48–80%) [103]. It 
has been reported that patients with CD perceive their oral 

health to be worse than individuals without CD (con-
trols)  [104]. In this study, oral health- related problems, 
such as gingivitis and dental caries, were more often 
reported by patients with CD than controls [104]. In addi-
tion, clinical scores of the markers of periodontitis (bleed-
ing on probing, probing pocket depth, and clinical 
attachment loss) have been reported to be higher in patients 
with CD than controls  [105]. Furthermore, ulcerative 
lesions involving the lips, tongue, buccal mucosa, and pos-
terior pharynx have also been reported in patients with CD 
as compared to controls [106].

The literature search showed five studies [40–42, 107] 
that had assessed the survival of dental implants in 
patients with CD. Results from four studies [40–42, 107] 
reported that CD is significant factor for implant therapy. 
In a retrospective study by van Steenberghe et al. [40] two 
of three patients with CD had implant failures (3 out of 
10  inserted implants failed). In their study, Peron 
et al.  [108] reported two cases with CD in whom dental 
implants successfully osseointegrated and remained func-
tionally stable up to 13 and 12  months of follow- up 
(Table 24.4).

Table 24.4 Characteristics and outcome of the study that assessed osseointegration and survival of dental implants in a patient 
with Crohn’s disease.

Authorset al. Study design

Patients
with 
Crohn’s
disease (n)

Meanage
of patients
withCrohn’s
disease

Duration 
ofCrohn’s
disease 
(in years)

Numberof
implants  
failed/
placed (n)

Jaw 
location

Duration of 
follow-up Outcome

van Steenberghe 
et al. [40]

Retrospective 3a NA NA 3/10 NA ~6 months CD was significantly 
associated with early 
implant failure.

Alsaadi 
et al. [41]

Retrospective NA NA NA NA NA NA CD was significantly 
associated with early 
implant failure.

Alsaadi 
et al. [42]

Retrospective NA NA NA NA NA 2 years CD was significantly 
associated with early 
implant failure.

Alsaadi 
et al. [107]

Retrospective NA NA NA NA NA NA CD was significantly 
associated with early 
implant failure.

Peron 
et al. [108]

Case- series 2 35- year- old 
male
36- year- old 
female

~13 years
~10 years

None
None

Maxilla
Maxilla

13 months
12 months

The implant replacing 
maxillary left first premolar 
was functionally and 
esthetically stable.
The implant replacing 
maxillary left first premolar 
was functionally and 
esthetically stable.

a The total population comprised of 399 individuals (including 3 patients with Crohn’s disease). CD: Crohn’s disease; NA: Not available.
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Conclusion

Systemic diseases are not a contraindication for dental 
implant therapy. Dental implants can osseointegrate and 
remain stable for prolonged durations in medically com-
promised individuals. Routine oral hygiene maintenance 
and timely medical diagnosis and treatment of systemic 

disorders contribute toward long- term success and survival 
of dental implants.
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 Current Problems in 
Implant Dentistry

There have been over five decades of successful implant 
dentistry. Starting in the sixties, the material of choice was 
and continues to be titanium and titanium alloys. Dental 
implants simply revolutionized dentistry and as time went 
by dental implants evolved micro and macroscopically. 
Thread design and surface enhancements all contributed 
to successful and predictable implantation. The improve-
ments continued with the alloying providing implants with 
improved biomechanical performance and stability. All 
these improvements and developments led to implants 
being adopted and used at an exponential rate; teeth 
replacement with dental implants became more wide-
spread with increasingly diverse and divergent outcomes. 
One of the emerging concerns with dental implants among 
others was a rising trend toward degradation of peri- 
implant tissues which initially was mostly explained as a 
result of systemic health issues or poor oral hygiene. Then 
reports came about with regard to some patients being sen-
sitive to the alloy components of the implants, a fact that 
has been very well investigated and established in orthope-
dics. It has also been well documented that just like ortho-
pedic devices, dental implants are vulnerable to corrosion 
and release in the process alloy components which can 
lead to a wide range of health issues including peri- implant 
inflammation and bone loss. This has led to the search for 
alternative materials started in the sixties by Prof. Sami 
Sandhaus who investigated ceramics (Alumina) as implant 
materials. In the mid to late nineties, many of the initial 
challenges with ceramics as implant materials were solved; 
today there is a growing popularity and demand especially 

from patients for metal- free teeth replacement solutions 
and an increasing number of manufacturers are adding 
ceramic implants to their portfolio. The trend recently is 
pointing toward a fast adoption of zirconia implants; how-
ever, the few questions that remain in the minds of many 
clinicians are among others can zirconia be regarded as a 
viable implant material in implant dentistry, does zirconia 
have the same micro-  and macroscopic features as their 
metal alloy counterparts. In this chapter, we will present 
and discuss the evolution and challenges faced by metals 
(especially the complications due to peri- implant diseases) 
and how ceramics are living up or offering to address those 
challenges.

Corrosion

Corrosion is a phenomenon that is characterized by the 
gradual degradation of metals by chemical and/or electro-
chemical reaction with their environment. The type of cor-
rosion observed with dental implants falls under the 
category of wet corrosion since they are placed and func-
tion within the oral cavity which is a wet environment with 
saliva and bodily fluids acting as electrolytes. Altogether 
implant corrosion is an electromechanical event most spe-
cifically with regards to restored dental implants. Given the 
number of dissimilar alloys used in implant prosthetic 
components, the most prominent factor of corrosion on 
restored implants in the oral cavity is galvanism. The use of 
fluoride- containing oral hygiene products has also been 
found to have an impact on the corrosion behavior of 
implants and higher incidence of corrosion have been 
reported with increased anion concentrations  [1]. There 
are two major factors in the breakdown of titanium alloys: 

Sammy Noumbissi1,2 and Saurabh Gupta1,3

1 Zirconia Implant Research Group, Silver Spring, MD, USA
2 Private Practice Dental Implantology, Silver Spring, MD, USA
3 Private Practice Dentistry, Bangalore, Karnataka, India

Zirconia as a Viable Implant Material in Implant Dentistry



Zirconia as a Viable Implant Material in Implant Dentistry486

first, the environment in which they are placed and second 
the material’s chemical and physical properties. In the six-
ties, Ferguson et al. first documented elevated titanium lev-
els in peri- implant tissues and 30 years later Bumgardner 
and co- workers reported that there was increased release 
of metal ions from implants because of galvanic couples 
correlated with increased implant and peri- implant tissue 
breakdown [2, 3].

Furthermore, it is well known that diet, lifestyle, and oral 
habits greatly influence the pH level of the oral cavity thus 
the implant’s reaction to the environment within which it 
is placed. Another factor in implant corrosion is electrical 
since upon prosthetic rehabilitation implants are con-
nected to components such as abutments and screws, 
which alloys are dissimilar to that of the implants them-
selves. This results in coupling between the implants and 
the prosthetic components resulting in a galvanic reaction 
where the implant generally is the anode and releases ions 
in the peri- implant tissues. It has been found and proven 
that titanium and various alloying elements leach into the 
crevicular space around implants  [4]. Cortada et al. used 
the inductively coupled plasma- atomic emission spectros-
copy (ICP- AES) technique to confirm the release of metal-
lic ions as a result of titanium implant galvanism [5]. Other 
factors such as scratching of the implant surface, wear, 
fretting, erosion, cracking, mechanical stress, and material 
fatigue have been documented to accelerate or at the very 
least facilitate the corrosion process on dental implants 
(Figure  25.1)  [6, 7]. Titanium, like other active- passive 
metals when exposed to oxygen, is covered by a protective 
oxide layer of TiO2; even though TiO2 is thermodynami-
cally stable it remains vulnerable to chemical and mechan-
ical challenges which result in the release of alloy elements 
through a passive dissolution process.

Clinical Significance of Corrosion
Although titanium alloys have better corrosion resistance 
properties compared to Co–Cr and other implant materials, 
their corrosion leads not only to the dissolution of titanium 
but also to other alloys in their composition, such as 
 aluminum, vanadium, chromium, etc. Kirkpatrick et al. in 
an in  vitro study isolated and demonstrated the complex 
sequence of events at the biomaterial- tissue interface. In 
the study, they evaluated the modulation role and influence 
of specific metal ions and corrosion products in the func-
tion of the participating cell types. They investigated and 
presented the mechanism and pathophysiology of impaired 
wound healing around dental and maxillofacial implants 
and their impact on healing and maintaining peri- implant 
health [8]. Galvanic corrosion in dental implants manifests 
itself in two ways; first through biological effects, such as 
soft tissue discoloration, pigmentation, and localized 
inflammatory reaction to the leached alloy components, 
and secondly by the loss of bone as a result of osteolysis. 
The osteoclastic activity increases in presence of inflamma-
tory mediators. The release of these alloy elements and 
metal ions induces a host response that can be limited to the 
peri- implant tissues or extend to distant organs and even 
the brain in the case of aluminum. The leached metal ions 
may induce potentially osteolytic cytokines into tissues 
leading to implant loosening and may even cause severe 
allergic reactions or hypersensitivity. There have also been 
reports in the literature of tumors and malignancies related 
to metal ions released from dental implants [9].

Osteolysis and Bone Loss
Olmedo et al. demonstrated that corrosion- induced ionic 
leaching could be responsible for peri- implantitis and 
implant failure. The particles that are leached as a result of 
the corrosion process are phagocytized by macrophages as 
part of host response release mediators of inflammation in 
the form of cytokines through the inflammatory cascade. 
These cytokines interfere with the production of osteo-
blasts thereby causing an elevated osteoclastic activity 
which leads to peripheral osteolysis and eventual loosen-
ing of the implant. Cytotoxic tissue response to corrosion 
release of several elements from various titanium alloys 
used in dentistry has been widely investigated and docu-
mented [10]. Furthermore, ions released because of corro-
sion have been demonstrated to contribute to peri- implant 
bone loss by inducing localized pain and inflammation 
without the presence of infection around the implant, this 
interesting phenomenon is called aseptic osteolysis. 
Osteolysis takes place because of the phagocyte cascade 
activation when osteoclastic activity is increased  [11, 12] 
but without the presence of infection. Several studies have 
further shown that the cellular uptake of hexavalent 

Figure 25.1 Tribo- Corrosion on the implant platform and 
prosthesis.
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chromium is many folds greater than the trivalent chro-
mium ion and its increased uptake causes a reduction of 
the alkaline phosphatase activity of the osteoblastic 
cells  [13]. Furthermore, there have been reports of peri- 
implant carcinogenic and mutagenic activity associated 
with these metal ions release [14].

Peri- implantitis

Articles on the prevalence of peri- implant diseases showed 
that 90% of peri- implant tissues had some form of inflam-
matory response and a prevalence of peri- implantitis from 
28 to 51% according to a recent paper [15]. Peri- implantitis 
is an inflammatory process around an osseointegrated 
implant, including soft tissue inflammation and progres-
sive loss of supporting bone beyond biological bone remod-
eling. This inflammatory process is the leading cause of 
implant failures in the long term. Peri- implantitis results 
from biofilm dysbiosis deposits surrounding the peri- 
implant mucosa, meaning that bacterial deposition is 
essential to develop the inflammatory reaction. In addi-
tion, research on bacterial adhesion on titanium has 
revealed that titanium corrosion increases with plaque 
accumulation. On this matter, zirconia implants have been 
suggested as a peri- implant mucosa- friendly alternative. 
Recent studies show intriguing results promoting the 
advantage of zirconia implants in this matter regarding 
biofilm formation and bacterial adhesion on the surface of 
zirconia implants. An in  vitro study comparing biofilm 
 formation on zirconia versus titanium disks using three- 
species biofilm or human plaque samples in an anaerobic 
flow chamber mode found that zirconia showed a lesser 
biofilm thickness and mass compared with titanium [16]. 
However, the biofilm metabolism was similar for both 
materials. These results suggest that zirconia implants 
accumulate less plaque therefore leading to less peri- 
implant inflammation compared to titanium implants. 
With regards to the bacterial adhesion on zirconia, the 
Grossner–Schreiber group found that bacterial counts were 
higher on titanium discs compared to zirconia, while 
Scarano et al. showed that bacterial adhesion was signifi-
cantly higher with pure titanium surfaces as compared 
with zirconium dioxide surfaces  [17]. Similar data by 
Sadid- Zadeh and collaborators also supported these find-
ings. Moreover, these results are also supported in animal 
models  [18]. A study comparing ligature- induced peri- 
implantitis around zirconia and titanium implants in dogs 
found that the first presented less crestal peri- implant bone 
loss and no implant failure. Whereas the titanium implant 
group showed greater levels of bone loss and one implant 
failure due to peri- implantitis  [19]. Additionally, a recent 
systematic review of 15 studies with meta- analysis 

indicated that zirconia accumulated less initial oral biofilm 
parameters thanks to the lesser roughness of the zirconia 
surface [20]. On the other hand, taking into consideration 
the role of host response in peri- implantitis, a recent study 
compared the expression of immunoinflammatory mark-
ers in the tissues around ceramic and titanium implants. 
The authors found a similar number of inflammatory cells 
(T-  and B- cells) in mucosa surrounding ceramic implants 
when compared with titanium ones, concluding that the 
cellular response to the inflammatory challenge provoked 
by the biofilm around implants is the same, independent of 
the material with which the implant is made [21]. Besides, 
the hypothesis has been raised in the literature that not 
only biofilm is responsible for peri- implantitis around tita-
nium implants, but also foreign body reaction, allergies, 
cement excess, or even metallosis. Considering all the 
 factors discussed above, peri- implantitis is multifactorial 
and primarily a clinical manifestation of a complex inflam-
matory response. However, it could be assumed that zirco-
nia implants present a lower incidence of peri- implantitis 
when compared with titanium implants. Furthermore, 
when loosening occurs with ceramic implants, it is mostly 
aseptic, possibly pointing to a different mechanism of 
 de- osseointegration. Nevertheless, according to a system-
atic review and meta- analysis, owing to the heterogeneity 
of assessment and short- term evaluation of zirconia 
implants in clinical  studies, results are found to be incon-
clusive with regards to  inflammatory markers in zirconia 
peri- implant mucosa [22]. On the other hand, one prospec-
tive study that followed up zirconia implants for 7.8 years 
found no difference between teeth (control group) and 
implants regarding the bleeding index, attachment level, or 
bacterial colonization. Interestingly, zirconia implants pre-
sented less plaque accumulation and recession, but greater 
probing depths when compared with natural dentition. 
Moreover, another systematic review concluded that 
 zirconia implants had less plaque accumulation and less 
inflammation around the peri- implant mucosa [21–23].

Immune Reactions to Metal Alloy Implants

Cellular and humoral immunity are the principal pathway 
mechanisms of the immune system. The immune system 
response and inflammation require well- engaged and 
active biochemical processes to restore homeostasis, which 
ultimately leads to osseointegration of the implant. The 
immune response has critical factors such as cytokines and 
soluble substances produced by different kinds of immu-
nocompetent cells whereby, they affect each other. Up to 
this date, there are several studies carried out in the field of 
implant rejection from the immunologic viewpoint and the 
alterations in the peri- implant environment.
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Cellular Immunity
Poor osseointegration and chronic inflammation are 
two  primary and interrelated factors that cause peri- 
implantitis. Infiltration of immune cells is an important 
component of the immune response that significantly 
impacts the biocompatibility of dental implants and can 
lead to implant failure or the absence of osseointegration. 
The initial injury of peri- implant tissue triggers an inflam-
matory response mediated by the cells of innate immunity, 
such as macrophages, dendritic cells (DC), mast cells, and 
neutrophils [24].

Humoral Immunity
Most of the interrelation between cells of the immune sys-
tem is modulated by several factors such as cytokines, 
growth factors, and hormones. Cytokines have an undeni-
able role in the intercommunication of the immune cells in 
the inflammatory cascade, which manifest itself clinically. 
Cytokines are messengers in cell- to- cell interaction that 
are critical for the pathogenic process of peri- implantitis.

TNF- α is a proinflammatory cytokine and is at the begin-
ning of almost every immune response based on the indi-
vidual’s sensitization to titanium. Thus, TNF- α plays a key 
role in the failure of implants especially in the case of 
genetic incompatibility. During the function, metal parti-
cles are released from the implant as a result of wear and 
fatigue, they mostly accumulate in the peri- implant tissues 
causing an increase in proinflammatory activity of non- 
specific immune cells (tissue macrophages and mono-
cytes), as a result of the exposure to particulate debris, i.e. 
Ti particles. It is known that such particles (diameter 
1–10 μm) are consistently released into the environment 
surrounding implants as a result of mechanical abrasion, 
chemical, bacterial, and galvanic corrosion which as men-
tioned above promote hyperinflammatory conditions. 
Sterner et al. investigated the effects of clinically relevant 
aluminum ceramic, zirconium ceramic, and titanium par-
ticles of varying size and concentration on TNF release in a 
human macrophage system. They suggested that analysis 
of cytokines in the peri- implant crevicular fluid (PICF) 
may be a good indicator to estimate the prognosis of dental 
implant treatment [25]. Several studies confirmed the neg-
ative role of proinflammatory cytokines on the longevity of 
dental implants; therefore, measuring these cytokine lev-
els, especially IL- 1β, TNF- ɑ, and IL- 6, seems more reliable 
to predict the fate of implants [26].

Allergies/Metal Hypersensitivity

The scientific literature has for the longest reported on 
the success of titanium implants; however, in the last ten 
years, the amount of research and clinical reports on 

peri- implantitis and titanium sensitivity has increased sig-
nificantly. A general search of the literature containing the 
word “peri- implantitis” on PubMed between 2012 and 
2022 returned 2995 results and for the first half of 2022, 345 
results were returned. This is reflective of the seriousness 
of the peri- implantitis problem (Figure 25.2).

With regards to metal sensitivity, it has not been directly 
correlated with peri- implantitis but appears to have some 
common causative factors such as release of ions which in 
the case of dental implants is a result of corrosion. Dental 
research and literature on metal hypersensitivity related 
to  dental implants have also been gaining momentum, 
between 2006 and 2022 there were 83 results on the subject 
(Figure 25.3) and in the last four years 37 publications were 
published on the problem (Figure 25.4).

Nevertheless, the tribo- corrosion process releases tita-
nium ions into the surrounding tissues that trigger a cas-
cade of reactions that can be localized, in distant organs or 
even systemic reactions. As demand grows for implant- 
based dental treatments, the range of implants available on 
the market is expanding exponentially [27]. When it comes 
to product development, the choice of implant material, 
surface treatment, and post- manufacturing cleaning tech-
niques, and packaging are key factors that will characterize 
the finished product. However, competition between 
brands is tough, a situation that sadly sometimes places 
business interests and cost- cutting before quality control. 
Duddeck et al. showed greater carbon contamination, pos-
sibly related to cleaning procedures after surface treat-
ments, which affect the protein and cell adsorption 
process  [28]. Likewise, Massaro et  al. mention that the 
presence of Na, K, and Cl contaminants, occasionally 
detected by X- ray Photoelectron Spectroscopy (XPS) and 
High Vacuum X- ray Energy Dispersive Microanalysis (HV- 
EDX) on implant surfaces, may be residues of proprietary 
cleaning treatments performed after sandblasting. The bio-
logical role of these contaminants remains unclear  [29]. 
Various tests for allergy to titanium are described in the 
literature, the patch test being the most frequently 
used [30]. There are other modalities to assess or predict 
the likelihood of sensitivity to certain metals; the MELISA 
test is one that uses lymphocytes’ response to metals and 
assists with an 85% accuracy in determining the likelihood 
an individual will be sensitive to a given metal. The scien-
tific literature on this topic is very scarce, which highlights 
the need to establish a protocol for those patients who are 
sensitized to titanium before and after the placement of 
dental implants. In patients with a history of metal aller-
gies, it is advisable to perform an allergy test and preferably 
the implant panel from the MELISA test. The alloy and its 
purity must be identified together with any trace elements 
it may contain in order to optimize diagnosis. When dental 
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implants are placed in the jaws, and the patient eventually 
proves allergic to titanium or its alloys, the option of expla-
nation must be considered, basing the decision on the ratio 
of risk/benefit to the patient. After having removed tita-
nium implants, if the patient shows no clinical improve-
ment, the option of removing other metal prostheses from 

the organism should also be considered. In this context, 
zirconium dioxide implants (ZrO2) offer a promising alter-
native to titanium as no case of allergy to zirconium oxide 
has ever been reported. Nevertheless, in animal experi-
ments, zirconia implants have been shown to release negli-
gible non- reactive particles [27].

(a)

(b)

Figure 25.2 Trends in the Peri- implantitis literature. (a) Last 10 year data, (b) 2022 (till date).

