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Introduction

In the past 28 years, from being a resident to academician
and clinical practitioner in the science of Periodontics and
Implant Dentistry, I have witnessed an exponential evolu-
tion in the possibilities of treatments. Consequently, that
comes with a wealth of information to the practitioners
making the discernment between validity of treatment
choices difficult. I worked throughout the years on basing
my treatments and my teaching around solid biological
foundation because I always believed that fundamentals
never change. With that in mind, the practitioner has to
always set the goal of treatment and then work his/her
way back to evaluate the steps it takes to execute it. These
steps have to be based on, as stated before, solid biological
foundations.

In order to understand these solid foundations, we built
this manuscript in a way to start with a review of funda-
mentals, mainly the wound healing, preparing a more in
depth focused vented information that the practitioner
can review. These will be done in a facilitated manner
without compromising on the needed fundamentals. This
manuscript will help either a practitioner in preparing a
surgical decision, a resident preparing for his/her boards,

or a dental student/surgical resident learning the science
of Periodontics and Implant Dentistry.

I am grateful for my colleagues that contributed to this
manuscript, without their invaluable participation this
manuscript would have not become a reality, thus benefit-
ing the user of this work. I would like to specifically thank
my oldest daughter, Lauren, for encouraging me and help-
ing me in the writing of the proposal to the publisher during
the lockdown for the Covid-19 pandemic. I hope that she,
or one of my other children, one day use it for their studies
if they decide to take dentistry as their vocational profes-
sional career. Finally, for you the reader, I am honored
and humbled that you chose this book in your endeavor.
Periodontology-Implant Dentistry has been a great journey
for me and I hope it will be the same for you. Keep learning
and always remember three things: biology always wins,
fundamentals never change, set your goal, and work your
way back.

Sincerely,
Edgard El Chaar
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1

Anatomy and Physiology
Edgard El Chaar1 and Thierry Abitbol2

1Department of Periodontics, University of Pennsylvania, Dental Medicine, Philadelphia, PA, USA
2Arthur Ashman Department of Periodontics and Implant Dentistry, New York University, NY, USA

Overview of Gingival Tissue
and Periodontium

Macroscopically, the dental organ appears to be limited
to the dental crown surrounded by soft tissue, which is
scalloped around a well delineated circular line called the
cementoenamel junction (CEJ).

The morphology of the dental crowns change shape
from the midline to the posterior dentition and with it, the
function and dimension change. The soft tissue changes
as well to accommodate these differences. That soft tissue
will comprise two distinct parts, the mucosa and the kera-
tinized tissue separated by the mucogingival line (MGL). In
the keratinized zone, we have the attached gingiva and the
marginal gingiva. The latter is a non-attached tissue that
extends few millimeters from the margin to the junctional
epithelium (JE), delineating the sulcus that is a gap on the
inner side of the non-attached gingiva around the CEJ. JE
is non-keratinized epithelium as it is on the border of the
attached and non-attached gingiva.

In a microscopic cross-sectional view, we can appreci-
ate the different parts of hard and soft tissue interacting
together making the periodontium of the dental organ
from its incisal tip apically (Figure 1.1). This figure shows
the intricate components of the dental organ and the
harmony needed to make this interaction work reminding
us of a well-tuned opera. All of this hard and soft tissue
requires irrigation from perfectly lined up blood circu-
lation, which originates from an alveolar artery dividing
itself in a periodontal ligament (PDL) branch, dental
branch, and an intra-marrow branch. Inside the mucosa,
an intricate circular system leads to a supra-periosteal
artery crossing into the keratinized gingiva in a linear man-
ner up to the gingival collar in which the three arteries,

PDL, intra-marrow, and supra-periosteal form the gingival
crevicular plexus (Figure 1.2).

Radiographically, the PDL space can be observed and its
width ranges between 0.1 and 0.25 mm (Figure 1.3). Any
widening beyond these margins is considered a “widening
of the periodontal ligament,” which can be a sign of inflam-
mation either from an early periodontal disease at the coro-
nal level or excessive occlusal trauma.

This harmonious intricate system called the dental peri-
odontium will be reviewed in this manual, wishing you
great reading and enjoyment.

Embryonic Development

At approximately four to five weeks into embryonic devel-
opment, there is downgrowth of the ectoderm of the
primitive oral stomatodeum into the underlying ectomes-
enchyme. At the terminal end of this downgrowth, the cells
form a knoblike structure or bud. Cells in the surrounding
ectomesenchyme begin to concentrate around this bud.

Several weeks later, this ectodermal bud has devel-
oped into a cuplike structure with four distinct layers:
an outer enamel epithelium (OEE), an inner enamel
epithelium (IEE), a stellate reticulum (SR), and a stratum
intermedium (SI). Directly beneath the IEE, cells of the
underlying ectomesenchyme have condensed into a dental
papilla (DP). Surrounding these two structures is a third
condensation, the dental follicle (DF), which will give
rise to most of the cementum, periodontal ligament, and
alveolar bone.

At the apical extent of the root, the IEE and OEE have
fused to form Hertwig’s epithelial root sheath (HES). More
coronally, this root sheath breaks down to form islands of

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc.
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Crevicular epithelium

Junctional epithelium

Periodontal ligament

Mucogingival junction

Alveolar bone

Alveolar mucosa

Cementum

Figure 1.1 Different components of the periodontium in a cross
section.

epithelial cells in the developing PDL space, the epithelial
rests of Malassez (ERM). The breakdown of the root sheath
and subsequent exposure of the dentin (D) to the DF allows
cells in the DF nearest the developing root surface to dif-
ferentiate into cementoblasts (CB) and lay down the first
cementum matrix (CM). Further away from the tooth folli-
cle, cells differentiate into fibroblasts and lay down the first
bundles of collagen in the PDL (Figures 1.3–1.6).

Figure 1.2 Vascularity in the periodontal ligament.

Formation of the Epithelial Attachment

After formed, the enamel is covered by an epithelium
called the reduced dental epithelium (RED) extending

Figure 1.3 Dimension of periodontal ligament.

Ectoderm

Ectomesenhyme

4 to 5 weeks

Bone

Figure 1.4 Bud stage in embryologic formation of the dental
organ.

to CEJ. During eruption, the tip of the tooth approaches
the oral mucosa leading to a fusion of the RED with oral
epithelium (OE). Once the tip emerges, the RED is termed
Epithelial Attachment. As the tooth erupts, the attached
epithelium gradually separates from its surface creating a
groove called the Gingival Sulcus.

Formation of the Cementum, Periodontal Ligament,
and Alveolar Bone

The deposition of cementum on the root surface that grad-
ually thickens toward the PDL space is somewhat similar
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Bone

SI
SR

DF

OEE

IEE

DP

Figure 1.5 Bell stage in embryologic formation. (OEE: outer
enamel epithelium; IEE: inner enamel epithelium; SR: stellate
reticulum; SI: stratum intermedium; DF: dental follicle; DP:
dental papilla).

Dentin

Cementum matrix

Cementoblast

ERM

periodontal ligaments

Bone

Figure 1.6 Apical formation of the different periodontal
ligament. ERM, epithelial rest of malassez; HES, Hertwig’s
epithelial root sheath.

to the deposition of alveolar bone that thickens the alve-
olar bone support from the opposite side of the ligament
space. As a result, the cementum does have some structural
and biochemical similarities (as well as some critical differ-
ences) with alveolar bone.

As with the development of the alveolar bone proper,
an organic matrix of cementum composed primarily of
type I and type III collagen is secreted by a layer of for-
mative cells (the cementoblasts) over the thin hyaline-like

layer secreted by HES covering the root dentin. This fine
fibrillar matrix calcifies to form a relatively uniform and
well-organized layer of cementum free of cellular ele-
ments called primary acellular cementum. This first thin
layer of mineralized cementum contains only the fibrillar
matrix from the cementoblasts themselves. These fibers
are therefore called intrinsic fibers of cementum.

As the cementum continues to thicken by apposition
of cementum by the cementoblast layers, this thickening
cementum will encounter and incorporate bundles of the
forming periodontal ligament. These ligament bundles
incorporated into the cementum surface will calcify along
with the surrounding intrinsic fibers to form a significant
portion of the more superficial layers of the cementum.
These insertions of calcified ligament fibers are termed
extrinsic fibers of the cementum. A similar entrapment
and calcification process occurs on the forming alveolar
bone side. The general term for these calcified insertions of
bundles of ligament fibers into the cementum and bone are
Sharpey’s fibers. On the cementum side, these Sharpey’s
fibers are much thinner in diameter and insert at closer
intervals when compared with the alveolar bone side.

These differences in the pattern of insertion have clinical
importance in the distribution of forces that are gener-
ated within the PDL during occlusion, tooth movement,
and traumatic forces. Specifically, these forces are more
evenly distributed along the cementum surface and are
more concentrated along the more widely spaced inser-
tions on the alveolar bone side. As a result, in response
to mechanical forces, there is generally a remodeling of
the periodontal housing on the alveolar bone side and not
on the cementum side. This prevents the possibility of
significant cementum and root resorption. In addition, the
root cementum is protected from this relatively extensive
remodeling because it is avascular, and therefore not as
exposed to osteoclast-like precursor cells in the circulation.
Although small areas of microscopic cementum resorption
and repair have been frequently observed in histologic
sections, more extensive resorption of cementum is usually
not seen unless there is a force on the tooth of a high
enough magnitude, or duration, or both, that cannot be
accommodated by the remodeling of the alveolar bone.

As the tooth completes actively erupting into the oral
cavity and meets its opposing tooth in the other arch,
the formation of cementum becomes somewhat less reg-
ular and organized. This type of cementum formation
that occurs over the more organized primary cementum is
called secondary cementum. It occurs mainly along the api-
cal one third of the root. During the formation of secondary
cementum, cells in the layer of secreting cementoblasts will
often become entrapped within the CM. These entrapped
cementoblasts become cementocytes similar in appearance
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to the entrapped osteoblasts that become osteocytes on the
alveolar bone side. These areas of cementum that contain
cementocytes are called cellular cementum. Layers of
cellular cementum are generally seen in the apical one
third of the root surface. In secondary cementum, these
layers of cellular cementum often alternate with layers of
acellular cementum.

Soft Tissue Physiology

Gingiva

The gingiva consists of free and attached tissue. The
attached gingiva is the portion of the gingiva that is firm,
dense, stippled, and tightly bound to the underlying peri-
odontium, tooth, and bone. The free gingival margin is
defined as the coronal border of the free gingiva that sur-
rounds the tooth and is not directly attached to the tooth
surface. The free gingival margin generally corresponds
to the base of the gingival sulcus. It is present in 30–40%
of adults and most frequently occurs in the mandibular
premolar and incisor regions. The mucogingival junc-
tion (MGJ) represents the junction between the gingiva
(keratinized) and alveolar mucosa (non-keratinized)
(Lindhe 1983).

Width and Thickness of the Gingiva
Bowers (1963) measured the widths of the facial attached
gingiva in the primary and permanent dentitions of 240
subjects. The width of attached gingiva ranged from 1 to
9 mm. Values were greatest in the incisor regions (espe-
cially the lateral incisor) and the least in the canine and
first premolar sites. The maxilla usually exhibited a broader
zone of the attached gingiva than the mandible. Clinically
healthy gingiva was noted in subjects with less than 1 mm
of the attached gingiva, but the tissue was usually inflamed
in areas of no attached gingiva. Buccal–lingual tooth posi-
tion affected the amount of the attached gingiva present,
and high frenum and muscle attachments were generally
associated with narrow zones of attached gingiva. Facially
positioned teeth had narrower zones of attached and ker-
atinized tissue than well-aligned or lingually positioned
teeth. As teeth moved lingually, an increase in the width
of attached and keratinized tissue and a slight decrease in
clinical crown height were observed. Teeth moving facially
had a decrease in the width of the attached and keratinized
tissue.

Voigt et al. (1978) measured the width of lingual attached
gingiva in the mandible. The keratinized tissue ranged from

1 to 8 mm. Greatest widths were recorded on the first and
second molars (4.7 mm), decreasing at premolar and third
molar sites. The smallest widths were observed on the
incisors and canines (1.9 mm).

Goaslind et al. (1977) measured the thickness of the free
and attached facial gingiva in a population consisting of
10 males (ages 25–36). Results demonstrated consider-
able variation of gingival thickness among subjects and
among areas within individual subjects. Free gingival
thickness averaged 1.56–0.39 mm, increased from anterior
to posterior and was directly proportional to sulcus depth.
Thickness of the attached gingiva averaged 1.25–0.42 mm,
increased from anterior to posterior in the mandibular arch,
remained relatively constant in the maxillary anterior, and
was inversely proportional to attached gingival width. The
overall mean thickness for all areas was 1.41 mm.

Histological Composition
As discussed in the tooth development section, while tooth
emerges and eruption continues, three distinct zones of
epithelium form: outer epithelium, crevicular epithelium,
and the JE. Each is different in stratification, organization,
and function.

Like the epidermis, the OE has multiple layers:

1. Stratum basale: one to two layer of cuboidal-shaped
cells that divide and migrate to the superficial layers

2. Stratum spinosum or prickle cell layer: spinous-
shaped cells with large intercellular spaces

3. Stratum granulosum: flattened granular cells with flat-
tened and condensed nuclei, increased accumulation of
keratohyalin granules, and intracellular and extracellular
membrane-coated granules

4. Stratum corneum: flattened cells packed with keratin;
nuclei may be undiscernible known as orthokeratinized
or may have visible dense nuclei called parakeratinized;
cells shed and are replaced by cells from the deeper layers
migrating upward.

In both the basal and prickle cell layers connect to each
other via desmosomes, which appear microscopically as a
thickening. Each half is made of a hemi-desmosome that
attach to underlying cell through intermediate filaments.
Within the oral gingival epithelium, there are several
other cells not derived from keratinocytes. These include
melanocytes that transfer melanin pigment granules to
the surrounding basal layer of keratinocytes, Langerhans
cells that are part of the reticulo-endothelium system
and are responsible for processing and presenting for-
eign antigens to the immune system, and Merkel cells
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that may be responsible for perception of sensation in the
gingiva.

On the outer layer, in 45% of the patient, stippling is
noticed. It used to be thought that its presence is a sign of
health but later it was refuted. Based on Karring and Loe
(1970), the stippling coincides with the intersection with
epithelial ridges. Epithelial (rete) ridges represent areas
of epithelial proliferation into the underlying connective
tissue (CT). These are believed to promote anchoring of
epithelium to the CT by increasing the surface area of
attachment. They are more pronounced in the gingiva than
in the alveolar mucosa.

The CT of the gingiva consists of cells, fibers, and ground
substance (proteoglycans [PGs] and glycoproteins [GPs]).
Cells constitute about 5% of the CT and include fibroblasts
(65%), mast cells, PMNs, macrophages, lymphocytes, and
plasma cells. Fibers account for approximately 60–65% of
the CT, with collagen predominating reticulin and elastic
fibers. Ground substance comprises 35% of the CT and
consists of protein-polysaccharide macro-molecules made
up of PGs and GPs. The PGs contain glycosaminoglycans
(GAGs) as the polysaccharide units that are covalently
bonded to one or more protein chains. PGs are usually
large molecules in the ground substance that function
to regulate diffusion and fluid flow through the matrix,
acting as molecular filters. GPs function in cell-to-cell
and cell-to-matrix interactions. Fibronectin (FN) is the
principal GP in CT, serving to orient fibroblasts to collagen
and provide protein attachment for cell–matrix adhesions.
FN may influence the migration of fibroblasts and play
a crucial role in maintaining structural integrity of CT.
Laminin (LN) is the attachment GP for epithelial cells,
which mediates attachment of these cells to the basement
membrane and preferentially binds type IV collagen.

Epithelial–Connective Tissue Interaction
Karring et al. (1975) examined the role of CT in deter-
mining differentiation of the epithelium by implanting
CT from the palates of monkeys (with the epithelium
removed) into pouches created in the buccal alveo-
lar mucosa. Three to four weeks later, the grafts were
exposed and allowed to re-epithelialize from surrounding
non-keratinized alveolar mucosa. The sites with CT trans-
plants from the palate healed with a keratinized surface
displaying the same characteristics as normal gingival
epithelium. The results of this study demonstrated con-
clusively that the determinant for epithelial differentiation
(keratinization or non-keratinization) is the underly-
ing CT and is not the functional stimuli as previously
thought.

Gingival Fiber Groups
Hassell (2000), described the gingival collagen fibers and
divided them into five principal and six minor groupings.

The principal groupings:

a. Dentogingival
b. Alveolo-gingival
c. Dento-periosteal
d. Circular
e. Transseptal

The secondary grouping:

a. Periosteogingival
b. Interpapillary
c. Transgingival
d. Intercircular
e. Intergingival
f. Semicircular

The dentogingival fibers extend from the cementum into
the lamina propria laterally. Alveolo-gingival fibers “fan”
coronally into the lamina propria from the periosteum at
the alveolar crest. The dento-periosteal fibers extend from
the cementum (close to CEJ) into the periosteum at the
alveolar crest. Circular fibers circumscribe the tooth and
are present in the attached gingival coronal to the alveolar
crest and in the free marginal gingiva. The transseptal fibers
extend mesially and distally, inserting into the cementum
of the adjacent teeth coronal to the alveolar crest.

Alveolar Mucosa

The alveolar mucosa covers the basal part of the alveo-
lar process and continues without demarcation into the
vestibular fornix and the floor of the mouth. It is movable
and loosely attached to the periosteum.

The main difference with the gingiva is the vascular
network distributed within the periosteum of the alveolar
mucosa. It is densely arranged, consisting of arterioles,
venules, and a large number of capillaries. This difference
in distribution of vessels is considered to reflect the histo-
logical difference. In the attached gingiva, the CT is firmly
attached to the alveolar process and that is mainly due to
its function which is to resist the compression and friction
of mastication (Squier and Hill 1985). In contrast, the
lamina propria and submucosal tissue beneath the alve-
olar mucosa have a fibrous structure consisting of many
elastic fibers that are loosely attached to the periosteum
to handle the vascular meshwork that is mainly circular
and stacked. According to Lozdan and Squier (1969), the
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marked difference in elastic tissue content between the
gingiva and alveolar mucosa was used as a reference to
define this transition and the position of the MGJ.

Junctional Epithelium

As discussed earlier in the tooth development, with the
tooth eruption, the OE and the reduced enamel epithe-
lium (REE) fuse and the JE is formed. In periodontal
health the JE consists of a single or multiple layers of
non-keratinizing cells adhering to the tooth surface and
functions as a security seal-barrier at the base of the sulcus.

Sabag and Saglie (1981) described the attachment of
epithelium to the cementum root surface to be mediated by
four to eight hemidesmosomes per micron at the coronal
zone of epithelial attachment and two hemidesmosomes
per micron in the apical zone. Because of this arrange-
ment, the authors suggested that the coronal zone of
the cemental surface may exhibit enhanced adhesion of
epithelial attachment when compared with the apical
zone Gargiulo et al. (1961) studied the dimensions and
relations of the dento-gingival junction in man. The mean
average length of the epithelial attachment (phases I–IV)
was 0.97 mm with a range of 0.71–1.35 mm mean average.

Histologically, Ten Cate (1989) found that the immature
character of the JE was characterized by the presence
of hemidesmosomes that are necessary for epithelial
attachment but are not seen in gingival and sulcular
epithelium.

Biotype

The periodontal biotype and its clinical significance have
fascinated clinicians and researchers since the early twen-
tieth century. As early as 1923, Hirschfeld conducted an
anthropometric study on human skulls, in which he noted
the existence of a thin alveolar contour. He postulated that
such a thin bony contour was likely accompanied by a
thin gingival form. Later on, in 1969, Oschenbein and Ross
classified the gingival anatomy as either flat or pronounced
scalloped. They suggested that flat gingiva was related to
square tooth forms and pronounced scalloped gingiva was
related to tapered tooth forms. In 1977, Weisgold asserted
that a thin, scalloped gingival architecture has an increased
susceptibility to recession.

Later in 2009, De Rouck et al. illustrated the pres-
ence of two distinct gingival biotypes. The first type was
thin-scalloped, making up one-third of the study popula-
tion. These subjects typically had a slender tooth form, a
narrow zone of keratinized tissue, and tended to be females.
The second type was described as thick-flat, occurring in

two-thirds of the study population. These cases were
comprised of a more square tooth form, a broad zone of
keratinized tissue, and were typically found in males.

In a 2010 systematic review, Fu et al. detailed the differ-
ent clinical methods of diagnosing biotype and the differ-
ences noted between the two, as illustrated in the following
table:

Characteristics Thin Thick

Profile Highly scalloped
soft tissue and
bone contours

Relatively flat soft
tissue and bone
contours

Soft tissue
texture

Delicate, friable Dense, fibrotic

Width of
keratinized and
attached
gingiva

Narrow Wide

Bone thickness Thin; presence
of bony
dehiscences and
fenestrations

Thick; presence of
ledges

Reaction to
insults

Reacts readily
with recession

Relatively
resistant to
gingival
recessions; reacts
with pocket
formation or
intrabony defects

Periodontal Biotype

One way to describe individual differences as they relate to
the focus of this review is the periodontal “biotype.” The
biotype has been labeled by different authors as gingival
or periodontal biotype, morphotype, or phenotype. In
this review, it will be referred to as periodontal biotype.
The assessment of periodontal biotype is considered rele-
vant for outcome assessment of therapy in several dental
disciplines, including periodontal and implant therapy,
prosthodontics, and orthodontics. Overall, the distinc-
tion among different biotypes is based upon a multitude
of anatomic characteristics of the components of the
masticatory complex, including:

1. Gingival biotype, which includes in its definition gingival
thickness (GT) and keratinized tissue width (KTW)

2. Bone morphotype (BM)
3. Tooth dimension

A recent systematic review Zweers et al. (2014), using the
parameters reported previously, classified the biotypes in
three categories:
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Biotype Crown form Cervical convexities Location of contacts Zone of KT Tissue quality Alveolar bone quality

Thin scalloped Slender, Triangular Subtle Incisal Narrow Clear, thin Thin
Thick flat Square Pronounced Cervical Broad Thick, fibrotic Thick
Thick Scalloped Slender Variable Variable Narrow Thick, fibrotic Variable

The strongest association within the different parame-
ters used to identify the different biotypes is found among
GT, KTW, and BM. These parameters have been reported
to be frequently associated with the development or pro-
gression of mucogingival defects, gingival recession in par-
ticular. Keratinized tissue width ranges in a thin biotype
from 2.75 (0.48) mm to 5.44 (0.88) mm and in a thick bio-
type from 5.09 (1.00) mm to 6.65 (1.00) mm. The calculated
weighted mean for the thick biotype was 5.72 (0.95) mm
(95% CI 5.20; 6.24) and 4.15 (0.74) mm (95% CI 3.75; 4.55)
for the thin biotype. Gingival thickness ranges from 0.63
(0.11) mm to 1.79 (0.31) mm. An overall thinner GT was
observed with canine teeth and ranged from 0.63 (0.11) mm
to 1.24 (0.35) mm, with a weighted mean (thin) of 0.80 mm
(0.19).