Figure 25.3 Dental implant metal hypersenstivity [2006–2022]. 
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Zirconia as an Implantable Material
Over the past few decades, dental implant procedures were 
applied to support single crowns as well as fixed or remov-
able partial or full dentures. Early osseointegration is a 
critical factor for the clinical success of oral implants. 
Titanium has shown a high biocompatibility, resistance to 
corrosion, and favorable mechanical properties, these 
characteristics are particularly relevant in the early osse-
ointegration phase of the healing period. Nevertheless, 
with the popularity and the exponential number of 
implants placed, failures of titanium implants have become 
quite common. To improve titanium surfaces and enhance 
osseointegration, several methods have been used; the 
most commonly used method is to coat the surface of a tita-
nium implant with a non- loading bioceramic, such as 
hydroxyapatite. Zirconia was first introduced to implant 
dentistry in the form of coatings to improve osseointegra-
tion of the titanium implants. As it was further investi-
gated, the unique characteristics of zirconia such as its 
superior toughness, strength, corrosion resistance, and good 
aesthetic value made it an ideal implant material [16, 30, 
32–36]. Once, material scientists, clinicians, and patients 
realized that the accumulation of titanium particles was 
detectable in tissues close to the implants, local lymph 
nodes, and even distant organs, they began to reconsider 
their view of titanium as the ultimate, viable, and biocom-
patible implant material. Reports of sensitivity and allergy 
resulting from the placement of titanium implants have 
been on the rise [36–39]. As of now, there are no reports on 
the toxicity of zirconia implants and its tooth- like color 
offers the possibility of staining zirconia thereby elevating 
the aesthetic scores and patient satisfaction. The successful 
use of zirconia as a material for dental implants also lies in 

its excellent osseointegration. In vivo studies have shown 
that zirconia osseointegration is on par with that of tita-
nium with regard to cell metabolism and positive tissue 
response under immediate and delayed loading condi-
tions  [39–43]. Furthermore, the inflammatory response 
and bone loss around zirconia implants are less intense 
than that induced by titanium implants, suggesting its 
superior biocompatibility  [44]. In the quest to achieve 
more predictable osseointegration, especially in difficult 
clinical sites, researchers have attempted to modify zirco-
nia surfaces to enhance bone cell attachment, growth, pro-
liferation, and differentiation. Various methods of surface 
enhancement of zirconia implants have been investigated 
and reported for zirconia, some protocols have been 
reported as preclinical results and others are commercially 
available. Most of the surface modification procedures 
studied promoted superior cell responses and qualitative 
osseo-  and muco- integration [45, 46].

 Manufacturing Processes of Zirconia

It should be noted that zirconium, like titanium in its 
earthen state, is also a metal. However, they both belong to 
the group of transitional metals that when exposed to oxy-
gen under controlled conditions and proprietary protocols 
produce the ceramic zirconium dioxide which is also known 
as zirconia. This process is not reversible therefore zirco-
nium can be formed from the zirconia and reversal to the 
metal state and properties is not possible. However, not all 
zirconium dioxides are the same. There are major 
 differences in the manufacturing process, powder selection, 
surface design, and handling of individual systems [46].

Figure 25.4 Dental implant metal hypersentivity [2017–2022].
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Whether its tetragonal zirconia polycrystals (TZP), tetrag-
onal zirconia polycrystals- Alumina (TZP- A), or Alumina 
toughened zirconia (ATZ), processing of the starting mate-
rial is important. Grain size, purity, and density have a deci-
sive influence on hardness, stability, and quality. Although 
very recently 3D printing of ceramics has appeared, hard 
machining and injection molding are the two main pro-
cesses for the manufacture of commercially available zirco-
nia implants  [47]. Zirconia at 100% responds poorly to 
humidity and will age prematurely under such conditions. 
Therefore, modern ceramic implants consist of partially sta-
bilized tetragonal zirconia polycrystals (TZP), which are 
polycrystalline ceramic composites and consist of zirconia, 
yttria, and alumina; depending on the manufacturer these 
components vary in percentages with good mechanical 
properties and have an average bending strength of 
1100 MPa. To increase the bending strength to 1200 MPa, 
0.5% by volume of aluminum oxide (alumina) is added to 
the starting powders (TZP- A). Zirconia being hydrophobic, 
most manufacturers add Yttria (Yttrium dioxide) to the com-
posite to stop the low- temperature aging process caused by 
hydrothermal degradation [48]. In the case of ATZ ceramics, 
manufacturers will increase the volume percentage of alu-
mina to 20% thereby obtaining a hybrid polycrystalline 
ceramic that can achieve flexural strength up to 2000 MPa. 
This ATZ- ceramic significantly reduces the risk of fracture. 
The aging process (phase transformation) from tetragonal to 
monoclinic (t → m) no longer has any clinical relevance 
thanks to these procedures and the addition of yttria [49].

The state of zirconia implants once the manufacturing is 
complete is in the tetragonal phase which is maintained 
with the addition of stabilizers such as yttria. Stabilizers 
are included to limit the phase transformation of the 
ceramic which occurs with the ceramic reverting to a less 
stable and fracture- prone phase also known as monoclinic. 
However, once the implant is placed, clinicians must be 
careful with manufacturers’ recommendations as phase 
transformation of the material must be expected when 
chairside grinding of the zirconia with rotating instru-
ments. Uncontrolled grinding with coarse- grained dia-
monds and insufficient cooling of the material can induce 
micro- cracks within the outer surface layer of the material 
that can propagate and grow into the underlying material 
structure. However, the stabilizers confer “self- healing” 
properties to zirconia by volume expansion as a result of 
phase transformation which effectively helps stop the 
propagation of mechanically induced micro- cracks. There 
are however limits to this “self- healing mechanism” of zir-
conium dioxide because once this unique compensatory 
capacity has been exceeded, it weakens the zirconia, makes 
it vulnerable to humidity, and leads to premature aging and 
ultimately material catastrophic failure [46, 49].

During the early stages of improvement of zirconia 
implant surfaces, high blasting pressure and large particles 
were used to roughen the surfaces of ceramic implants. As 
a result, micro- cracks were found in the surface structure 
of the implants, which led to fractures under function. A 
great number of fractures of ceramic implants can be 
traced back to an improper industrial manufacturing pro-
cess or the result of poor post- production mechanical han-
dling by the clinician. The processes by which the surface 
micro- roughness of a zirconia implant is achieved have 
evolved with the advances in material processing and a bet-
ter understanding of phase transformation. Today manu-
facturers are using proprietary acid etching techniques or 
in the case of injection molded manufacturing, the surface 
roughness is built into the mold thereby negating the need 
to grind or use etchants. Some manufacturers claim this is 
a way to avoid manufacturing- induced contamination of 
the implant surface [50].

 Hard Machining Process

White machining is used to machine zirconia prior to sin-
tering in order to obtain complex profiles such as dental 
crowns and bridges. It is a dry milling process using tung-
sten carbide milling tools. This process enables a rapid and 
cost- effective generation of intricate profiles of zirconia 
components. However, white machining can also produce 
extensive surface damage on machined surfaces and 
induce preload cracks [49, 50].

Hard machining is the most complex and costly way of 
machining ceramics but also the most reliable and accu-
rate. A block is compressed through Hot Isostatic Post 
Compaction (HIP) under high pressure (2000 bar) and 
temperatures of up to 2000 °C. The block is then slowly 
brought back down to room temperature, sintered, and 
only then ground to the desired implant shape. Hard 
machining is performed on sintered zirconia to obtain high 
precision in tolerance, dimension, and shape using high- 
precision, high- stiffness, and conventional or high- speed 
grinding machines [51–53].

 Powder Injection Molding

The high price linked with the production of ceramic 
implants remains a significant deterrent for dental reha-
bilitation with ceramic implants. As such less expensive 
manufacturing protocols have been developed.

Powder injection molding (PIM) has been used for a long 
time in many industries including ceramics. It is a near- net 
shape method, owing to its advantages such as accuracy 
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and efficient manufacturing with no need for surface 
 finishing. The implant surface characteristics are 
 embedded in the mold thereby negating the need for post- 
manufacturing and potentially destructive surface modi-
fication. The process of powder injection molding has five 
stages: (i) the selection of raw materials, (ii) combining 
the powder with a feedstock binder, which is reused to 
stabilize and prevent pre- sintering breakage of the green 
ceramic during production, (iii) feedstock injection mold-
ing into the mold using the preferred form, (iv) de- binding 
to loosen the binder, and (v) sintering to produce the 
implant. It is critical to assess the structure, shape, parti-
cle size, and particle distribution in order to select the 
yttria- stabilized zirconia powder for the production of 
feedstock. Binders are used to formulate zirconia parts by 
ceramic injection molding (CIM). It is additionally essen-
tial to understand the melting and degradation tempera-
tures of the binder, to outline the processing conditions 
for mixing and injection, alongside the removal cycle of 
the binder (Figure 25.5).

Feedstocks have to be homogeneous, and their prepara-
tion is important in the production of defect- free implants. 
After homogeneous mixing, the feedstock is prepared for 
injection molding. The parts namely implants and/or abut-
ments are initially in the green stage then they are extracted 
from the molds and submitted to debinding and sintering. 
The debinding and sintering thermal cycles are carried out 
at high temperatures under a controlled atmosphere of 
argon and hydrogen in order to avoid a stoichiometric 
change of the zirconia.

The powder injection molding method is suitable to pro-
duce one and two- piece ceramic dental implants. A draw-
back can be that based on the quality of the mold, the 

roughness level of the produced implant surfaces can be 
insufficient for optimal bone apposition. Therefore, the 
surface roughness of CIM- manufactured implants is often 
enhanced with the post- production application of nano-
structured coatings or surface roughening by acid etching 
or sandblasting. The powder injection molding method is a 
cost- effective method for manufacturing Yttria- Stabilized 
Zirconia dental implants that have outstanding biological 
and mechanical characteristics [50, 54–56].

 3D Printing

Using this technology, it is possible to manufacture, 
through additive manufacturing, highly complexed shape 
implants in great numbers, which possess good strength 
and preserve geometry through the manufacturing 
process [54].

With the development of the lithography- based ceramic 
manufacturing process (LCM), the 3D printing of these 
materials is now feasible, and offers some advantages in 
comparison to standard fabrication procedures. In this 
context, additive manufacturing offers significant advan-
tages as these procedures can reproduce detailed inner 
geometries with high accuracy  [55, 56]. However, LCM 
ceramic products are still lagging in terms of translucency 
and coloring, conversely, 3D printing is unique in that it 
allows for individual coloring, and customized color gradi-
ents can be created since they are manufactured using a 
layering technology. They however require further clinical 
and scientific research and evaluation with regard to aging 
and behavior in the oral environment and occlusal 
stresses [47, 57, 58] (Figure 25.6).

Injection mouldingFeedstock

Heating mixing
and granulation

Premixing

Powder Binder

Thermal
debinding

Sintering

Solvent
debinding

Figure 25.5 Ceramic injection 
molding reprinted with reference.
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 Surface Modification Techniques

The early ceramic implants only had smooth, machined 
surfaces available. Today with modern and advanced pro-
cessing methods, rougher ceramic implant surfaces are 
attainable with minimal effect on the structural integrity of 
the material. The rougher an implant surface is, the more 
bone cells can attach to it, and the stronger the bond 
between implant and bone. Since the volume of the implant 
itself cannot be increased, the surface of the implants is 
now increased by “roughening.” Surface roughening is 
important in the colonization of the implant surface by 
bone- forming cells and the bone- implant contact (BIC) 
percentages play an important role in reliable, effective, 
and long- term osseointegration. The preferred methods of 
commercially available ceramic implant surface roughen-
ing are subtractive namely sandblasting, acid etching, laser 
etching, or a combination [45]. There are no commercially 
available ceramic implants roughened by addition.

Sandblasting

Sandblasting, which is also known as airborne particle 
abrasion, produces a surface that has micro- roughness. 
Various parameters affect the roughness that is present on 
the implant surface, this includes the size, shape, and 
kinetic energy of the particles. During the process of sand-
blasting, particles are projected toward the implant surface 
and their kinetic energy which depends on their density, 
volume, and velocity creates irregularities that contribute 
to the implant surface roughness. The main advantage of 
sandblasting is that a homogenous and gentle anisotropic 
abrasion can be obtained on hard materials like ceramic, 
glass, and silicon. Alumina particles are generally preferred 
blasting material because of their low cost, hardness, and 

needle- like shape. The major disadvantage of using the 
sandblasting technique is that it may slightly change the 
surface chemistry because the alumina particles can 
become embedded in the implant surface and cause con-
tamination but also, they can induce micro- cracks that 
lead to premature aging, which coalesce and expand once 
the implant or prosthetic part is placed under functional 
stresses. Such events can lead to implant fracture and 
 failure [50, 59].

Acid- etching

The process of acid etching is performed with either hydro-
fluoric acid, nitric acid, or sulphuric acid. Acid- etching 
treatment can also be used to overcome alumina contami-
nation as it has been proven to remove the alumina resi-
dues. This explains why a growing number of manufacturers 
combine sandblasting and acid etching during the surface 
roughening of their implants  [60, 61]. Heat treatment is 
done following acid etching to smoothen the sharp edges 
caused by the etching process. Advantages of acid etching 
include the homogenous roughening of the material, 
regardless of its size and shape. This method imposes no 
risk of delamination as it does not exert much stress on the 
material. But it might cause chemical changes that are 
undesirable, thus making this a disadvantage of the pro-
cess. The topography formed after acid- etching, depends 
on the prior treatment, composition of the acid mixture, 
temperature, and the time of exposure to the acid. Acid- 
etching is generally used to generate a micro- scale surface 
texture, which has the ability to facilitate interlocking 
between the implant and the bone. Recent studies show 
that combining sandblasting and acid etching techniques 
enhances the degree of micro- roughness on zirconia. Such 
a combination is currently used by some manufacturers to 
optimize micro- roughness, which would also provide a 
better material surface for osteoblast cell initial attachment 
and its proliferation [62–65].

Selective Infiltration Technique

This technique involves coating the surface of the material 
with a specific infiltration glass and then heating it at a 
temperature higher than its glass transition temperature. 
This is followed by the infiltration of molten glass that 
occurs between the material grains. But this technique can 
be limited only to a particular extent as only the surface 
grains joined with the infiltration glass get involved in the 
process, thereby allowing control over the area required to 
be treated. Traces of infiltration agent left behind can fur-
ther be removed by immersion in a solution of 5% hydro-
fluoric acid, with a nanoscale produced upon rinsing with 

Figure 25.6 Lithography- based ceramic 3D printed implant 
(Lithoz).
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water. The selective infiltration etching technique is often 
used to create a nano- porous surface on zirconia implants. 
The only advantage of this technique is that the actual sur-
face chemistry of the material remains unchanged, and the 
nanoscale roughness of the surface can be enhanced with-
out losing any material or changing the microscopic sur-
face roughness  [66, 67]. However, currently, it is not 
available on clinically approved ceramic implants.

Polishing

The majority of commercially available ceramic implants 
are tissue level; therefore, they have a smooth collar that is 
designed to be transgingival. This area however needs a 
roughness of a different type. Polishing is a method of sur-
face treatment of the supra- bony area of tissue- level 
implants, it yields a smoother surface compared to acid 
etching and sandblasting. Epithelial cells are more likely to 
adhere to the rough surfaces (acid etching and sandblast-
ing) as compared to smoother (polishing) surfaces, whereas 
fibroblasts adhere well onto both types of surfaces  [67]. 
This explains the clinical and histological observations of 
soft tissue adaptation to the transgingival collars of tissue- 
level ceramic implants. Polishing of a zirconia surface is 
performed by using a silicon carbide polishing paper and a 
diamond or silica suspension using a polishing machine. 
Mechanical surface treatment that includes polishing, per-
mits a change in the surface topography without modifying 
the actual surface chemistry. The average surface rough-
ness of a polished zirconia biomaterial is between 8 and 
200 nm. Polishing also serves to clean the implant surface 
to a certain extent, along with giving a smooth texture to it. 
Polishing is mostly done in the transgingival area of tissue- 
level ceramic implants and preferably should not be coun-
tersunk in bone at the time of implant placement as it may 
lead to bone loss over time [68, 69].

Laser Treatment

In contrast with sandblasting and acid- etching techniques, 
laser treatment exerts zero risk of surface contamination as 
there is no direct contact between the laser and the bioma-
terial. The laser surface treatments also tend to improve the 
material wettability by altering the surface properties, 
which further plays a major role in cell adhesion. Optimal 
wettability is when the contact angle of a drop of blood 
with the treated surface is low, this allows the blood and 
bone- forming cells to spread quickly on the implant sur-
face [70]. The higher the contact angle, the lower the wet-
tability of the material. High wettability improves the 
protein adsorption and cellular adhesion therefore it is 
important that the implant surface wettability be elevated 

to allow optimal protein adsorption with greater and faster 
bone formation. However, the use of lasers on zirconia 
ceramic has been reported to disrupt its chemical and 
mechanical structure with the risk of inducing pre- function 
cracks and premature aging because of partial transforma-
tion to the monoclinic phase [71, 72].

Ultraviolet Light Treatment

Various studies have shown that bone- implant contact of 
the implants treated with ultraviolet (UV) light was deeply 
enhanced because of the effect of super- hydrophilicity [73]. 
A material is described to be super- hydrophilic when the 
contact angle of the water droplet is less than 5°. 
Hydrophilicity is one of the key factors involved in the ini-
tial interaction with proteins and cells that is beneficial for 
the early phases of wound healing and osseointegration. 
When the hydrophilic oxide surface binds to water, 
hydroxyl (OH−) and oxygen (O2−) groups are formed on 
the outermost layer. The formation of hydroxylated oxide 
surfaces improves the surface reactivity with the sur-
rounding ions, amino acids, and proteins in the tissue 
fluid. As compared to the hydrophobic surfaces, osteo-
blasts cultured on hydrophilic surfaces have shown to 
exhibit higher levels of differentiation markers, including 
alkaline phosphatase and osteocalcin [74, 75]. The effect 
of hydrophilic surfaces on osseointegration can be sup-
ported by improvements in the bone- implant contact and 
bone anchorage that occurs in the early stages of bone 
healing. Other than hydrophilicity, the atomic percentage 
of hydrocarbon changes after UV treatment, according to 
various studies [76–78].

Coating

Coating of Yttria Stabilized Zirconia (YSZ) with 
Reinforced Hydroxyapatite (HA) has shown positive 
in vitro results in the enhancement of adhesive strength 
and coating stability. Because of their versatility, calcium 
phosphate {Ca (PO)4} based coatings are generally fabri-
cated using the plasma- spraying techniques in the indus-
try. Despite its numerous drawbacks, such as variation in 
coating or implant bond strength and modification of 
hydroxyapatite structure, this technique is said to pro-
vide low cost and a high deposition rate. For depositing 
CP- based coatings, new techniques are constantly being 
developed in order to address the issues associated with 
plasma spraying. For an in vitro study, Pardun et al. syn-
thesized a YSZ/HA coating by wet powder spraying 
(WPS) using a double- action airbrush spray. However, 
the long- term stability of these coatings has not yet been 
determined [79–86].
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Biofunctionalization

Biomimetic surface modification, also called biofunction-
alization, involves the immobilization of biomolecules on 
the surface to change their biochemical properties and 
biological responses. Biofunctionalization also allows 
the  anchorage of organic components such as proteins, 
enzymes, and peptides on the implant surface in order to 
take control of the implant tissue interface, thereby deter-
mining the type of tissue that develops. Arginine–glycine–
aspartate (RGD) is commonly used as an adhesive peptide. 
Many other adhesive proteins are found to possess RGD as 
their cell recognition site, including fibronectin, fibrino-
gen, and collagen. These RGD sequences are identified 
using at least one of the integrins. Adhesion proteins and 
integrins make a pair to provide cell anchorage, differentia-
tion, and growth signal. RGD peptide has shown to be suc-
cessfully immobilized on the Y- TZP with this method and 
thereby enhancing the biocompatibility of the material as 
well as cell attachment to its surface [87–89].

Self- assembly

An autonomous process by which the components are 
organized into patterns or structures without any external 
intervention is called self- assembly. Self- assembled mon-
olayers (SAMs) are formed by the process of solution depo-
sition i.e. the immersion of a particular substrate into the 
solution of an active surfactant in a particular solvent 
which may either be organic or aqueous, or the solid sur-
face vapor deposition of an active organic compound, or by 
aerosol spraying. The driving force for self- assembly is gen-
erally the specific interaction between the head group of 
the surfactant and substrate surface. Most of the sur-
factants consist of three distinctive parts namely, the sur-
face active head group which binds strongly to the surface, 
the terminal group which is located at the monolayer sur-
face shows the interfacial properties of the assembly, and 
the alkane chain which serves as a linker between the head 
and the terminal groups and facilitates the packing of the 
molecules in the monolayer with the van der Waals inter-
actions between adjacent methylene groups that orient and 
stabilize the monolayer. Therefore, by carefully composing 
the mixture of substrate, SAM solution, and subsequent 
terminal functionalization, a multitude of subsequent mol-
ecule adhesion is feasible [90–95].

 Fracture Resistance of Zirconia Implants

Since the beginning of the 2000s, the clinical performance 
of commercially available zirconia implants has signifi-
cantly improved. From a mechanical perspective, one- piece 

designs may be superior to two- piece systems, due to 
increased fracture resistance and reduced susceptibility 
for  low- grade temperature degradation. In addition, the 
absence of a microgap between the assembled implant and 
abutment reduces the potential of hosting bacteria, thus 
preventing peri- implant inflammation and bone resorp-
tion. However, from a practitioner’s perspective, there are 
multiple surgical and prosthodontic shortcomings associ-
ated with a one- piece system, as the transmucosal part 
of  the implant cannot be detached. As such, submerged 
implant healing is not possible, and there are also limited 
routes to compensate for positional challenges or errors 
with implants with the provisional and final restora-
tion [96]. In cases of positional challenges, wherein in situ 
grinding of the zirconia abutment becomes unavoidable, 
fracture resistance of the implant and osseointegration are 
potentially impacted due to the vibration produced and 
the  cracks created at the surface of the implant. Several 
two- piece zirconia implants are being commercially mar-
keted and clinically utilized wherein the implant– abutment 
attachment is usually achieved through cementing or 
screwing the abutment and the crown to the endosseous 
implant. Although cement can seal the microgaps and 
 initial adjustment of implant angulation is possible, the 
processes are mostly irreversible, and therefore, limited 
options for replacement of restorations over the implant 
exist. In contrast, ceramic implants restored by screw reten-
tion are still utilizing titanium screws (Figure 25.7) for the 
most part. The Zeramex XT implant was the first and con-
tinues to be the only ceramic implant that has a metal- free 

Figure 25.7 Camlog with titanium screw.
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screw available (Figure 25.8). Previous in vitro studies have 
noted that the biomechanical stability of both one- piece 
and two- piece zirconia implants could withstand a loading 
duration of 10 million cycles at 95 N force. Although the 
bending moment to fracture (BMF) was unaffected by 
loading conditions, the BMF of zirconia implants (one- 
piece and two- piece) were significantly less than that of the 
control Group [97].

Furthermore, Spies et  al. investigated the long- term 
 stability of a commercially available two- piece zirconia 
implant under the same chewing simulator used in 
Reimer’s study. Spies et al. agreed with Riemer’s findings 
that two- piece zirconia implants are capable of withstand-
ing masticatory forces for several years  [98]. In a meta- 
analysis by Roehling et  al., one of 510 zirconia implants 
fractured (0.20%) suggested that fracture resistance is like 
that of Ti implants. Fracture rate increases with the diam-
eter of zirconia implants below 3.25 mm [99].

 Biological Outcome of Zirconia Implants

Muco- integration

Zirconia and titanium elicit different responses from the 
peri- implant soft tissue. Soft tissue around zirconia abut-
ments and implants is consistently more healthy, better 
vascularized, and more keratinized with minimal to no vis-
ible inflammation [100]. Histologically the collagen fibers 
surrounding zirconia implants are oblique in a similar 
fashion to natural teeth. Studies have investigated this 

phenomenon and it appears that vascularization and the 
topography of the ceramic surface contribute greatly [101]. 
Kajiwara et  al. conducted a clinical study where they 
observed and compared the vascular pattern around zirco-
nia and titanium abutments [102]. They used microcircu-
lation dynamics and thermography and the soft tissue 
around the implant abutments was evaluated with two- 
dimensional laser speckle imaging and a thermograph. 
The blood flow within soft tissue around natural teeth was 
also measured to correct for differences among the sub-
jects. The results showed that the blood flow was signifi-
cantly higher in the zirconia abutment group and that the 
metal abutments had nearly 20% lower blood flow in com-
parison with natural teeth. These results suggest that blood 
flow around zirconia is similar to that of soft tissue around 
natural teeth; In a 7.8- year clinical follow- up report of one- 
piece ceramic implants on 28 patients, Lorenz et al evalu-
ated multiple parameters namely approximal plaque index, 
sulcus bleeding index, probing pocket depth, probing 
attachment level, and creeping or recession of the mucosa/
gingiva were analyzed [23]. Changes in the marginal bone 
level were evaluated by comparing radiographs recorded 
immediately after implant placement and at the follow- up 
investigation. Furthermore, the pink esthetic score, periot-
est values, microbial colonization of the implant/dental 
sulcus fluid, and patient satisfaction were collected and 
analyzed. The results showed that compared to natural 
teeth adhesion of plaque was lower on the implants 
and  creeping attachment was superior; furthermore, the 
soluble biotinylated- collagen assay (SBA) and periodontal 
attachment loss were comparable to natural teeth. These 
short-  and medium- term findings explain the consistently 
superior quality of soft tissue around ceramic implants and 
abutments (Figure 25.9) [33, 100, 103].

Figure 25.8 Zeramex with peek screw.

Figure 25.9 Soft tissue healing around zirconia implants after 
three months of healing.
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Osseointegration

Thirty years of translational research in zirconia ceramics 
has led to significant improvements in the biomedical field 
especially in dental Implantology. Oral implants made of 
Yttria- tetragonal zirconia polycrystals (Y- TZP) because of 
their excellent mechanical properties, good biocompatibil-
ity, and aesthetically acceptable color have emerged as an 
attractive metal- free alternative to titanium implants. 
Multiple studies in vitro, in vivo on humans and animals 
have proven that ceramic implants osseointegrate as well 
as titanium implants and some reports have shown BIC 
(bone- to- implant contact) values comparable to or even 
higher than that of metal implants [45, 104].

Today ceramic implant research continues, and they are 
fast becoming a solution in an ever- growing range of clinical 
situations. The area of ceramic implant that seems to be of 
great focus is the surface modification of the infra- bony area 
of the implants. Ceramic implants unlike titanium do not 
benefit from additive coating, therefore they are not coated 
and osseointegration takes place directly on the surface of 
the implant material. Early ceramic implants were milled 
with very smooth and glassy surfaces and their osseointegra-
tion was poor. Sandblasting soon came to offer roughness 
but the downside was that the blasting process induced 
cracks in the implants making them prone to fracture when 
placed in function and most were made of 100% alumina or 
zirconia as ceramic composites were initially not widely 
available for clinical use in dentistry. Today surface modifi-
cation protocols are mainly acid etching for roughness and 
other manufacturers have used laser etching but this modal-
ity is also technique sensitive and fraught with risk for zirco-
nia as it can induce cracks and lead to implant fractures [45]. 
Kubasiewicz- Ross and coworkers in an animal model evalu-
ated three surface textures of zirconia implant surfaces. The 
surfaces studied were blasted (M1), etched (M2), and 
blasted/etched (M3) against Ti and Zr controls and evalu-
ated the bone- to- implant contact (BIC) percentages. It was 
found that the zirconia acid- etched surface had the highest 
BIC percentage proving that zirconia ceramics will integrate 
into bone for effective tooth replacement [105, 106].

Although the mechanisms behind early or late ceramic 
implant failures remain to be investigated, the literature 
available today allows us to say that there is no leaching of 
ions from zirconia implants. However, the implants them-
selves after exposure to a permanently wet environment 
compounded with mechanical stresses have been known 
to undergo aging during which the implant or at least some 
areas of the implant undergo a transition in structure from 
tetragonal to monoclinic. It is now known what percentage 
of transformation is necessary to induce implant failures. 
In vitro studies have demonstrated that over 60 years of 

aging would be necessary to have a complete structural 
failure of the material  [107]. Most of the failures with 
ceramic implants are early loss or lack of osseointegration 
and for loosening of the implants is aseptic with inflamma-
tion but absence of infection. Furthermore, a direct corre-
lation between aging and loss of osseointegration has not 
been established. However, based on 10 years of clinical 
observation by the authors, barring prosthetic misfit or 
abuse, the loss or failure to integrate for zirconia ceramic 
implants tends to be early or soon after placement.

It appears that since ceramic implants do not release toxic 
compounds or ions that can interfere with osteogenesis and 
osseointegration, attention should be turned toward the 
bone and the recipient’s systemic health. There are known 
factors such as hyperglycemia, elevated cholesterol, micro-
nutrient deficiencies (D3, K2, C, etc.), and low RBC- Mg (red 
blood cell magnesium) to name a few that have an impact on 
bone healing and remodeling. The authors have been able to 
observe a 20% decrease in peri- implant bone failure after 
systemic optimization of some of the above- listed factors 
prior to implant placement (Figure 25.10) [104, 107, 108].

 Market Growth with Zirconia Implants

The global dental implant market in 2016 was approximately 
US$3.8 billion. Between 2018 and 2024, it is anticipated to 
grow at a compound annual growth rate (CAGR) of 7.7% 
to nearly US$6.8 billion (https://www.grandviewresearch.

Figure 25.10 Osseointegration after five years of zirconia 
implant placement.

https://www.grandviewresearch.com/industry-analysis/dental-implants-market
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com/industry- analysis/dental- implants- market). In 2016, 
titanium implants dominated the dental implant market 
with a portion of approximately 92.5%. The remaining 7.5% 
of the share was distributed among implants fabricated out 
of zirconia and other materials. Although not as large as 
the titanium, the zirconia implant market is estimated 
to be worth over US$0.4 billion by the end of 2027, with 
a  CAGR of 6.1% (https://www.futurewiseresearch.com/
healthcare- market- research/Zirconia- Implant- Market/4254). 
According to www.absolutereports.com the global market 
for zirconia implants in 2021 was 4.84% (Figure 25.11).

These data show that the market of zirconia implants is 
small in comparison to the titanium implant market at 
 present, but it is growing rapidly with a CAGR almost identi-
cal to that of titanium alloy implants. As of today, there are 
over twenty ceramic implant manufacturers around the world 
and in 2023 five new ceramic implant systems were launched 

globally. Zirconia oral implants are of particular interest to 
our patients because they can positively support an esthetic 
outcome of reconstruction due to their tooth- like color.

 Conclusion

Titanium, being a biomaterial of choice, has been and is still 
largely employed in the fabrication of dental implants. 
However, its disadvantages related to peri- implantitis, aesthet-
ics, immunology, and corrosion are still looming and of 
increased concern. Zirconia is proving to be a viable alternative 
in replacing titanium. Although the trend has been changing 
over the last five years, unfortunately, the demand for ceramic 
implants remains driven by the secondary consumers 
(patients) who in the majority of cases originate the requests 
for ceramic implants and inform their dentists on the viability 
of this excellent metal- free alternative. The need for substan-
tial background data stemming from long- term clinical trials is 
of paramount importance for zirconia dental implants. There 
also needs to be evaluation studies and protocol standards so as 
to have comparable study outcomes that can contribute to 
developing even more effective clinical guidelines for clini-
cians. However, the number of clinicians who can attest over a 
decade of evidence of success for zirconia implants has never 
stopped growing. The ceramic implantology community has 
been proactive and such endeavors are already and continu-
ously being developed and improved by the various industry- 
specific groups in North and South America and Europe. This 
will give zirconia even more solid ground to stand as a flag- 
bearer in this new chapter in dental implantology.
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 Introduction

Without a doubt, titanium dental implants have been 
 considered the gold standard for tooth replacement since 
their introduction in the 1960s, demonstrating excellent 
biocompatibility and offering a wide range of treatment 
options for patients. Nonetheless, reports on possible 
unwanted reactions to titanium have increased in recent 
years. Hypersensitivity and allergic reactions, corrosion, 
Ti  particle release, and unfavorable esthetic results have 
been reported [1–4]. In addition, the emerging trend of a 
holistic or metal- free approach to dentistry has prompted 
patients and clinicians to seek for an alternative to tita-
nium and other metals.

The quest for an alternative to metal implants dates back 
to the 1930s, when M. Rock applied for a patent on 
Aluminum Oxide. In 1965, Prof. Sami Sandhaus, consid-
ered the father of ceramic implantology, patented a screw- 
shaped dental implant made of alumina powder (Degussit 
AL23). This would be the first step in a new era in ceramic 
implantology  [5]. Sandhaus continued his investigations 
with aluminum oxide and introduced the Crystalline Bone 
Screw (C.B.S) in 1968, with a reported success rate of only 
25% after five years [6]. Sandhaus would later commercial-
ize these implants under the brand name CeraSand in 
Switzerland, but no long- term data exists on their perfor-
mance  [7]. These efforts were followed by Schulte and 
Heimke in 1976, who introduced the Tübingen implant 
(Frialit I; Friadent, Mannheim, Germany) for immediate 
implant placement in the maxillary anterior region 
(Figure 26.1). A success rate of 92.5% was reported after an 
investigation period of 10 years  [8]. The Bionit system, 
another aluminum oxide implant, was introduced by 

Müller and co- workers in the late 1980s in Germany [9], but 
little data exists regarding their long- term behavior. In con-
junction with the aforementioned efforts with aluminum 
oxide, single crystal alumina (Sapphire) implants were also 
investigated as a means for tooth replacement. The 
BioCeram implant, developed by Kyocera (Kyoto, Japan) 
and introduced in the 1970s was perhaps the most docu-
mented of them all (Figures 26.2 and 26.3). Steflik et al. [10] 
reported 10- year results with 81% success rates for tooth–
implant–supported fixed partial dentures. Fartash and 
Arvidson [11] reported on the treatment of total or partial 
edentulism with fixed prosthesis with a follow- up of 10 
years, demonstrating a survival rate of 100% of their tooth- 
implant restorations. The same group later reported only 
implant–supported fixed partial dentures, with an esti-
mated survival rate of 96.6%. The Bioceram implant system 
was also utilized for the treatment of complete edentulism. 
Berge and Gronningsaeter [12] reported on 30 patients who 
had been treated with implant- assisted mandibular over-
dentures, with a cumulative survival rate of 69% over a 
period of 11 years. All of the above systems were eventually 
removed from the market due to poor mechanical proper-
ties and unfavorable long- term clinical performance [13].

 Zirconia

Introduced in the 1990s as a dental material, its current 
clinical applications range from posts, frameworks, and 
abutments to dental implants. Zirconia is white, has excel-
lent biocompatibility, low affinity to plaque, and is able to 
achieve osseointegration levels comparable to its titanium 
counterparts [4, 13].
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Manufacturing

Zircon is the raw material by which Zirconia is obtained. A 
mineral belonging to the group of neosilicates, its chemical 
name is zirconium silicate (ZrSiO4), and is a source of the 
metal zirconium (Zr) and the ceramic Zirconia (ZrO2). 
About 80% of the world’s Zircon mining occurs in Australia 
and South Africa. To obtain the Zr metal, the material is 
separated via the Van Arkel process. The result is a zirco-
nium (Zr) sponge called the Zirconia Crystal Bar, which can 
be melted to obtain zirconium rods. Pure zirconium is used 
in nuclear reactors as containers of nuclear fuel and in com-
bination with other metals to form compounds. Once the 
metal is obtained, it can undergo a calcination process, by 
which an oxide is produced. The result is zirconium dioxide 
or Zirconia (ZrO2), a ceramic with no metallic properties. 
Zirconia occurs in three temperature-dependent forms: 
monoclinic (room temperature to 1170 °C), tetragonal 
(1170 °C–2370 °C), and cubic (2370 °C – up to melting 
point) [14].

Zirconia enters the monoclinic phase after the calcina-
tion process of zirconium. At this stage, the material is very 
fragile and requires stabilization with other compounds to 
enter the tetragonal phase and make it suitable for dental Figure 26.1  The Tübingen implant. Source: SpotImplant.

Figures 26.2–26.3  The BioCeram implants, developed by Kyocera (Kyoto, Japan). Available in blade and root form. Source: KYOCERA 
Corporation.
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applications. Ytria and Alumina are most commonly uti-
lized to stabilize zirconia. Zirconia dental implants today 
are manufactured either with Y-TZP (Ytria- stabilized 
Tetragonal Zirconia Policrystals) or ATZ (Alumina- 
Toughened Zirconia). The manufacturing process occurs 
via subtractive milling. A zirconia blank is milled to achieve 
its final macro and microscopic characteristics. This blank 
is then subjected to a sintering process and Hot Isostatic 
Pressing (HIP), where a controlled shrinkage occurs by 
about 15–20%. The implants are then post- processed to 
achieve the final surface characteristics via sandblasting, 
acid etching, laser treatment, or a combination of those.

Advancements in manufacturing technology such as the 
introduction of injection molding for the production of zir-
conia implants have streamlined the production processes. 
Injection molding is a novel technology that eliminates the 
post- processing procedures that take place after sintering. 
The macro, micro, and nano- characteristics of the implants 
are all incorporated into a pre- designed mold. The raw 
material is a ceramic feedstock that is injected at high pres-
sure (2500 PSI) into the molds and then sintered at high 
temperature for a controlled shrinkage. Since there is no 
post- processing via sandblasting/acid etching, this process 
yields an impurity- free surface. Injection molding also pro-
vides a reduction in the manufacturing costs, tool wear, 
and lowers the environmental impact of the manufactur-
ing process (Figure 26.4).

Commercially available Zirconia implants can be one or 
two- piece. One- piece zirconia implants with an integrated 
abutment and pre- determined restorative margin have lim-
itations due to their inability to allow for angle correction, 
require a high degree of surgical precision, and only accept 
a cementable restoration. Two- piece systems with either 
cement or screw- retained abutments allow clinicians to 
broaden their prosthetic options, including angle correc-
tion via angled abutments, the ability to deliver screw- 
retained restorations, as well as improved options for soft 
tissue management. Commercially available two- piece 
systems can accept either a cementable or screw- retained 
abutment. Spies and coworkers [15] compared the fracture 
resistance of cement and screw- retained systems with 
one- piece implants. Despite the fact that one- piece 
implants outperformed the two- piece systems, the bending 
moment values for the two- piece system remained above 
the maximum values measured in the mouth. The authors 
concluded that the fracture- resistance values of two- piece 
systems could withstand physiological bite forces in vivo. 
The stability of screw retention in two- piece systems was 
further investigated by Joos et al. [16]. Two- piece zirconia 
and titanium implants were subjected to artificial aging, 
including thermal cycling and chewing simulation/
mechanical loading equivalent to five years of function. 

Fracture tests resulted in mean forces well above physio-
logic thresholds and the stability of the connection between 
the restoration and the implant seemed comparable for 
both zirconia and titanium implants, making them suita-
ble for clinical application (Figures 26.5–26.12).

Osseointegration

There is no doubt that zirconia has the same capacity for 
osseointegration as titanium. Histological studies have 
shown direct osseous integration without any connective 
tissue formation at the bone–implant interface. Gahlert 
et  al. compared the bone tissue responses to surface- 
modified zirconia and titanium implants in pigs. 
Histological evaluation showed osseous integration for 
both materials at 4, 8, and 12 weeks, with no statistically 
significant differences between the 2 groups at any time 
period. Similarly, there were no differences found with 
respect to peri- implant bone density or bone- to- implant 
contact ratios between the two [17, 18]. Akagawa et al. [19] 
evaluated loaded and unloaded zirconia dental implants in 
monkeys. Histology analysis performed three months after 
implant placement demonstrated direct bone apposition to 
the implant in both treatment groups. The bone- to- implant 
contact ratio was 81.9% for the non- loaded implants and 
69.8% for the loaded group. The authors reported absence 
of mobility and no fractures occurred during the observa-
tion period. These findings have been corroborated in 
recent clinical trials in humans. One- piece zirconia 
implants have been evaluated with up to 10 years follow-
 up. Gahlert et al. [20] reported on the performance of one- 
piece Y- TZP zirconia implants in single tooth gaps. Three 
months after implant placement, provisional restorations 

Figure 26.4  One and two- piece zirconia implants 
manufactured via Ceramic Injection Molding. The macro, micro, 
and nano-  characteristics are incorporated into the mold. 
Source: Zinova Zirconia Implant System.