When discriminating between either a thin or thick
periodontal biotype, in general, a thinner GT can be found
in a thin biotype population regardless of the selected
study. Bone morphotype (BM) resulted in a mean buccal
bone thickness of 0.343 (0.135) mm for thin biotype and
0.754 (0.128) mm for thick/average biotype. BMs have been
radiographically measured with cone-beam computed
tomography (CBCT).

Anatomy Is Destiny

Anatomy

A healthy periodontium is largely derived from a physio-
logic equilibrium among essential elements conducive to a
stable environment against chronic deterioration. As a ther-
apeutic objective it is in fact these components that, once
identified, are recreated surgically or non-surgically.

To that end osseous surgery, for example, results ideally
in the artificial recreation of a physiologic architecture of
bone and its relation to the overlying soft tissue. A surgi-
cally recreated periodontal environment is where presum-
ably health may be maintained with a reasonable regimen
of home care and office hygiene visits.

Of the components that must be given due attention in
the understanding of periodontal health disease and sub-
sequent treatment, the anatomy of the natural dentition is
a key.

A thorough student of the fundamentals of periodontics
cannot escape the uncanny near mathematical system,

which exists and binds basic dental anatomy as its most
recurrent variations articulate and coexist with the ele-
ments of the periodontium, namely, soft tissue and bone.
To that end we will concentrate primarily on the radicular
anatomy of the permanent human dentition and some
relevant aspects of coronal anatomy as well.

Understanding “the system” is one way to see clearly
through the maze that represents periodontal health and
resting equilibrium, disease, and the recreation of a remis-
sive state through treatment. This chapter is an attempt to
review some of the more salient features of dental anatomy
as they relate to periodontal parameters.

Root Surface Anatomy

Facial and palatal or lingual root surfaces are for the most
part convex to flat. The relative position of these root sur-
faces as well as their inherent geometry make these sur-
faces more accessible and less prone to the accumulation of
biofilm, presumably with adequate home care and hygiene.
Interproximal and interradicular root surfaces are primar-
ily concave to flat; these surfaces on the other hand, because
of their relative position in the arch and because of their
shape are more likely to be susceptible to periodontal break-
down.

Proximal and interradicular surfaces however because of
their outline, which is generally concave, and their inter
proximal or interradicular position are in fact less amenable
to maintenance and more prone to periodontal breakdown
than facial or lingual surfaces.

This pattern tends to worsen anteroposterior for at least
two reasons:

Anterior teeth are inherently accessible for hygiene,
whereas posterior teeth would be more problematic in
that respect. Inter proximal contacts and corresponding
septa are also generally broader from the anterior part
of the arch back. This particular anatomy makes the
posterior contact area, the area initially susceptible to an
etiological insult and lesion more difficult to access.

Also as periodontal disease progresses, the formation of
osseous craters or for that matter any type of intrabony
lesion is now more likely to form where broad poste-
rior septa are initially present. This adds to the overall
inaccessibility of these areas. Again the reasons why
crater formation is more probable with broader septa
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is the purpose of a subsequent part of the book where
the biologic fundamentals of disease progression and
healing will be entertained.

Anterior Teeth

We know anterior teeth for the most part to be single rooted
with a mostly conical radicular shape apico-coronally. They
are relatively accessible for debridement because of their
forward position in the arch. From the point of view of a
periodontist the fact that anterior teeth have conical roots
implies the following:

Vertical loss of attachment becomes exponentially more
severe as it progresses apically on an increasingly fluted
radicular area. Also, as periodontal disease increases in
severity, these may become more difficult to restore and
recreate an esthetic outcome, particularly in the maxil-
lary anterior segment where fluted divergent roots lead
to black inter proximal triangles with a receded peri-
odontium. Anterior teeth with an accentuated facial or
buccal parabolic contours are more difficult to restore as
opposed to teeth with a flatter profile. Coronal anatomy
of anterior teeth is usually described as square, ovoid,
or tapered/triangle. Square crowns are usually associ-
ated with relatively broad inter proximal contact areas in
all three dimensions. For this particular anterior tooth
morphology the soft tissue biotype is usually thick.

Square crowns are more often short apico-coronally.
These may be indicative of altered passive eruption, a
condition where adult teeth that are fully erupted have a
soft tissue margin positioned more coronal than the norm.
These square shaped teeth tend to be associated with
broad interproximal septae where interproximal craters
are more likely to form. Esthetics are a consideration when
periodontal disease is present and resective periodontal
surgical treatment is not planned unless a prosthetic com-
mitment is secured to address contingent issue, usually of
anesthetic nature.

Ovoid or triangular shaped anterior teeth coronally
present with a contact that is more point than area. These
are associated with corresponding thinner interproximal
septae.

As a result interproximal craters are not as probable as
with square shaped crowns. Also with more ovoid shaped
teeth, the tissue biotype and the alveolus tend to be thin-
ner; soft tissue recessions are therefore likely with either
periodontal disease or treatment.

Mandibular anterior teeth have relatively small contact
points. These teeth, which are typically short and squarish
have a thinner osseous septum and thin alveolar bone as
well as a thin soft tissue biotype; as a result, these teeth are
prone to recessions. Mandibular anterior teeth however are

not in the esthetic zone and thus marginal soft tissue reces-
sions may not be critical (Glickman 1953).

Developmental Anterior Grooves

Maxillary incisors will sometimes present with a facio-
gingival developmental groove.

Although this condition is more frequently found on the
palatal surface of maxillary incisors, it has sometimes been
observed on the facial aspect of these teeth. These usually
present as a narrow developmental groove that courses over
the cingulum area from a point coronally.

The groove itself is anatomically prone to localized peri-
odontal breakdown. Prognosis and treatment alternatives
depend largely on the severity and the geometry, the num-
ber of bony walls for example, of the lesion associated with
the anatomical groove.

Canines have bulbous prominent roots both mandibular
and maxillary. As a result the alveolar bone is thin and the
biotype associated with these is relatively thin alveolus and
soft tissue biotype. These facts have an impact of treatment
approach and should be addressed with caution as tissue
manipulation may result in recessions from fenestrations
and dehiscence likely to be present with a thin buccal wall.
Cone beam imagery may be useful in arriving at the cor-
rect diagnosis (Lee and Lee 1968; Everett and Kramer 1972;
Kogon 1986; Avital et al. 1988).

Premolars

Premolars are relatively small teeth coronally and may
deceivingly appear, perhaps as a result of their relative size
coronally to be single rooted.

The maxillary first premolar is the classic example as
to why that is not the case. In the majority of cases, the
first premolar is bifurcated, has two roots associated with a
short root trunk or, in the least, a deep mesial groove. With
that in mind, assumptions should not be made regarding
the anatomy of premolars rather they should be looked at
individually with no pre conceived notion (Dababneh and
Rodan 2013).

For the purpose of diagnosis, prognosis, and treatment,
furcation involvements have been classified and catego-
rized according their degree of severity itself a measure of
the clinical penetrability of a calibrated periodontal probe.

For the most part it is the horizontal involvement that
has been used as a measure of prognosis and treatment
potential. In one particular publication however the verti-
cal component of the furcation involvement was addressed
in terms of severity and potential for treatment. Again in
subsequent chapters, the issue of furcation involvement
will be revisited as it is related to periodontal disease,
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prognosis, and treatment alternatives (Hamp et al. 1975;
Tarnow and Fletcher 1984).

The Root Trunk

The root trunk is essentially a measure of the distance
between the CEJ to the anatomical roof of a furcation
area. It is also an estimate of the anatomical potential of
a furcated multirooted tooth to periodontal breakdown.
A short root trunk is more susceptible to a furcation
involvement than a long root trunk; in effect, the latter
provides more leeway in the face of periodontal break-
down. When a tooth with a long root trunk is affected
with a furcation involvement, that is indicative of a severe
periodontal condition and an unfavorable prognosis. Once
an anatomical furcation becomes clinically detectable, this
represents a significant prognosis downturn for the given
tooth. Treatment options and treatment outcomes are, as
we will see inn subsequent chapters of this book, severely
compromised and will depend as the literature supports it,
on the severity of the lesion Gargulio (1961).

Maxillary First Molars

As is the case in general for molar teeth, their anatomy has
been reported and is described in terms of the first molar.
This includes the first maxillary molar.

The first maxillary molar typically has three roots, a
mesiobuccal, a distobuccal, and a palatal.

As such, three anatomical furcations are present: a buc-
cal, a mesial, and a distal.

If the root trunk of the maxillary first molar is measured
from the CEJ to the roof of each anatomical furcation, the
literature indicates that the buccal root trunk is the shortest
followed by the mesial and the distal, respectively. One
should note however that the furcation on the buccal is
midway from mesial to distal; the distal furcation is directly
below the contact area so midway bucco-palatally, whereas
the mesial furcation is slightly off center. These all have
significant implications with respect the susceptibility to
periodontal disease as well as treatment implications.

The surface area of each of the three maxillary first molar
roots has been reported with the mesiobuccal, the palatal,
and the distobuccal roots usually in that order of decreas-
ing size.

As with any furcated or multirooted teeth intraradic-
ular root concavities are present with maxillary molars.
Because of the three roots here as opposed to the two roots
for mandibular molars, furcation involvements tend to
be unidirectional for mandibular molars. For maxillary
molars however, the presence of three furcations means
that these can be affected internally rather than simply

from the furcation entrance. This adds to the potential on
prognosis and the ability to treat or maintain these areas.

One should note that root anatomy should be seen not
only as it relates to each individual tooth in isolation but
also with respect to their relative position in the arch. For
example, the maxillary first molar often presents with a dis-
tobuccal root that angles distally and buccally. That may
lead to a thin alveolar buccal housing where a fenestration
or dehiscence are to be considered. Also the distal diver-
gence of the distobuccal root often results in a thin inter-
dental septum with the adjacent second molar. This has
significant implications in terms of disease progression and
treatment alternatives. Such anatomical relationships may
potentially found anywhere in the arch (Herman et al. 1983;
Gher and Dunlap 1985; Roussa 1998).

Mandibular First Molars

First molars represent the classic anatomy for mandibular
molars with variations expected for second molars and par-
ticularly third molars.

The mandibular first molar typically has two roots, a
mesial and a buccal, with two corresponding anatom-
ical furcations, a buccal and a lingual. The root trunk,
measured from the CEJ to the roof of the furcation, is
shorter on the buccal then on the lingual then on the
buccal. Root trunk length has implications both in terms
of prognosis and treatment. When furcation involvements
are diagnosed as opposed to shorter root trunk, that is
indicative of more loss of attachment and therefore a more
unfavorable prognosis in terms of treatment. A shorter
furcation however can be more of a potential challenge
with respective to any type of resective osseous surgery
where the anatomical furcal entrance is closer to the CEJ
apicoronally. This constitutes a physical limit to the apical
positioning of the alveolar margin. This would include a
crown lengthening for example where the establishment of
the biologic width may be the intended objective but where
the length of the root trunk may represent a limiting factor.

The furcal entrance is usually wider on the buccal than
on the lingual although the literature indicates that in
most instances the furcal entrance is narrower in diameter
then instruments used for debridement. Both roots of the
mandibular molar are usually kidney shaped in a horizon-
tal cross with the interproximal and intraradicular root
surfaces being more concave on the mesial then the distal
root. Because both roots are concave on the furcal aspect,
this access for debridement is challenging endeavor. Also
the fact the mesial root is more kidney shaped has often
led clinicians to favor the distal root over the mesial root
in root resection procedures because it is comprehensively
more treatable periodontally and restoratively. In some
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instances and with good judgement, root surfaces may be
reshaped with fine diamonds to modify their anatomy to a
more treatable or maintainable one.

One additional important aspect of intra furcal root
anatomy is the intermediate bifurcational ridge, which
runs in a mesio distal direction. Its position within the
furcation can potentially interfere with an accurate clinical
estimate of a given furcation involvement (Everett et al.
1958; Bower 1979a,b; Gher and Vernino 1980).

Cervical Enamel Projections (CEPs)

CEPs may be described as fingerlike extensions of enamel
from the coronal portion of the tooth at various depths
beyond the CEJ. Because they are enamel in their com-
position their soft tissue interface is not a CT attachment
but a long JE. As such they are often the focus of localized
periodontal breakdown. CEPs are classified according their
proximity to the furcation area, the most severe being one
that is actually within a furcation.

Intermediate CEPs are found most commonly on the
buccal aspect of mandibular second molars mostly as class
II projections.

Cementicles and enamel pearls are usually small isolated
globules made of cementum or enamel respectively. They
can be detected usually within the body of the PDL and are
of little known significance. Accessory canals have been
described coursing laterally to the periodontal ligament.
The potential for these as pathways for cross contamina-
tion is not clear from the available literature (Swan and
Hurt 1976; Masters and Hoskins 1984; You and Tsai 1987;
Moskow and Canut 1990).

It may be important to note the following as far the
enamel relates to the cementum at the CEJ: sixty percent
of the cementum and enamel overlap; thirty percent form
a butt joint; ten percent are separated by a gap (Gutman
1978).
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Wound Healing
Steven Engebretson

Department of Periodontology and Implant Dentistry, New York University College of Dentistry, New York, NY, USA

Definitions and Terms for Clinical
Outcomes

Repair is defined as healing of a wound by tissue that
does not fully restore the architecture or the function of
the part. Reattachment means to attach again such as the
reunion of epithelial and connective tissues (CT) with
root surfaces and bone such as occurs after an incision or
injury. New attachment is the union of CT or epithelium
with a root surface that has been deprived of its origi-
nal attachment apparatus. This new attachment may be
epithelial adhesion and/or CT adaptation or attachment
and may include new cementum. Regeneration is the
reproduction or reconstitution of a lost or injured part.
Guided tissue regeneration refers to procedures aimed at
regeneration of lost periodontal structures by guiding
differential tissue responses using barrier materials such as
expanded-polytetrafluoroethylene, polyglactin, polylactic
acid, titanium mesh, or collagen to exclude epithelium
from the root surface.

Inflammatory Phase

When a surgical wound is created bleeding occurs, the
cascade of events leading to hemostasis is initiated and a
clot is formed. Collagen attracts platelets to the wound site
and a platelet plug is formed, creating a fibrin matrix, pro-
viding the basis for tissue repair. Neutrophils are the first
immune cells recruited to the wound in response to the
activation of complement, the degranulation of platelets
and the products of bacterial degradation. Polymorphonu-
clear leukocyte (PMN) or the “poly band” reaches peak
activity 24–48 hours followed by the influx of monocytes,
which act to debride the site of bacteria and necrotic tissue.
Platelets release growth factors and cytokines and regulate
subsequent healing. Platelet-derived growth factor (PDGF)

stimulates chemotaxis of neutrophils and macrophages
in the wound site as well as chemotaxis and mitogenesis
of fibroblasts and stimulates collagen synthesis. Trans-
forming growth factor beta (TGF-β) is a key modulator
of wound healing and is chemotactic for macrophages,
fibroblasts, and smooth muscle cells and stimulate colla-
gen synthesis, while modulating collagenase and tissue
inhibitor of metalloproteinases (TIMPS). After two to
three days monocytes differentiate into macrophage and
secrete factors that stimulate angiogenesis and fibroblast
proliferation that promotes the proliferative phase.

During the inflammatory stage flap tensile strength is
still weak, as fibrin holds the flap in place (Hiatt et al.
1968). Following hemostasis, vasodilation of tissues adja-
cent to the wound, mediated by histamine, prostaglandins,
kinins, and leukotrienes result in vascular permeability
allowing blood plasma and white blood cells to permeate
via diapedesis to the extravascular space. The classical
signs of inflammation are thus observed: swelling (tumor),
redness (rubor), heat (calor), and pain (dolor).

Proliferative Phase

The cytokines and growth factors secreted during the
inflammatory phase stimulate the succeeding proliferative
phase. The proliferation of fibroblasts from the surrounding
tissue induces production of collagen and proteoglycans.
Collagen production restores tissue stability and serves
to support the newly formed blood vessels supplying the
wound. Proteoglycans function as a reservoir of moisture
essential for early wound hydration. Angiogenesis is essen-
tial for the transport of nutrients and oxygen and begins
post injury and lasts up to three weeks. The proliferative
phase is distinguished by the formation of granulation
tissue containing macrophages, fibroblasts, and budding
vasculature in a loose collagen matrix. Angiogenesis

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc.
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induced by vascular endothelial growth factor (VEGF)
and fibroblast growth factor 2 (FGF-2). Epithelialization
is facilitated by underlying CT, which draws the wound
margins together and contraction begins leading to the
remodeling phase.

Remodeling Phase

During the remodeling stage the collagenous matrix is
synthesized continually and broken down in an effort
to achieve tissue homeostasis. Cross-links are formed
between collagen molecules and tensile strength of the
wound increases. Osteoclasts ruffled borders act to resorb
the bone, while osteoblasts form new bone tissue in
response to mechanical stress. New haversian systems
are developed as concentric layers of cortical bone are
deposited along blood vessels. The bone has the capacity
to undergo regeneration as part of a repair process and can
heal without scarring.

Epithelium and Connective Tissue
Healing

Following a procedure such as gingivectomy or gingivo-
plasty, an incision to the gingiva results in a clot formation
followed by an infiltrate of PMN, which forms a band
around the wound. The acute inflammatory response
ensues (Ramfjord et al. 1966). Blockage and withdrawal
of cut capillary ends occur during the first day, and by day
2 new sprouts are observed, capillary loops form by day
3–5, and anastomoses and normal vasculature are restore
by day 11 (Cutright 1969). The fate of the root surface is
determined by the cells present. Epithelial attachment,
CT attachment, bone, cementum, or periodontal ligament
(PDL) cells may repopulate the root. Healing by long
junctional epithelium following root planing occurs in the
absence viable PDL cells, while in the presence of viable
PDL cells CT attachment may occur (Waerhaug 1955;
Caton et al. 1980). Teeth denuded of cementum by scaling
showed no CT attachment (Karring et al. 1980). Epithe-
lium originates from the basal and deep spinous layers of
the adjacent epithelial tissues (Engler et al. 1966). Migra-
tion begins within 12–24 hours and continues at a rate
of approximately 0.5 mm per day, resulting in a complete
reformation of the gingival sulcus in three to five weeks
(Engler et al. 1966). Epithelial attachment to the tooth
occurs at seven to eight days (Sabag et al. 1984) by long
junctional epithelium (Karring et al. 1984), that may aid
resistance to plaque induced inflammation (Magnusson

et al. 1983). Cementum growth can be observed after three
weeks (Hiatt et al. 1968) and is key to CT attachment and
PDL regeneration. PDL cells form the basis of granulation
tissue at adjacent sites (Karring et al. 1975). CT matrix
formation begins one to two days after surgery and peak
activity is observed at three to four days. Collagenous
maturation and functional orientation of collagen fibrils
that results in a restored gingiva requires four to six weeks
(Ramfjord et al. 1966; Novaes et al. 1969).

Flap Surgery

Following elevation of a periosteal flap, and suturing, the
immediate events include blood clot formation and a fib-
rin adhesion of the flap to bone, infiltration with PMN, and
epithelial cell migration. During the period of one to three
days, post-operation epithelial migration continues. Vascu-
lar sprouts begin to form and fibroblasts begin to migrate
into the fibrin clot. By seven days epithelium has begun to
attach to the root surface via hemidesmosomes and basal
lamina. Capillary loops reform at the edges of the wound.
After 14 days collagen fibers have begun to orient parallel to
the tooth surface and the flap tensile strength has increased,
while maturation of capillary loops and return of normal
vasculature occurs. After 28 days the gingival unit has been
reformed with collagen fibrils in their preoperative state.

Free Graft

Following free soft tissue allograft procedures, the initial
healing events are observed, with the graft being main-
tained through plasma diffusion and hydration from the
adjacent tissue bed. CT grafts become edematous and
undergo degeneration. By day 2, granulation tissue begins
to form and capillary buds from the recipient site can
already be observed. During day 3–14, capillaries anasto-
mose and infiltrate the graft. Epithelial grafts will necrose
and slough with new epithelium appearing by day 4 and
rete pegs by day 7. After 14 days the overlying epithelium of
a CT graft begins to differentiate into stratified squamous
keratinized epithelium. By four to six weeks remodeling
occurs. Free allografts maintain their histological charac-
ter. Keratinized tissue grafts remain keratinized (Karring
et al. 1975). CT grafts may form new keratinized tissue at
recipient sites previously devoid of keratinized tissue.

Bone Healing

The events that occur during normal wound healing of
soft tissue injuries (e.g. inflammation, proliferation, and
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remodeling) also take place during the repair of injured
bone. Osteogenic cells (osteoblasts and osteoclasts) derived
from periosteum, endosteum, and circulating pluripoten-
tial mesenchymal cells reconstitute and remodel bone.
Osteoblasts produce osteoid, which later calcifies. Osteo-
clasts, derived from monocyte precursor cells, function to
resorb necrotic bone and bone to be remodeled.

Following flap elevation, bone undergoes a period of
superficial necrosis lasting one to three days that peaks
at four to six days. By day seven days osteoblastic activity
begins and peaks at three to four weeks. A net loss of
approximately 0.8 mm of bone can occur as a net result of
the resorption and osteoblastic activity (Wilderman et al.
1970). Activated macrophage and PMN produce cytokines
that directly or indirectly stimulate osteoclast formation
and activation. IL-6, TNF-alpha, IL-1-beta, prostaglandins
matrix metalloproteases, and chemokines such as IL-8 are
released by activated PMN and macrophage and influence
osteoclastic and osteoblastic activity. As with oral mucosa
and gingiva, bone healing undergoes an inflammatory
phase, a proliferative phase, and a remodeling phase. In the
initial days following flap elevation, following clot forma-
tion and PMN infiltrate, macrophage functions to debride
the wound of debris and release cytokines while PMNs
phagocytose bacteria. PDGF, VEGF, and TGF beta recruit
bone cells and stimulate proliferation. Fibroblasts infiltrate
the granulation tissue and convert the fibrin clot to gran-
ulation tissue while osteoclastic activity is already present
during the first week. Osteoblastic activity begins after
seven days and continues for weeks to months and gradu-
ally infiltrates the granulation tissue to form new bone. The
remodeling phase continues for weeks to years through
osteoclastic resorption, osteoblastic bone apposition, and
maintenance by osteocytes. Woven bone is gradually
remodeled and becomes lamellar (or cortical) bone.

Healing of Extraction Sockets

The removal of a tooth initiates the same sequence of
inflammation, proliferation, and remodeling seen in
mucosal wounds. The inflammatory stage occurs dur-
ing the first days of healing. White blood cells enter the
socket to remove contaminating bacteria from the area
and phagocytose debris. Fibroblasts and capillaries begin
to infiltrate during the first week. The epithelium migrates
into the socket wall until it reaches a level at which it
contacts epithelium from the other side of the socket or it
encounters the bed of granulation tissue over which the
epithelium can migrate. Finally, during the first week of
healing, osteoclasts accumulate along the crestal bone.
Within five days of extraction, early granulation tissue

composed of immature capillaries and fibroblasts appears
at the bottom of the socket and spreads upward along
the socket walls. The second week is marked by continued
formation of granulation tissue that fills the socket. Osteoid
deposition has begun along the alveolar bone lining the
socket.

These processes continue during the third and fourth
weeks of healing, with epithelialization of most sockets
complete at this time. The cortical bone continues to be
resorbed from the crest and walls of the socket, and new
trabecular bone permeates the socket. At three weeks new
bone formation begins. Bone growth continues at four
to five weeks and new trabeculae forms on socket walls
and apical regions and fills two-thirds of the socket. At
six weeks bone formation may be seen radiographically.
However, bone fill in the alveolus takes up to four months.
At four to six months after extraction the cortical bone
lining a socket is fully resorbed; this is recognized radio-
graphically by a loss of a distinct lamina dura. At one year
the only visible remnant of the socket is the rim of fibrous
(scar) tissue that remains on the edentulous alveolar
ridge.

Osseointegration

A surgically created osteotomy for a dental implant is
accomplished by drilling into the bone with sharp burs
and copious sterile saline irrigation, resulting in a bleeding
wound. Upon placement of a dental implant consisting of
an osteoconductive and biocompatible surface such as a
sandblasted and acid etched titanium or titanium zirco-
nium alloy, and where primary stability has been achieved,
wound healing events are similar to those described ear-
lier: hemostasis and coagulum in the form of a fibrin clot
at day 1, followed by granulation tissue formation at day
1–3. Bone resorption of the osteotomy occurs through
day 7, while new bone apposition consisting of woven
bone takes place from one to six weeks with increasing
trabeculae and direct bone to implant contact leading to
osseointegration. After 6 weeks, increases in bone density
occur and remodeling then continues throughout the life
of the patient (implant) (Bosshardt et al. 2017).

Modifiers of Wound Healing

Systemic illnesses such as alcoholism, diabetes melli-
tus, and habits such as smoking may impede the wound
healing process. The use of certain medications such as
bisphosphonates may interfere with bone remodeling and
result in adverse healing events such as osteonecrosis.
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Diagnosis and Pathology of Periodontal Diseases
Cecilia White
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Formulating a Periodontal Diagnosis

An accurate periodontal diagnosis involves the merging of
our current understanding of disease with patient-specific
information.

Historically, the American Academy of Periodontology
together with the European Federation of Periodontology
have worked to provide updated guidelines for diagnosis
based on current scientific understanding. In 2017, a series
of papers were published as the Classification of Periodontal
and Peri-Implant Diseases and Conditions. The workshop
aimed to clarify previously unclear nomenclature and
provided a completely restructured method of periodontal
diagnoses.

In this format, a branch of peri-implant diseases and con-
ditions was created to address implant-related issues and
standardize specific diagnoses. This reflects the growing
importance of implant therapy in the field of periodontics.

Data collection in the form of a systematic approach to
patient examination is essential in the process of deter-
mining an accurate diagnosis. Complete records should
be gathered including relevant systemic and local factors,
history of condition, and thorough examination of the
patient. There are factors to consider in the process of data
collection can be informed by our current understanding
of periodontal disease activity. For example, certain infec-
tions periodontal conditions have been attributed to the
presence bacterial biofilm and the host response process.
Thus, the presence or absence of certain bacteria can be
used to inform a diagnosis.

Periodontal Health and Gingival Health

Defining and recognizing periodontal health are important
in order to recognize standards in which disease can be
compared. Periodontal health can be defined as the state in
which tissues are free from periodontal inflammation.

There is a difference between histological and clin-
ical periodontal health: Histologic features of health
include a low bacterial load with bacterial species mostly
gram-positive and nonmotile such as Streptococcus and
Actinomyces species. The confirmation of this status may
not be practical for all patients in a clinical setting. Instead,
clinical indicators of health include information, which
can be gathered chairside during a thorough examination
including bleeding upon probing (BOP), probing depth,
radiographic bone levels, and tooth mobility.

Host determinants in clinical health include microbio-
logical, host, and environmental categories. Each of these
may be considered a predisposing factor, which contributes
to the accumulation of dental plaque or a modifying fac-
tor or one which alters the way in which an individual
responds to subgingival plaque accumulation. Some of
these factors may be controllable while others are not.

– Local predisposing factors: periodontal pockets,
dental restorations, root anatomy, tooth position, and
crowding

– Systemic modifying factors: host immune function,
systemic health, and genetics

While the determinants of health are important in under-
standing the disease process, the indicators of clinical
health are essential for the practitioner to recognize and
accurately diagnose a periodontally healthy patient. The
best method for monitoring the health or inflammation of
gingival tissues is through bleeding on probing (Lang et al.
1986), usually measured as bleeding provoked by applying
a probe to the bottom of a gingival sulcus or pocket.

Other factors such as periodontal probing depth, radio-
graphic bone loss, and tooth mobility have been used in
the past; however, these are not always useful in assessing
patients who have experienced periodontal disease in
the past.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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Diagnoses of periodontal health can include clinical
health on an intact periodontium or clinical health on a
reduced periodontium. Patients with a history of disease
can further be identified as stable periodontitis patients or
non-periodontitis patients.

Gingivitis: Dental Plaque-Induced

Gingivitis is defined as inflammation of the gingival tis-
sues. The most common form of which involves a plaque-
induced host response. Studies on the natural history of
gingivitis in man have found that there are a greater num-
ber of bacteria in gingivitis sites compared with healthy
sites. Additionally, there is a shift from Gram positive,
non-motile species to a more Gram negative, motile species.

Gingival inflammation can be categorized according to
its extent and severity. Gingivitis is considered localized
when <30% of teeth are affected and generalized when
>30% of teeth are affected. Additionally, mild gingivitis
occurs in an area with minor change in color and little
change of texture; moderate in areas with glazing, redness,
edema, enlargement, and BOP; severe in areas of overt red-
ness and edema with bleeding occurring with slight touch.

Modifying factors in the process of gingivitis include sex
steroid hormones (puberty, menstrual cycle, pregnancy,
oral contraceptives), hyperglycemia, leukemia, smoking,
malnutrition local factors affecting plaque accumulation:
prominent subgingival restorative margins, hyposalivation,
and drug-induced gingival enlargement.

Necrotizing Periodontal Diseases

Necrotizing conditions of the periodontium involve ulcer-
ation of the epithelial barrier, allowing for microflora to
invade the underlying connective tissue. These conditions
clinically manifest as painful lesions presenting in patients
with specific underlying risk factors, such as poor oral
hygiene smoking, stress, poor nutrition, or compromised
immune status.

The microflora is considered widely varied and many
species are difficult to identify as they are unculvable;
however the most frequent bacteria associated with these
conditions are gram-negative, anaerobic spirochetes. Pre-
votella intermedia, Fusobacterium, and Selenomas species
are frequently associated with necrotizing conditions
(Horning and Cohen 1995).

Necrotizing periodontal diseases include necrotizing
gingivitis, necrotizing periodontitis, and necrotizing stom-
atitis. While microbiological testing may be recommended
in certain cases, most often a diagnosis can be determined

based on clinical signs. Necrotizing gingivitis is recognized
as necrosis and ulceration of the gingival papilla, gingival
bleeding, pain, pseudomembrane formation, and halitosis.
In addition to these, the presence of periodontal attachment
loss and bone destruction indicates a diagnosis of necrotiz-
ing periodontitis. In a diagnosis of necrotizing stomatitis,
bone denudation through the alveolar mucosa with larger
areas of bony sequestrum, often in immunocompromised
patients, may be typical (Herrera et al. 2018).

Periodontitis

The primary goals in the staging of a periodontitis patient
include classifying the severity and extent of the condition
as well as assessing the complexity of controlling current
disease and managing the condition long-term. The pri-
mary goals of the grading process include estimating future
risk of disease progression and responsiveness to therapy as
well as estimating the potential influence of periodontitis
on systemic health and vice versa.

The staging process represents factors that indicate sever-
ity of disease (interdental CAL, radiographic bone loss, and
tooth loss attributable to loss of bony support), complex-
ity (local factors such as vertical defects, furcation involve-
ment, ridge defects and need for complex rehabilitation),
and extent and distribution.

Extent and distribution are added as descriptors and may
include localized, generalized, or molar/incisor pattern.

Stage I periodontitis represents those cases at the early
stages of attachment loss. At this stage, a diagnosis of
gingivitis will switch to periodontitis resulting from
persistent gingival inflammation and biofilm dysbiosis.

Stage II periodontitis is diagnosed when inflammation has
caused identifiable damage to the tooth support; how-
ever management remains straightforward.

Stage III periodontitis occurs when there is significant dam-
age to the attachment apparatus and, in the absence of
advanced treatment, tooth loss may occur. In this stage,

Stage IV periodontitis is the most advanced diagnosis in
which there has been considerable damage to the peri-
odontal support, which can lead to significant tooth loss
and thus, loss of masticatory function. At this phase, in
the absence of adequate control and rehabilitation, the
patient is at risk for losing the entire dentition.

A practical guide to beginning the staging process may be
to consider whether the patient should fall into Stages I/II
category of mild to moderate or III/IV category of moderate
to severe. From here, individual patient data can be used to
identify the appropriate stage of disease.
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Grade of periodontitis allows rate of progression to be
considered and designation is based on either direct or
indirect evidence of progression. Direct evidence is based
on longitudinal observation of criteria such as previous
radiographs and indirect evidence is based on assessment
of bone loss as a function of age.

In 2019, Kornman and Papapanou attempted to clarify
certain aspects of the new classification system. They
addressed issues with implementation of the classification
system in a practical manner for example, the importance
of distinguishing between a Stage I or II patient versus a
Stage III or IV patient and important factors to consider
when identifying specific diagnoses. Additionally, a series
of “gray zones” were recognized and clarified based on the
author’s interpretation of the classification criteria.

Other Conditions Affecting
the Periodontium

Periodontal Abscesses

The clinical presentation of abscess in the periodontal
tissues may be a result of a number of etiologies, such as
pulp necrosis, periodontal infection, pericoronitis, trauma,
surgery, or foreign body reaction. A periodontal abscess
is defined as a localized accumulation of pus located
within the gingival wall of the periodontal pocket, with
an expressed periodontal breakdown occurring during a
limited period of time, and with easily detectable clinical
symptoms (Herrera et al. 2000). Periodontal abscesses most
often occur in periodontitis patients, however, can occur in
non-periodontitis patients due to impaction of foreign bod-
ies, gingival enlargement, or alterations of the root surface.

Diagnosis of such a condition should include patient
symptoms such as pain and swelling, clinical features
described as a round or ovoid elevation in the gingiva, and
patient history including previous treatment or exposure
to possible foreign body.

Endodontic–Periodontal Lesions

Endo–perio lesions are microbial contamination, which
simultaneously affects the pulp and periodontal tissues.
Etiology may be associated with primary endodontic–
periodontal infections or by trauma or iatrogenic fac-
tors. A “true combined” lesion is a condition in which
the etiology of infection can be attributed to both dental
caries and periodontal breakdown. Lesions associated
with trauma or iatrogenic factors may include perforation
of the root during endodontic procedures, root fracture,
external root resorption, or pulp necrosis due to trauma

and drainage through periodontium. The etiology of the
condition corresponds to the case’s prognosis and ultimate
treatment plan.

Mucogingival Deformities and Conditions Around
the Teeth

The 2017 Consensus focused primarily on dental recession,
defined as the apical shift of the marginal gingiva caused by
different conditions or pathologies and is associated with
clinical attachment loss (Jepsen et al. 2018). Importantly,
thin gingival phenotype has been shown to increase risk
for gingival recession. Mucogingival conditions associated
with gingival recession should be described via the extent
of the apical shift of the gingival margin, or recession
depth, as well as interdental CAL, gingival phenotype, ker-
atinized tissue width, root surface condition (i.e. presence
or absence of non-carious cervical lesions), detection of the
cementoenamel junction (CEJ), tooth position, aberrant
frenum, and number of adjacent recessions. Mucogingival
conditions without gingival recessions may be described
as the gingival phenotype of a dentition or particular site.
Features of these conditions may include tooth position,
aberrant frenum, or vestibular depth.

Traumatic Occlusal Forces

Traumatic occlusal forces are defined as any occlusal force
resulting in injury of the teeth and/or periodontal attach-
ment apparatus (Jepsen et al. 2018). Occlusal trauma is a
lesion in the periodontal ligament (PDL), cementum, and
adjacent bone caused by traumatic occlusal forces. This
condition can be diagnosed clinically by the presence of:
progressive tooth mobility, adaptive tooth mobility, radio-
graphically widened PDL, tooth migration, discomfort on
chewing, or root resorption. Further, occlusal trauma can
be classified as either primary (increased occlusal forces on
a healthy periodontium), secondary (increased or normal
occlusal forces on a reduced periodontium), or orthodontic
forces.

Prosthesis and Tooth-Related Factors

Several factors involved in the fabrication and presence of
dental and tooth-related factors have on the periodontium
have been described (Ercoli and Caton 2018; Jepsen et al.
2018). Certain factors such as tooth anatomic factors,
root fractures, cervical root resorption, cemental tears,
root proximity, or altered passive eruption can lead to
increased plaque retention and thereby should be consid-
ered in diagnostic criteria associated with a periodontitis
or gingivitis diagnosis. Other factors associated with den-
tal prosthesis can directly impact the periodontium. For
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example, restorative margins placed within the junctional
epithelium and supracrestal attached tissue may lead to
inflammation and recession. Tissue trauma may occur

during the process of fabrication of direct restorations and
hypersensitivity or toxicity reactions may occur in response
to dental materials used.
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Introduction

In this chapter, a description of a broad spectrum of oral
lesions is listed with a focus on lesions related to the
periodontium. The format of the chapter takes into consid-
eration the recently revised classification by Holmstrup and
Albandar. The aim is to create an easy reference of patho-
logic entities tailored to the periodontist. The periodontal
pathology encountered, which is by far most common,
encompasses the inflammatory processes of gingivitis
or periodontitis. However, numerous other lesions exist,
which require recognition and subsequent management.
Moreover, oral pathology lesions may present anywhere in
the oral cavity and gnathic bones. Therefore, periodontists
need to be aware of the key characteristics of abnormal
presentations regardless of the site. This compilation aids
in the creation of a differential diagnosis (Ddx), which is
essential in guiding management decisions to arrive at a
definitive diagnosis.

Non-Dental-Biofilm Induced Gingival
Diseases

Genetic/Developmental Disorders

Hereditary Gingival Fibromatosis (HGF)

Hereditary Gingival Fibromatosis (HGF)
• Clinical presentation: Slow, progressive gingival over-

growth with varying degrees of manifestation. May
present in an isolated fashion or part of a syndrome.
Gingival enlargement is typically of normal coloration
and non-ulcerated.

• Cause: Association with mutation of the Son of
Sevenless gene SOS1 and SOS2 (however not in all

cases). Gingival expansion as a result of accumulation of
extracellular matrix protein.

• Diagnosis: Clinical examination, biopsy, medical
history, family history and laboratory tests.

• Ddx: Drug induced gingival hyperplasia and leukemia.
• Histopathology: Epithelial hyperplasia with elongated

thin rete pegs extending into hypo-vascular fibrous con-
nective tissue containing numerous collagen fibers, ori-
ented in variable directions.

• Management: Non-surgical management entails scal-
ing, root planing, and oral hygiene instruction. Surgical
management involves gingivectomy.

Specific Infections

Infections of Bacterial Origin

Necrotizing Periodontal Diseases
• Clinical: Patient presents with painful and erythema-

tous gingiva and “crater-like” necrosis in interdental
papillae with ulceration. The lesions may be hemor-
rhagic and disseminate a strong foul odor. Consider the
spectrum of lesions which vary depending on both local-
ization of lesion and predisposing factors i.e. necrotizing-
gingivitis, -periodontitis, -stomatitis, and noma.

• Cause: Due to bacterial infection by species that include
Treponema, Selenomonas, Fusobacterium, and Pre-
votella intermedia. Immunosuppression, poor oral
hygiene, smoking, stress, and poor nutrition are strongly
associated with infection.

• Diagnosis: Clinical features and bacterial culture.
• Ddx: Primary herpetic gingivostomatitis, vesiculobul-

lous diseases, and gonorrhea.
• Histopathology: Ulceration with necrotic tissue and

prominent acute and chronic inflammatory cells in con-
nective tissue stroma. Bacterial colonies are also noted.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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Figure 4.1 Crater-like necrosis of interdental papillae in
necrotizing periodontitis. Source: EEC Institute, Inc.

• Management: Supportive care and pain control with
debridement to remove debris and plaque. Consider
antibiotics (Figure 4.1).

Gonorrhea
• Clinical: Rare oral manifestation of sexually transmit-

ted disease with areas of erythema and ulceration of
gingiva with a pseudomembranous coating. Oropha-
ryngeal lesions appear markedly erythematous with
scattered pustules. Lesions develop within one week of
contact with infectious individual. This infection is asso-
ciated with pelvic inflammatory disease and gonococcal
ophthalmia neonatorum.

• Cause: Sexually transmitted infection caused by the bac-
terial organism Neisseria gonorrhea.

• Diagnosis: Culture of organism, gram stain of purulent
material demonstrates gram negative diplococcic, and
nucleic acid amplification tests (NAATs).

• Ddx: Necrotizing periodontitis (typical odor is not
present in gonorrhea).

• Management: Symptomatic treatment of oral lesions
after confirming patient is receiving care from physician
with appropriate antibiotics.

Syphilis

• Clinical: Sexually transmitted disease with possible oral
manifestations which vary in presentation depending
upon stage.
⚬ Primary: Presents with the highly infectious usually

painless chancre that may occur at any oral mucosal
site including the gingiva (resolves in approximately
two to eight weeks).

⚬ Secondary: Diffuse skin eruptions are the hallmark
of this stage. Orally presents with elevated mucous
patches and condylomata lata (2–12 weeks after
primary lesion).

⚬ Tertiary: This stage may occur as many as 30 years
after the secondary stage. Oral lesions include areas of
granulomatous inflammation termed gumma, which
results in significant ulceration (more common on
palate and tongue).

⚬ Also consider congenital syphilis infection and oral
manifestation of Hutchinson incisors and mulberry
molars.

• Cause: Infection with spirochete bacterium Treponema
pallidum.

• Diagnosis: Clinical features, histopathology, dark field
microscopy of a smear and lab tests (i.e. venereal dis-
ease research lab (VDRL) test, rapid plasma reagin [RPR]
test).

• Ddx: Depending upon stage the lesions may resemble
various other oral pathologic processes.
⚬ Primary: The lesion may resemble the non-healing

ulceration differential (traumatic ulcer, squamous cell
carcinoma, tuberculosis ulcer, deep fungal ulcer).

⚬ Secondary: Mucous patches may resemble leukopla-
kic patches.

⚬ Tertiary: Palatal gumma may mimic sequelae from
cocaine use, malignancy, or mucormycosis infection.

• Histopathology: In primary and secondary syphilis
the oral lesions show ulceration with exocytosis of neu-
trophils with a dense chronic inflammatory infiltrate
in the connective tissue stroma. Of note is the perivas-
cular lymphoplasmacytic infiltrate. With special stain
(Warthin Starry, silver stain) or immunohistochem-
istry, the spirochete organisms can be seen in surface
epithelium. In tertiary lesions the organisms are difficult
to ascertain however ulceration and granulomatous
inflammation is noted.

• Management: Intramuscular Penicillin G.

Tuberculosis

• Clinical: Chronic granulomatous infectious disease,
which usually affects the lungs. Secondary hematoge-
nous spread from the lungs or rarely primary infection
may lead to non-specific oral lesions. The most common
manifestation however is a painful non-healing ulcer on
the lateral tongue.

• Cause: Infection with Mycobacterium tuberculosis.
• Diagnosis: Biopsy, sputum culture, chest X-ray, Man-

toux test, and systemic signs.
• Ddx: Traumatic ulcer, major aphthous ulcer, squamous

cell carcinoma, deep fungal ulcer, syphilitic ulcer.
• Histopathology: Epithelioid histiocytes surrounding

a central necrotic zone accompanied by multinucle-
ated giant cells and lymphocytes. Special stain with
Ziehl–Neelsen to demonstrate acid-fast bacilli.
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• Management: Six month course of antibiotics (isoni-
azid, rifampin, pyrazinamide, and either ethambutol or
streptomycin).

Streptococcal Gingivitis

• Clinical: Diffuse gingival inflammation and bone loss
considered unassociated with plaque formation.

• Cause: Infection with streptococcal strains.
• Diagnosis: Culture of organism if regular phases of peri-

odontal treatment are not providing resolution.
• Ddx: Other forms of periodontal disease.
• Management: Antibiotics with mechanical debride-

ment.

Infections of Viral Origin

Hand, Foot, and Mouth Disease
• Clinical: Viral illness which usually presents in young

children. The patient may display signs of fever, malaise,
lack of appetite, and sore throat. Painful oral ulcers
start to develop in the back of the mouth along with a
rash/vesicles on the palms and soles.

• Cause: Most commonly Coxsackie virus A16, which is a
type of Enterovirus.