Figures 26.5–26.12  Extraction of hopeless tooth #8 and immediate implant placement utilizing a two- piece zirconia implant. 
Source: Institut Straumann AG.
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were delivered, followed by final prosthesis at six months. 
Crestal bone levels were measured at placement, six 
months and one year. Twelve months after surgery, the 
mean bone level change was 1.02 mm (0.90 mm SD). The 
implant survival and success rates after 12  months were 
97.6%. In a prospective cohort investigation, Balmer 
et al. [21] evaluated the clinical and radiological outcomes 
of one- piece zirconia implants restored with single crowns 
(SCs) or fixed dental prostheses (FDPs) over an observation 
period of five years in function. About 71 one- piece 
implants were placed in 60 patients with all but 3 implants 
placed in PM or M sites. About 49 implants were restored 
as single crowns and 22 as 3- unit fixed dental prosthesis. 
Only one implant was lost five weeks after implantation 
and the mean marginal bone loss at the five- year follow- up 
was 0.7 mm (SD 0.6 mm). The overall success and survival 
rate was 98.4%. Ferrario et  al.  [22] presented at the 28th 
Annual Scientific Meeting of the European Association for 
Osseointegration on 10- year follow- ups of edentulous 
rehabilitation with zirconia implants. About 25 one- piece 
zirconia implants were placed in 10 patients. At the end of 
the observation period, the average crestal bone loss was 
0.81 mm (SD 2.4 mm). No implant failure was reported. 
The osseointegration of ceramic implants, much like that 
of titanium, is dependent on the surface characteristics. 
The removal torque of machined zirconia implants is sig-
nificantly lower when compared to roughened zirco-
nia [23–25]. Similarly, a comparative study with sandblasted 
or machined zirconia implants and titanium implants in 
the maxilla of miniature pigs bone apposition was 
enhanced by the roughened zirconia surface [26]. Clinical 
data demonstrates that Zirconia implants have equal 
capacity for osseointegration as titanium and they are a 
suitable alternative material as a means for tooth 
replacement.

Soft Tissue Integration

Although osseointegration has been a primary focus in 
optimizing the success of dental implants, there has been 
an emerging emphasis on the importance of muco- 
integration and the peri- implant soft- tissue barrier for their 
long- term maintenance and success. In that regard, zirco-
nia implants have already shown excellent osseointegra-
tion capability and biocompatibility in comparison to other 
implant materials, while exhibiting significantly improved 
color response of the peri- implant mucosa, indicating not 
only a better esthetic outcome but potentially healthier 
peri- implant soft- tissues. Muco- integration could prove 
zirconia implants to be capable of forming a long- term soft- 
tissue barrier that promotes the health of these implants, 
reinforcing the rising demand for metal- free options for 

tooth replacement. It is well established that the quality of 
the peri- implant mucosal environment is highly dependent 
on the surface characteristics of the implants. The prolif-
eration and spread of gingival fibroblasts appear to be 
faster on zirconia compared to titanium,  [27] and it has 
been suggested that the wettability of zirconia could pro-
mote protein adsorption and the attachment and spreading 
of fibroblasts  [28]. Welander et  al.  [29] investigated the 
dimensions of the peri- implant mucosa around zirconia 
and titanium abutments. After an observation period of 
five months, the length of the epithelium remained at 
1.75 mm in the zirconia group, with a lower presence of 
leukocytes compared to titanium. Their study suggested 
that zirconia could enhance the epithelial attachment dur-
ing the healing phase. When compared to titanium 
implants, zirconia implants were found to exhibit a shal-
lower probing depth in monkeys [30]. Similarly, an animal 
study comparing one- piece zirconia and titanium implants 
found a higher content of collagen and shorter length of 
the sulcular epithelium in zirconia implants, suggesting an 
improvement in the soft tissue seal and reduction of the 
peri- implant inflammatory infiltrate [31]. Furthermore, it 
is well- known that ceramic materials are less prone to bac-
terial biofilm and plaque accumulation than metal sub-
strates  [32, 33], suggesting that zirconia implants could 
offer not only a healthier peri- implant environment, but 
also one that is more resistant to inflammation and infec-
tion (Figures 26.13 and 26.14).

Figure 26.13  Soft Tissue integration around a one- piece 
zirconia implant. Source: Institut Straumann AG.
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Long- term Maintenance

The peri- implant environment plays a crucial role in the 
long- term maintenance and success of dental implants. 
Inflammation of the peri- implant mucosa can lead to peri- 
implantitis if left untreated. Similarly, there is a direct cause- 
effect relationship between bacterial plaque  accumulation 
and peri- implantitis [34–36]. Zirconia ‘s low surface energy 
and wettability results in a reduction of the adhesion capac-
ity of bacteria  [37]. In an in  vivo experiment on bacterial 
adhesion, zirconia disks showed less accumulation of bacte-
ria compared with titanium. The same study showed that 
the bacterial plaque growing on zirconia surfaces was less 

mature compared with the bacterial plaque growing on tita-
nium [32]. These findings were corroborated by Scarano and 
coworkers [33]. In a ligature- induced peri- implantitis study 
comparing Ti and Zr implants, Roehling et al. [38] demon-
strated a more favorable hard and soft tissue response to the 
disease. Zirconia implants showed a statistically significant 
reduction in the active and spontaneous progression of the 
disease, as well as a reduction of the crestal bone loss. This 
tissue- friendly environment observed around zirconia is 
also evidenced by an increased microcirculation in the peri- 
implant soft tissues compared to titanium and an ability to 
form a mucosal seal [29, 39]. Altogether, zirconia provides a 
unique peri- implant environment that closely resembles 
that of a natural tooth and the ability to outperform titanium 
implants in the long term.

Conclusions

Zirconia implants have proven to be a reliable alternative 
to titanium as a means for tooth replacement both in vitro 
and in vivo. It is clear that zirconia has the same capacity 
for osseointegration as titanium, as well as the ability to 
withstand occlusal forces. It’s superior biocompatibility, 
low affinity to plaque accumulation, and increased resist-
ance to peri- implantitis provides a tissue- friendly environ-
ment that positively impacts their survival, success, and 
long- term maintenance. Zirconia implants are proving to 
be a game changer in implant dentistry, potentially replac-
ing titanium implants in the future.
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The acceptance of oral implantology as the standard of 
care in oral reconstruction has led to an exponential 
increase in the use of dental implants by clinicians of all 
specialties. Concurrent with this increased use of implant-
able devices has been the increased incidence of peri- 
implantitis  [1]. While the causes of peri- implantitis are 
varied, the one common thread has been alterations in the 
surface characteristics of implanted devices, and many dif-
ferent treatment modalities have been suggested for treat-
ment of these implant site defects [2]. However, treatment 
of peri- implantitis can be refractory, with a significant 
number of treatment attempts failing to achieve the desired 
results [3, 4].

The conditions leading to the development of peri- 
implantitis are multifactorial, and there is one aspect of 
peri- implant disease that is not well understood. That 
parameter is the condition of the implant surface. Metallic 
oxide surfaces are quite complex, and they exist in a range 
of electron states that affect the quality of fluid and tissue 
adhesion  [5]. When titanium or zirconium implants are 
manufactured, the oxide layers that immediately form are 
pristine and, consequently, extremely hydrophilic and elec-
trostatically active [6]. Within days of manufacture, how-
ever, inorganic ions from the atmosphere start to populate 
the active receptor sites on these oxide layers [7]. Implant 
surfaces undergo a fundamental change, becoming less 
electrostatically active and convert to a hydrophobic form 
(Figure  27.1). The term “biologic aging of titanium” has 
been coined to describe the time- related degradation of 
physiochemical properties of implant surfaces, with a 
direct effect on the ultimate quality and quantity of bone at 
the implant interface.

This will diminish the degree of protein and fibrin 
attachment and may affect the quality of osseointegra-
tion [8]. (Figures 27.2 and 27.3) A lower quality of fibrin 

adhesion may delay cell migration and result in a lower 
percentage of bone- to- implant contact. Early implant fail-
ures may be related to this phenomenon.

In addition, implants that suffer from peri- implant disease 
are not only contaminated with inorganic ions, but there is 
now a layer of organic contamination that potentially com-
plicates treatment outcomes. Strategies to treat peri- 
implantitis have previously focused on removal of organic 
bioburden and decontamination. We now recognize that 
treatment of the oxide surface at the molecular and atomic 
levels is now becoming an integral part of the treatment pro-
tocol to ensure reintegration of the implant body.

A critical factor in implant integration is biocompatibil-
ity, and successful integration and survival of dental 
implants in function are directly related to the percentage 
of bone- to- implant contact. It is reported that percentage 
of vital bone in successfully integrated implants ranges 
from 45 to 65% [9]. Early failure of dental implants is most 
often related to insufficient load- bearing bone, resulting in 
breakdown and resorption of the remaining bone complex.  
Therefore, biocompatibility becomes the most important 
factor in forming the highest percentage of vital bone in 
direct apposition to the implant surface.

There are several physiochemical properties that contrib-
ute to biocompatibility, which includes surface topography, 
hydrophilicity, and chemical composition [10]. Morra et al. 
commenced a study of 34 different implant systems and 
analyzed hydrocarbon deposition on titanium oxide sur-
faces. They found a range of 17.9–76.5% carbon deposi-
tion  [11]. This hydrocarbon contamination existed on all 
implants tested, regardless of surface characteristics.

Early failures of dental implants may be directly related 
to a low percentage of bone- to- implant contact. These per-
centages under normal conditions may range from 50 to 
65% [12].

Robert Miller

Department of Oral Implantology ACDRC, Palm Beach State College, FL, USA
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SurfaceCharacteristicsof Metallic
Oxide Surfaces

Studies have shown that the electron state of metallic oxide 
surfaces can affect protein absorption, and osteoblast 
migration, differentiation, and proliferation.

Surface analysis of implant surfaces can be accomplished 
by using SEM (Scanning Electron Microscope), AES (Auger 
Electron Spectroscopy), and XPS (X- ray Photoelectron 

Spectroscopy). These instruments can perform elemental 
analysis of the oxide surfaces to measure both morphology 
and chemistry. Within the titanium oxide or zirconium 
oxide surfaces, we can detect hydrocarbon contamination 
of the oxide receptors and ultimately test the affinity of 
these surfaces for biologic fluids and cell attachment [13]. 
The primary contaminant is carbon, with smaller percent-
ages of nitrogen, oxygen, aluminum, and fluoride.

In a study by Roy et al. they measured contaminant dep-
osition corresponding to the presence of carbon- containing 
molecules on implant surfaces. The peak attachment 
occurred at 285 eV for all species, and then the population 
of these molecules was measured after UVC irradiation. 
They found that the percentage of hydrocarbon contami-
nation decreased by a factor of 4X. Another peak at 534 eV 
was found for contamination by H20. Photofunctionalization 
was found to decrease the H20 concentration and covert 
the receptor site to TiOH, resulting in an increase in hydro-
philicity by changing the electron charge of the sur-
face [14]. (Figure 27.4) Changing the binding energy (eV) 
of titanium receptors will result in the uncoupling of 
hydrocarbon contaminants and conversion to electroposi-
tive species that attract biologic fluids. (Figure 27.5)

It is hypothesized that, in the biologic model, additional 
contamination will occur through the attachment of 
lipopolysacharrides, bacterial endotoxins, calculus, and 
dental plaque. Debridement of the implant surface must 
precede photofunctionalization. This can be accomplished 
by using ultrasonic instrumentation, chemotherapeutic 

Figure 27.1 Hydrophobic implant surface repelling fibrin 
attachment. (Source: Reprinted courtesy Professor Dr. Nelson 
R. Pinto, Department of Periodontics and Implant Dentistry, 
Faculty of Dentistry, University of the Andes, Santiago, Chile).

Figures 27.2–27.3 Poor quality fibrin adhesion on aged titanium. (Source: Reprinted courtesy Professor Dr. Nelson R. Pinto, 
Department of Periodontics and Implant Dentistry, Faculty of Dentistry, University of the Andes, Santiago, Chile).
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agents, citric acid, prophyjet, or ablative lasers  [15]. 
Following removal of the bioburden on the implant sur-
face, UVC energy can then reach the oxide layer [16]. The 
final removal of organic and hydrocarbon residues results 
in a change in electrostatic condition, allowing adsorption 
of organic components in biologic fluid, primarily car-
boxyl, and amine groups. This early phenomenon now 
facilitates adhesion and migration of regenerative cells, 
resulting in integration of the implanted device [17–19] 
(Figure 27.6).

OsteoblastAttachmentand Migration

Adhesion and motility of osteoblasts can be affected by sur-
face properties of implant surfaces [20]. Reduction of the 
ability of osteoblasts to adhere to the implant surface and 
reduction of cell spreading across that surface has a direct 
effect on the production of signaling proteins in the osteo-
blast. These Rho GTPases help to regulate actin fibers in 
the osteoblast and are responsible for cell mobility. Any 
reduction of these signaling proteins will interfere with cell 
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attachment and spreading. As hydrocarbon contamination 
increases, there is a linear reduction in cell migration and 
spreading. Photofunctionalization helps to indirectly stim-
ulate GTPase gene expression, upregulating osteoblast 
metabolism [21] (Figure 27.7).

 Osteoblast Differentiation and Bone Density

Osseointegration is a complex metabolic process, but meas-
urement of certain bone markers can be used to determine 
the relative rates of early bone production. These markers 
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Figure 27.7 ECM collagen and fibronectin interact with transmembranous integrins. Vinculin binds integrins with actin filaments 
aiding cellular migration, adhesion, and spreading. (Source: Reprinted courtesy Yang Cheng, Department of Stomatology, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 1277, Jiefang Avenue, Wuhan 430022, Hubei, 
P.R. China, Tel: +008613517199412).
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include Col- 1, RUNx- 2, Osterix, Osteocalcin, Osteopontin, 
and Alkaline Phosphatase. Maturation of the bone complex 
can be observed by measuring Alkaline Phosphatase levels 
(ALP). Elevated ALP levels are directly correlated with oste-
ogenic activity and bone deposition. It can be demonstrated 
that ALP levels are reduced by up to 50% on aged titanium 
surfaces as a function of inhibition of osteoblast attachment 
and reduced metabolic activity. Photofunctionalization 
enhances protein adsorption, osteoblast adhesion, and pro-
liferation [22] (Figure 27.8).

ElectrostaticConditionand Hydrophilicity

While the wettability of an implant surface may not be 
directly related to bioactivity, in vitro testing shows altera-
tions in bone marker activity [6]. Aged titanium exists in an 
electronegative state, resulting in a hydrophobic response 
[24]. When UVC light interacts with the implant oxide layer, 
the surface is converted to electropositive, enhancing fibrin 
attachment [13, 25]. The proposed mechanism is the conver-
sion of Ti4+ to Ti3+, resulting in the formation of Ti- OH 
groups [26]. The result is the conversion of the oxide surface 
to superhydrophilic, enhancing the adhesion of blood pro-
teins as a precursor to osteoblast attachment (Figure 27.9).

 Antibacterial Effect

Bacterial adhesion to transmucosal elements of dental 
implants is unavoidable. Bacteria use salivary proteins to 
enhance the colonization on abutment components 
and  may induce an inflammatory response in the peri-
implant tissue. Chronic inflammatory response degrade 

the dentogingival complex leading to even greater bacterial 
attachment to the implant body. The charged cell surface of 
bacteria interacts with the oxide surface of implants, ena-
bling colonization of the transmucosal portion of the 
implant body or the roughened surface of the implant body 
following bone loss. Photofunctionalization enhances 
 osteogenic adhesion and competes with microbial coloni-
zation. This effect appears to be long- lasting following 
treatment, and fewer relapses are seen on treated implant 
surfaces [27] (Figure 27.10).

IntraoralUseof Photofunctionalization

All previous research in photofunctionalization (PTF) has 
been conducted on implants prior to placement and com-
mercial systems are currently available (Figure 27.11).

Elemental analysis of implants before and after UVC 
treatment can then be measured and correlated with treat-
ment outcomes. The refractive nature of peri- implantitis 
treatment is now driving research into additional treat-
ment modalities for contaminated implant surfaces to 
enhance potential regeneration. However, the increased 
complexity of the type of contaminants found on implant 
surfaces requires additional instrumentation for PTF to be 
effective. In the presence of bioburden, UVC application 
cannot reach the titanium oxide surface if the layer of 
organic contamination is not removed. Complete ablation 
of the implant surface prior to PTF is therefore an absolute 
requirement for conversion of the oxide surface. While sev-
eral different modalities for surface ablation have been pro-
posed in the literature, hard tissue lasers have shown the 
greatest promise [28]. The remaining defect must be grafted 
to prevent reattachment

Figure 27.8 Comparison of cellular morphology before and after UVC treatment. (Source: Reprinted courtesy Gao et al. [23]).
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New research is being conducted using intraoral UVC 
handpieces. This is the first time PTF has been proposed 
after implant placement and development of peri- 
implantitis. Treatment of peri- implant defects in situ is 
showing great promise, particularly in treating refractory 
cases where previous graft surgery has failed.

Treatment of the infected implant surface requires 
sequential treatment steps. Unlike the sterile implant prior 
to placement, the roughened implant surface has bacterial 
colonization with a bioburden layer that can be difficult to 
remove. This organic layer must be removed to allow UVC 
energy to reach the titanium oxide layer.

Prototype handpieces have been designed to deliver UVC 
energy in the 254 nm range. Mercury ray tubes are used to 
create UVC energy primarily in the 254 nm range. They are 
shielded to direct the energy toward the target tissue and 
implant body (Figures 27.12a, b).

The first step is full- thickness flaps to expose the implant 
body. Surgical curettes can be used to remove the gross 
amounts of granulation tissue. Following complete 
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debridement and UVC treatment of the implant surface 
and remaining bone architecture, the defect is grafted to 
prevent soft tissue reattachment to the implant body 
(Figures 27.13–c).

A treatment sequence for the treatment of peri- 
implantitis has been proposed. Proper diagnosis is essen-
tial prior to treatment. Implants with advanced bone loss 
should be removed and the height of bone levels around 
the remaining implants assessed (Figure  27.14a). Pocket 

depths are measured and the amount of keratinized tissue 
and vestibular depth evaluated (Figure 27.14b). Whenever 
possible, the prosthesis should be removed. This will allow 
better access to the implant bodies circumferentially and 
for grafting following debridement (Figure  27.14c.). The 
remaining implants can now be evaluated. Mobile implants 
are removed (Figure  14d) and a strategy to debride and 
graft the remaining defect is developed. Flaps are better 
managed with the prosthesis removed and the defects can 
be fully visualized (Figure 27.14e).

Full- thickness flaps are raised and all gross granulation 
tissue removed with surgical curettes. An ablative laser can 
now be used to remove any soft tissue and bioburden 
adherent to the implant body (Figure  27.14f). This step 
must be efficiently completed before the final surface treat-
ment. Any visible soft tissue remnants will prevent reinte-
gration of the implant body.

While all visible bioburdens can be removed, the next 
step is to treat the implant surface at the nano level. 
Surface ablation may appear to completely clear the 
implant body of diseased tissue, but the oxide surface 
will still be contaminated. It is proposed that acid etch-
ing can denature any remaining bacterial endotoxins 
(Figure  27.14g). However, the breakdown products of 
the surface contaminants are still present. An applica-
tion of EDTA will remove any smear layer that remains 
(Figure 27.14h). The final chemotherapeutic step is the 
application of hydrogen peroxide. This will remove any 
last tissue remnants or breakdown products of bacterial 
colonization (Figure 27.14i).

The surface of the implant is now free of any biologic 
contaminants. The UVC handpiece can now be used to 
effectively change the electron state of the oxide surface, 
converting it back to a hydrophilic state (Figure 27.14j). 
The handpiece is used for 60–90 seconds at proximity.

The treated implant surface is now ready to be grafted. 
The graft of choice is determined by the defect size and the 

Figure 27.11 Commercial UVC treatment system for pre- 
placement treatment of implants and transmucosal elements.

(a) (b)

Figure 27.12 (a) Prototype UVC handpiece with mercury ray tube. (b) Gated shield directing the UVC energy to the target tissue.
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number of remaining walls. The graft must be stable and 
protect the space while bone is regenerating. Whenever 
possible, autologous fibrin is mixed with the graft material 
to aid in handling and to accelerate the rate of bone regen-
eration (Figure 27.14k).

If key walls are missing, a longer resorption time colla-
gen membrane is used to protect the graft complex 
(Figure 27.14l). Some clinicians advocate the use of a final 
L- PRF membrane to aid in early anastomosis of flap mar-
gins (Figure  27.14m). Primary closure is recommended 

and placement of cover screws with primary closure may 
aid in full regeneration of the defect whenever possible.

The defect should be monitored radiographically, and 
the prosthesis replaced when the regenerated bone is 
mature (Figure 27.14n).