• Diagnosis: Clinical presentation.
• Ddx: Herpetic gingivostomatitis, herpangina.
• Histopathology: Epidermal necrosis, infiltrate of lym-

phocytes along epithelial interface with connective tissue
and extensive edema.

• Management: Self-limiting condition which lasts
7–10 days in most cases therefore supportive treatment
to alleviate pain and prevent dehydration.

Primary Herpetic Gingivostomatitis
• Clinical: Initial herpes simplex virus infection which

results in shallow ulcers on both keratinized and
non-keratinized mucosa with systemic signs and symp-
toms (fever, lymphadenopathy, myalgia). More common
in children.

• Cause: Herpes simplex virus type 1 (or type 2).
• Diagnosis: Cytologic smear, tissue biopsy, antibody

studies, viral culture.
• Ddx: Other viral infections, necrotizing ulcerative peri-

odontitis and erythema multiforme in some cases.
• Histopathology: Infected keratinocyte cells display

balloon degeneration and nuclear changes consisting of
margination of chromatin, multinucleation, and nuclear
molding. The ulcer is composed of a fibrin membrane
with viable and necrotic neutrophils.

• Management: Self-limited condition which resolves in
approximately 10 days without scarring. Palliative treat-
ment with adequate hydration, nutrition, and considera-
tion given to pain relief.

Recurrent Herpes Simplex
• Clinical: Recurrent unilateral ulcers which occur on the

skin of the lip (termed herpes labialis) and intraorally
on the keratinized mucosa. Extraorally, the ulcerations
initially appear as a cluster of vesicles which eventually
open and finally crust over. Intraorally, crops of coalesc-
ing ulcers are seen. Prodromal symptoms may be present
before clinical evidence of lesions. Atypical presentation
of lesions may occur in HIV infected individuals.

• Cause: Reactivation of herpes simplex virus infection
which is latent in the trigeminal ganglion. Triggers
include exposure to sunlight, trauma, fever, and stress.

• Diagnosis: Clinical diagnosis if features are classic or
cytologic smear/tissue biopsy.

• Ddx: Extraorally, may resemble impetigo (not unilat-
eral). Intraoral recurrent herpes is usually distinct but
may resemble localized necrotizing ulcerative gingivitis
or traumatic ulcers.

• Histopathology: Infected keratinocyte cells display
acantholysis, balloon degeneration, and nuclear changes
consisting of margination of chromatin, multinucle-
ation, and nuclear molding. The ulcer is composed of a
fibrin membrane with viable and necrotic neutrophils.

• Management: Self-limited condition which heals with-
out scarring. 1% penciclovir cream may be useful for
extraoral lesions if applied during prodrome and for
intraoral lesions consider systemic antivirals such as
valacyclovir.

Oral Hairy Leukoplakia
• Clinical: Opportunistic infection by Epstein Barr virus

(EBV) which results in a non-wipeable white lesion with
corrugated vertical folds on lateral tongue.

• Cause: Immunosuppression (HIV infection or organ
transplant patients) leading to EBV infection.

• Diagnosis: Biopsy and microscopic evaluation.
• Ddx: Frictional keratosis, tongue chewing, leukoplakia.
• Histopathology: Thickened parakeratin with surface

projections overlying a “balloon cell” layer containing
cells with excess cytoplasm. These cells display nuclear
clearing and margination of chromatin in the pattern of
a circular string of beads.

• Management: Treatment is usually not needed how-
ever lesions may be removed for esthetic reasons.

Human Papilloma Virus Infection
• Clinical: The squamous papilloma is an asymptomatic

oral lesion caused by low risk human papilloma virus
(HPV). This exophytic growth presents with papillary
projections and either a pedunculated or sessile base.
The common locations are the tongue and soft palate.

• Cause: Low risk human papilloma virus (types 6 or 11)
causing a benign neoplasm of squamous cells.
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Figure 4.2 Papillary epithelium and fibrovascular cores in a
squamous papilloma.

• Diagnosis: Microscopic examination.
• Ddx: Verruca vulgaris (cutaneous wart), condyloma

acuminatum (genital wart), and occasionally a giant cell
fibroma that has a similar bosselated surface.

• Histopathology: Proliferation of squamous epithelial
cells in a papillary manner with fibrovascular cores
(Figure 4.2). Other features include evidence of a viral
cytopathic effect consisting of koilocytes and binucleated
cells.

• Management: Surgical excision.

Chicken Pox (Varicella) and Zoster

• Clinical: Chicken pox or varicella is a viral infection that
usually affects children and results in a pruritic macu-
lopapular skin rash with associated systemic symptoms
(headache, fever, malaise). In later stages, the lesions
become vesicles and pustules which rupture and become
crusted. The oral manifestation includes intraoral vesi-
cles. In zoster or “shingles” there is a reactivation of
the latent virus present in the dorsal root ganglion or
trigeminal ganglion. The rash is distributed in a uni-
lateral manner and presents with pain. In zoster, oral
manifestations are rare however vesicles, bone necrosis,
and tooth loss may occur in the affected area.

• Cause: Varicella zoster virus.
• Diagnosis: Clinical features, cytology, PCR, culture,

antibody titers.
• Ddx: Rare oral gingival lesions resemble primary HSV

infection.
• Histopathology: Cytology displays identical viral cyto-

pathic effect as seen in HSV (i.e. nuclear margination of
chromatin, molding of cells and multinucleation).

• Management: Supportive treatment (may consider
antivirals in certain cases).

Molluscum

• Clinical: Commonly presents as pruritic, umbilicated
papules on the skin of the face and trunk, rarely intrao-
rally. More frequent in children and immunocompro-
mised individuals. Sexually transmitted in adults.

• Cause: Poxvirus.
• Diagnosis: Clinical features, biopsy with microscopic

examination.
• Ddx: Cryptococcus, verruca vulgaris, condyloma acumi-

natum.
• Histopathology: Viral cytopathic effect in epithelial

cells leads to intracytoplasmic eosinophilic inclusions
(Henderson-Paterson bodies or molluscum bodies).

• Management: May regress within 6-9 months or may
be removed surgically.

Infections of Fungal Origin

Candidiasis
• Clinical: Opportunistic oral infection by the commensal

fungal organism Candida albicans that results in five
main presentations.
1. Pseudomembranous candidiasis: White, wipeable

curd-like plaques that occur most commonly on the
buccal mucosa, palate, and tongue in immunosup-
pressed or individuals taking broad-spectrum antibi-
otics. Symptoms may include a burning sensation.

2. Erythematous candidiasis: Red areas that may be a
result of antibiotic use, xerostomia, or steroid inhalers
(palate). The tongue may display patchy depapilla-
tion of the filiform papillae. The lesions may include
symptoms of a burning sensation. This category also
includes median rhomboid glossitis that presents as
a well-defined central area of atrophy on the dorsal
tongue infected with candida which is asymptomatic.

3. Denture stomatitis: Erythematous lesion localized
to denture-bearing areas due to continuous wear
of denture. May present with petechiae to diffuse
redness (Figure 4.3).

4. Chronic hyperplastic: Uncommon form of candidi-
asis which presents as a non-wipeable white lesion.
The hyperplastic response of the mucosa is a result of
the presence of candida organisms. Common on the
anterior buccal mucosa.

5. Angular cheilitis: Candida infection presents with
cracking and erythema at the commissures that are
usually bilateral. The loss of vertical dimension may
predispose the area to constant moisture which leads
to the infected fissured lesions.

• Diagnosis: Clinical features and cytologic smear
(Figure 4.4) or biopsy with microscopic evaluation
after PAS stain (Figure 4.5)
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Figure 4.3 Erythematous palate in a case of denture stomatitis.

Figure 4.4 Candida organisms stained with PAS stain on a
cytologic smear.

• Ddx (number corresponds with type of can-
didiasis): 1. Materia alba, 2. & 3. Erythroplakia,
localized inflammatory response, 4. Frictional keratosis,
leukoplakia (dysplasia/squamous cell carcinoma), 5.
Nutritional deficiencies (iron, B12, folic acid).

• Histopathology: Increased thickness of parakeratin
layer containing neutrophilic microabscesses and can-
dida hyphae. There is also elongation of epithelial rete
ridges and a chronic inflammatory cell infiltrate in the
connective tissue.

• Management: Antifungal medication (nystatin or
clotrimazole).

Figure 4.5 PAS stain to show presence of Candida organisms in
the surface parakeratin layer.

Histoplasmosis

• Clinical: Rare intraoral presentation of solitary ulcera-
tion with firm borders due to extrapulmonary dissemi-
nated infection.

• Cause: Histoplasma capsulatum.
• Diagnosis: Biopsy and microscopic examination,

culture, serology.
• Ddx: Squamous cell carcinoma.
• Histopathology: Granulomatous inflammation com-

prised of epithelioid histiocytes containing fungal
organisms (Figure 4.6). GMS special stain used to
highlight presence of fungal organisms.

• Management: Amphotericin B or itraconazole antifun-
gal medications.

Figure 4.6 Granulomatous inflammation composed of
epithelioid histiocytes. Fungal organisms observed within
granuloma (black arrows).
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Aspergillosis

• Clinical: Inhaled spores lead to various clinical presen-
tations. Noninvasive form presents as an allergic fungal
sinusitis or fungal ball (aspergilloma). Invasive form may
present as disseminated disease or a localized intraoral
lesion with a diffuse gray or violaceous hue.

• Cause: Aspergillus flavus and Aspergillus fumigatus.
• Diagnosis: Biopsy and microscopic examination or

culture.
• Ddx: Other fungal infection, malignancy.
• Histopathology: Branching (acute angle) septate

hyphae with fruiting bodies.
• Management: Debridement for non-invasive disease

(corticosteroids are also added for allergic fungal sinusi-
tis). Debridement, voriconazole, and amphotericin B for
invasive aspergillosis.

Inflammatory and Immune Conditions

Hypersensitivity Reactions

Contact Allergy/Allergic Contact Mucositis
• Clinical: Erythematous and edematous lesions that may

form vesicles and ulcers or appear lichenoid as a result
of direct contact with allergens such as dental materials,
toothpaste, chewing gum, food additives, and cinnamon.
Symptoms include burning, itching, and stinging.

• Cause: Direct contact with allergen.
• Diagnosis: Consider history and perform allergy testing

or possible biopsy in certain clinical situations.
• Ddx: Lichen planus, epithelial dysplasia.
• Histopathology: Lesions may present with interface

mucositis and deeper perivascular inflammatory infil-
trate with occasional eosinophils. Lichenoid type lesions
display areas of hydropic degeneration of the basal cell
layer and a dense band like infiltrate of lymphocytes
and plasma cells subjacent to the basal cells. A deeper
perivascular lymphoid infiltrate may also be seen.

• Management: Removal of allergen, antihistamines, or
topical corticosteroids.

Plasma Cell Gingivitis
• Clinical: The gingival epithelium takes on a bright red

hue and displays generalized involvement. Pain is associ-
ated with the condition especially if hot, spicy, and acidic
foods are contacted.

• Cause: Allergy or idiopathic.
• Diagnosis: Histopathology combined with clinical fea-

tures.
• Ddx: Desquamative gingivitis lesions.
• Histopathology: Hyperplasia of the mucosa in a psori-

asiform manner with an intense plasma cell infiltrate in
connective tissue stroma.

• Management: Allergy testing or dietary history to rule
out offending agent. May consider topical steroids.

Erythema Multiforme
• Clinical: Acute self-limiting condition with abrupt onset

that presents with oral mucosal and/or skin lesions. The
diffuse oral lesions are usually large ulcerations on the
buccal/labial mucosa and lateral tongue. A characteris-
tic hemorrhagic crusting of the vermilion of the lip and
“target lesions” (concentric erythematous rings) on the
skin may also be seen. This condition is most commonly
seen in young adults.

• Cause: Uncertain but most likely hypersensitivity reac-
tion to preceding herpes simplex or Mycoplasma pneu-
monia infection, drugs, or idiopathic.

• Diagnosis: Clinical features and history. May consider
biopsy to rule out other conditions since histopathology
is not pathognomonic.

• Ddx: Paraneoplastic pemphigus and other vesiculobul-
lous disorders may present similarly. Stevens Johnson
syndrome and toxic epidermal necrolysis are similar
however more severe in presentation and most likely
due to drug exposure.

• Histopathology: The epithelium displays necrosis
of basal cells and the presence of intercellular and
intracellular edema. There is also intraepithelial
and subepithelial vesicle formation with exocytosis
of inflammatory cells. A mixed infiltrate of lymphocytes,
neutrophils, and occasional eosinophils is seen in the
submucosa. A perivascular inflammatory infiltrate is
also noted in the connective tissue.

• Immunofluorescence: Non-specific.
• Management: Try to identify and avoid the proba-

ble etiologic agent. Usually self-limiting (lasts two to
four weeks), however, may consider steroid or antiviral
for recurrent cases. Maintain hydration and use topical
anesthetic for pain during eating.

Autoimmune Diseases of Skin and Mucous Membranes

Pemphigus Vulgaris
• Clinical: Autoimmune vesiculobullous condition more

common in adults 50–60 years old. Autoantibodies
develop toward epithelial intercellular bridges and
results in loss of cell to cell adhesion. This condition
manifests clinically as painful skin and oral vesicles and
bullae which quickly rupture to form ulcers. Clinical
manifestation on the gingiva is called desquamative
gingivitis.

• Cause: Binding of autoantibodies (IgG) to desmoglein-3
which is a component of desmosomes.

• Diagnosis: Biopsy (including intact epithelium) and
consider a positive Nikolsky sign (formation of a bulla
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Figure 4.7 Histopathology of pemphigus vulgaris showing
continued attachment of basal cells to connective tissue in
“tombstone” arrangement.

on normal mucosa with gentle lateral pressure) may also
be noted.

• Ddx: Mucous membrane pemphigoid, erythema multi-
forme, erosive lichen planus, and paraneoplastic pem-
phigus.

• Histopathology: Acantholysis of the epithelium with
an intact basal cell layer attached to the underlying
connective tissue. Only the basal layer cells are attached
to the basement membrane zone by hemidesmosomes
and appear as a “row of tombstones.” Loose rounded
acantholytic cells are noted in the intraepithelial clefts
which are termed Tzanck cells (Figure 4.7).

• Direct immunofluorescence: IgG, IgM, and C3
are demonstrated in the intercellular spaces (“fishnet
pattern”).

• Indirect immunofluorescence: Positive.
• Management: High dose steroids and immunosuppres-

sives.

Mucous Membrane Pemphigoid

• Clinical: Autoimmune vesiculobullous condition more
common in adults 50–60 years old. Autoantibodies
develop toward a component of the basement mem-
brane. This results in painful vesicles and bullae that
rupture to leave large ulcerations that heal with scarring.
Gingival lesions are clinically termed desquamative
gingivitis. Ocular involvement may cause significant
complications.

• Cause: Binding of autoantibodies (IgG, C3) to a compo-
nent of the basement membrane (epiligrin) or a compo-
nent of hemidesmosomes (alpha-6 integrin).

• Diagnosis: Biopsy (including intact epithelium), a posi-
tive Nikolsky sign may also be noted.

Figure 4.8 Subepithelial separation between epithelium and
inflamed connective tissue in mucous membrane pemphigoid.

• Ddx: Pemphigus vulgaris, erosive lichen planus, bul-
lous pemphigoid (skin usually, BP180 and BP230 are
antigens), linear IgA bullous dermatosis (deposition of
IgA along basement membrane, mostly in skin), angina
bullosa hemorrhagica (rare with blood filled vesicles),
and epidermolysis bullosa acquisita (mostly skin, type 7
collagen is antigen).

• Histopathology: The epithelium separates from the
connective tissue at the basement membrane (sub-
epithelial cleft) (Figure 4.8). The superficial connective
tissue displays a chronic inflammatory infiltrate.

• Direct immunofluorescence: Linear pattern of depo-
sition of IgG and C3 at basement membrane.

• Treatment: Topical steroids, immunosuppressives,
referral to ophthalmologist.

Lichen Planus

• Clinical: Chronic T-cell mediated autoimmune disease
which affects both the skin and oral mucosa. The con-
dition is more commonly seen on the buccal mucosa,
tongue, and gingiva in people older than age 40. The
buccal lesions are usually bilateral in presentation. Two
main forms exist: reticular and erosive. The reticular
form presents with lace-like white lesions (Wickham
striae) (Figure 4.9). On the dorsal of the tongue the white
lesions are plaque like in appearance. The erosive form
presents with pain, atrophy, and ulceration. Radiating
white striae tend to rim the ulcerations. The erosive form
is clinically termed desquamative gingivitis (Figure 4.10)
when present on the attached gingiva. The skin lesions
are described as purple, pruritic papules.

• Cause: T-cell mediated disease.
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Figure 4.9 Faint white striae on mandibular gingiva in a patient
with lichen planus.

Figure 4.10 Desquamative gingivitis in a patient with erosive
lichen planus.

• Diagnosis: Clinical features may be distinct in the retic-
ular form however biopsy (including intact epithelium)
is usually indicated for erosive form.

• Ddx: Clinical ddx: Lichenoid drug reaction (similar
reaction as a result of systemic medication), graft versus
host disease, epithelial dysplasia, mucous membrane
pemphigoid, lupus erythematosus. Histopathologic
ddx: Lichenoid drug reaction, graft versus host disease,
lupus erythematosus, chronic ulcerative stomatitis, oral
mucosal cinnamon reaction.

• Histopathology: The epithelium may show varying lev-
els of parakeratosis and appear hyperplastic or atrophic
depending on the form. Sub-epithelial separation may
be noted in the erosive type. Hydropic degeneration of

Figure 4.11 Dense band-like infiltrate of lymphocytes and
“saw-tooth” rete ridges.

the basal cell layer of the epithelium associated with
a dense band-like infiltrate of T-lymphocytes is seen
(Figure 4.11). “Saw-tooth” rete ridges (Figure 4.11),
colloid bodies (eosinophilic degenerating keratinocytes),
and melanin incontinence may also be present.

• Direct immunofluorescence: Non-specific with
shaggy band of fibrinogen at basement membrane zone.
Management: No treatment is needed for the reticular
form. Topical corticosteroids may be used for the symp-
tomatic erosive form. Warn patient of waxing and waning
nature of disease.

Chronic Ulcerative Stomatitis

• Clinical: Immune mediated condition affecting older
women with ulcerations on tongue or buccal mucosa in
a manner similar to erosive lichen planus. Desquamative
gingivitis may also be a feature.

• Cause: Studies suggest autoantibodies to the nuclear
protein deltaNp63alpha cause a disruption in the
attachment of epithelium to connective tissue.

• Diagnosis: Biopsy with direct immunofluorescence.
• Ddx: Erosive lichen planus (chronic ulcerative stomatitis

does not respond well to steroid treatment).
• Histopathology: Similar to lichen planus.
• Direct immunofluorescence: Autoantibodies (IgG) to

the nuclei of stratified squamous epithelial cells in basal
and parabasal regions.

• Management: Hydroxychloroquine if lesions do not
respond to steroid treatment.

Paraneoplastic Pemphigus

• Clinical: Vesiculobullous disorder that affects patients
with a neoplasm such as lymphoma or leukemia.
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Clinically appears similar to pemphigus vulgaris how-
ever there is a diverse presentation.

• Cause: Precise mechanism is unknown; however anti-
bodies to plakin family of desmosomal components have
been identified in cases.

• Diagnosis: Tissue biopsy.
• Ddx: Pemphigus vulgaris, erythema multiforme (crust-

ing of lips is similar), mucous membrane pemphigoid
(eye scarring is similar), lichen planus (skin lesions are
similar)

• Histopathology: A combination of features seen in
pemphigus vulgaris and lichen planus (suprabasilar
separation with acantholysis and vacuolization of basal
cells with a lymphoid infiltrate).

• Direct immunofluorescence: Intercellular deposition
of IgG and complement, with a granular deposition of
complement at basement membrane.

• Indirect immunofluorescence: Positive.
• Treatment: Systemic steroids and immunosuppressive

therapy are attempted however the morbidity and mor-
tality rate is high.

Recurrent Aphthous Ulcers

• Clinical: Most common type of oral ulceration which
appears on the movable non-keratinized mucosa. Young
adults are affected most frequently. The three types
include: (i) Minor, (ii) Major, and (iii) Herpetiform
1. Minor aphthous presents as a circular ulcer less than

1.0 cm with a white fibrin pseudomembrane and an
erythematous halo. Commonly presents on buccal
and labial mucosa. There may be a prodrome and
healing occurs in one to two weeks without scarring.

2. Major aphthous ulcers are larger than 1.0 cm and
extend deeper into the submucosa. These ulcers
require more time to heal and heal with scarring.

3. Herpetiform aphthous ulcers are the rarest type and
appear as crops of coalescing ulcers similar to recur-
rent herpetic ulcers (on fixed mucosa). Healing occurs
in one to two weeks.

• Cause: Possible T-cell mediated immune reaction caus-
ing epithelium to ulcerate.

• Diagnosis: Clinical features and exclusion of other dis-
eases, biopsy is non-specific.

• Ddx: (i) Minor aphthous-Ulcers in systemic disorders,
(ii) Major aphthous-Squamous cell carcinoma, traumatic
ulcer, deep fungal and tuberculosis ulcer, (iii) Herpeti-
form aphthous-Herpetic ulceration (consider location).

• Histopathology: Ulcerated mucosa consisting of a
fibrin membrane entrapping viable and necrotic neu-
trophils. Increased vascularity and an infiltrate of acute
and chronic inflammatory cells are noted.

• Management: No treatment usually. May consider topi-
cal anesthetics or steroids. Systemic steroids may be used
in major aphthous cases.

Graft versus Host Disease

• Clinical: Adverse reaction after allogeneic bone marrow
transplantation to treat conditions such as leukemia,
lymphoma, and multiple myeloma. Clinically oral
lesions affect the tongue, labial mucosa, and buccal
mucosa and may appear similar to lichen planus.
Ulcerations and atrophy of the mucosa are noted.

• Cause: Engrafted cells start attacking cells in donor envi-
ronment.

• Diagnosis: Consider clinical history and histopathology.
• Ddx: Lichen planus and potentially malignant lesions.
• Histopathology: Similar to lichen planus with less

inflammation.
• Management: Topical corticosteroids, topical anesthet-

ics (for comfort).