In early studies, UVC photo functionalization showed 
great promise in revision surgery for the treatment of peri- 
implantitis. More controlled studies will be necessary to 
prove the efficacy of this treatment for a very vexing prob-
lem in oral implantology.

(a)

(c)(b)

Figure 27.13 (a) Failure of particulate bone graft in peri- implantitis treatment. (b) Graft placement following surface debridement 
and application of UVC handpiece. (c) Regeneration of peri- implant bone after three months healing.



Figure 27.14 (a) Pre- op radiograph of infected implant bridge. (b) Pre- op photograph demonstrating bone loss and suppuration. 
(c) Sectioning and removal of implant prosthesis. (d) Removal of mobile implant. (e) Remaining implants to be grafted. (f) Laser ablation of 
implant surfaces with hard tissue laser. (g) Acid etching to denature bacterial endotoxin. (h) Application of EDTA to remove remaining smear 
layer. (i) Application of hydrogen peroxide to remove any remnants of bioburden within the defect. (j) UVC treatment to photofunctionalize 
the implant surface. (k) Corticocancellous graft of defect to abutment level. (l) Resorbable collagen membrane to cover graft area. (m) Final 
L- PRF membrane to facilitate flap margin anastomosis. (n) three- month post- op radiograph of healing graft complex.
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 Introduction

Dental implants are relatively innovative and superior 
treatments in dentistry and are widely used in an increas-
ing number of cases. Most of the techniques are evidence- 
based and predictable. However, in many cases, the implant 
site is inadequate for poor bone quality and quantity.

For these reasons, tissue regeneration is frequently 
required in implant dentistry, and autologous platelet  
concentrates are promising and innovative therapeutic 
approaches.

Implant osseointegration is a concept widely supported 
by the literature. In 1990, Zarb and Alberktsson defined 
osseointegration from a clinical point of view as a rigid and 
clinically asymptomatic fixation process of an alloplastic 
material with bone subjected to functional load [1, 2].

Since then a lot is changing and a lot is still to come.
The most important aspects for successful osseointegra-

tion are the biological characteristics of the host site (the 
patient) and the macro-  and microstructure of the implant. 
Dental implant surfaces have now achieved outstanding 
performances, which were previously unimaginable.

Traditional implant surfaces can be classified into two 
broad categories: smooth (machined) and rough (treated). It 
has now been demonstrated that implants with micro- rough 
surfaces stimulate a greater and faster apposition of new 
bone than implants with smooth surfaces. The differentiation 
of osteoblasts and their response during osseointegration var-
ies and depends on the implant surface in its nano-  and 
microtopographic aspects. Various phenomena, such as clot 
formation, retention of the fibrin texture, and differentiation 
of the cell population, are influenced by surface topography.

The biomechanical phenomena that arise at the inter-
face between biological tissues and the implant surface as 
well as the implant–prosthetic material are governed by 

the design (external micro and macrostructure), the 
patient’s response, the surgical technique, and by the con-
ditions and/or times of loading. Exposure of the implant 
surface to air leads to the formation of an oxide layer, which 
constitutes a benevolent substrate in the interaction with 
body fluids, the first and fundamental mediator of all bio-
logical phenomena. The insertion of the implant and the 
consequent surgical trauma cause the interruption of the 
bone blood vessels, with subsequent bleeding: this deter-
mines the contact between the biological fluids of the host 
and the surface of the newly inserted implant. The absorp-
tion on the implant surface of ions and macromolecules of 
blood origin and fibrin is fundamental for the platelet 
adhesion itself and the consequent osteogenesis. This 
ensures an extremely high percentage of osseointegration, 
even in the most complex situations.

On the other hand, this means that the margins for fur-
ther improvement of modern surfaces through mechanical 
or chemical procedures are very small. Major improvement 
can be achieved biologically by adding autologous growth 
factors, obtained by processing the patient’s venous blood, 
to the implant surface.

The study on tissue reparative processes has highlighted 
the fundamental role played by platelets (in this context), 
which are physiological reservoirs of growth factors and 
proteins. There are various platelet concentrates, such as 
platelet- rich plasma (PRP), platelet- rich fibrin (PRF), and 
concentrated growth factor (CGF), which reconstruct bone 
defects [3].

Numerous studies have shown that PRF provides posi-
tive results in tissue engineering  [4]. Research by Sohn 
et al. has demonstrated the greater regeneration capacity of 
the CGF and its multi- purpose use [5]. After a long phase 
of the study, our therapeutic choice was the use of the CGF, 
for the following reasons.

Andrea Palermo

Implant dentistry, College of Medicine and Dentistry Birmingham, Birmingham, UK
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It is 100% autologous and biocompatible, requires a 
 simple preparation, is easily identifiable, has a very high 
concentration of platelets in a fibrin network, has a pres-
ence of growth factors and no manipulation of the product 
is necessary when exclusively using autologous blood 
products, without the addition of other substances.

Platelets, in particular, contain biologically active pro-
teins at high concentrations and support cell healing, 
growth, and morphogenesis  [6]. In addition to platelets, 
CGF contains fibroblasts, leukocytes, and endothelial cells 
for angiogenesis and tissue remodeling; and provides a 
matrix for cell migration [7, 8]. CGF is a fibrin biomaterial 
rich in the growth factors obtained by centrifugation of 
venous blood, at alternating speeds based on a special 
device (Silfradent Co.) [8].

CGF, associated with guided bone regeneration, has 
been used to accelerate new bone formation. Due to its spe-
cial characteristics, including lack of immune reaction, the 
capability of accelerating tissue healing and vasculariza-
tion, and anti- swelling properties, CGF is widely used in 
implant surgery [9–11]. However, the interaction between 
CGF and the dental implant is not clear. The addition of 
autologous growth factors to the implant surface is hin-
dered by titanium’s characteristics of extremely low wetta-
bility [12, 13]. This means that simply wetting the implant 
with autologous growth factors is of little use unless it is 
left in immersion for more than 30  minutes  [13]. This 
makes the procedure difficult to include in the clinical rou-
tine. Because of these difficulties, the challenge of produc-
ing a biologically active surface remains. Our study 
experiences demonstrate a protocol that could produce a 
biologically active implant surface. The growth factors are 
incorporated onto the implant surface, using a dedicated 
implant ampoule, which enables the procedure to be car-
ried out in a closed field and a second device (Roundup) to 
incorporate GF onto the surface in a few seconds. We veri-
fied the adhesion of CGF on the titanium implant surface 
and then quantified the release of the vascular endothelial 
growth factor (VEGF) from CGF and the liquid phase of 
CGF (LPCGF) permeated implants. Later on, we tested 
other platelet- derived growth factors release, bone mor-
phogenetic proteins, and stem cells. In the end, we evalu-
ated the clinical outcome on patients.

This justifies the assertion that the first biologically 
active implant surface was produced, permeated with both 
fibrin, essential for hosting the cellular network, and 
growth factors, essential for creating intercellular commu-
nication and neo- angiogenesis. The osseointegration pro-
cess thus becomes bilateral, operating both from the bone 
toward the implant and the implant toward the bone. This 
reduces the healing time and enhances the physiological 
response by four to six times [14, 15].

The research of this activity was focused on the adhesion 
of autologous growth factors, extracted with innovative 
techniques from the patient’s venous blood, on the surface 
of the device, thus obtaining a biologically active implant 
surface. These growth factors are appropriately character-
ized to evaluate the synergistic effect from the point of view 
of their activity.

 Growth Factors

An ideal bone graft in dentistry should be biomimetic and 
should have the ability to induce differentiation of the 
appropriate cells for bone formation; it should be cost- 
effective and it should be able to achieve consistent and 
predictable results without being affected by different lev-
els of technical ability of the clinician.

The dream of any surgeon would be to have a miraculous 
substance that could heal all wounds quickly and avoid the 
secondary complications of surgical procedures, such as 
edema, pain, dehiscences, infections, and hematomas.

The bad news is that this substance does not exist.
To meet these demands, research has focused on the use 

of bioactive molecules to induce bone formation and 
reduce post- surgery complications.

The growth factors associated with repair and regenera-
tion coordinate important cellular processes such as stimu-
lation and inhibition of growth, development and 
differentiation, mitogenesis, chemotaxis, angiogenesis, 
and apoptosis [16, 17].

Growth factors can be distinguished in:

Natural: Extracted from cells or tissues and then 
reprocessed;

Synthetic: Completely synthesized in the laboratory.

The characteristic common to both is their exceptional 
reactivity even at very low concentrations.

At present, we consider only autologous growth factors.
Synthetic growth factors could tomorrow be an alterna-

tive as far as legislative and even medico- legal problems 
pose today a serious difficulty to their clinical use. On the 
other hand, the mechanism of action of growth factors is 
only partly known and for this reason, the application of 
synthetic growth factors poses difficulties also from an eth-
ical point of view.

What normally happens is that the degranulating plate-
lets release growth factors, which stimulate cell prolifera-
tion, intercellular communication, and neoangiogenesis. 
They, therefore, give way to a process aimed at hemostasis 
and healing.

This is a well- known biological process that we are going 
to enhance and accelerate through the on- site application 
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of the patient’s autologous growth factors. The safety and 
the manageability in the application of growth factors (GF) 
are out of the question since it is an autologous product to 
which no exogenous components are added.

There are different methods and protocols to obtain GF 
from a patient’s blood. The most used are Platelet Rich 
Plasma (PRP), Plasma Rich in Growth Factors (PRGF), 
Advanced Platelet- Rich Fibrin (A- PRF), and Concentrated 
Growth Factors (CGF).

Platelet-richplasma(PRP) is a concentrated prepara-
tion of platelets now termed “first- generation platelet con-
centrate.” PRP is a rich source of growth factors and 
promoted significant changes in monocyte- mediated pro- 
inflammatory cytokine/chemokine release. Leukotriene 
A4 (LXA4) was increased in PRP, suggesting that PRP may 
suppress cytokine release, limit inflammation, and, 
thereby, promote tissue regeneration [17]. Platelet activa-
tion allows access to autologous growth factors, which by 
definition, are neither toxic nor immunogenic and are 
capable of accelerating the normal processes of bone 
regeneration. In general, a large body of PRP studies dem-
onstrated that PRP stimulates the proliferation and differ-
entiation of fibroblasts, osteoblasts, chondrocytes, and 
mesenchymal stem cells [18, 19]. PRP can thus be consid-
ered a useful instrument for increasing the quality of 
regenerated bone  [20] and wound healing of injury- 
associated soft tissue defects  [21–25] for chronic non- 
healing tendon injuries.

Platelet-richfibrin(PRF), a self- clotted preparation of 
PRP derivative, also overcame these matters. Blood sam-
ples collected in the absence of anticoagulants are immedi-
ately centrifuged to form fibrin clots. This simple 
preparation procedure has been widely accepted in various 
medical fields and spread worldwide. The developer of 
PRF further modified it to an advanced form (A- PRF), 
which is expected to contain a relatively greater number of 
white blood cells (WBC)  [26]. Because of low- speed cen-
trifugation, this fibrin clot is softer than that of the original 
PRF. On the other hand, concentrated growth factors 
(CGF), another modified form of PRF, are prepared by 
repeatedly switching the centrifugation speed and are 
characterized as a relatively stiffer fibrin clot  [27]. 
Therefore, it has been anticipated that the difference in 
mechanical characteristics may produce a difference in the 
growth factor content.

Novel technologies (such as the cell concentrator 
Silfradent®) make possible the extraction of the so- called 
CGF. CGF is an autologous leukocyte- rich and platelet- 
rich fibrin (L- PRF) biomaterial termed “second- generation 
platelet concentrate.” CGF contains autologous osteoin-
ductive platelet growth factors and an osteoconductive 
fibrin matrix [28]. It is also present in CGF: TGF- b1, VEGF, 

and CD34 positive cells  [29]. The application of CGF 
resulted in excellent healing of critical- size bone defects 
in vivo [28], hair loss [30], and promissory in the periphery 
and myocardial ischemia [31].

Platelet count is the first variable to consider. Absolute 
platelet count varies depending on the platelet concentra-
tion in the subjects’ peripheral blood. PRP devices can be 
usually divided into lower (2.5–3 times baseline concentra-
tion) and higher (5–9 times baseline concentration) sys-
tems. It would seem intuitive that a higher platelet count 
would yield more growth factors and better clinical results; 
however, this has not yet been determined. Graziani et al. 
suggested that the optimal concentration of PRP was 2.5 x 
baseline and above this, there may be an inhibitory 
effect  [32]. The optimal concentration was estimated at 
2.5- fold to stimulate soft tissues. However, 2.5/3- folds 
upper baseline was optimal to stimulate bone regenera-
tion [33, 34].

PRP containing white blood cells will have different bio-
logic activity than PRP in which they are absent. The lower 
platelet count systems separate the whole blood into two 
components: one with the cellular components and the 
other consists of serum in which the platelets are sus-
pended. The higher platelet count systems separate the 
whole blood into three fractions: the red cells, serum, and 
buffy coat. The buffy coat contains both platelets and WBC.

WBC can be further classified into different types. These 
include neutrophils, monocytes/macrophages, and lym-
phocytes. Their roles in tissue healing are different. 
Neutrophils are phagocytic and contain over 40 hydrolytic 
enzymes. Their activation leads to phagocytosis of debris 
and the release of oxygen- free radicals and proteases. This 
release of toxic molecules from the neutrophils can lead to 
secondary damage to the muscle [35, 36]. Whether or not 
neutrophils have a negative or positive effect on acute or 
chronically injured soft tissue is unknown.

Macrophages are the tissue forms of the circulating 
monocytes. Their role is the removal of debris and they are 
primarily phagocytic. They also have a role in balancing the 
pro- inflammatory and anti- inflammatory aspects of the 
healing [36, 37]. Since it is not possible to fractionate differ-
ent types of white blood cells out of PRP, it may be that the 
absence of macrophages is more detrimental to healing 
than any secondary damage inflicted by neutrophils.

The growth factor contents in PRF and CGF prepara-
tions and their bioactivities have been demonstrated 
in  vitro studies by several independent scientific 
groups [22, 24–35], the regenerative effects of PRF/CGF 
are not solely due to fibrin clots. The major source of 
growth factors in PRF preparations is its exudate; how-
ever, as a minor source, growth factors are thought to be 
secured by fibrin fibers  [25]. The angiogenic activity of 
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PRF/CGF preparations in endothelial cell cultures and 
the chick embryo chorioallantoic membrane (CAM) 
assay [36], demonstrated that PRF/CGF preparations are 
somewhat more potent in angiogenesis than PRP prepa-
rations. The comparison of the growth factor contents in 
four types of PRP derivatives (PRP, PRGF, A- PRF, and 
CGF) prepared from the same donors showed that both 
A- PRF and CGF preparations contained TGF- β1, 
PDGF- BB, VEGF, IL- 1β, and IL- 6 at levels similar to or 
higher than PRP preparations  [25]. The expected prolif-
erative effects of both A- PRF and CGF extracts were dem-
onstrated in the in  vitro assay using human periosteal 
cells, which give rise to osteoblasts involved in periodon-
tal skeletal regeneration. Therefore, as do PRP prepara-
tions, these self- clotted PRP derivatives are expected to 
function not only as a scaffolding material but also as a 
reservoir to deliver certain growth factors and pro- 
inflammatory cytokines at the implantation sites [25].

For all these reasons, we decided to evaluate the outcome 
of the application of CGF on the implant surface with 
in vitro and in vivo studies.

Recent publications underline moved in the right direc-
tion as Concentrated Growth Factors (CGF) Induce 
Osteogenic Differentiation in Human Bone Marrow [33].

In the first part of our research, we decided to test the 
release of GF from the biologically coated implant surface 
in vitro. Later on, we did it in vivo.

For the in vitro test, we used good health volunteers to 
take the blood, elaborate, and incorporate it into the 
implant. For the in vivo use, we decided to focus our atten-
tion on elderly patients with dysmetabolic diseases.

 Preparation of CGF

Blood samples (8 mL) were taken by puncture of a vein 
from five donor patients, non- smokers, and in good general 
health. The five donors involved in the study (three men 
and two women) were aged between 25 and 45 years, with 
a BMI (Body Mass Index) between 21 and 23 points. The 
general medical history was negative. Patients were not on 
therapy with any type of drug and the blood samples were 
taken separately from the main meals, on empty stomachs. 
Informed consent was obtained from the patients included 
in this study. Tubes of blood were processed by a device 
(Medifuge MF200; Silfradent) to obtain CGF, following the 
manufacturer’s instructions (Figure 28.1).

The evaluation of the quality of the CGF was made on 
two fractions: the so- called white fraction and the red
fraction (Figure 28.2).

White Fraction: LPGF (liquid face of CGF) liquid 
uncured fibrin obtained with a white cap tube. It is a 

completely smooth test tube without any additive inside 
that delivers the material in a liquid state, which will 
polymerize at room temperature in the next 15  minutes 
(Figure 28.3).

Redfraction: CGF polymerized fibrin, which is obtained 
with a red cap tube and has rough walls to promote polym-
erization through an exclusively physical process. It has a 
greater consistency, a gelatinous appearance, and a higher 
cellular concentration of uncured fibrin due to the acti-
vated fibrin network that traps more cells. Within the net-
work, cells can migrate and differentiate (Figure 28.4).

It was, therefore, possible to evaluate the different results 
of the two preparations.

The resulting CGF was then inserted into dedicated 
implant ampoules (Figure  28.5), each containing an 
implant (IML®, Swiss dental implants, diameter 4 mm and 
height 8 mm). To incorporate the CGF onto the implant 
surface, these tubes were inserted into a second device, 

Centrifugation of blood samples 

Figure 28.1 Medifuge device. Source: Thermo Fisher 
Scientific Inc.

Figure 28.2 White fraction and red fraction.
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Roundup (Silfradent), and centrifuged for 16 seconds, fol-
lowing the manufacturer’s instructions (Figure 28.6).

After centrifuging the growth factors with the 8 implants 
for 16 seconds, the tubes obtained were placed in two dif-
ferent culture materials: DMEM and PBS (Figure 28.7).

 In vitro Trial

After preparing Concentrated Growth Factors twomain
experiments were conducted:

 ● thefirst to assess the presence of the VEGF in the CGF 
and LPGF (Figure 28.8), and with the implant plus CGF/
LPGF (Figure 28.9).

 ● thesecond to evaluate: (i) the ability of the implant sur-
face to be permeated by the CGF (Figures 28.10–28.12); 
(ii) the extent of the diffusion of the VEGF present in the 
CGF with the implantation in the culture medium; (iii) 
the implant’s ability to release VEGF by moving it to 
another culture medium (Figure 28.13).

The analysis of the first graph shows how the CGF has a 
much higher concentration of VEGF than the LPGF, how-
ever, after one day, the concentrations in both preparations 
are superimposable.

On the other hand, considering the second graph, the 
solid CGF with the implant presents and maintains over 

Figure 28.3 Isolation of the white fraction.

Figure 28.4 Isolation of the red fraction, polymerized fibrin.

Figure 28.5 Implant a CGF in the dedicated tubes.

Figure 28.6 Tubes ready for incorporation of CGF in 
Roundup device.

Figure 28.7 Implants placed in DMEM and PBS.
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time an ever- greater concentration of VEGF compared to 
the LPGF with implant (Figure 28.9).

To assess whether the VEGF was closely linked to the 
implant or was immediately released into the culture 
medium, after a day the implant was moved by inserting it 
into a new well with DMEM or pure PBS.

The culture medium left without implant corresponds to 
the 2dsv sample (two days “senza vite” – two days without 
screw) because it was taken two days after the start of the 
experiment.

The well into which the implant was transferred corre-
sponds to sample 2d (two days).

As can be seen from the graph, VEGF remains within the 
implant surface and is gradually released over time. 
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Figure 28.8 VEGF concentration from the 
white portion and the red portion.
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Figure 28.9 Implants with white portion 
and red portion of CGF.

Figure 28.10 Implant permeated with CGF.



Improvement of Osseointegration Through Autologous Growth Factors528

Consequently, VEGF pertains to the implant surface and is 
not linked to the presence of the culture medium. This 
deduction is supported by the fact that the 2d sv sample is 
comparable to 12 hours, moreover, the VEGF value of the 
2 g corresponds almost perfectly to the sum of 2sv + 3 g.

In neutral soil, the relevant aspect is that when the 
implant is removed, the VEGF immediately drops. When 
the implant is placed back in another culture medium, the 
VEGF rises again.

So it means that the release of VEGF starts from the 
implant, and it can be deduced that the implant has a bio-
logically active surface.