Granulomatous Inflammatory Conditions

Crohn’s Disease
• Clinical: Type of inflammatory bowel disease with

immune mediation affecting any part of the gastroin-
testinal tract. Oral manifestations include “cobblestone”
appearance to mucosa and linear ulcers in buccal
vestibule. Erythematous macules and plaques may be
seen on the gingiva. May see pyostomatitis vegetans
or yellow-white pustules on mucosa. Also noted is an
increased frequency of periodontal disease.

• Cause: Unknown.
• Diagnosis: Based on clinical features and histopathol-

ogy.
• Ddx: Histopathology resembles orofacial granulomato-

sis and Melkersson–Rosenthal syndrome.
• Histopathology: Non-necrotizing granulomatous

inflammation.
• Management: Oral lesions are treated with topical or

intralesional steroids however usually resolve with over-
all treatment of condition.

Sarcoidosis
• Clinical: Granulomatous disorder that affects multiple

organ systems. Uncommon oral manifestations include
swelling, areas of granularity, and ulcerations. Most com-
monly affected intraoral soft tissue sites include buccal
mucosa and gingiva.

• Cause: Unknown.
• Diagnosis: Clinical features, histopathology, lab anal-

ysis, and radiographic evaluation (intraosseous lesions
also possible).
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• Ddx: Perform special stains to rule out fungal and bacte-
rial infections.

• Histopathology: Granulomas composed of epithelioid
histiocytes with a rim of lymphocytes.

• Management: Corticosteroids and chemotherapeutics
(in resistant cases).

Reactive Processes

Epulides

Irritation Fibroma/Fibrous Epulis
• Clinical: Smooth surfaced nodular lesion composed of

connective tissue with overlying normal mucosal col-
oration (Figure 4.12). Irritation fibromas may be sessile
or pedunculated and may occur anywhere in the oral
cavity. The most common location is the buccal mucosa.
A variation includes the epulis fissuratum that occurs in
association with a denture flange.

• Cause: Reactive proliferation after traumatic injury or
irritation. Some possible etiologies include calculus,
ill-fitting denture, overhanging restoration, or tissue
injury from biting.

• Diagnosis: Consider clinical location and antecedent
trauma. Biopsy is performed to obtain definitive diagno-
sis and rule out soft tissue tumor.

• Ddx: Other mesenchymal derived soft tissue tumor.
• Histopathology: Surface epithelium overlying a mass

of dense fibrous connective tissue composed of collagen
bundles.

• Management: Conservative surgical excision.

Peripheral Ossifying Fibroma
• Clinical: Exophytic pink to erythematous firm mass

which presents exclusively on the gingiva. The lesion
may be ulcerated.

Figure 4.12 Fibrous proliferation in interdental papilla between
teeth #23 and #24 diagnosed as an irritation fibroma.

Figure 4.13 Cellular fibroblastic stroma containing irregular
ossifications in a peripheral ossifying fibroma.

• Cause: Most likely a reactive proliferation of periodontal
ligament derived tissue in response to local irritation.

• Diagnosis: Biopsy and microscopic evaluation.
• Ddx: Peripheral giant cell granuloma, pyogenic gran-

uloma, irritation fibroma, and peripheral odontogenic
fibroma.

• Histopathology: Cellular fibrous proliferation with
scattered bone and cementum-like calcifications
(Figure 4.13).

• Management: Local surgical excision down to perios-
teum and thorough scaling of adjacent teeth to prevent
possible recurrence.

Pyogenic Granuloma
• Clinical: Erythematous nodule with frequent ulceration

which may present anywhere in the oral cavity. Lesion
tends to bleed easily due to vascular proliferation. May be
sessile or pedunculated. Also called a “pregnancy tumor”
when the lesion occurs during pregnancy.

• Cause: Possibly develops in response to trauma or irri-
tants such as calculus.

• Diagnosis: Biopsy and microscopic evaluation.
• Ddx: Peripheral ossifying fibroma, peripheral giant cell

granuloma, irritation fibroma, peripheral odontogenic
fibroma, and malignant tumors in some cases.

• Histopathology: Vascular proliferation that resembles
granulation tissue with an abundance of endothelial
lined channels (Figure 4.14). The overlying epithelium
may be ulcerated with a fibrin membrane entrapping
viable and necrotic neutrophils. A mixed infiltrate of
acute and chronic inflammatory cells is noted in the ede-
matous stroma. When the vessels appear to be organized
into lobules the term “lobular capillary hemangioma” is
used.
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Figure 4.14 Ulcerated surface epithelium overlying an
abundance of endothelial lined capillaries and an infiltrate of
acute and chronic inflammatory cells.

• Management: Local surgical excision down to perios-
teum and thorough scaling of adjacent teeth to prevent
possible recurrence.

Peripheral Giant Cell Granuloma
• Clinical: Exophytic red to blue firm mass which presents

exclusively on the gingiva with a tendency to bleed easily.
The lesion is more common in adults between 30 and 45
with a female predilection. These lesions may be ulcer-
ated and may cause superficial resorption of the under-
lying bone.

• Cause: Most likely a reactive proliferation in response to
local irritants.

• Diagnosis: Biopsy and microscopic evaluation.
• Ddx: Peripheral ossifying fibroma, pyogenic granuloma,

irritation fibroma, and peripheral odontogenic fibroma.
• Histopathology: Proliferation of mononuclear spindle

cells with numerous multinucleated giant cells set in
abundant hemorrhage (Figure 4.15).

• Management: Local surgical excision down to perios-
teum and thorough scaling of adjacent teeth to prevent
possible recurrence.

Pre-Malignant Lesions and Malignant Neoplasms

Oral Potentially Malignant Disorders: Leukoplakia/
Erythroplakia
• Clinical: Clinical terms for white or red lesions of

the oral mucosa which cannot be attributed to any
other cause and carry an increased risk of progression
to cancer (Figure 4.12). Leukoplakic lesions may dis-
play dysplasia or squamous cell carcinoma in 20% of
cases. Erythroplakia, while rare on the gingiva have a

Figure 4.15 Dense collection of mononuclear cells with
scattered multinucleated giant cells and numerous red blood
cells.

much higher potential for dysplasia or squamous cell
carcinoma at 85%.

• Risk factors: Tobacco, alcohol, radiation, areca nut, and
HPV (oropharyngeal squamous cell carcinoma).

• Diagnosis: Biopsy and microscopic evaluation.
• Ddx: Frictional keratosis, hyperplastic candidiasis.
• Histopathology: Dysplastic epithelium displays

architectural and cytologic alterations in the surface
epithelium. These features consist of irregular epithe-
lial stratification, loss of basal cell polarity, tear-drop
shaped rete ridges, dyskeratosis, nuclear/cellular
pleomorphism, nuclear hyperchromatism, increased
nuclear-to-cytoplasmic ratio, prominent nucleoli
and increased mitotic activity with irregular mitoses
(Figure 4.16). Dysplasia is characterized into mild,
moderate, and severe depending upon the thickness
of epithelium affected. The feature of invasion into the
connective tissue is not present in dysplasia (Figure 4.17).

• Management: Surgical biopsy and long-term follow up.
Advise patient regarding habit modification.

Squamous Cell Carcinoma

• Clinical: Most common type of carcinoma in the oral
cavity which may present as an erythematous and/or
leukoplakic patch or a non-healing indurated ulceration
or mass.

• Risk factors: Tobacco, alcohol, radiation, areca nut, and
HPV (oropharyngeal squamous cell carcinoma).

• Diagnosis: Biopsy and microscopic evaluation.
• Ddx: Non-healing ulcers may be seen in other lesions

including traumatic ulcer, major aphthous ulcer, deep
fungal infection, tuberculosis ulcer, and syphilitic
chancre.
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Figure 4.16 Non-homogeneous leukoplakia in mandibular
vestibule from smokeless tobacco placement.

Figure 4.17 Histopathology of moderate epithelial dysplasia.

Figure 4.18 Islands of neoplastic epithelial cells infiltrating the
connective tissue in squamous cell carcinoma.

• Histopathology: Dysplastic surface epithelium that
displays invasive islands and cords of malignant epithe-
lial cells. The neoplastic cells in the infiltrating islands
show features of dyskeratosis, keratin pearl formation,
nuclear/cellular pleomorphism, nuclear hyperchroma-
tism, increased nuclear-to-cytoplasmic ratio, prominent
nucleoli and increased mitotic activity with irregular
mitoses (Figure 4.18).

• Management: Surgical excision, radiation, and
chemotherapy.

Leukemia

• Clinical: Leukemia is a type of cancer caused by pro-
liferation of neoplastic white blood cells. Leukemia is
characterized as either acute or chronic depending upon
the clinical course and as either myeloid or lymphoid
depending upon the origin of the cells. Patients with
leukemia present with symptoms related to anemia, neu-
tropenia, and thrombocytopenia. Oral manifestations
include gingival bleeding as a result of thrombocy-
topenia and gingival overgrowth due to infiltration of
leukemic cells. The more common types of leukemia
noted in the gingiva are the acute monocytic leukemia
and the acute myelomonocytic leukemia.

• Cause: Neoplasia.
• Diagnosis: Biopsy, immunohistochemistry, and clinical

features.
• Histopathology: Effacement of submucosal stroma by

neoplastic white blood cell infiltrate.
• Ddx: Medication related gingival overgrowth and gingi-

val fibromatosis.
• Management: Chemotherapy.
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Lymphoma

• Clinical: Second most common type of oral malignancy
which proliferates with clonal growth of neoplastic lym-
phocytes. Presents in the tissues of the lymph nodes or
extra-nodally as an irregular mass which may be ulcer-
ated. The most common subtype orally is the diffuse
large B-cell lymphoma. The tumors have a predilection
for Waldeyer’s ring and may present intraosseously.

• Cause: Neoplasia
• Diagnosis: Biopsy and immunohistochemistry.
• Histopathology: Sheets of infiltrating neoplastic lym-

phocytes effacing the normal architecture.
• Ddx: Other malignant tumors.
• Management: Chemotherapy, immunotherapy.

Endocrine, Nutritional, and Metabolic Diseases

Vitamin C Deficiency (Scurvy)
• Studies have demonstrated a relationship between

Vitamin C deficiency (scurvy) and increased periodontal
disease. A lack of vitamin C results in defective collagen
synthesis leading to effects on the extracellular matrix. In
addition, immunologic and inflammatory responses are
affected by a decrease in vitamin C levels. The hallmark
clinical feature in scurvy is erythematous and swollen
gingivae that hemorrhages with minor trauma.

Traumatic Lesions

Physical/Mechanical Insults

Frictional Keratosis
• Clinical: This lesion presents as a white patch and

occurs in areas that are continuously subject to abrasive
forces. The more common areas include edentulous
ridges and the retromolar pad. Other regionally specific
forms of keratosis include linea alba (buccal kerato-
sis along the plane of occlusion), morsicatio buccarum
(habitual chewing of buccal/labial mucosa), and gingival
abrasion from a toothbrush.

• Cause: Normal hyperplastic/hyperkeratotic response to
mechanical irritation.

• Diagnosis: Determine whether an etiology exists and
remove causative factors.

• Ddx: Epithelial dysplasia.
• Histopathology: Hyperkeratosis without dysplasia

(Figure 4.19).
• Management: The lesion should regress upon removal

of irritative factors. Scalpel biopsy may be necessary if
lesion does not resolve or a specific cause is difficult to
pinpoint.

Figure 4.19 Hyperplastic epithelium with a thickened keratin
layer.

Traumatic Ulcer

• Clinical: Traumatic ulcerations of the oral cavity have
the clinical feature of a well-circumscribed area of dis-
continuity of epithelium surrounded by varying levels of
keratosis. The ulcers can occur anywhere in the oral cav-
ity and are most prevalent on the tongue. The floor of the
ulcer is covered by a white or yellow fibrin pseudomem-
brane. With repeated trauma, the lesion may begin to dis-
play tumor-like growth with varying levels of induration
to base and periphery. This type of lesion presents with
a unique histopathologic appearance and has a specific
name termed traumatic ulcerative granuloma with stro-
mal eosinophilia (TUGSE).

• Cause: Physical trauma, i.e. sharp denture clasp, sharp
cusp on a fractured crown, aggressive toothbrushing, and
factitious injuries.

• Diagnosis: Determine whether recent injury occurred in
the vicinity of ulcer by obtaining a thorough history.

• Ddx: Includes squamous cell carcinoma, major apht-
hous ulcer, deep fungal infection, tuberculosis ulcer, and
syphilitic chancre.

• Histopathology: Normal stratified squamous epithe-
lium exhibiting transition to the ulceration. The
ulceration presents with a fibrin pseudomembrane
scaffolding containing an infiltrate of viable and necrotic
neutrophils. The TUGSE is a chronic traumatic ulcer
with an inflammatory process extending deep into the
submucosa accompanied by histiocyte-like cells, muscle
degeneration, and numerous eosinophils.

• Management: Remove cause and biopsy lesion if
the ulceration persists after two weeks to rule out
malignancy. TUGSE may only resolve fully after biopsy
procedure.
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Papillary Hyperplasia of the Palate

• Clinical: Surface of palate displays a proliferation of
multiple erythematous papules under the base of a den-
ture. This lesion is prominent in the palatal vault under
complete dentures and appears similar to the surface
of raspberries. The lesion may become simultaneously
infected with the fungus Candida albicans that may
create a burning sensation.

• Cause: Unstable dentures or continuous wear of
denture.

• Diagnosis: Lesion has a clinically distinct presentation.
• Ddx: N/A
• Histopathology: Papillary extensions on the surface

mucosa which are composed of hyperplastic stratified
squamous epithelium (Figure 4.20). The connective tis-
sue displays an infiltrate of chronic inflammatory cells
and occasional neutrophils. Pseudo-epitheliomatous
hyperplasia (benign proliferation of squamous cells into
submucosa) may also be seen.

• Management: Remove denture at night and consider
antifungals. Lesion may not resolve completely however
and requires surgical removal before the fabrication of a
new denture.

Necrotizing Sialometaplasia

• Clinical: Initially presents as a swelling followed
by a crater-like ulcer on hard palate with associated
erythema. The symptoms range from painful to asymp-
tomatic. More common in adult males older than 40.
Usually unilateral but may be bilateral in presentation.

• Cause: Uncertain but may be a result of a local ischemic
event.

• Diagnosis: Tissue biopsy and microscopic examination.

Figure 4.20 Papillary projection of squamous epithelium with a
pronounced inflammatory infiltrate in the connective tissue
cores.

• Ddx: Squamous cell carcinoma, salivary gland tumor.
• Histopathology: Coagulative necrosis of minor gland

acini with the preservation of the borders and lobular
architecture. Pools of liberated mucin are noted in the
lesion. Squamous metaplasia of the salivary ducts and
pseudo-epitheliomatous hyperplasia of the mucosa may
be seen. A mixed infiltrate of inflammatory cells is
present.

• Management: If the ulcer does not show signs of res-
olution, a biopsy is indicated to confirm the diagnosis.
After biopsy the lesion resolves on its own by filling in
with granulation tissue. In some cases, spontaneous res-
olution may occur.

Mucocele

• Clinical: Dome-shaped recurrent swelling which devel-
ops as a result of rupture of a salivary gland duct and
subsequent extravasation of mucin into the connective
tissue stroma (Figure 4.21). Mucoceles occur more often
on the lower lip of children and young adults however,
they may occur anywhere minor glands are located. Vari-
ations include: (i) ranula that occurs unilaterally in the
floor of the mouth and is associated with the ducts of the
sublingual and submandibular gland and (ii) superficial
mucocele that is common on the soft palate and retromo-
lar pad and presents with a vesicular appearance.

• Cause: Pooling of mucin in connective tissue after duct
is ruptured.

• Diagnosis: Consider history of lesion and biopsy persis-
tent lesions.

• Ddx: Salivary gland tumor.
• Histopathology: An area of spilled mucin with sur-

rounding granulation tissue (no epithelial lining) is

Figure 4.21 Clinical presentation of a fluctuant swelling in the
lower labial mucosa. Note the circular area of ulceration on the
surface.
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Figure 4.22 Compressed granulation tissue lining extravasated
mucin. Foamy histiocytes, neutrophils and red blood cells are
seen floating in the pools of mucin.

noted (Figure 4.22). The mucinous material contains
neutrophils and foamy histiocytes. Superficial muco-
celes present with mucin spillage near the surface
epithelium that causes a lifting of the epithelium from
the underlying stroma.

• Management: Although mucoceles may be self-limiting
and rupture and heal on their own, some require local
excision for treatment. Possible feeder glands adjacent
to the mucocele are also removed to prevent recurrence.

Chemical/Thermal Insults

Mucosal Burn
• Clinical: Mucosal burns occur as a result of tissue dam-

age when the epithelium is in contact with destructive
agents. The affected tissue demonstrates the presence
of a superficial white layer of necrotic tissue. When this
tissue sloughs off, a corresponding area of ulceration is
revealed, which starts off erythematous and exposed and
becomes yellow with a fibrin membrane.

• Cause: Thermal or chemical injury which results in the
loss of surface epithelium. The causal agent is in direct
contact with the oral mucosa and causes subsequent
damage. Some of the more common etiologic agents
include heat from hot food or drinks, electric burns,
inappropriate placement of aspirin, phenol, formocre-
sol, eugenol, and sodium hypochlorite. Cocaine induced
midline destructive lesions may cause extensive necrosis
leading to palatal perforation.

• Diagnosis: Determine the cause of the burn and avoid
exposure.

• Ddx: Usually the history leads to the diagnosis and the
need for biopsy is rare.

• Histopathology: Mucosal burns demonstrate stratified
squamous epithelium with a superficial necrotic layer
and underlying infiltrate of inflammatory cells.

• Management: Provide strategies for preventing burn
such as patient education regarding direct placement
of aspirin. The ulcer should heal in approximately two
weeks.

Nicotine Stomatitis
• Clinical: Nicotine stomatitis occurs more commonly in

older males and presents on the hard palate. The condi-
tion is associated with the heat from pipe smoking but
cigarette smoking and hot beverages are also implicated.
The palatal mucosa becomes white and opacified with
elevated papules containing a central erythematous dot
corresponding to the opening of the minor salivary gland
duct. The palatal mucosa resembles “cracked mud” with
a wrinkled surface.

• Cause: Response to heat exposure by palatal mucosa.
• Diagnosis: Clinical diagnosis with a history of thermal

injury to the palate by smoking or hot beverages.
• Ddx: Nicotine stomatitis has a distinct appearance there-

fore biopsy is rarely indicated.
• Histopathology: The epithelium displays hyperkerato-

sis and acanthosis with a central duct and associated
chronic inflammatory infiltrate in the adjacent connec-
tive tissue. Squamous metaplasia of the duct cells may
also be noted.

• Management: Nicotine stomatitis is reversible and
the palate should return to normal after the irritant is
removed.

Localized (Juvenile) Spongiotic Gingival Hyperplasia
• Clinical: Bright red, friable gingival overgrowth, which

is painless. The surface may be finely granular.
• Cause: Possible association with dental plaque, trauma,

orthodontic appliances, mouth breathing.
• Diagnosis: Biopsy with microscopic examination.
• Ddx: Pyogenic granuloma.
• Histopathology: Intercellular edema (spongiosis) with

interconnecting rete pegs and exocytosis of neutrophils.
• Management: Excisional biopsy with follow-up. May

resolve spontaneously. Scaling and removal of plaque
may not improve the presentation.

Gingival Pigmentation

Post-Inflammatory Pigmentation/Smoker’s
Melanosis
• Clinical: Brown macule in an area of previous injury or

inflammation. With smoker’s melanosis the pigmenta-
tion is usually located on the anterior labial gingiva and
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most commonly affects females. Smoker’s melanosis is
diffuse in nature with poorly defined borders.

• Cause: Melanin hyperpigmentation as a result of
increased melanin production in area of inflammation
or exposure to chemicals in tobacco smoke.

• Diagnosis: Obtain history regarding previous trauma in
area or manner of placement of cigarette.

• Ddx: Oral melanotic macule, melanocytic nevus, amal-
gam tattoo, melanoma, melanoacanthoma, variation of
normal, drug induced pigmentation, or syndrome asso-
ciated.

• Histopathology: Increased quantity of melanin in basal
cells of epithelium (similar to melanotic macule), with
associated melanin incontinence and melanophages in
the superficial connective tissue.

• Management: If history of lesion is difficult to correlate
with clinical presentation then consider biopsy to rule
out other lesions especially if lesion is on hard palate or
maxillary alveolar ridge (high risk sites for melanoma).

Drug-Induced Pigmentation
• Clinical: Varies depending upon the drug however usu-

ally presents with diffuse pigmentation.
• Cause: Some of the drugs implicated include minocy-

cline, antimalarials, chemotherapeutics, and AIDS med-
ications.

• Diagnosis: Clinical features and association with medi-
cation history.

• Ddx: Normal pigmentation of the mucosa.
• Histopathology: Varies depending upon medication.
• Management: Discontinue drug and coloration fades.

Melanotic Macule
• Clinical: Well-defined, brown pigmented macule usu-

ally less than 1 cm commonly noted intraorally on buccal
mucosa, gingiva and palate.

• Cause: Unclear.
• Diagnosis: Biopsy and microscopic examination.
• Ddx: Melanocytic nevus, amalgam tattoo, melanoma,

and melanoacanthoma.
• Histopathology: Increased melanin pigment in basal

layer of normal epithelium (Figure 4.23).
• Management: Biopsy to confirm diagnosis.

Melanoma

• Clinical: Malignant tumor of melanocytes which may
present in the oral cavity. Oral melanoma is noted more
often in older people on the hard palate or maxillary
gingiva. The lesions are typically brown and black
with irregular borders however, amelanotic cases exist.
Ulceration and exophytic growth may also be seen.

• Cause: Neoplastic proliferation of melanocytes.
• Diagnosis: Biopsy and microscopic examination.

Figure 4.23 Increased melanin in basal cell layer of epithelium
in melanotic macule.

Figure 4.24 Neoplastic melanocytes with atypical features and
scattered pigment in a melanoma.

• Ddx: Melanocytic nevus, melanotic macule, amalgam
tattoo, and melanoacanthoma.

• Histopathology: Atypical melanocytes in epithelial and
connective tissue junction. The neoplastic melanocytes
are enlarged with hyperchromatic and pleomorphic
nuclei (Figure 4.24).

• Management: Surgical excision, radiation, and
immunotherapy.

Melanocytic Nevus

• Clinical: Well-defined black or brown pigmented mac-
ule or papule. Lesion is most commonly noted on the
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Figure 4.25 High power view of individual rounded nevus cells
organized into groups or theques.

palate, mucobuccal fold, and gingiva. Some cases may
lack pigmentation.

• Cause: Neoplastic proliferation of nevus cells.
• Diagnosis: Biopsy and microscopic examination.
• Ddx: Melanotic macule, amalgam tattoo, melanoma, and

melanoacanthoma.
• Histopathology: Unencapsulated proliferation of nevus

cells that may be organized into aggregates called the-
ques (Figure 4.25).

• Management: Biopsy to confirm diagnosis.

Amalgam Tattoo/Other Tattoos

• Clinical: Macular area of gray-blue pigmentation as a
consequence of amalgam filling material being incorpo-
rated into the oral mucosa. More common on posterior
gingiva. Intentional tattoos are similar to their cutaneous
counterparts and are used as a form of expression or in
other cases for demonstrating landmarks.

• Cause: Amalgam tattoo: A couple of the mecha-
nisms include abrasion lesions becoming secondarily
implanted with amalgam particles or the spread of
amalgam during an endodontic retrofill procedure.
Intentional tattoos: Due to injection of permanent inks
into the submucosa.

• Diagnosis: Periapical radiographs may show metallic
fragments. If radiographs do not highlight the amalgam
(due to fine particles), biopsy may be required to rule out
a melanocytic lesion.

• Ddx: Melanocytic nevus, blue nevus, melanotic macule,
melanoma, and melanoacanthoma.

• Histopathology: In amalgam tattoos, prominent dark
brown or black particles as well as fine granules that
show affinity for the reticulin fibers surrounding vascu-
lar channels and nerves are seen in the connective tissue

Figure 4.26 Fine amalgam particles embedded in the
connective tissue and encircling vascular channels.

(Figure 4.26). Intentional tattoos display microscopic
particles of ink in the submucosa.

• Management: Once a definitive diagnosis of amalgam
tattoo is made, no further treatment is necessary. Both
amalgam and intentional tattoos may be removed for cos-
metic reasons either surgically or by other treatments.

Endocrine, Nutritional, and Metabolic Diseases

Genetic Disorders

Diseases Associated with Immunologic Disorders
1. Down syndrome

Trisomy of chromosome 21 is associated with suscep-
tibility to increased prevalence of periodontal disease.
The periodontal condition is identified as severe, gen-
eralized, and of rapid progression. The etiology is
associated with a problem in the immune response and
not necessarily poor oral hygiene. The best treatment
approach is to perform regular scaling and root planing
(surgical or non-surgical) in addition to augmentation
with local or systemic antibiotics.

2. Leukocyte adhesion deficiency syndrome
Rare group of genetic disorders in the umbrella category
of primary immunodeficiencies. The complications
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result from the defective movement of white blood
cells from the vasculature to the destination wound or
infection. The consequence is susceptibility to multiple
infections. The feature relevant to the periodontist is the
progressive inflammation of the gingivae/periodontium
which may culminate in the loss of teeth.

3. Papillon–Lefevre syndrome
Rare autosomal recessive disorder characterized by
the hallmark features of palmoplantar hyperkerato-
sis and severe periodontitis. This condition is in the
category of primary immunodeficiencies. Chemotaxis
is impaired, which halts normal recruitment of neu-
trophils and monocytes/macrophages. The cathepsin-C
gene mutation is responsible for the dysfunction.

4. Haim–Munk syndrome
Primary immunodeficiency that is a phenotypic vari-
ant of Papillon-Lefevre. The same cathepsin C gene
mutation is present in this disorder. However, the
Haim–Munk syndrome presents with the added fea-
tures of arachnodactyly, acro-osteolysis, atrophic nail
alterations, and radiographic malformation of the digits.

5. Chediak–Higashi syndrome
Rare autosomal recessive disorder in the category of
primary immunodeficiency syndrome. The problem in
Chediak–Higashi syndrome pertains to a defect in the
lysosomal trafficking regulator protein. This leads to
inadequate phagocytosis that results in constant infec-
tions. For these individuals, early onset periodontitis
as well as recurrent ulcers and candidiasis are noted.
Other associated conditions of note include albinism,
bleeding disorders and nerve defects.

6. Severe congenital neutropenia
Pathogenesis includes an inherited condition leading to
the shortage of neutrophils. This problem presents with
severe bacterial/fungal infections and susceptibility to
malignancy (leukemia). The oral manifestations include
ulcerations, abscesses, candidiasis, desquamative gin-
givitis, and severe periodontitis. Routine treatment with
granulocyte colony stimulating factor has improved the
prognosis.

7. Primary immunodeficiency disease
Includes a large group of more than 200 uncommon
conditions which are genetic or inherited in origin
and lead to compromised immune systems. A num-
ber of the conditions have previously been discussed
(i.e. Chediak Higashi, severe congenital neutropenia).
Chronic granulomatous disease is a primary immun-
odeficiency disease characterized by life-threatening
infections. The problem occurs due to phagocytes being
unable to manage bacteria and fungi. Features noted
in the oral cavity include ulcerations, gingivitis, and
periodontitis. Another primary immunodeficiency,

hyperimmunoglobulin E syndrome, also presents with
similar oral manifestations. The features in this con-
dition include ligneous gingivitis, periodontitis, and
susceptibility to recurrent fungal infections.

8. Cohen syndrome
Cohen syndrome is an autosomal recessive condition
characterized by obesity, prominent maxilla, hypotonia,
mental retardation, and abnormalities of the hands
and feet. Neutropenia is also present leading to higher
than normal rates of gingivitis/periodontitis and oral
ulcerations.

Diseases Affecting the Oral Mucosa and Gingival Tissue
1. Epidermolysis bullosa

Rare inherited genodermatosis characterized by fragile
skin/oral mucosa, which displays significant blister-
ing and tearing upon minor manipulation. There are
three major categories namely, the dystrophic form,
the junctional form, and the simplex form. In all the
aforementioned subtypes oral manifestations are seen,
however, the generalized recessive dystrophic type
presents with prominent severe bullae with scarring.
As a result of this progressive scarring, there is a high
propensity to develop microstomia. This subcategory
also displays alterations in the tongue including loss
of the papillae and ankyloglossia. Squamous cell car-
cinomas are also reported in adult patients with the
recessive dystrophic form of this condition.

2. Plasminogen deficiency
Rare autosomal recessive systemic disease character-
ized by a lack of plasminogen leading to lesions on the
mucous membranes. Plasminogen is the precursor of
plasmin that plays a critical role in the breakdown of
fibrin. As a result of this condition, deposits of excess
fibrin exudate cause the expansion of the gingiva with
concomitant ulceration. Ocular lesions termed ligneous
conjunctivitis may also be noted.

Diseases Affecting the Connective Tissues

1. Ehlers–Danlos syndrome (Type VIII)
Group of hereditary disorders displaying a spectrum
of connective tissue problems. Manifestations include
joint laxity and hyperextensible skin, scarring, and
bruising. Periodontal Ehlers–Danlos (previously EDS
Type VIII) is an autosomal dominant form that has the
defining clinical features of early severe periodontitis,
joint hypermobility, and mild cutaneous findings.

2. Angioedema (C1-inhibitor deficiency)
Angioedema as a result of low levels of C1-inhibitor
displays the hallmark feature of recurrent, diffuse,
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non-pitting edema. There is increased vascular per-
meability of the deeper blood vessels with leakage of
plasma. This process affects the classic triad of skin,
gastrointestinal tract, and larynx. There are two forms
of this condition namely, the inherited and highly rare
acquired form. The only difference lies in the later onset
of symptoms in the acquired form.

3. Systemic lupus erythematosus (SLE)
• Autoimmune condition (presence of antinuclear

antigen-ANA, anti-double stranded DNA, anti-Sm)
whereby antigen–antibody complexes become depo-
sited in different parts of the body. This leads to an
inflammatory response in a range of involved organs.

• Oral manifestations to consider include erythematous
plaque like lesions and erosive ulcerated lesions of
the palate, buccal mucosa, and gingiva. The ulcerated
lesions may present with white striae on the periph-
ery in a similar manner to erosive lichen planus. Also
consider possibility of a “butterfly rash” extraorally.
The diagnosis is based upon clinical features, direct
immunofluorescence, serology, and histopathology.
Differential diagnosis includes lichen planus and
lichenoid reactions. The histopathology is similar to
lichen planus; however, the inflammation may extend
deep into the submucosa in a perivascular fashion
and keratin plugging may be present. Deposits of PAS
positive material in the basement membrane may also
be noted. Under direct immunofluorescence granular
and linear deposits of immunoglobulin are noted
along the basement membrane. Treatment for oral
lesions is usually topical steroids with consideration
given to immunomodulating drugs.

Metabolic and Endocrine Diseases
1. Glycogen storage disease

This category includes a heterogeneous group of
inherited disorders that presents with problems with
metabolism of glycogen in the liver and muscle. The
accumulation of glycogen in the specific type 1B is
caused by a deficiency in glucose-6-phosphatase. This
results in the inability to breakdown glycogen in cells.
Other associated complications include the decrease
in neutrophil migration leading to higher suscep-
tibility to recurrent infections. Oral manifestations
may consist of gingivitis/periodontitis, delayed dental
maturation/eruption, and oral ulcers.

2. Gaucher disease
Gaucher disease is an inherited autosomal recessive
condition associated with problems in lipid storage.
The signs and symptoms are variegated but the primary
cause is the reduced or non-existent lysosomal enzyme
glucocerebrosidase. This result is an accumulation of

the undigested fatty macromolecule called glucocere-
broside. The oral conditions that may ensue include
radiolucencies in the jawbones, delayed eruption, and
early onset periodontitis. Of note, the histopathology of
Gaucher cells displays a characteristic “wrinkled tissue
paper” appearance to the macrophage cytoplasm.

3. Hypophosphatasia
Hypophosphatasia is a rare genetic disease character-
ized by problems with tooth and bone mineralization
due to alkaline phosphatase deficiency. The hallmark
oral feature is premature loss of deciduous teeth due to
lack of normal cementum formation.

4. Hypophosphatemic rickets
This condition was previously termed vitamin D resis-
tant rickets and is associated with multiple inheritance
patterns the most common being X-linked dominant.
The levels of phosphate in the blood are decreased lead-
ing to softened bones. The dental abnormalities include
large canals and large pulp chambers with heightened
pulp horns. The presence of abscesses in non-carious
teeth is also a feature.

5. Hajdu–Cheney syndrome (acro-osteolysis)
Inherited disorder of bone that results in abnormal
osteoporotic changes in the spinal, cranial, and facial
bones and the resorption of the bone of the terminal
phalanges. Several other clinical features may be noted
including coarse hair and characteristic facies. Some of
the oral manifestations include problems with exfoli-
ation and eruption, underdevelopment of the alveolar
process, alterations in cementum and dentin, and a
rapidly progressive form of periodontitis.

6. Diabetes mellitus
Evidence now exists for a possible two-way relation-
ship between chronic periodontal disease and diabetes
mellitus. It is already established that the abnormal
glucose metabolism in diabetes mellitus contributes to
the increased frequency of periodontitis. There is also
emerging research that demonstrates risk and severity
of both diabetes and periodontal disease are increased in
a bidirectional manner. Treatment of the inflammatory
periodontal condition may improve the overall health of
patients with diabetes mellitus. The corollary is also true
whereby glycemic control aids in periodontal status. In
poorly controlled diabetics, a decrease in the function
of immune cells leads to the development of persis-
tent bacteria in the periodontal pocket. Management
includes scaling and root planing with possible addition
of systemic antibiotics.

7. Obesity
Studies have shown a link between obesity and peri-
odontal disease. There are cases that indicate greater
clinical attachment loss and deeper periodontal pocket
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depth in obese patients. Obesity is a complex condition
with multiple variables therefore the mechanism for
this connection is not fully understood.

8. Osteoporosis
There is research that supports an association between
periodontitis and osteoporosis. The identification of
sparse trabeculation in the alveolus may provide an
indicator of low bone mineral density. Careful attention
to oral hygiene measures is indicated in individuals with
osteoporosis to decrease the risk of progressive peri-
odontal disease. Consideration should also be given to
the use of anti-resorptive medication and the potential
for medication related osteonecrosis of the jaws.

Acquired Immunodeficiency Diseases

Acquired Neutropenia Type of neutropenia that is more
common than the congenital types and may be seen in a
number of settings. The scenarios include following an
infection, after exposure to certain drugs, as a result of
autoimmunity, nutritional deficiency, hypersplenism, or as
a consequence of hematologic malignancy. The period of
low neutrophil count will make the individual more liable
to acquire bacterial and fungal infections. In addition,
severe periodontal disease and aphthous stomatitis are
prominent features of this condition.

HIV Infection Oral lesions in HIV infection are of the
opportunistic type and their presence may indicate the
current level of control. The more common presenta-
tions include pseudomembranous candidiasis, oral hairy
leukoplakia, Kaposi sarcoma, and salivary gland disease.
There is also the increase in oral warts related to possible
immune-reconstitution syndrome. The periodontal lesions
associated with HIV infection consist of linear gingival
erythema and necrotizing periodontal diseases.

Inflammatory Diseases

Epidermolysis Bullosa Acquisita This acquired vesiculobul-
lous disease is a subepidermal blistering condition wherein
the patient possesses IgG autoantibodies to type VII colla-
gen. Some of the oral manifestations include scarring of the
mucosa and periodontal disease. The diagnostic tests used
include immunofluorescence and the sodium chloride split
skin method. Immunofluorescence shows a linear pattern
of deposition of IgG and C3 along the epidermal basement
membrane with a u-serrated pattern. Treatment includes
the use of topical steroids.

Inflammatory Bowel Disease
• Term used to describe chronic inflammation in the

digestive tract. The two types include ulcerative colitis

and Crohn’s disease (covered earlier in granulomatous
inflammatory conditions).

• Ulcerative colitis is a problem wherein ulcers are formed
in the large intestine and rectum. The disease tends to
undergo periods of exacerbation and remission. The
oral manifestations include pyostomatitis vegetans
which is characterized by erythema and edema of the
mucosa with numerous small superficial yellow pus-
tules. In addition, studies have also noted a higher risk
of periodontitis in ulcerative colitis.

Osteoarthritis and Rheumatoid Arthritis
• Osteoarthritis is a chronic inflammatory disorder which

causes a gradual deterioration of joint cartilage in older
individuals. Patients with this condition may have dif-
ficulty with maintaining oral hygiene due to manual
dexterity problems. This results in an accumulation
of plaque and calculus which may create an increased
likelihood of periodontal disease. Also, drugs used to
treat the inflammatory condition may leave patients
susceptible to infections. The temporomandibular joint
may also be affected by this disease process.

• Rheumatoid arthritis is a chronic autoimmune inflam-
matory disorder that affects the joint cartilage of older
individuals. There is a statistically significant association
between periodontal disease and rheumatoid arthritis.
Novel research is investigating the role of organisms such
as Porphyromonas gingivalis on citrullination, and the
association of periodontal disease in rheumatoid arthri-
tis patients with seropositivity toward rheumatoid factor
and the anti-cyclic citrullinated peptide antibody. The
immunosuppressive drugs taken for rheumatoid arthri-
tis may also increase the risk of opportunistic infection.
In addition, patients tend to have functional limitations
in the joints, which lead to difficulty with oral hygiene
procedures and problems in the temporomandibular
joint.

Systemic Disorders that Influence the Pathogenesis
of Periodontal Disease

Emotional Stress and Depression Studies show that emo-
tional stress and depression are risk indicators for
periodontal disease. This negative impact is possibly a
result of modified host defenses making an individual
more susceptible to periodontal infections. However,
research is still needed to fully elucidate the nature of this
complex interaction.

Smoking Smoking as a risk factor in periodontal disease
has been extensively researched. The prevalence and
severity of this disease condition is higher in smokers. In
addition, the response to periodontal therapy is adversely
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affected by the continued habit. Theories regarding the
mechanisms of this association include an alteration in
host response in the tissues and problems with wound
healing. Smoking cessation, however, is also known to
have a positive effect on periodontal health.

Medications Medication induced gingival overgrowth
occurs as a side-effect in susceptible patients. The more
common drugs associated with this enlargement include
calcium channel blockers, cyclosporine and phenytoin. The
management includes meticulous oral hygiene and possi-
ble substitution of the drug. Surgical management includes
gingivectomy, however recurrence of the condition is a
possibility.

Neoplasms
1. Oral squamous cell carcinoma

This was already discussed in the neoplasms section.
2. Secondary metastatic neoplasms

Metastasis to the oral cavity is a rare event which is a
sign that a malignancy is in an advanced stage. The most
common metastatic lesions include lung (in males) and
breast (in females). In 25% of cases a biopsy in the oral
cavity may serve as the first sign of malignancy. Radio-
graphically, lytic lesions with ill-defined borders may
provide hints for further evaluation. Clinical symptoms
include paresthesia, swelling, pain, and loosening of
teeth. The soft tissue manifestation of metastasis is
noted more commonly on the gingiva and may mimic
the appearance of a reactive lesion. Therefore, all atypi-
cal lesions require mandatory biopsy with microscopic
evaluation.

Other Disorders
1. Granulomatosis with polyangiitis

Rare systemic disease that results in necrotizing gran-
ulomatous inflammation of the respiratory tract,
glomerulonephritis and vasculitis. Other features
include ulceration of the oral/nasal mucosa and a
saddle nose malformation. Oral lesions may also have
the characteristic hyperplastic gingivitis or “strawberry
gingivitis” appearance. These lesions may precede other
manifestations of the disease. It must be noted however
that the histopathology of the strawberry gingivitis spec-
imens may not reveal typical necrotizing granulomas.
The treatment is immunosuppressive therapy.

2. Langerhans cell histiocytosis
Disorder in which Langerhans cells (cells of the immune
system) accumulate in different parts of the body
including the skin, bones, and lungs. This condition
usually affects young children however may rarely
affect adults. There are three basic clinical subtypes: (i)

acute disseminated form (multifocal multisystem), (ii)
chronic disseminated form (multifocal, unisystem), (iii)
Solitary eosinophilic granuloma (unifocal). Oral find-
ings include pain, mucosal ulceration, gingival necrosis
and destruction of alveolar bone with tooth mobility
(which mimics periodontal disease). The radiolucencies
may also display the classic “punched out” appear-
ance. Histopathology shows sheets of large polygonal
Langerhans cells with reniform nuclei with grooves and
abundant eosinophils. In addition, hallmark Birbeck
granules can be detected in lesional cells by electron
microscopy. Treatment is guided by the extent of disease
and includes surgery, chemotherapy, and radiation.

3. Central giant cell granuloma
Lesion that presents as a non-neoplastic reactive pro-
cess with an unclear etiology. The slow-growing lesion
presents more commonly in young adult females in
the mandible. There may be swelling and a crossing
of the midline. Radiographically the central giant
cell granuloma may present as a multilocular lesion;
however, the unilocular presentation is also common.
The histopathology consists of fibrous tissue containing
mononuclear cells, clusters of multinucleated giant cells
and extensive hemorrhage. These lesions need to be
differentiated from the brown tumor of hyperparathy-
roidism and the giant cell tumors of the long bones
due to similar histopathology. Treatment is excision
and curettage. Other modalities include treatment with
interferon-alpha-2a, corticosteroids, and calcitonin.

4. Hyperparathyroidism
This condition is classified into three different cate-
gories namely, primary, secondary, and tertiary. In all
the different presentations, the common feature is the
increased production of parathyroid hormone. Hyper-
parathyroidism may display well-defined radiolucent
lesions with bony expansion termed brown tumors.
Brown tumors are named for their gross appearance,
which shows features of excess vascularity, hemor-
rhage, and hemosiderin. Histopathologically, brown
tumors appear identical to central giant cell granulomas
therefore lab testing is required. Loss of lamina dura,
tooth displacement, and complaints of pain and tooth
mobility are noted in some cases. Renal osteodystrophy
is seen in the secondary form of hyperparathyroidism
and may affect 90% of patients undergoing dialysis.

5. Systemic sclerosis
In this chronic autoimmune condition an excess pro-
duction of dense extracellular collagen is noted, which
results in significant fibrosis. The areas affected may
include the skin, gastrointestinal tract, lungs, heart,
and kidneys. There are multiple clinical presenta-
tions including a limited and diffuse form. Some of
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the features related to the oral and maxillofacial area
include the thickening of the skin of the face and
tongue, atrophy of the alae of the nose, thinning of the
lips, microstomia (leading to restricted mouth opening),
osseous resorption of the mandible, and widening of the
periodontal ligament space.

6. Vanishing bone syndrome (Gorham–Stout syndrome)
Rare disease of unknown etiology in which the bones of
the patient are replaced by a proliferation of endothe-
lial lined vessels and fibrovascular tissue. Radiographs
will demonstrate changes similar to patchy osteoporosis.
Symptoms include pain and complications include chy-
lothorax, which leads to respiratory distress. The course
of this osteolytic disease is unpredictable. Treatment is
still an area of ongoing research and includes surgery,
radiotherapy, and pharmacotherapy.

Developmental Odontogenic Cysts

Dentigerous Cyst/Eruption Cyst
• Clinical: The dentigerous cyst is associated with the

crown of an unerupted or impacted tooth therefore is it
is only visible radiographically. This lesion is typically
asymptomatic and seen in the posterior mandible asso-
ciated with the third molar. The eruption cyst that is
the soft tissue counterpart presents with a blue hued
swelling of the gingiva overlying the erupting tooth.

• Radiograph: Usually unilocular well-defined, cor-
ticated radiolucent lesion around the crown of an
unerupted tooth with attachment at the cemento-enamel
junction.

• Cause: Developmental
• Diagnosis: Biopsy or clinical features (as in eruption

cyst).
• Ddx: Radiographic- Odontogenic keratocyst, ameloblas-

toma (Figure 4.27 and 4.28), enlarged dental follicle, or
other odontogenic/non-odontogenic tumors.

• Histopathology: Fibrous connective tissue lined by two
to four layers of nonkeratinizing epithelium. If inflamed,
the cyst epithelium displays irregular hyperplasia and a
chronic inflammatory infiltrate in the connective tissue
stroma.

• Management: Dentigerous cyst is treated with enucle-
ation of the cyst with concomitant removal of tooth in
most cases. Eruption cysts usually require no treatment
however may perform de-roofing of the translucent
swelling if needed.

Lateral Periodontal Cyst/Gingival Cyst

• Clinical: Developmental odontogenic cyst that forms
when residual rests of odontogenic epithelium grow
in excess with a characteristic histopathologic pattern.
Most commonly located in the lower anterior/premolar

Figure 4.27 Periapical radiograph showing multilocular
ameloblastoma splaying the roots of mandibular anterior teeth.