 Results

The results obtained from the in vitro experiments show 
that the concentration of growth factors (VEGF) is higher 
in the CGF rather than in the LPGF and by centrifuging the 

Figure 28.11 Implant permeated with CGF SEM 
photomicrograph.

Figure 28.12 Strong magnification of the CGF- permeated implant surface.
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implant with the CGF, the presence of VEGF is very high at 
zero time and then decreases.

Subsequently, the results of the second experiment show 
that VEGF remains within the implant surface and is grad-
ually released over time.

It is also important to emphasize that the use of specific 
implants is essential for a better implant micro- surface, 
allowing the growth factors to settle inside it.

From a practical point of view, the insertion of the LPGF 
can be achieved through a closed system by direct injection 
into the implant tube. And it is an easily reproducible situ-
ation in an outpatient setting, thanks to dedicated implant 
tubes also.

However, the use of CGF (already polymerized  – red 
tube), although it has a much higher presence of VEGF at 
zero time than LPGF, instead involves opening the implant 
tube to insert the material and then closing it again before 
insertion in the Roundup device to incorporate on the sur-
face. This procedure of opening the tube and inserting the 
growth factor, however, takes place in an open system, but 
with contiguity of time and space that does not limit its 
clinical application.

 Implants with CGF In vivo

So starting from this, we decide to apply this technology to 
patients whose biological response is compromised because 
of their age and health conditions:

21 patients, aged between 27 and 72 years old, were 
enrolled to be rehabilitated with 45 IML®, swiss dental 
implants of which 22 were CGF permeated implants. They 
were patients whose general health conditions were not 
always favorable for bone healing.

In particular: six patients with mild osteoporosis not on 
therapy; three patients with moderate osteoporosis on ther-
apy or who have finished bisphosphonate therapy; two 
patients with compensated diabetes; six patients with met-
abolic diseases (hypercholesterolemia, thyroid hormone 
alterations); four patients with hypertension or on anti-
platelet/anticoagulant therapy.

All patients rehabilitated with implants plus CGF were 
appropriately examined before surgery and two radio-
graphic examinations were required: (i) dental arches 
orthopantomography to have a global assessment of the 
patient, to detect sites of monoedentulism or to plan multi-
ple implant insertions in the absence of two or more dental 
elements; (ii) cone beam computed tomography examina-
tion of the affected arch to study the thickness, height, and 
quality of the rehabilitated bone tissue.

Patients with poor oral hygiene, insufficient space avail-
able for the introduction of the fixture, bruxism, rehabilita-
tions with angulation correction of over 25° concerning the 
implant axis, or rehabilitations with excessive cantilever 
were excluded from the study.

Our work evaluated the effect of CGF on implant heal-
ing. The particular clinical evaluation was performed 
through a survey filled in 24 hours after surgery and the 
analysis of the post- operative course (edema, pain, and 
bleeding) after surgery. For this evaluation propose the 
healing times, any problems on the implant prosthesis, the 
intraoral radiographic (bone resorption, any exposed 
implant threads) as well as the peri- implant probing (bleed-
ing or pain on probing) at 3, 6, and 12 months after surgery 
were evaluated. The split- mouth design, which provides 
rehabilitating half- arch with traditional implants and the 
other half- arch with CGF- permeated implants in the same 
patient, was used when applicable.
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Figure 28.13 Diffusion of the VEGF from 
the implant surface.
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Informed consent was obtained from all patients.
The use of implants permeated with CGF demonstrated 

a significant improvement in the final results when com-
pared with those without CGF permeation in terms of post- 
surgery complications such as edema, pain, and bleeding 
(Figure 28.14) and bone level (Figures 28.15–28.18).

The pain was assessed with the Visual Analogue 
Scale (VAS).

The measurement of the edema was reported by the oral 
surgeon after a post- surgery check- up.

Additionally, patients experienced faster and uncompli-
cated healing, especially on the rehabilitated side with 
growth factors. The peri- implant probing performed 3, 6, 
and 12  months after surgery did not create bleeding or 
pain. From 24 hours after the analysis of the intervention 
survey, 89% of patients declare that they do not feel much 
pain, 93% do not have bruises and edema and 96% declare 
that they have quickly resumed normal daily activity.

 Discussion

To obtain maximum implant success, it is necessary to 
achieve and maintain the stability of the implant from a 
morphological point of view  [1]. The concept of 
osseointegration has led to the emergence of the concept of 
primary stability, influenced by the quality of the bone in 
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Figure 28.14 Post- operative course for traditional and  
CGF-permeated implants.

Figure 28.15 Patient treated with 
implants without CGF (b) in the frontal 
area and CGF- permeated implants were 
used in the posterior areas (a).

Figure 28.16 Patient treated with split- mouth with IML 
implants, with CGF (a), and without CGF (b).

Figure 28.17 Implant treated with CGF in a diabetic patient, 
note the perfect preservation of crestal bone levels.
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the surgical site [1, 2]. Conversely, secondary stability is the 
stability of the implant after soft tissue and bone heal-
ing [11]. Davies [12] has studied the healing phases of the 
peri- implant bone and has shown that, following a trau-
matic event, the formation of lamellar bone is not immedi-
ate; rather, an irregular bone is formed called a woven bone.

Human studies have shown that CGF can be very benefi-
cial; it is simple to apply during surgery or other types of 
therapy. Furthermore, together with CD 34+ stem cells, 
CGF has shown significant benefits in terms of accelerat-
ing wound healing, soft tissue repair, and new bone forma-
tion [7, 9, 38–44]. Autologous CGF treatment is generally 
considered safe in carefully evaluated patients.

Potential contraindications are patients with anemia, 
thrombocytopenia, hemodynamic instability, unstable 
angina, sepsis, anticoagulants, or fibrinolytic therapy. The 
advantages of this simple method are particularly evident 
in patients with systemic or metabolic diseases or undergo-
ing regenerative treatments. It is capable of expanding the 
success rate in all patients, being safe, biologically compat-
ible, and economical.

These findings were evident in preclinical models, 
known as reliable tools for studying osteogenesis and the 
endothelial biocompatibility of CGF- permeated devices. 
However, our in vitro experimental results do not neces-
sarily translate directly into the in vivo situation. Therefore, 
further investigations were performed to evaluate the 
in vivo efficacy of CGF- permeated implants in promoting 

osseointegration and tissue regeneration and reducing 
post- surgical complications.

 Conclusion

Optimal crestal level, probing, and less bleeding were 
obtained using the CGF- permeated implants compared to 
the un- permeated implant interventions, where bone 
resorption was often observed. These results were also 
obtained in elderly subjects with conditions that are not 
always eligible for dental implant surgery. Overall, these 
data highlight interesting new perspectives for the improve-
ment of CGF- coated implant osteointegration and healing.

Based on the histological and clinical results obtained, 
we can affirm that we have created the first biologically 
active implant surface that is permeated both by fibrin, 
essential to accommodate the cellular network, and by 
growth factors essential to creating intercellular communi-
cation and neo- angiogenesis. This implies that the osseoin-
tegration process becomes bilateral, that is, from the bone 
surface toward the implant and also from the implant 
toward the bone.

In the future, further studies will be needed to investi-
gate the use of biologically active surfaces and improve the 
implant micro- surface to be permeated more and more by 
autologous growth factors to maximize osseointegration 
and reduce complications.
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 Introduction

Osseointegration is the foundation of modern oral implan-
tology. As discovered by Brånemark et al. [1], osseointegra-
tion is the process by which surrounding bone becomes 
fused to a load- bearing implant. The strength of bone- to- 
implant attachment dictates implant success, as dental 
implants must be able to withstand masticatory forces 
whilst remaining mechanically stable. Osseointegration is 
reminiscent of fracture healing – an injury is made to bony 
tissue during drilling for implant placement, initiating a 
phase of wound healing marked by bone remodeling [2]. 
Insufficient osseointegration can result in fibrous tissue 
development at the site of implant placement, loosening 
oral prosthesis, and causing failure [3].

The material composition of dental implants is one of 
the key determinants of implant success. Pure titanium 
and Titanium–Aluminum–Vanadium alloy- based implants 
are the most common implant materials used in dentistry, 
although zirconium dioxide and novel ceramic alloys are 
gaining popularity among implant materials due to esthetic 
appeal [4]. In a study conducted by Simonis et al. [5], the 
clinical survival rates of titanium- based implants 10-  and 
16 years after placement were 89.23 and 82.94%, respec-
tively [5]. Several studies report similar findings, with the 
long- term success of titanium- based implants being widely 
accepted in oral implantology  [6–8]. In order to increase 
the success of oral implants, their surface properties can be 
modified to improve osseointegration and promote bone 
remodeling at the implant site.

Conventional surface modification methods, such 
as  sandblasting, acid- etching, and anodization, cause 
microscale changes to implant topography that increase 

the surface area and roughness of the implant surface 
[9–11]. These modifications lead to more bone deposition 
and integration of the implant; however, studies have 
shown a potential correlation between roughened 
implant surfaces and the maintenance or promotion of 
peri- implant diseases, thereby prompting investigation 
into nanoscale and plasma treatment as substituted or 
additive surface modification methods for implants [12]. 
Nanoscale modifications can improve the wettability, 
bioactivity, and bacterial resistance of implant surfaces 
using 3D- laser texturing and biomimetic modification; 
therefore, researchers suggest that nanoscale modifica-
tions should be performed in conjunction to microscale 
techniques to encourage osseointegration and maintain 
implant vitality [13].

Plasma is a fundamental state of matter that exists as an 
ionized gas composed of positive ions, free electrons, 
molecular particles, and free radicals. Due to its ability to 
generate reactive oxygen and nitrogen species, plasma is 
thought to be a safe surface modification technique that 
decontaminates implant surfaces whilst increasing surface 
hydrophilicity to facilitate protein and cell adhesion for 
osseointegration  [14]. Plasma treatment has also been 
found to be bactericidal and non- damaging, decontaminat-
ing implants, and disrupting oral biofilm formation with-
out altering surface topography [15]. Plasma treatment is 
thus a safe, non- toxic method for cleaning implant surfaces 
and favorable for clinical application over other conven-
tional methods of surface modification. The present study 
will review plasma treatment for implant surfaces, high-
lighting the types of plasma, benefits of plasma, and sys-
tems of plasma cleaning along with commercially available 
plasma devices.
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 Plasma Cleaning

Types of Plasma

There are two main types of plasma for implant surface 
modification  – thermal plasma or atmospheric- pressure 
plasma. Thermal, or hot, plasmas have conventionally 
been used for plasma spraying hydroxyapatite coatings 
onto implant surfaces, whereas, atmospheric- pressure, or 
cold, plasmas have been used to modify implant surface 
chemistry and increase surface area (Figure 29.1) [17, 18]. 
The ability of atmospheric- pressure plasmas to generate 
reactive oxygen and nitrogen species causes implant sur-
face modification, thereby enhancing its osseointegrative 
properties.

Compared to thermal plasmas, atmospheric- pressure 
plasmas have garnered much attention in the fields of 
dentistry and biomedicine for their practicality, effi-
ciency, and cost- effectiveness. Atmospheric- pressure 
plasma can drive high- temperature chemistry at low 
ambient temperatures while also serving as a suitable 
benchtop method of implant surface treatment that 
improves osseointegration immediately prior to inser-
tion  [19]. Additionally, atmospheric- pressure plasma 
devices do not require the use of vacuum equipment, 
thus making them more portable and affordable [17]. In 
contrast, thermal plasmas have limited applications and 
researchers have argued against its use for treating 
implant surfaces  [20]. It is for these reasons that 
atmospheric- pressure plasma has dominated research 

related to implant surface modification. As a result, the 
following discussion primarily references studies involv-
ing the use of atmospheric- pressure plasma.

Benefits

Plasma cleaning is a key method of improving the osseointe-
grative properties of dental implants. Plasma treatment can 
refine the implant surface for osseointegration by removing 
organic matter, increasing hydrophilicity, and eliminating 
microbial challenges. Plasma treatment is an efficient 
method of cleansing implant surfaces of organic contamina-
tion to promote osseointegration. Bone- to- implant contact 
percentages, representative of osseointegration, are com-
monly less than ideal, ranging between 52 and 78%  [21]. 
These values may be attributed to the biological aging of 
implant surfaces; that is, organic matter and carbon com-
pounds can accumulate on the surface of implants from 
atmospheric exposure during the manufacture- to- insertion 
period  [22]. Studies have shown that plasma cleaning 
reduces the amount of carbon compound pollutants on the 
surface of titanium- based implants, improving osseointegra-
tion and bone response. Using atmospheric- pressure plasma 
treatment, Danna et  al.  [23] noted reduced carbon com-
pounds on the surface and increased titanium and oxygen 
on pure titanium  [23]. Tsujita et  al.  [24] also observed a 
decrease in the number of carbon pollutants on the surface 
of titanium screws that were subject to atmospheric- pressure 
plasma treatment [24].

Surface treatment
of implant with NTP

Non thermal
plasma

Dental implant

NTP increases surface
roughness and wettability

Placement of the dental implant
post implant modification

Figure 29.1 Application of non- thermal (atmospheric pressure) plasma for implant surface modification. Source: Adapted from 
Lata et al. [16].
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The wettability (or hydrophilicity) of implant surfaces 
improves the absorption of proteins and cell adherence as 
well as connective tissue network interaction. The role of sur-
face energy and osteoblast cell adhesion is well defined in the 
literature – higher surface energy correlates with enhanced 
osteoblast adhesion and proliferation which modulates bone 
remodeling and osseointegration  – and it is favorable to 
improve the hydrophilicity of implant surfaces to achieve 
higher surface energy [25–27]. Plasma is capable of confer-
ring hydrophilicity to implant surfaces by modifying the 
oxide layer, which lies at the interface with the cells of the 
surrounding tissue, generating reactive species, and thus 
improving tissue adhesion  [15, 28]. Studies from Coelho 
et al.  [19] revealed higher surface hydrophilicity, enhanced 
cell recruitment, and increased surrounding tissue contact 
during healing for plasma- treated titanium implants com-
pared with those that were left untreated [19]. The research-
ers were also able to observe a higher quantity of bone 
surrounding roughened plasma- treated implant surfaces, 
indicating improved osteoblast adhesion  [19]. Duske 
et  al.  [15] similarly reported increased hydrophilicity and 
osteoblast cell attachment to plasma- treated titanium implant 
surfaces [15]. The findings from these studies corresponded 
with current understandings of hydrophilic implant surfaces 
and cell adhesion reported in the literature [14, 29, 30].

Plasma cleaning of implant surfaces is also an effective 
method to improve osseointegration whilst disrupting 
bacterial attachment and aggregation. Titanium and tita-
nium alloy implants that are roughened from sandblast-
ing, grit blasting, and acid- etching techniques promote 
bacterial adhesion due to the microscopic pits and grooves 
that form. These changes to implant surface topography 
create a crevice for the bacteria to latch onto, ultimately 
triggering the host- inflammatory response and increasing 
the risk for peri- implant diseases [2, 31]. Plasma treatment 
can inhibit the attachment of adherent hydrophobic 
 bacteria, like Streptococcus sanguinis, by carbon- cleaning 
implant surfaces and producing reactive oxygen and nitro-
gen species to increase hydrophilicity  [32]. The surface 
energy and chemical properties of implants play a role in 
facilitating bacterial attachment, that is, materials that 
have high surface energy generally bind bacteria; however, 
the hydrophilic or hydrophobic properties of the surface 
and bacteria dictate attachment to materials with high 
surface energy [33, 34]. Hydrophobic surfaces bind hydro-
phobic bacteria rather than hydrophilic bacteria  [35]. 
Interactions between reactive oxygen and nitrogen species 
from plasma and the implant surface change surface 
chemistry and topography by improving hydrophilicity 
and surface energy without altering surface roughness, 
thus decontaminating the implant, and discouraging fur-
ther hydrophobic bacterial colonization. In addition to 

improving the hydrophilicity of the implant surface, the 
reactive oxygen and nitrogen species generated during 
plasma cleaning can directly modify bacterial membranes 
and invoke enzyme inhibition, leading to reactive oxygen 
and nitrogen species accumulation and bacterial cell 
death [36, 37]. Through decontamination experiments of 
titanium- based implant nanonetwork structures, Zeng 
et  al. further demonstrated that plasma treatment could 
effectively eradicate the biofilm of biofilm- contaminated 
implant surfaces while preserving the nanostructure. 
Taken together, plasma cleaning is one of the best clini-
cally available surface modification methods to sterilize 
dental implants and improve osseointegration.

Regarding clinical delivery, plasma cleaning is a cost- 
effective, non- toxic, and efficient means of implant surface 
modification. At atmospheric pressure, plasma can be 
obtained from plasma torch, transferred arc, corona dis-
charge, dielectric barrier discharge, or plasma jet devices. 
From an efficiency standpoint, plasma cleaning is a 
 superior method of surface modification for its ability to 
disrupt oral biofilm formation and simultaneously gener-
ate a  hydrophilic surface favorable for osseointegration. 
Commercially, plasma is advantageous due to its portabil-
ity, low cost, ease of operation, and versatile applications 
for implant treatment. For instance, atmospheric- pressure 
plasma can be used to treat implants prior to insertion or as 
a therapeutic approach for peri- implantitis. Zeng et  al. 
report the benefits of a handheld, nonthermal atmospheric- 
pressure plasma device that utilizes piezoelectric technol-
ogy to eliminate oral biofilm and decontaminate implant 
surfaces in a more environmentally friendly manner 
than  conventional UV and laser surface modification 
treatments.

Atmospheric- pressure plasmas have also been found 
to  be more convenient compared to earlier plasma 
 technology, taking advantage of ambient pressure and 
 temperature to drive plasma cleaning instead of low- 
pressure, high- temperature conditions that were previ-
ously required [19, 38]. This improves the functionality and 
usability of atmospheric- pressure plasma devices, making 
them capable of use in the operating room prior to implant 
insertion. Moreover, a study by Berger et al.  [39] investi-
gated the benefits of an on- site benchtop technique of 
plasma treatment for implants at the time of placement 
using a dielectric barrier discharge plasma device, report-
ing improved hydrophilicity, osteoblast adherence, and 
implant vitality with increased accessibility from using the 
dielectric barrier discharge device  [39]. Atmospheric- 
pressure microplasma devices may also prove to be clini-
cally favorable for their portability and potential to generate 
plasma that increases implant surface energy under safe 
atmospheric conditions [19].
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Atmospheric- pressure Plasma Systems 
and Devices for Cleaning Implant Surfaces

Plasma can be generated at atmospheric pressure using 
electric transferred arcs, corona, discharge, dielectric bar-
rier discharge, and plasma jet systems. In essence, the 
input of energy from these systems activates a fraction of 
gas molecules from the atmosphere, turning them into 
charged particles (electrons and ions) and reactive oxygen 
and nitrogen species while the remainder remains inert. It 
is these charged ions that make plasma active and confer 
its ability to modify implant surfaces. Traditionally, high 
temperatures (exceeding 3000 °C) are required to drive 
atmospheric- pressure plasma generation (e.g. electric 
transferred arc plasma); however, modern systems (e.g. 
dielectric barrier discharge and plasma jet) have been able 
to generate plasma at lower temperatures (50–400 °C). 
These systems of atmospheric- pressure plasma generation 
will be reviewed in this section.

Transferred Arcs
Transferred arc devices have a rather simple apparatus – gas 
is pumped into a chamber, surrounded by a water- cooled 
shield, housing a cylinder- shaped cathode that generates a 
transferred arc discharge to an anode workpiece sitting 
external to the chamber (Figure 29.2). A DC power voltage 
of up to 200 kW is supplied to the system, energizing the 
gaseous mixture of air and argon that passes between the 
cathode and shield and producing an arc that can be sus-
tained between the two electrodes  [40]. Transferred arcs 

have been studied in metallurgy and used in industry to cut 
steel plates; however, variations of the transferred arc appa-
ratus have been developed for use in biomedicine. Plasma 
arc heaters stem from transferred arc devices but instead 
utilize the shield as the anode rather than the workpiece. By 
extension, plasma torches are a variation of plasma arc 
heaters that contain an injection port for precursor com-
pounds that can be used for thin film deposition. It is these 
plasma torches that are clinically relevant for implant sur-
face modification, as precursor compounds in the form of 
solid pellets can be inserted into the plasma torch appara-
tus, undergo vaporization, and generate reactive species in 
the form of a high- powered gas discharge that projects out-
ward to be sprayed onto a given surface [40].