Figure 4.28 Histopathology displaying infiltrating islands of
neoplastic ameloblastic epithelium with palisading of peripheral
cells and reverse polarization of nuclei.

region lateral to the root surface. The lateral periodon-
tal cyst is seen on radiographs whereas the same cyst
observed clinically as a painless swelling on the gingiva
is termed a gingival cyst.
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Figure 4.29 Plaque-like thickening in epithelial lining of
gingival cyst.

Figure 4.30 Parakeratinized epithelium with hyperchromatic
and palisaded basal cells. Note extensive keratin scales in the
cyst lumen.

• Radiograph: Well-defined corticated radiolucency lat-
eral to a vital tooth root.

• Cause: Developmental.
• Diagnosis: Biopsy and histopathologic examination.
• Ddx: Lateral inflammatory cyst or other odontogenic

cysts/neoplasms.
• Histopathology: Thin flattened epithelial lining with or

without plaque-like thickenings which exhibit varying
degrees of clearing or whirling (Figure 4.29).

• Treatment: Enucleation (lateral periodontal cyst) or
surgical excision (gingival cyst).

Odontogenic Keratocyst

• Clinical: Asymptomatic odontogenic cyst more often
noted in the posterior mandible. Multiple odontogenic
keratocysts may signal presence of the Gorlin syndrome.
Rarely presents in a peripheral manner on the gingival
soft tissues.

• Radiograph: Well-defined, corticated unilocular or
multilocular radiolucency. May be associated with an
unerupted tooth.

• Cause: Developmental.
• Diagnosis: Biopsy and histopathologic examination.
• Ddx: Dentigerous cyst, ameloblastoma, inflammatory

cyst or other odontogenic/non-odontogenic tumors.
• Histopathology: Cyst lining is composed of a “corru-

gated” parakeratinized stratified squamous epithelium
which is 8–10 cell layers thick (Figure 4.30). The basal
cells are hyperchromatic and display prominent pal-
isading. Keratin scales may also be noted in the cyst
lumen. The characteristic features are altered with
inflammation.

• Management: Enucleation with peripheral ostectomy
to prevent recurrence.
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Medical History for the Dental Patient

The most important dental visit is the initial visit in which
the dental and medical history is obtained. Presenting
a case history to a colleague or instructing faculty must
contain the following key pieces of information:

The patient identifying characteristics (Pt.ID) include
sex, age, distinguishing characteristics, or whether the
patient has been referred from another dentist or depart-
ment within the same clinic.

The chief concern (CC) should be elicited describing
the particular motivating factor that caused the patient
to seek care at this time, ideally in the patient’s own
words.

The history of the present illness (HPI) is the history
of the CC. Symptoms should be described in terms of
location, quality, severity, timing (including onset dura-
tion and frequency), setting in which symptom occurs,
alleviating or aggravating factors, and any associated
manifestations. Medications including name dose and
frequency should be determined as well as, known
allergies, tobacco, alcohol, and drug use. Smoking his-
tory consists of determining whether the patient is a
former, current, or never smoker and pack-years are
used to quantify the smoking exposure. Alcohol use
includes frequency and amount: four or more ounces for
men and three ounces or more of daily alcohol intake
constitute “heavy” consumption. Illicit drug use may be
determined by direct questioning.

Past medical history (PMH) must include childhood
illnesses, current illnesses. and their durations, hos-
pitalizations, surgeries, obstetrics, and psychiatric
treatments and diagnosis. Health maintenance including

immunizations and any screening tests that have been
performed should be determined.

A family history (FH) of illnesses of immediate family
members should be included. A personal and social
history (SH) should include occupation, education
history, possible sources of stress, important life expe-
riences, military service, exercise and diet, and any
alternative health practices the patient may engage in.

The review of systems (ROS) can be thought of as a
completion of any health issues that may not have arisen
during the history. A “head-to-toe” scheme of question-
ing helps to not forget to ask anything, one possible
order of questioning might begin with neurologic, then
on to the skin, eyes, ears, nose, throat, neck, breasts, res-
piratory, cardiovascular, gastrointestinal, genitourinary,
musculoskeletal, hematologic, and endocrine.

An American Society of Anesthesiologists (ASA) classi-
fication can be assessed for the patient. ASA 1 is a healthy
patient, ASA 2 is a patient with mild systemic disease, ASA
3 is severe systemic disease, and ASA 4 is severe systemic
disease that is a constant threat to life. ASA 5 and 6 refer to
moribund and braindead patients not likely encountered in
the outpatient setting.

The dentist should keep in mind that careful patient lis-
tening and asking open-ended questions will help in the
collection of medical history data.

Clinical and Radiographical Examination

Clinical Examination

Healthy gingiva is normally coral pink with variations in
melanin pigmentation among different ethnical groups.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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The firm, pink, coronally located gingiva is distinguished
from the more pliable and red mucosa seen on the max-
illary buccal and on the buccal and lingual aspect of
the mandibular teeth separated by a distinct line called
mucogingival line. On the palatal aspect, the firm pink
gingiva is continuous with the firm palatal mucosa with
no demarcation line. The gingival tissue between the
mucogingival line and the gingival margin is called the
attached gingiva. On the surface of the oral gingiva there
is a characteristic dimpled or stippled pattern formed
from invaginations of the oral gingival epithelium in the
underlying connective tissue.

Radiographic Examination

A thorough radiographic examination can provide an
abundant information about the periodontium and past
damage to periodontal structure, but cannot identify sites
of ongoing periodontal destruction. In order to get an accu-
rate measurement between the CEJ and radiographical
crest, the parallel technique is recommended and the fol-
lowing is needed: the X-ray beam is oriented perpendicular
to the bone and the film is parallel to the long axis of the
tooth and adjacent bone.

When using the parallel technique for peri-apical radio-
graphs, anatomical constraints frequently require compro-
mise in the positioning of the film and consequently the
X-ray beam.

By taking bitewing radiographs, it is possible to position
the film more accurately and the X-ray beam closer to
the CEJ than it is in situ. Therefore, vertical bite-wing
radiographs are recommended for obtaining an anatom-
ically correct image of the position of the alveolar bone,
providing at the same time the dental anatomy relevant
to periodontal assessment, i.e. crown, coronal part of the
root, root trunk, furcation.

The distance between the crest of bone and the CEJ is of
great significance since it allows us if bone loss exists. Haus-
mann et al. (1991), compared measurements taken from
bite-wing radiographs in sites showing no CAL loss. They
found that distance between CEJ to bone crest varied from
0.4 to 1.9 mm, and a distance >= 2 mm is considered an
appropriate cut off point for bone loss.

Now that we have established the use of radiographs
in diagnosis, the second most pertinent radiographical
assessment is the observed intrabony defects. In 2000,
Eickholz et al. explored the accuracy of radiographical
measurements of a defect and found that radiographical
intrabony defects were underestimated when compared to
surgical measurements by 1.41 + 2.58 mm.

Radiographic Artifacts

Two radiographic artifacts have been studied in length, the
crestal lamina and the furcation arrows.

For the longest time, the crestal lamina dura presence
was a sign of periodontal stability as stated by Rams
(1994), and negatively associated with periodontitis recur-
rence in cases on a maintenance program. Similarly,
Carranza described a break in crestal lamina as early radio-
graphic sign of periodontitis. Generally, presence of lamina
dura indicates periodontal stability while its absence
doesn’t mean an active periodontal breakdown is taking
place.

When radiographs of maxillary molars are observed,
a small, triangular radiographic shadow is sometimes
noted over either the mesial or distal roots in the prox-
imal furcation area. In a skull study, Hardenkop found
an association of the furcation arrow with Class II or
III furcation involvement, which was significant when
compared with uninvolved furcations. The image was
equally apparent over mesial or distal furcations and was
not affected by the existence of a buccal furcation involve-
ment. However, the absence of the furcation arrow image
does not necessarily indicate absence of a bony furcation
involvement.

Oral Hygiene

Effective removal of oral biofilm is critical for the man-
agement of periodontal and peri-implant disease with this
task resting largely with the patient and their commitment
to performing regular self-care and returning to the dental
office at agreed intervals. Substantial evidence supports
a cause–effect relationship between biofilm accumula-
tion and periodontal destruction and failure to follow
oral hygiene regimes will certainly compromise clinical
outcomes (Löe et al. 1965). Non-adherence may be partly
attributed to the non-symptomatic nature of periodontal
disease and inability to recognize any obvious benefits due
to the subtlety of changes that occur. Complex recommen-
dations, absence of immediate results, and unpleasant side
effects are some of the other reasons for non-adherence
to treatment recommendations for the management of
chronic diseases.

Interproximal plaque removal is considered an essential
component of periodontal therapy with substantial evi-
dence to support the efficacy of this intervention in the
reduction of plaque biofilm and gingival inflammation
(Slot et al. 2008). However, this aspect of oral care is where
patients are most lax.
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Toothbrushing

Current recommendations for home care regarding tooth-
brushing include using a soft bristled manual toothbrush
or powered oscillating rotating brush with small size brush
head, focusing the bristles at the gum line, brushing one
tooth surface at a time; use of a fluoridated toothpaste with
a frequency of twice a day, morning and at night, for a min-
imum of two minutes.

Manual Toothbrush: Position towards gum line at 45∘.
Move the brush in small circles and short side to side
strokes.

Note: A patient’s brushing method should not be altered
unless there is evidence of inefficiency or of damage
to the tissues. If the plaque is removed without tissue
damage, then the method is correct.

45°

The Modified Bass is the most widely accepted and used
brushing technique. This method of brushing requires the
tufts to be pointed apically at about 45∘ and the ends pressed
against the tooth and gingival margin to adapt the bristles
to the embrasure anatomy and gingival crevice. The brush
is then vibrated or moved in small circles on each surface.
The brush is then moved to the next tooth/section and the
technique repeated.

Power Toothbrush: Position towards gum line at approxi-
mated 80 degrees to the tooth surface. Hold brush steady
on each surface. Suggest counting to 5 on each surface to
ensure sufficient time to remove biofilm and stimulate
the gingival tissues.

~80°

Interproximal Cleaning

Interproximal Brushes
Using specialized brushes called interproximal or interden-
tal brushes is recommended. Patient instructions should
include the following: Choose the size of brush that is a
snug fit for each space (space sizes will vary). Position the
brush at the gum level and push the brush into the space
between your teeth. Move the brush in and out between the
teeth using a back and forth (horizontal) motion. Repeat
this for every space. Do this twice a day, every single day,
immediately after toothbrushing.

Dental Floss or Tape
Floss is designed for use in very tight spaces, with no
disease, so may not be suitable for patients with significant
tissue loss. It is often not as effective as interproximal
brushes (discussed earlier), which remove more biofilm.
The use of floss is recommended for spaces that are too
tight for an interdental brush. Floss and floss holders may
be used to clean between the teeth in very small tight
gaps. Hold the floss taut and gently guide it between the
teeth. Slide it underneath the gum and apply pressure
against the tooth. Press the floss firmly against the tooth
and move it along the tooth away from the gum area.
Repeat this in the same space, this time cleaning the other
tooth.
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Specialized Oral Hygiene Aids

Single Tufted Brush
This is often recommended for areas that have advanced
bone loss, where the roots of the teeth are visible, for
deep spaces, around implants and areas of gum recession.
Patients should be instructed to hold the handle as they
would a pencil, position the bristles slightly beneath the
gum line (on recommended area) and apply gentle pres-
sure and rotate the bristles under the gum in small circles.
This tool should be used once per day for effectiveness.

Behavior Change Techniques

Tips to help your patient get started and keep up their new
homecare routine (McCarthy 2019)

1. Getting started is the
hardest part.

Set a date to get started. Straight
after a patient comes to see their
dental professional is a good starting
point, when instructions are fresh
and motivation is at its highest.

2. Remembering to do
it.

This can be difficult, so make it
easier by setting a reminder alarm
or putting a note in the bathroom or
use an App to help establish this
new habit.

3. Formulate a detailed
plan of where the
patient intends to
carry out their oral
hygiene routine.

Ensure you have everything you
need in the right place. Ideally, you
should stand in front of a mirror so
you can see what you are doing and
correctly target specific areas of your
mouth. Decide exactly when the
patient will be most likely to follow
their oral care plan each day then it
will start to form a routine and
become a habit.

4. Ensure they know
exactly how they
will do each activity.

Demonstrate techniques and then
observe the patient practicing so you
can check they have understood
your instructions correctly. Offer
them positive feedback and
encouragement. Record any
instructions/demonstration on their
mobile phone using the video
feature so they can watch it at home.

5. Track your progress. Suggest making a note of each time
a patient uses their interdental
brushes. This is a simple, yet
effective tool that increases
adherence. Use a calendar/planner,
or download a toothbrushing chart
from the web, or a mobile phone
App that can monitor progress.

6. Make an If–Then
Plan to help you
achieve your goal.

It is not always easy to change the
habits of a lifetime, or start doing
something new, especially if it
requires some time and effort.
If-Then plans are a proven method
to help people start and stick with
new behaviors. See If–Then table in
the following text.

Source: McCarthy (2019)/Springer Nature.

Some examples of If–Then statements, used in
implementation intentions specific to oral hygiene, are as
follows (Gollwitzer and Sheeran 2006).
If I am feeling too lazy to clean my teeth when I wake up in the
morning, Then I will do it before I leave the house for work.

If I am too tired to use my interproximal brushes before I go to
bed, Then I will use them at lunchtime everyday instead.

If I cannot remember to use my interdental brushes, Then I
will leave them next to my toothbrush to remind me to use
them immediately after I use my toothbrush.

Source: Based on Gollwitzer and Sheeran (2006).
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Non-surgical Periodontal Therapy

Benefits

Non-surgical periodontal therapy (NSPT) is considered the
first line of defense and a minimum standard of care in the
presence of periodontal destruction. NSPT includes behav-
ioral management to reduce and eliminate modifiable
risk factors and encourage regular effective oral hygiene
practices. The goal of NSPT is to reverse inflammation,
eliminate edema, and bleeding and reduce plaque accu-
mulation and probing depths by creating a biocompatible
root surface environment and formation of a long junction
epithelium. The patient participation including daily oral
care and attendance for professional recall appointments
is critical to the success of treatment.

Limitations

NSPT is a complex procedure with many clinician and
patient challenges that determine the efficacy and outcome
of technical and behavioral interventions. Non-surgical
therapy is a closed procedure that is performed blind.
Therefore, a clinical must have an experienced and
detailed knowledge of root morphology and the ability
to detect subgingival deposits and roughness using tactile
transfer. Locating subgingival calculus requires the use
of methodical, overlapping, and light strokes on the root
surface using a very thin flexible exploring instrument or
probe such as the ODU 11-12 Explorer.

Large bulky instruments reduce access to narrow and
deep sites, furcation areas, concavities, and grooves. Dull
instruments with worn cutting edges also make a complex
task even more difficult. Dull instruments that have not
been well maintained will increase the risk of burnishing
calculus onto root surfaces, increase the number of strokes
and length of time required to complete the task, and also
require more force to remove deposits, thus increasing the
risk of operator fatigue and injury. When choosing instru-
ments for root surface debridement, choose instruments
that are lighter in weight, with a comfortable handle,
a longer terminal shank, and a miniature working end
to optimize treatment outcomes. Patient tolerance and
acceptance of treatment may also pose obstacles as well as
unwanted side-effects of treatment that includes gingival
recession, sensitivity, and change in appearance of the
teeth and surrounding tissues.

Armamentarium

Hand Instruments

Universal Curettes Curettes are available in universal and
area-specific designs. A universal curette is a debridement

instrument with a rounded back and a rounded toe.
Universal curettes have two cutting edges per working
end and these can be applied to all tooth surfaces in
both the anterior and posterior sextants of the mouth.
Universal curettes are used on crown and root surfaces
(supra-gingivally and sub-gingivally). Universal curettes
are one of the most frequently used and versatile of all the
debridement instruments. They are used for the removal of
light – moderate calculus deposits located both supra and
sub-gingivally.

Site-Specific Curettes A site-specific curette is a debride-
ment instrument with a rounded back, a rounded toe, and
one cutting edge. The name site-specific or area-specific
signifies that each curette can be applied only to specific
surfaces and areas of the mouth. For this reason, a set
of curettes is required to instrument the entire dentition.
Site-specific curettes are used for subgingival debride-
ment and are the instrument of choice for deep narrow
periodontal pockets with complex root morphology. They
are designed especially for difficult and intricate instru-
mentation and are considered the “Gold Standard” for
periodontal debridement.

Site-specific curettes were first developed by Dr. Clayton
Gracey in the late 1930s. These curettes facilitate instru-
mentation of root surfaces within periodontal pockets with-
out causing trauma to the pocket epithelium. Site-specific
come in many variations such as standard design, extended
shank, and miniature blade versions.

Scalers Scalers are for use on enamel surfaces as they
have a sharp point and are specifically designed to remove
supragingival deposits from tight contact areas, and heavy
calculus deposits commonly found on the lingually of
mandibular anterior teeth. Scalers are contraindicated for
use on root surfaces or in periodontal sites. They typically
consist of two cutting edges and thin curved shape to
facilitate access to narrow interdental sites.

Powered Instruments
Ultrasonic scaling devices are widely available and are
now considered acceptable for root surface debridement.
Ultrasonic scalers come with a variety tip designs for
supra and sub-gingival calculus deposits and site-specific
options for superior adaption in furcation defects. Powered
instrumentation is more ergonomic that hand instruments
and less physically demanding on the clinician. Technique
is still dependent on clinician skill, attention to detail,
time, and tip design. Studies show no differences in clin-
ical parameters when comparing hand and power-driven
instrumentation techniques. Powered instrumentation
requires less lateral pressure and therefore reduces force
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required to remove calculus and ultimately operator
fatigue.

Techniques

The procedure should be undertaken in a methodical
way, working around the mouth and around each tooth
in an orderly manner. It is also important to select the
correct instrument for the task you wish to carry out.
Instrument selection is determined by the location of the
deposit relative to the gingival margin, anterior or poste-
rior area, mesial, distal, labial, or lingual, preference of the
clinician and acceptance by the patient. NSPT consists of
supragingival biofilm and calculus removal and subgingi-
val debridement of root surfaces using a range of hand and
powered devices.

Each stroke should be deliberate and effective. A firm
finger rest (fulcrum) is essential for controlled use of
the instrument. The movement of the instrument can be
divided into two phases, the exploratory stroke – this will
determine the size and location of the deposit and the
working stroke – which will remove the deposit.

The working end is positioned apically until the calculus
is felt. Do not press hard at this point. Slide the cutting edge
over the deposit until you feel the instrument is apical to the
deposit. Then press down firmly on your fulcrum finger and
apply lateral pressure against the handle of the instrument
with your thumb and index finger to engage the cutting
edge. Ensure the terminal shank is parallel with the long
axis of the tooth to establish the correct angle of the cutting
edge (this is referred to as parallelism). Using lateral pres-
sure, move the blade in a coronal direction to remove the
calculus deposit in its path.

Supragingival Debridement
For supragingival calculus deposits, it is vital to establish
the correct angle between the instrument face and the tooth
surface. The face-to-tooth angulation for calculus removal
is an angle that is greater than 45∘ and less than 90∘. The
ideal angulation for supragingival scaling or debridement
is between 80∘ and 90∘ where possible.

Scalers are designed to facilitate supragingival deposit
removal and they are a universal instrument with two
cutting edges and the face is offset at 90∘ angle to the
terminal shank. This makes it easier for placement and to
achieve a blade to tooth angle of 90∘. Common scalers for
this purpose are sickle scalers such as 311-312, M23T, 204s,
H6/7.

Fundamental Elements of Hand Instrumentation
There are several fundamental elements of a calculus
removal stroke that a clinician should take into considera-
tion:

1. Operator posture and seat height.
2. Patient in correct position for arch to be instru-

mented.
3. Correct instrument (inspect for sharpness).
4. Grasp of instrument.
5. Establish where you will position a finger rest

(adjacent tooth is best where possible).
6. Mouth mirror in non-dominant hand and a finger

rest for stability and control.
7. Identify the cutting edge.
8. Position the blade against the surface you wish to

debride just above the gingival margin.
9. Press inward and activate the blade towards the

incisal edge. This called a “Pull Stroke.”
10. Relax and repeat until deposit is removed (2–3

effective strokes should be enough).
11. Check for residual calculus by drying the surface

with air and using an ODU explorer 11–12.

Calculus Detection Technique
Calculus detection and tactile transfer skills are essential
for complete and effective root surface debridement. The
ODU 11/12 explorer is specifically designed for detailed
exploration using a long, complex, fine working end with
superior adaption to the anatomy of root surfaces and
furcation areas. The handle is of a wide diameter to reduce
risk of carpel tunnel and encourage a light grasp and
is lightweight and ergonomically designed. The 11/12
explorer is used by any clinician who wants to become
proficient at calculus detection and removal. The use of
the explorer is taught in many programs and the ability
to detect calculus is a skill that is essential for assessment
and evaluation during calculus removal procedures. The
explorer has a thin, tapered wire like working end with an
extended complex, curved shank based on the design of a
Gracey curette that will specifically adapt to narrow curved
root surfaces.

ODU 11/12 Explorer: for calculus detection and root exploration

This instrument is specifically designed to adapt to the
curvature of root surfaces and morphology to permit access
and tactile feedback in narrow, deep, posterior sites. The
working end is thin and flexible and will vibrate or “quiver”
on contact with deposits. Sometimes a “click” can be heard
when the instrument passes over a mineralized deposit.
This instrument should be held in a relaxed, light grasp,
and the leading 2 mm of the tip adapted to root surfaces
and ensuring the terminal portion of the shank is parallel
to the long axis of the tooth to maximize adaption of the tip.
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Fulcrums
Fulcrums (finger rests) are essential when activating hand
instruments. They provide stability and leverage, but also
permit instrument adaption, parallelism, and access. Main-
tain a rest with the ring finger (4th finger) helps to steady
the movement of the instrument allow for precision and
safety. A finger rest will support the dominant hand as well
as transmit tactile sensations to the clinician about the tex-
ture of the root surface.