SteriPlas (Adtec Europe Ltd., London, UK) is an 
atmospheric- pressure gas plasma torch device that has been 
proven to be bactericidal, promote healing, manage infec-
tion, eliminate biofilms, and sterilize wounds and sur-
faces  [41]. The device features a serrated design with six 
electrodes inside of an aluminum cylinder set at a fixed dis-
tance away from the inner surface of the plasma torch 
(Figure 29.3). This design maximizes electric field strength 
to facilitate plasma generation and charge stability. As little 
evidence exists, future studies may wish to utilize the 
SteriPlas device for dental implant surface modification.

Dielectric Barrier Discharge
The apparatus of dielectric barrier discharge devices con-
sists of two metallic electrode plates, one of which is coated 
with a dielectric layer (Figure  29.4). Gas passed between 
the dielectric- coated electrode plate becomes ionized by 
energy from a voltage source supplying ~20 kV to the sys-
tem, producing a series of micro arcs that generate non- 
uniform plasma capable of producing reactive oxygen and 
nitrogen species [40].

The implaPrep concept device (Relyon Plazma GmbH, 
Regensburg, and Germany) alters implant surfaces by 
emitting an atmospheric dielectric barrier discharge 
plasma. Implant surfaces treated with the implaPrep con-
cept device demonstrate increased surface area due to the 
removal of organic, carbon- based molecules, improving 
cell adhesion, and surface hydrophilicity [42]. In addition, 
the device is favorable compared to other commercially 
available plasma devices for its short treatment time  
(~30 seconds), portability, safety, efficiency, and ability to 
activate implant surfaces without changing surface topog-
raphy. The implaPrep concept device features a plasma 
reactor with a dielectric barrier discharge plasma generator 
that uses the implant surface as the counter electrode and 
a plasma driver with a high voltage generator (25 V) that 
can be easily controlled with analog processing signals 
(Figure 29.5). Using a guide attached to the device, the user 

Workpiece (anode)

–

+

Transferred arc

Cathode

Gas

Figure 29.2 Transferred Arc apparatus. Source: Adapted from 
Schutze et al. [40].
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places the implant into the plasma reactor for ~30 seconds 
to be processed (Figure 29.6). The portability, inability to 
overtreat the implant, and lack of auxiliary materials that 
are needed to operate the implaPrep concept device make 

it user- friendly. Future studies may wish to build upon the 
findings of Yan et al. [42], examining its effectiveness as a 
standalone, chairside method of surface modification 
immediately prior to implantation.

Active+ (Nova Plasma Ltd., Hevel Megiddo, and Israel) 
is a portable dielectric barrier discharge plasma device that 
sterilizes implants and improves surface hydrophilicity 
(Figure  29.7). Factory sterilized implants that are pre- 
sealed in a disposable capsule are placed into the plasma 
chamber by the user and processed for ~30 seconds [43]. 
Active+ consists of a plasma reactor and plasma driver; 
however, the capsule serves as the counter electrode. 
Berger et al.  [44] reported that implants treated with the 
Active+ device demonstrate improved osseointegration by 
increasing surface hydrophilicity compared to untreated 
implants [44].

Electrode support
(PTFE)

Electrodes

Cage

Figure 29.3 Image of SteriPlas Device (left) and CAD model (right). Source: Bennett et al. [41]/from MDPI/CC BY 4.0.

1

2

V

1

Figure 29.4 Dielectric barrier discharge apparatus (1) Metallic 
electrode plates. (2) Dielectric barrier- coated surface. 
Source: Adapted from Schutze et al., [40].

Implant

Plasma discharge

Counter electrode

Discharge chamber
High voltage generator

Figure 29.5 Schematic of the implaPrep concept device. Source: Courtesy of RELYON PLASMA GMBH.
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Plasma Jet
Atmospheric- pressure plasma jets consist of two concen-
tric electrodes through which gas flows at temperatures 
ranging from 25–200 °C. Typically, atmospheric- pressure 
plasma jets operate under Radiofrequency (RF) power, 
supplying 100–250 V to the inner electrode causing the gas 
to be ignited and released through a nozzle directed toward 
an object (Figure 29.8) [40]. Plasma jets are a favorable sys-
tem of plasma generation for their ability to minimize 
operating temperatures, voltages, and the diameter of the 
capillary needed to generate plasma [45].

The Piezobrush® (Relyon Plazma GmbH, Regensburg, 
and Germany) is a handheld atmospheric- pressure plasma 
jet device that utilizes Piezoelectric Direct Discharge tech-
nology. The technology consists of a high- voltage plasma 

generator and direct electrical discharge transformer, 
allowing low input voltage to be transformed into electric 
fields that can ionize gas to create plasma (Figure 29.9) [46]. 
The Piezobrush® is particularly useful in clinical practice 
for its portability, benchtop capabilities, and low input, 
high output efficiency at low- room temperatures. Studies 
examining the impact of atmospheric- pressure plasma 
treatment on the osseointegration of titanium- based 
implant surfaces using the Piezobrush® reported enhanced 
surface decontamination, hydrophilicity, and osseointegra-
tion with unchanged surface topography for plasma- 
treated implants compared to untreated controls.

Low- pressure Plasma Systems and Devices 
for Cleaning Implant Surfaces

Low- pressure plasma systems reduce bacterial aggrega-
tions and activate implant surfaces for osseointegration by 
generating reactive oxygen and nitrogen species that can 
increase surface tension. Unlike atmospheric- pressure 
plasma systems, low- pressure systems utilize a vacuum 
chamber that partially ionizes gas that is then pumped out 
of the chamber and replaced with a processed gas at a con-
trolled pressure. In doing so, the gas is transformed to a 
plasma state at a constant rate with the continuous replace-
ment of gasses. Advantages of low- pressure plasma sys-
tems include amplified process uniformity, the ability to 
achieve high surface area from materials that atmospheric- 
pressure systems cannot, and the generation of superior 
implant surface chemistry due to the use of vacuum cham-
bers, which minimize the time between the activated state 
of the surface and bonding.

Diener electronic GmbH & Co KG, (Ebhausen, 
Germany), offers several low- pressure plasma systems for 
dental applications. Diener low- pressure systems can 

Figure 29.6 Images of a user placing an implant into the implaPrep concept device. Source: Courtesy of RELYON PLASMA GMBH.

Figure 29.7 Image of the Active+ Device (Nova Plasma Ltd., 
Hevel Megiddo, Israel). Source: Courtesy of Nova Plasma Ltd.
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clean, etch, activate, and coat implant materials to 
improve osseointegration (Figure  29.10). The 
DENTAPLAS MAN and DENTAPLAS PC devices are 
simple, user- friendly, entry- level plasma systems that 
operate at low- pressure, featuring aluminum chambers, 
two process gasses, and an integrated vacuum chamber 
(Figures  29.11 and  29.12). The key difference between 
these two devices is the automatic operations system of 
DENTAPLAS PC versus the manual operations system of 
DENTAPLAS MAN. Despite this, both systems can reduce 
microbial attachment to surfaces and increase surface 
energy for material activation through the generation of 
oxygen radicals. Using Diener low- pressure systems for 
plasma treatment, Fu et al.  [47] report increased hydro-
philicity and adhesion of osteoblasts to plasma- treated 

Water cooling

RF power

He/O2

TEOS

Figure 29.8 Atmospheric- pressure plasma 
apparatus. Source: Adapted from Schutze 
et al. [40].

Figure 29.9 Three generations of the 
piezoelectric direct discharge based piezo 
brushes. *(Source: Adapted from Korzec 
et al. [46]).

Figure 29.10 Diener electronic 
low- pressure plasma devices. (Left) 
DENTAPLAS MAN; (Middle) DENTAPLAS 
IMP; (Right) DENTAPLAS PC.  
Source: Courtesy of Diener electronic 
GmbH & Co KG.

Figure 29.11 Diener DENTAPLAS MAN. Source: Courtesy of 
Diener electronic GmbH & Co KG.
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poly- ether- ether- ketone (PEEK) surfaces (a  suitable 
metal- free alternative implant material) compared to 
untreated surfaces  [47]. These results demonstrate the 
ability of Diener low- pressure plasma systems to biologi-
cally activate implant materials, making these devices a 
viable option for implant surface modification. Unlike the 
DENTAPLAS MAN and DENTAPLAS PC devices, 
DENTAPLAS IMP is a chair- side low- atmospheric pres-
sure plasma system with an integrated vacuum pump, 
aluminum chamber, and one process gas (Figure 29.13). 
The portability of DENTAPLAS IMP makes it attractive 
for clinical practice, offering fast cleaning and surface 
activation of implants and oral prostheses prior to 
placement.

 Conclusions

Plasma cleaning is a promising method of surface modifi-
cation for implants. Plasma cleaning is capable of improv-
ing implant surface hydrophilicity, decontamination, and 
cell adhesion, thereby promoting osseointegration and 
implant vitality. Commercially, plasma cleaning is 

advantageous for its affordability, portability, and reduced 
toxicity compared to conventional methods of implant 
surface modification. These advantages of plasma clean-
ing make it a viable, real- time option for implant treat-
ment prior to insertion. To support its use in clinical 
practice, future studies may wish to investigate the long- 
term efficacy of plasma- treated implants immediately 
prior to insertion in vivo. Furthermore, studies may wish 
to investigate the clinical benefit of the plasma cleaning 
for bone grafting materials and oral appliances to improve 
scientific understandings of the applications of plasma 
cleaners in implant dentistry as well as an opportunity to 
utilize plasma cleaning for the treatment of peri- implant 
diseases.
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 Introduction

During the delivery of implant–supported restorations, base 
reference values (BRVs) should be registered. These BRVs 
include different variables of the peri- implant tissues, pros-
thetic parameters, and patient outcomes (Figure 30.1).

BRVs for the peri- implant tissues:

 ● The soft tissue characteristics (thickness, height, location, 
color, gingival papilla, and attributes).

 ● Probing depths (measured with stable reference points 
in the implant or the prostheses).

 ● Bleeding on probing (evaluated with standardized 
 periodontal probes).

 ● Mesial and distal radiographic bone levels (using as 
 reference implant or prosthetic landmarks).

BRVs for the implant prostheses:

 ● The occlusal relationships (occlusal contacts and 
occlusal scheme)

 ● Interproximal relationships (interproximal contacts, 
embrasure spaces)

 ● Prostheses fit (implant–abutment/crown–abutment fit 
and emergence profile, both evaluated by clinical and 
radiographic methods)

 ● Integrity and quality of the implant restorations 
( presence of cracks, surface porosity, finishing, and 
contamination)

 ● Color matching and mimicking with the adjacent struc-
tures (including adjacent teeth and gingival tissue).

The BRVs for patient outcomes are subjective, usually 
measured through questionnaires filled by the patient, and 
can include some of the following:

 ● Patient satisfaction
 ● Patient function
 ● Patient’s quality of life

In addition to the BRVs recorded immediately after deliv-
ery, periodical follow- ups can detect changes in the BRVs 
during the implants’ expected functional life. As conse-
quence of the implant/prosthesis function and the exposure 
to multiple environmental factors, the health of the peri- 
implant tissues as well as their survival can be impaired [1].

Local and general factors can alter the peri- implant tis-
sues’ health. Among the local factors that can affect the 
health of peri- implant tissues can be included: plaque, bac-
teria, sub- products (toxins), residual cement and foreign 
bodies, material surface porosity and chemistry, and main-
tenance protocols. General factors that can affect the health 
of the peri- implant tissues are immune system status, med-
ications, diabetes, and smoking [2]. Therefore, with long- 
term implantable medical devices and prostheses, the 
periodical evaluation of the peri- implant and prosthetic 
parameters is obligatory to detect and control as early as 
possible any alterations of the BRVs parameters [3].

When periodical evaluations are completed, any devia-
tion from the original BRVs indicates a potential impair-
ment of biological (mucositis, peri- implantitis), prosthetic, 
or patient outcomes is in progress. These changes must be 
addressed to return the dental implants, the peri- implant 
tissues, the implant restorations, and the patient to the 
baseline or stability (Figure 30.2).

The prevalence of biologic (mucositis and peri- implantitis) 
(Table  30.1) and prosthetic complications (Table  30.2) are 
present in different percentages. Both increase with the time 
of implant service  [3]. Given that fluctuations between 
health and disease occur and co- exist over the long term, 
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Patient education
Home care
Dental and implant care
Preventive actions

Mild
Plaque
Residual cement
Prostheses design
Changes in general
health

Moderate

Severe

Time (Years)

Figure 30.2 Different factors can influence dental implants, where a thin line separates health and disease. The peri- implant health 
and disease status are variable and adjacent to each other. Maintenance protocols can stabilize the line on the healthy side. Although 
health is considered the lack of disease, the disease can be present with different severity levels, which can mask the early stages of 
the disease. Severe disease conditions are away from health, and mild disease conditions are near to health status. The black dotted 
line indicates the equilibrium. The broken spaces in the line indicate periods of interruption or change. The oscillating line shows 
alternant health and disease. When the disease appears and is detected early, therapeutic and corrective actions are required to 
restore the equilibrium (By Delgado, Javed and Romanos).
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Figure 30.1 Base Reference Values (BRVs) recorded immediately after the insertion of the implant restorations. Parameters will 
be recorded periodically during follow- up visits or maintenance visits. Any changes and date of occurrence must be registered 
(By Delgado, Javed and Romanos).
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Table 30.1 Compilation of the prevalence of peri- implant diseases (mucositis and peri- implantitis) upon a follow- up period of 
15 years presented in the most recent systematic reviews. Mucositis is more frequent than peri- implantitis.

Authors

Population 
patients/
implants

Mucositis 
prevalence/
frequency

Peri- implantitis prevalence/
frequency

Time of 
evaluation

Definitions

Mucositis Peri- implantitis

Atieh 
et al. [4]

1,497 P/6,283 I 63.4% of 
participants 
and 30.7% 
of implants

18.8% of participants and 
9.6% of implants

>5 Years Inflamed mucosa 
that may have 
bleeding, and/or 
suppuration without 
bone loss

Inflamed mucosa 
bleeding, probing depth 
±5 mm, radiographic 
bone loss ±2 mm and/
or ǂ3 threads of implant

Derks 
et al. [5]

NA Range from 
19 to 65%
Meta- 
analysis
43% (CI: 
32–54%)

Range from 1 to 47%
Meta- analysis
22% (CI: 14–30%)

1 Year to 
24 Years

Bleeding on probing 
and absence of bone 
loss, or bone loss 
<0.05mm- 0.06mm

Bleeding on probing, 
probing depths 
>4–5 mm, bone loss, 
>3 threads exposed

Muñoz 
et al. [6]

2,734 P/7,849 I NA For PPD ≥4 mm 
prevalence by subject was 
34% and by implant 11%.
For PPD ≥5 mm 
prevalence by subject was 
12% and by implant 10%.
For PPD ≥6 mm 
prevalence by subject was 
18% and by implant 10%

>6 months NA Bleeding on probing, 
probing depth

Natto 
et al. [7]

NA NA NA 6 months 
to >5 Years

Bleeding on probing, 
with a crestal bone 
loss of 2 mm in the 
first year and 0.2 mm 
in each subsequent 
year and, probing 
depth of 5 mm

Bleeding on probing, 
suppuration, 
radiographic bone loss 
>3 mm

The prevalence of both diseases appears to increase with the time of follow- up. CI, Confidence Interval; I, Implants; NA, Not applicable; 
NR, Not reported; P, Patients; PPD, Peri- implant probing depth.

Table 30.2 Compilation of technical/mechanical/prosthetic complications upon a follow- up period of 15 years collated from recent 
systematic reviews. Two frequent complications were described in all the reviews (Screw loosening and material fractures); prosthetic 
designs were responsible for the variability. The complication rates increase with the time of prosthesis use, which can be related 
to material fatigue. Finally, cemented restorations will present higher biological complications, and screw- retained restorations will 
develop more mechanical complications.

Authors Prosthetic complications Incidence Time of evaluation Type of implant restoration

Jung et al. [8] Screw/abutment loosening
Ceramic/veneer fracture
Screw/abutment fracture
Implant fracture

12.7%
4.5%
0.35%
0.14%

5 Years Implant–supported single 
crowns

Romeo 
et al. [9]

Veneer fractures
Screw loosening
Restoration debonding
Abutment screw fractures
Implant fractures

10.1%
7.9%
5.9%
1.6%
0.7%

5+ Years Cantilevered prosthesis on 
implants

(Continued)
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follow- up evaluations are required to detect changes, and 
maintenance protocols are essential to support the health 
and longevity of implants and their restorations. Because it 
has been demonstrated that the incidence of peri- implant 
diseases is significantly reduced, and implant survival is 
increased when maintenance protocols are applied [3].

 Definition of Implant Health, Maintenance, 
and Patient’s General Health

Peri- implant health was defined as the absence of inflam-
mation, bleeding on probing, swelling, suppuration, or 
bone loss at the Proceedings of the World Workshop on the 
Classification of Periodontal and Peri- Implant Diseases 
and Conditions [14]. The health of the peri- implant tissues 
can be sustained through implant maintenance ther-
apy [15]. Thus, implant maintenance can be defined as all 
these procedures that measure the peri- implant soft and 
hard tissue parameters, detect and remove plaque and 
other risk factors, apply corrective actions, educate the 
patient to perform correct home care, and attempt to 
improve the patient’s compliance [15].

Although there are different ways to describe implant main-
tenance, like supportive peri- implant therapy (SPIT) [16] and 
cumulative interceptive supportive therapy (CIST) [17], the 
goals are the same. They are comparable to conventional sup-
portive periodontal treatment (SPT). Essential implant main-
tenance includes the following steps analog to SPT: clinical 
examination, radiographic evaluation, oral hygiene instruc-
tions, plaque control, and mechanical debridement [18].

Beyond peri- implant health is general health, defined by 
the World Health Organization (WHO) as a “state of complete 
physical, psychological, and social well- being and not merely 
the absence of disease or infirmity.” Therefore, not just the 
peri- implant tissues but also the patient’s general health, 
prostheses integrity, prosthesis’s function, and patient’s 
quality of life (evaluated through specific questionnaires) 
should be included within the goals of the implant mainte-
nance and patient’s health maintenance procedures [1].

 Implant Maintenance Protocols

Since the middle of the ’90s, different approaches have been 
recommended for the maintenance of dental implants; this 
occurred because some of the first long- term follow- up studies 
on dental implants demonstrated that a small percentage of 
implants could fail [20, 21]. Wilson T., in 1996, described a list 
of seven aspects that should be evaluated in the maintenance 
visit for patients restored with dental implants (Figure 30.3).

As can be observed, the maintenance visit included 
more than the simple evaluation of the peri- implant tissues 
but extended far to cover prostheses, the patient’s health, 
and preventive and corrective steps. Regarding the exami-
nation of the peri- implant tissues, the method of probing 
was not described. However, the assessment of the soft 
tissues included bleeding on probing and detecting the 
presence of suppuration (Figure 30.4–30.6).

In addition, the occlusal examination evaluated, 
among  others, the screening for evidence of wear, the 
 evaluation of screws (looking for loosening or fractures of 

Authors Prosthetic complications Incidence Time of evaluation Type of implant restoration

Papaspyridakos 
et al. [10]

Prosthetic screw fracture
Chipping/fracture of 
veneering material

10.4% (5Y)
20.8% (10Y)
33.3% (5Y)
66.6% (10Y)

5 Years and 
10 Years

Full mouth rehabilitations 
on implants

Rabel et al. [11] Chipping
Framework fractures

9% (5Y)
2.7% (10Y)

5 Years and 
10 Years

All ceramic single crowns 
supported by implants

Pieralli 
et al. [12]

Chipping of the veneering 
ceramic
Fracture of the framework
Decementation
Screw loosening

22.8% (partial)
34.8% (full arch)
<1%
<1%
<1%

Calculated 
complications at 
5 Years

Partial and full arch 
all- ceramic implant–
supported prostheses

Gaddale R 
et al. [13]

Cemented
Screw- retained

+Biological complications
(>2 mm marginal bone loss)
+Technical complications
(Screw loosening, material 
fractures, and screw fracture)

1 Year up to 
15 Years

Screw versus cemented full 
arch restorations

Table 30.2 (Continued)
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implants and parts), and recording patient complaints. 
The implant stability was also included in the evaluations 
when permitted by the type of restoration.

Coulthard et al.  [23], described a staged approach (pre-
ventive strategies) for the patients with dental implants that 
included preventive approaches during implant planning, 
preventive actions during the implant surgery, and preven-
tive actions during the maintenance visits (Figure 30.7).

In this proposed protocol, the implant evaluation 
is extensive. The mobility of the implant is considered as 
implant failure, manual methods, and electronic devices 

(Periotest device and Osstell device) are used to evaluate 
the implant stability. For the radiographic evaluation, a 
baseline radiography is obtained at the moment of inser-
tion of restoration using standardized holders. Posterior 
radiographs are obtained using the same holder to allow 
comparison. Landmarks are established in the implant or 
prostheses and changes in the bone levels are evaluated. 
Changes including reduced bone levels, radiolucent defects 
around the implant neck, body, or apex, indicate bone loss 
meanwhile a full radiolucent image around an implant 
indicates implant failure.

1. Update medical and dental history

2. Review oral hygiene and modify if needed

Typical maintenance
visit for patients with

dental implants

3. Examine implants and peri-implant
tissues

A. Probe around each implant

B. Assess the soft tissues

C. Examine prosthetic abutment

D. Occlusal examination

E. Implant stability

4. Check patient's behaviors related to oral
hygiene and modify if required

5. Remove implant retained plaque and calculus

6. Radiographs

7. Set maintenance intervals

–

Figure 30.3 List of evaluations proposed by Wilson [22]. Evaluations were covering the general and oral health, implant, peri- implant 
tissues, hygiene, patient’s behavior toward oral hygiene, evaluation of bone levels, cleaning the prostheses, and setting the 
maintenance intervals.

(a) (b)

Figure 30.4 Peri- implant tissue health after abutment connection (a). The peri- implant mucosa with good tissue stability presents 
capillary formation without any inflammatory reaction (b).
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Todescan et  al.  [24] suggested a maintenance protocol 
that started with updating of medical and dental history, 
followed by the clinical examination of the implant 
(Figure 30.8). The clinical evaluation begins with evaluat-
ing plaque index, which should be completed using plaque 
index scores specific to dental implants [25, 26].

Afterward, implant health is associated with no bleeding 
on probing combined with no changes in probing depths. 
Suppuration must be absent no recessions or inflamed tis-
sues should be observed. Occlusion should provide adequate 
posterior support, and technical complications should 
not be documented. When the disease appears, appropriate 
treatment, including oral hygiene instructions, removal 
of  supra-  and sub- gingival plaque and calculus, occlusal 

(a) (b)

Figure 30.5 Peri- implant inflammatory reaction due to lack of attached mucosa without bleeding on probing (a); the tissue 
consistence was improved after soft tissue grafting utilizing an epithelialized gingival graft from the hard palate after 14 months of 
healing improving the home care and reducing the pathological probing depth (b).

Figure 30.6 Peri- implant pathology associated with probing of 
7 mm, suppuration and crestal bone loss (peri- implantitis).

Regular follow-up visits

Examination and diganosis

Preventive strategies for the 
maintenance period for patients

treated with dental implants

6 months frequency but should be
adapted to the patient needs

Retention

Stability

Examination of the prosthesis Screw loosening

Occlusion

Mobility

Radiographic evaluation

Examination of the implants Bleeding on probing

Periimplant Tissues
Sulcus bleeding index

Mucosal recession

Changes in probing depths

–

–

–
–

–

Figure 30.7 Preventive strategies for maintenance for patients with dental implants described by Coulthard et al. in 2003. In this 
approach, a six- month period between maintenance visits is recommended. However, the frequency of such visits is determined based 
on the patient’s needs. The prosthesis’s evaluation considered mainly mechanical factors. The implants’ evaluation is focused on 
mobility, bone levels (evaluated in radiography), and peri- implant tissue parameters.
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adjustment, and relining of a removable prosthesis or sur-
gery, should be completed.

In Mombelli’s  [27] view, there are two main levels of 
prevention within the implant maintenance (preventive 
measures provided by the patient and preventive proce-
dures provided by the healthcare professional), plus a level 
of supportive care which address any detected problems 
(Figure 30.9).

In this protocol, for the first time, the responsibility of 
implant maintenance and preventive care is presented as a 
group effort shared between the patient and the healthcare 
provider, thus, certain level of patient compliance, man-
agement of existing medical conditions, and reduction of 
environmental risk factors (like smoking) is expected from 
the patient. Meanwhile, the healthcare provider provides 
preventive care, eliminates local risk factors, and provides 
intervention therapy.

Leone et al. [28], completed a cross- sectional study to eval-
uate the effect of patient compliance on the development of 

peri- implantitis. They found that patients non- compliant 
with preventive measures and erratic attendance to profes-
sional preventive care presented a significantly higher 
 probability of peri- implantitis (88% more than compliant 
patients).

 Implant Prosthodontics Maintenance  
Protocols

In the previous section, different implant maintenance 
protocols were presented and summarized. However, none 
of these protocols described how the implant restorations 
should be evaluated and how they should be maintained. 
Besides, prosthetic risk factors must be controlled to ensure 
the prostheses’ longevity and survival.

It is well known that the type of prostheses will condition the 
type of technical failure or mechanical complication. Walton 
and MacEntee [29] documented that implant–supported fixed 

1. Update medical and dental history

Guidance for the maintenance
and care of dental implants

Plaque index

Probing depths

Bleeding on probing

2. Clinical examination of the implants Suppuration

Stability of soft tissue margins

Presence of keratinized tissue

3. Evaluation of the occlusion

4. Radiographic evaluation of bone levels

– –

Figure 30.8 Guidance for maintenance and care of dental implants described by Todescan et al. [24]. The authors described four 
steps in which the clinical evaluation of the implants was improved compared to other protocols. The authors also described the 
importance of using specific plaque score indexes for implants.

Components of maintenance
after implant therapy

Patient

Oral hygiene

Healthcare provider

Removal of supragingival plaque

Supportive therapy

Eliminate the cause

Reduction of risk factors

Control of systemic diseases

Elimination of prosthetic factors that
allows plaque accumulation

Treat sequelae of disease

Restore initial condition if possible

–– –

Figure 30.9 Components of maintenance after implant therapy described by Mombelli [27]. The author discusses three levels of 
implant maintenance. The first is the patient- care level, which involves the patient’s oral hygiene. The second is preventive care, and 
the third is the intervention therapy, administered by the healthcare professional.
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restorations required tightening of the prosthetic screws (27%), 
assisted cleaning of plaque and calculus (18%), occlusal adjust-
ments (14%), corrections of the prosthesis contour (14%), and 
other adjustments like color changes, or fracture repairs (14%). 
These findings differed in percentages with removable implant 
prostheses in which contour correction was more frequent 
than in fixed restorations (50%), followed by tightening of 
screws (32%), occlusal adjustments (11%), and other correc-
tions (7%). The most common adjustments for implant fixed 
restorations were reparation of material fractures (47%), reseal-
ing the screw access openings (31%), and others (22%); mean-
while, the most common repairs for removable implant 
prosthesis were the replacement of retentive components 
(55%), relines (10%), and others 35%. The author concluded 
that the time and cost of repair and maintenance of fixed or 
removable implant restorations were substantial, and remova-
ble prostheses required twice the number of repairs than 
fixed prostheses, and a significant part of the adjustments 
was required the first year of service (Figure 30.10).

Bidra et  al., completed a systematic review of implant 
prosthetic complications and concluded that the type of 
prosthesis, the prosthetic components, and the restorative 
materials can influence the quality of the implant mainte-
nance (provided by the health professional or during home 
care). In addition, Vahidi and Pinto- Sinai  [30], presented 
an updated review of the specific complications that could 
be expected in the current types of removable implant–sup-
ported restorations.

The authors recommended the following measures to 
reduce the incidence of patients’ mechanical and technical 
problems with implant–supported removable dentures and 
partial dentures:

1) The overdenture must have proper extension and sup-
port; the fitting should be reevaluated periodically, 
relines, or rebases if indicated.

2) The matrices of the attachment system must be checked 
and replaced periodically.

3) Metal reinforcement reduces base fractures; the thick-
ness of base materials and frameworks must adequately 
support the teeth.

4) Special instructions and homecare for patients 
with bars.

5) The distal extension should not be extended beyond the 
second premolar.

6) Use more implants to support the prosthesis; thus, can-
tilevers will not be required, material and implant frac-
tures could be reduced.

Finally, Bidra et al. [31] presented evidence- based clini-
cal recommendations for the recall and maintenance of 
patients with removable and fixed implant–supported res-
torations and home- care maintenance (Figure  30.11a–c). 
In this protocol, for each recommendation, the strength of 
the available evidence is assigned. There are five categories 
identified with letters as follows:

A) (evidence- based in systematic reviews of randomized 
controlled trials)

B) (evidence- based in one or more randomized con-
trolled trials)

C) (evidence from comparative studies, cohort studies, 
and case- control studies)

D) (evidence from expert committee reports).

Patient recall periods are supported by a low level of evi-
dence (consensus and expert opinions); therefore, the best 
approach is to customize the recall frequency to the 
patient’s needs. Mixed levels of evidence support the rec-
ommendations for the biological and mechanical mainte-
nance of removable implant restorations (from A to D).

Similarly, patient recall periods in fixed implant restora-
tions are supported by a low level of evidence (consensus 

Maintenance required by
different types of implant

retained removable
prostheses

Implant supported
removable partial denture

Loss of retention

–

–

Replacement of retentive elements

Screw loosening

Implant supported overdentures Relining

Base/tooth fracture repair

Implant fracture

Repairing/relining

Attachment replacement

Screw loosening

Figure 30.10 Components of maintenance for removable implant prosthesis by Vahidi and Pinto- Sinai [30]. The implant 
overdentures and the implant–supported removable dentures presented similar maintenance requirements. Patient satisfaction 
increased for patients using implant- assisted removable devices compared to conventional dentures.
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and expert opinions), and customization of the recall fre-
quency to the patient’s needs is recommended. Mixed lev-
els of evidence support the recommendations for the 
biological and mechanical maintenance of fixed implant 
restorations (from A to D). Those differ from the guidelines 
for removable in difficulty for retrievability, potential 
replacement of prosthetic screws, extraoral cleaning is not 
possible, use of occlusal appliances is recommended, and 
the required use of antimicrobials is considered essential in 
fixed implant restorations.

The home care of fixed and removable restorations 
requires brushing, cleaning, and using hygiene aids. In 
addition, the use of topical antimicrobials is recommended. 
The main differences are that removable implant prosthe-
ses will require intraoral and extraoral cleaning, evaluation 
of intraoral parts, and evaluation of removable parts 
(Figure  30.12a–c). Meanwhile, fixed restorations will 
require intraoral assessment and cleaning. Both receive 
benefits from occlusal devices during sleep.

In cases of implant- assisted removable partial dentures 
the implant abutments, the removable partial denture 
and their retentive elements, the abutments, and the nat-
ural teeth require detailed evaluation and care. The pres-
ence of reduced support increases the mechanical loads 
on the remaining teeth and implant abutments. Full pal-
ate coverage, alternative clasps, and materials can help in 
reducing the stress received by the supporting structures 
(Figure 30.13a and b).

The evidence for home- care maintenance is mid- low, 
specifically C (evidence from comparative studies, cohort 
studies, and case- control studies), and D (evidence from 
expert committee reports). The authors (Bidra et al. 2016) 
highlighted that the introduced guidelines were prepared 
using expert judgment and consensus. They included the 
best possible interpretation of best clinical practices, clini-
cal feasibility, and patient risk- benefit ratio. Different 
organizations reviewed and approved these clinical prac-
tice guidelines until new evidence emerged.

Figure 30.11 (a) Guidelines for recall and maintenance of patients with implant–borne removable restorations by Bidra et al. (2016). 
(b) Guidelines for recall and maintenance of patients with implant–borne fixed restorations by Bidra et al. (2016). (c) Guidelines for 
at- home maintenance for patients with implant–supported restorations by Bidra et al. (2016).
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 Patient’s Function and Quality of Life 
in Maintenance Protocols

Outcomes in dental implants have relied on clinical measures 
from the clinician’s point of view [32]. Those provide quan-
titative information and allow health tracking but do not 
consider functional and psychosocial aspects of oral health 
[33, 34], which resulted in the development of the Oral 
Health- Related Quality of Life (OHRQoL) questionnaire.

Diverse patient- related outcomes can be assessed during 
the implant maintenance visit, including patient satisfac-
tion, patient function, and patient quality of life (QoL). 
Given that patient satisfaction is influenced by deep psy-
chosocial factors challenging to quantify  [35, 36] and by 
the contradiction between high expectations and the clini-
cal outcomes of the finished treatment  [37], only patient 
function and quality of life measured through well- 
developed questionnaires are included in this section.

1. Patient recall

Visits at least every 6
months in lifelong regimen

High risk patients would
require periodical
professional examination
<6 months

Intraoral and extraoral health examination

Oral hygiene instructions

Hygiene instructions for the prostheses

Oral hygiene professional intervention

Topical antimicrobial of choice
when needed is clorhexidine

2A. Professional
maintenance (Biological)

Guidelines for recall and
maintenance of patients
with implant-borne fixed

restorations

2B. Professional
maintenance (Mechanical)

Cleaning instruments compatible
with the type of material
(implants, abutments, and
restorations)

Removal of the fixed implant
prosthesis should be based on
patient’s in ability to perform
oral hygiene

Prosthesis contours reassessed to
improve at-home maintenance

Consider replace prosthetic
screws when the prosthesis is
removed

Detailed evaluation of the prostheses
and components, and patient
education

Perform adjustment, repair, replacement, or remake of any
or all parts of the prosthesis and prosthetic components that
could impair patient's optimal function

Consider new prosthetic screws

If clinical signs indicate the need of an occlusal
device, education and fabrication of the occlusal
device are required. The occlusal device require
hygiene, and extraoral cleaning with mechanical
and chemical accepted methods

Perform adjustments, repairs,
replacements, remake any or all parts
of the prosthesis and prosthetic
components that could compromise
function

Multiple implant restorations existing on
implants and on teeth, should use topical agents
containing
5000 ppm fluoride or 0.3% triclosan. Supportive
short-term use of chlorhexidine gluconate when
indicated.

–

–

–

– –

–

–

– A,C,D

A,C,D

A,C,D

A, C

C,D

D

D

D

D(b)

Figure 30.11 (Continued)
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removed while sleeping and
stored in a prescribed cleaning
solution

Brushing implant restorations and teeth at least twice daily

Use of oral hygiene aids including dental floss, irrigation devices,
interdental cleaners and electric toothbrushes

Patients with complex implant-borne fixed restorations,
should use oral topical agents such as toothpaste
containing 0.3% triclosan and add supplemental short-term use
of chlorhexidine gluconate when indicated.

A,C,D

Patients prescribed with occlusal devices should be educated to
wear the occlusal device during sleep

The occlusal device should be cleaned before and after use, mechanical
and chemical methods can be used. Patients should also be
educated about proper methods for storage of the occlusal device
when not in use.

C,D

C,D

C,D

D

D

D

–

–

–

–

–

–

–

–

(c)

Figure 30.11 (Continued)

(a)

–1

–2

(b)

(c)

Figure 30.12 (a) Intraoral evaluation of an implant–supported bar (Try- in) will allow to detect passive fit, also, distances from the 
bar to structure to the soft tissues. (b) Intraoral inspection of the hybrid prostheses every six months of use. This will allow for the 
detection of fractures, wear, and other issues like plaque accumulation (−1). Also, the evaluation of the antagonist teeth or prostheses 
determines the degree of wear (−2). Repairs are possible but, if the wear involves loss of vertical dimension of occlusion, impaired 
function, or changes of the facial thirds, new prostheses should be fabricated. (c) After the removal of the hybrid prostheses, the soft 
tissue recession and calculus deposits indicate that changes in oral cleaning techniques, re- designing the prostheses, or changing the 
type of prostheses towards a removable appliance are needed.
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The mastication and adaptation to occlusal changes pre-
sented by Bourdiol et  al.  [38] described that with the 
occlusal changes (provided by the loss of teeth or a partial 
or full- mouth restoration), a patient could have normal 
mastication, adapt to changes (compensatory adaptation), 
or be incapable of proper chewing. The patient reacts differ-
ently to the occlusal changes. In the compensatory adapta-
tion, an increased number of masticatory cycles is required 
to achieve the particle size comparable to the normal masti-
cation’s food bolus, changes in the jaw movement and force 
could be observed, but the mastication still occurs.

In mastication incapacity, the food bolus’ particle sizes 
are too large, the patient is forced to swallow unprepared 
bolus, and sometimes the patient refuses some foods 
because they cannot be eaten. These factors can result in 
dietary changes, malnutrition, health, and mental issues. 
The same incapacity can appear when a patient has a 
decreased number of teeth, periodontal disease, and neu-
rological disabilities that affect motility and muscle 
strength. Therefore, it is essential to monitor patients’ func-
tion, expressed as the ability of proper mastication during 
implant maintenance.

–1

–1 –2

–2

(a)

(b)

Figure 30.13 (a) Complicated cases with limited support (teeth or implants) require alternative prosthetic solutions. An occlusal view 
shows only four remaining teeth with reduced periodontal support in a compromised patient requesting to preserve the remaining 
natural teeth. In implant- assisted removable partial dentures, a single implant can make the difference (−1). A removable prosthesis 
with flexible clasps can reduce the stress on the abutment teeth, a long- arm I- clasp, provides stability to the prostheses (−2). (b) A full 
palate coverage can increase the prostheses’ stability and can reduce palatal fractures (−1). In addition, the incorporation of retentive 
nylon inside the locator housing (−2) can be customized to the patients’ needs.
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Health Impact Profile- 14

The OHIP- 14 survey is a shortened version of the 49- item 
OHIP questionnaire [39].

It evaluates functional restrictions, pain, subjective dis-
comfort, physical impediment, psychological disability, 
social disability, and handicap.

Fourteen questions from Q1 to Q14 are included as 
follows:

Q1.  Articulation
Q2.  Sense of taste
Q3.  Pain
Q4.  Eating
Q5.  Self- conscious
Q6.  Felt tense
Q7.  Diet unsatisfactory
Q8.  Interrupt meals
Q9.  Relax
Q10. Embarrassed
Q11. Irritable
Q12. Usual work
Q13. Less satisfied
Q14. Unable to function.

The questions Q1, Q4, Q8, and Q14, pertain to the func-
tional aspect (Articulation, eating, interrupted meals, una-
ble to function), and can be used to evaluate functional 
improvements or functional changes in the patient. This 
questionnaire owns plausible reliability and constructs 
validity concerning subjective global oral health indicators.

Oral Implant Impact Profile

The OIIP- Q questionnaire contains fifteen questions that 
score 1–5, where 1 is “no satisfaction,” and 5 is “satisfac-
tion” with the treatment provided [40]. It is indicated for 
use in patients with single implants. This questionnaire 
evaluated the following groups of items: the provider’s pro-
fessionalism, time of operation and healing, pain, and 
complications, chewing and function and aesthetics, and 
psychology. The questions from Q1 to Q15 are as follows: 
Q1. Preoperative introduction, Q2. Pain during the implant 
surgery, Q3. Post- operatory pain, Q4. Duration of the 

operation, Q5. Soft- tissue edema, Q6. Wound healing dura-
tion, Q7. Waiting time until restoration delivery, Q8. Color 
of implant crown, Q9. The difference of the restoration 
with the natural teeth, Q10. Oral hygiene maintenance, 
Q11. Cost of treatment, Q12. Chewing ability, Q13. 
Comfort, Q14. Food impaction, Q15. Dental professional-
ism. The questions Q12, Q13, and Q14 pertain to chewing 
and function. This questionnaire has shown that almost 
16% of patients have issues with the prostheses function, 
and 8.63% of patients have issues with food impaction after 
eating. The use of this questionnaire also could help in the 
optimization of implant maintenance.

Food Intake Ability

The Food Intake Ability (FIA) Index, compares subjective 
mastication before and after the implant restoration is deliv-
ered [41]. The patient answered questions in the FIA ques-
tionnaire according to the following score: 0 points – “have 
never eaten,” 20 points – “cannot chew at all,” 40 points – 
“difficult to chew,” 60 points – “cannot say either way,” 80 
points – “can chew some,” and 100 points – “can chew well.” 
Overall high scores represent a satisfactory function, and 
lower scores represent a limited/impaired function.

 Concluding Remarks

Ideally, the rehabilitation of oral implants improves the 
quality of life and sometimes the nutritional state of patients 
with dental implants [42]. Given the two- directional impact 
of the patient’s function on the implant restorations and the 
effect of the implant restoration on the patient’s function, 
the implant maintenance visit should include evaluating 
the implant restorations and their proper function using 
methods that could be quantified and tracked.

We presented three questionnaires representing the 
implant restorations’ function, which are valuable tools for 
clinical decision- making.

Incorporating the implant function questionnaires in the 
maintenance visit will change the clinician’s approaches 
toward a more involved and compliant patient, resulting in 
improved implant survival and oral and general health.
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