The rest may be on:

1. the adjacent teeth in the same arch
2. opposite arch
3. teeth in the opposite jaw
4. the tooth being scaled (only as a last resort, as there is a

risk of needle-stick injury)
5. edentulous ridges
6. external soft tissue overlying bone e.g. the patient’s chin

or zygomatic bone

Powered (Ultrasonic) Technique
1. Check that water is flowing through the handpiece first,

then select tip and insert.
2. Adjust instrument until a fine aerosol spray of water is

emitted.
3. Adjust power setting between low to medium. Medium

is the maximum power recommended.
4. The instrument should be held in the pen grip with a

comfortable fulcrum to support the hand
5. The tip should be inserted into the sulcus and held par-

allel (0∘ to the long axis) for biofilm disruption.
6. Tilt the tip to 15∘ to the long axis for calculus deposits.
7. Do not use the tip/toe of the ultrasonic perpendicular to

the tooth as this will damage the surface causing groov-
ing/pitting.

8. Continuous movement using very light pressure is
important to ensure effective removal of deposits and
prevent overheating.

Reevaluation of Initial Therapy

The definition of reevaluation is the action of assessing or
evaluating something again or differently in order to deter-
mine if any changes have occurred and whether clinical
measurement goals have been achieved. In periodontal
therapy, the question arises as to when is the appropriate
time to reevaluate periodontal debridement (scaling/root
planning) to assess soft tissue healing. Continued assess-
ment of the patient’s progress during periodontal treatment
is necessary. At the time of reevaluation, BOP, PI, CAL, PD,
mobility, and furcation involvement scores are recorded.
Local factors are assessed, OHI reviewed, and possible

re-instrumentation also takes place. Professional judgment
about continued care, modifying goals or treatment must
be determined.

The ideal time to do a reevaluation of initial therapy is
between four and eight weeks because it was determined
that this time interval was the optimal clinical and microbi-
ological healing time. The clinical evaluation of gingival tis-
sues after scaling and root planing should be performed no
sooner than two weeks because healing of the epithelium
has not been completed and up to four to eight weeks for
connective tissue collagen bundle fibers healing. Addition-
ally, it takes approximately two months for bacteria repop-
ulation to occur; thus, performing reevaluation after two
months is not advised.

Occlusal Therapy

The correlation of occlusion and periodontal disease has
been studied in length over the years. While definitive
conclusion of occlusal trauma being the cause of clini-
cal attachment has been proven invalid, the addition of
occlusal trauma over an active periodontal condition with
weakened periodontium can aggravate the periodontium
breakdown.

A set of definitions have been established in relation to
occlusal trauma:

1. Excessive occlusal force: a force that exceeds the repar-
ative potential of the periodontium leading to occlusal
trauma and/or causes tooth wear.

2. Occlusal trauma is an injury to the periodontium that can
happen in an intact periodontium or reduced periodon-
tium. It will be divided in two sub-categories:
(i) Primary occlusal trauma is an injury leading to tissue

changes in an intact periodontium
(ii) Secondary occlusal trauma is an injury leading to tis-

sue changes in a reduced periodontium
3. Fremitus is tooth mobility felt or observed upon chewing.
4. Bruxism is a parafunctional habit of grinding, clenching

leading to damage to the tooth, the periodontium and to
the temporo-mandibular joint (TMJ).

5. Non-carious cervical lesions (NCCLs): it is a loss of hard
tissue on the cervical part including the root. It is gen-
erally accompanied with gingival recession. The etiology
is multifactorial since abfraction, a tooth lesion caused
by occlusal force, was not proven as the primary cause.
The other etiologies erosion, corrosion or tooth brushing
habits, eating disorders, and parafunction should be con-
sidered.

The true diagnosis of occlusal trauma is a histological
one that requires sectional biopsies something unfeasible,
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clinicians relies on clinical and radiographical signs such
as progressive mobility, discomfort upon chewing, dishar-
mony in the teeth positions, widening of the periodontal
ligaments, resorption, cemental tears, and thermal sensi-
tivity. These symptoms are not considered by far exclusive
for occlusal trauma but can be caused by different clinical
conditions such as parafunction. A differential diagnosis
should be considered once using these signs.

Animal studies on squirrel monkey (orthodontic-like
forces), beagle dogs (high restoration), and rats (bonded
wire bands or inlays), although short in duration, have
shown that occlusal trauma on a healthy periodontium
would not cause periodontitis, but may be a co-factor
leading to further breakdown in cases where inflammation
is already present.

A series of clinical studies have investigated, ranging
from tooth mobility affecting clinical attachment, to effect
on regenerative potential, to the relationship between
cusps, occlusal disharmonies, discrepancies, different
types of occlusal movements, to long-term periodontal
maintenance and parafunctions. There was no conclusive
evidence to support routine occlusal therapy but it showed
the importance to record the patient occlusion before,
during, and after treatment, which makes the occlusal
treatment beneficial along the conventional periodontal
therapy in periodontitis by improving the prognosis of
the treated teeth through reducing the forces to become
adaptive in the reduced periodontal attachment.

In regard to the studies of correlation between occlusal
trauma and NCCLs and gingival recession, none was able
to correlate any evidences linking the two together. In
regard to the orthodontic movement, a healthy reduced
periodontium, with good plaque control, can undergo tooth
movement with controlled forces without compromising
the periodontium, but uncontrolled orthodontic forces will
lead to alveolar bone resorption and other damages such
as root resorption, pulpal necrosis.

Medications and Implications
for Periodontal Therapy

Medications can have a significant effect on the overall
periodontal health of the patient as well as implications on
periodontal/implant therapy. Table 5.1 lists various medi-
cations that either affect the periodontium or may change
the course of periodontal treatment. In addition to these
medications, adverse drug–drug interactions associated
with medications the patient is taking must be carefully
assessed before dental treatment is administered or certain
drugs are prescribed or recommended.

Table 5.1 Medications that affect the periodontium or change
the periodontal treatment.

• Cyclosporine A (CsA)
• Phenytoin
• Calcium channel blockers (CCBs)
• Glucocorticoids
• Alcohol
• Bisphosphonates
• Selective serotonin reuptake inhibitors (SSRIs)
• Nonsteroidal anti-inflammatory drugs (NSAIDs)
• Chemotherapy drugs
• Antiplatelets [low-dose aspirin, clopidogrel (Plavix)]
• Anticoagulants [warfarin and new oral anticoagulants

(NOAC)]

Cyclosporine A (CsA), an immunosuppressant, pheny-
toin, anticonvulsant, and calcium channel blocker for
cardiovascular conditions, can cause gingival enlarge-
ment, which has been speculated to be caused by an
increased production of collagen by fibroblasts. The high-
est prevalence with the CCBs has been found to be with
nifedipine (Procardia), amlodipine (Norvasc), and dilti-
azem (Cardizem). Management of these patients includes
optimal plaque control and discussion with physician to
change the medication.

There is still controversy whether to stop anti-platelets
and anticoagulants before surgery. Most articles say not to
stop. An international normalized ratio (INR) for anticoag-
ulants is best taken on the day of periodontal debridement
or surgery. The novel oral anticoagulants (NOAs) including
dabigatran (Pradaxa), rivaroxaban (Xarelto), and apixaban
(Eliquis) do not require an INR.

Sedation: Minimal and Moderate
Sedation

Specific guidelines have been published that the peri-
odontist must follow for safe and effective sedation and
analgesia (ADA Guidelines for the Use of Sedation and
General Anesthesia by Dentists 2016). The terms enteral
and parenteral only indicate the route of drug adminis-
tration. Since the level of sedation (minimal, moderate,
deep sedation, and general anesthesia) is not dependent
on the route of administration, it becomes important to
have through knowledge of all drugs administered during
periodontal/implant surgery besides careful monitoring
of the patient. For example, administration of an oral
benzodiazepine can result in different levels of sedation
(e.g. minimal or moderate sedation) depending on the dose
administered. If the patient is not properly monitored a
parental drug intended for moderate sedation can actually
push the patient into an unintentional deep sedation,
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Table 5.2 Drugs: Minimal and moderate sedation.

Sedation Analgesia

Oral benzodiazepines Diazepam (Valium), lorazepam (Ativan), triazolam (Halcion), and
midazolam (Versed)

Oral non-benzodiazepines Zolpidem (Ambien) and zaleplon (Sonata)
IV benzodiazepines Diazepam, midazolam (Versed)
Opioids Fentanyl (Sublimaze)

which could be an emergency situation. It is unknown
how the patient will respond. Thus, the dose required
and route of administration is dependent on the clinical
situation. Drugs given via the intravenous and inhalation
routes can be titrated.

Table 5.2 reviews the different sedation and analgesia
drugs used in periodontal practice for minimal and mod-
erate sedation. The same drugs are used for minimal and
moderate sedation, and it is just the dosing that changes
depending on the length of the periodontal procedure.
Pre-assessment of the patient including physical exam and

classifying the ASA category of the patient is necessary
before drug administration.

For sedation, usually a benzodiazepine is used either
orally or intravenously for its sedative/hypnotic and anxi-
olytic features but without an analgesic effect. Flumazenil
is the selective antagonist for benzodiazepines. For an
analgesic effect usually, fentanyl is used. Fentanyl is a
short-acting opioid with no amnesic effects. An advantage
is that it has an immediate onset of action. Effects are
reversed by naloxone. Alpha2 agonists (e.g. clonidine) have
sedative and anxiolytic and analgesic properties.
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Surgical Anatomy and Local Anesthesia
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As dental surgeons, our main objective during the pro-
cedures we perform is to gain access to the underlying
structures of the oral cavity. Whether the procedure is resec-
tive or regenerative in nature, we must be cognizant of what
anatomic landmarks are present in our designated surgical
site. The purpose of this chapter is to review some key
anatomic landmarks that must be taken into consideration
when planning a surgical procedure especially with regards
to our incision, flap design, and tissue management.

The two key considerations when designing a flap is to
understand the anatomy of the site and a clear goal and
expected outcome. During periodontal surgery, our key
objective is to have access to the underlying structures,
namely, the roots and the bone. Our definitive incisions
and flap reflection keeping in mind the anatomy as well as
the blood supply (Figure 6.1) will lead to less tissue trauma
and better tissue management. During these procedures
we are often modifying the osseous architecture either in
a resective manner or through regenerative modalities but
ultimately leading to better hard and soft tissue contours.
In turn this will lead to enhanced plaque control and long
term maintenance (Rose).

To ensure an optimum outcome we must always prac-
tice atraumatic tissue techniques, which include making
concise, smooth incisions with a sharp blade followed by
careful flap reflection. During closure we want to avoid too
much tension on a flap while suturing and making sure
there is proper hemostasis. Ultimately these steps will help
ensure ideal wound healing without complications.

Anatomic Landmarks

Mandible

The mandible or lower jaw is a u-shaped bony structure
that is made up of different components that are important
for us to be cognizant not only in terms of giving local

anesthesia prior to surgery but also for proper surgical
planning. It is made up of the ramus and the body and
contains foramen, ridges, and concavities we need to be
aware of as well as the corresponding nerves and vessels
running throughout (Table 6.1; Figure 6.2).

Periodontal surgery in the posterior mandible can most
often be complicated by the presence of the external oblique
ridge as well as when the temporal crest and anterior border
of the ramus sharply abut the most terminal mandibular
molar. This makes proper re-contouring of the bone a chal-
lenge during osseous surgery or crown lengthening proce-
dures (Figure 6.2).

The buccinator muscle, which attaches to the mandible
along the molar teeth, may limit proper extension of the
vestibule in the posterior mandible. This muscle forms a
portion of the medial wall of the buccal space; therefore
if it were damaged while elevating a buccal flap; the buc-
cal space would be violated producing the possibility of an
infection in the space. Since the buccal space communi-
cates with the para-pharyngeal space, potential danger of
the spread of a buccal space infection into other spaces of
the head and neck (Clarke) (Figure 6.2).

The mental foramen that is usually located inferior to
apices of mandibular premolars may become a consid-
eration during osseous surgery where there is correction
infra-bony defects or if there are muco-gingival defects that
may require apically positioning the buccal flap during
surgery. Damage to the mental nerve could result in tem-
porary or possibly permanent paresthesia of the lip and
gingiva (Clarke) (Figure 6.3).

While performing surgery on the lingual aspect of
the mandible, we must be aware of the location of the
lingual nerve, which can sometimes be positioned super-
ficially in the area of the second and third molars. Also,
anytime the attached gingiva is elevated on the lingual
aspect of a mandible, or when there is a perforation in
the mucosal on the floor of the mouth, the sublingual

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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 Mental branch 

Posterior septal a.

Posterior lateral nasal a.

Inferior orbital fissure

Infraorbital artery

Orbital branches

Infraorbital foramen

Branches to face

Interior superior
aveolar artery

Palate

Sphenopalatine a.
Pharyngeal a.

Artery of pterygoid canal

Masseteric a.

Pterygoid a.

Buccal a.

Maxillary
artery

Lingual branch
Mandibular
foramen

Mylohyoid br.

Mandibular canal

Greater and lesser
palatine arteries

Inferior
alveolar a.

Post. superior
alveolar branch

Anterior and
posterior deep
temporal arteries

To lower teeth

To upper teeth

Figure 6.1 Arteries supplying the
maxilla and mandible.

Table 6.1 Anatomy of the mandible.

Anatomic feature Characteristics

Alveolar process • Forms as teeth erupt
• Continuous with basal bone

Anterior border of the ramus • Lateral to alveolar process as it extends anteriorly and inferiorly
• Its anterior extension forms the external oblique ridge
• Together with the temporal crest it forms the retro-molar fossa

Coronoid process • Anterior/superior extent of the ramus
• Located in infra-temporal fossa
• Lateral to pterygoid plate and medial to zygomatic process of maxilla

Temporal crest • Located medial and posterior to the anterior border of the ramus
• Together with the anterior of ramus located laterally, it forms the retromolar fossa

External oblique ridge • Formed as a continuation of the anterior border of ramus
• May extend as far anteriorly as second premolar

Mylohyoid ridge • Attachment for the mylohyoid muscle
• Extends from molar region to premolars on the lingual aspect of the mandible

Genial tubercule • Attachment for the genioglossus and geniohyoid muscles
• Located at midline near inferior border of the mandible

Mental foramen • Usually located inferior to apices of mandibular premolars yet location may vary
• Transmits branches of the inferior alveolar nerve and vessels

space may be violated. If there is an infection in this space
it could lead to an elevation of the tongue and respira-
tory problems. Such an infection may spread into the
para-pharyngeal space or even produce cellulitis of the
neck (Clarke).

The mentalis muscle may prevent the surgeon from
adequately increasing the zone of attached gingiva or deep-
ening the vestibule in the anterior mandible region. The
elevation of this same muscle could violate the sub-mental
space.
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Mental process
Sublingual fossa

Submandibular fossa

Alveolar process

Mandible lateral view Mandible medial view

Coronoid process

Condyle

Mental foramen

Angle
Body

Ramus

Condyle:
Head
Neck

Attachment of

masseter m.

Attachment of

temporalis m.

Attachment of

lateral pterygoid m.

Attachment of

medial pterygoid m.

Pterygoid fovea

Mandibular foramen

Mylohyoid groove

Genial tubercle

(Mental spine)

Mandibular

symphysis

Digastric fossa

Mylohyoid line

Lingula

Figure 6.2 Mandible.

Trigeminal nerve

and ganglion

Inferior

alveolar nerve

Ophthalmic nerve

Maxillary nerve

Buccal nerve

Nerve to

mylohyoid

Figure 6.3 Nerve innervation of the mandible.

Since the plate of bone overlying the facial and lingual
root surfaces of the mandibular anterior teeth is usually
quite thin, it may be beneficial to utilize a partial thickness
flap; therefore, the periosteum and connective tissue would
help prevent postoperative osseous and gingival defects
over these roots (Clarke).

In the anterior lingual region, the possible obstacle
would be the presence of an abnormally large or high genial
tubercle, which may prevent osseous re-contouring during
periodontal surgery (Figure 6.2).

Anatomic Spaces

There are two categories of anatomical spaces or compart-
ments are found in the head and neck:

• Spaces found within subcutaneous or submucosal con-
nective tissues

• Spaces delineated by fascial membranes

These compartments are filled with loose areolar connec-
tive tissue and may be continuous with one another. Muscle

groups, nerves and arteries, fat, or specific organs may be
housed within such spaces. During surgery, we need to take
precautions during incision and reflection to not perforate
into or violate these spaces (Table 6.2).

Maxilla

The maxilla features four bony processes: the frontal, the
zygomatic, the palatal, and the alveolar. For the purposes
of periodontal surgery, our focus will be on the palatal
processes, which form the major part of the hard palate,
and the alveolar processes form the upper dental arch
(Figure 6.4).

The maxillary sinus occupies much of the maxilla and
its size and extent are important for us to consider when
working in the area of the maxillary pre-molars and
molars.

Exostoses or tori may also be found in the maxilla with
the most common being the maxillary torus, which is
located along the midline of the hard palate. Smaller exos-
toses are often observed on the buccal or palatal roots of
the molars (Clarke). Prominent exostoses or a flat, shal-
low palatal roof make osseous re-contouring difficult to
accomplish (Table 6.3).

In the maxillary anterior region, the facial bone tends to
be very thin leading to the formation of a potential fenestra-
tion or dehiscence over the roots of the incisors and canines.
As with mandibular anterior teeth, partial thickness flaps
may be beneficial in these areas to prevent hard or soft tis-
sue defects post-operatively.

In the posterior maxilla, the zygomatic process could
form a shelf-like bony projection, which would complicate
osseous re-contouring. If there is a muco-gingival defect,
the buccinator muscle may also limit the apical extent to
which one could move the flap to gain an adequate width
of attached gingiva. Perforation of the buccinator muscle
would establish entry into the buccal space and possible
postoperative infection (Clarke).
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Table 6.2 Anatomic spaces.

Anatomic space Boundaries Contents

Submental space • Located at base of chin
• Bound by the Anterior belly of digastric

muscle, inferior Platysma muscle, superior
Mylohyoid muscle

• Submental lymph nodes
• Submental branches of facial artery

and vein bilaterally

Submandibular space • Located below the mylohyoid muscle
• Boundaries: medial- mylohyoid muscle,

hyoglossus muscle, and styloglossus muscle;
lateral-skin; posterior-stylomandibular
ligament; inferior-anterior belly of digastric;
superior-mandible and mylohyoid muscle

• Submandibular gland
• Lingual nerve and vessels
• Mylohyoid nerve
• Hypoglossal nerve
• Facial artery and vein

Sublingual space • Located in submucosal connective tissue of
floor of mouth

• Boundaries: medial- mylohyoid muscle,
hyoglossus muscle and styloglossus muscle;
anterior and lateral-lingual aspect of
mandible; inferior-mylohyoid m;
superior-mucosa of the floor of the mouth

• Sublingual gland
• Wharton’s duct

Buccal • Lies in subcutaneous tissue of the cheek
between buccinator and skin.

• Boundaries: medial- buccinator muscle;
lateral-skin; posterior-masseter m;
zygomaticus major and depressor anguli
oris muscle; superior-zygomatic arch;
inferior-mandible

• Buccal fat pad
• Facial artery and vein
• Parotid duct

Pterygomandibular
space

• Medial- medial pterygoid muscle
• Lateral-ramus of mandible
• Anterior-pterygomandibular raphe
• Inferior -attachment of the medial pterygoid

to the inferior border of the mandible

• Inferior alveolar vessels and nerve
• Lingual nerve

Pterygomandibular
space

• Medial- medial pterygoid muscle
• Lateral-ramus of mandible
• Anterior-pterygomandibular raphe
• Inferior -attachment of the medial pterygoid

to the inferior border of the mandible

• Inferior alveolar vessels and nerve
• Lingual nerve

Parapharyngeal space • Located at base of the skull and delineated
by fascial membranes

• Separated in two compartments by styloid
process

• Communicates anteriorly with buccal,
sublingual and pterygomandibular spaces;
medially with the retropharyngeal space;
and inferiorly with spaces of the neck

• Anterior compartment: deep cervical
lymph nodes, ascending pharyngeal
artery, facial artery

• Posterior compartment: carotid
artery, internal jugular vein, vagus
nerve, hypoglossal nerve, cervical
sympathetic trunk

The palate contains several anatomic features of major
importance to us during surgery especially when we are
harvesting a sub-epithelial connective tissue graft for a root
coverage procedure. The greater and lesser palatine nerves
and blood vessels gain entrance into the palate through
the greater and lesser palatine foramina. These foram-
ina are usually located apical to the third molars. These
nerves and vessels run anteriorly within a bony groove.
This neuro-vascular bundle is usually located approxi-
mately 7–17 mm from the cement-enamel junctions of

the maxillary premolars and molars (Reiser). Severing
the greater palatine artery could lead to hemorrhage,
which can sometimes be difficult to control through local
clamping (Figure 6.5).

The naso-palatine nerve comes through the incisive
foramen to supply the sensory innervation for the palatal
mucosa from canine to canine. Surgery in this area often
requires removing or undermining the incisive papilla,
which could result in temporary paresthesia of the area
supplied (Figure 6.5).
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Frontal process

Infraorbital margin

Infraorbital foramen

Zygomatic

process

Nasal crest

Frontal process

Palatine process

Anterior nasal

spine

Nasal crest

Alveolar process

Anterior view

Medial view

Nasal notch

Maxillary sinus

Figure 6.4 Anatomy of the maxilla.

Conclusion

As surgeons working in the oral cavity, we must be cog-
nizant of the anatomic landmarks in the surgical site.
The location of nerves, vessels, and spaces as well as the
bony architecture are all important to consider during the
pre-operative planning phase. These considerations are
key to proper tissue management, ensuring proper blood
supply, hemostasis, and proper would healing.

Properties of Local Anesthesia

Local anesthesia when administered topically or by local
injection will result in a temporary loss of pain or sensation
without any effect on consciousness.

There are two main groups of dental anesthesia. The
esters and the amides:

• The esters are procaine and benzocaine that are not used
as injectable anesthesia. Benzocaine is used for topical
anesthesia.

• Amides which include Lidocaine, Articaine, Prilocaine,
and Mepivacaine are used as injectable anesthetics. Lido-
caine is also used as a topical anesthesia.

Once local anesthetic is administered it results in block-
ing the operation of specialized gates called the sodium

Table 6.3 Anatomy of the maxilla.

Anatomic feature Characteristics

Maxillary sinus • Hollow structure occupies most of the
maxilla

• Extends to canine anteriorly and third
molars posteriorly

• Lined by the Schneiderian membrane
Zygomatico-
alveolar crest

• Extends from the tip of zygomatic process to
the alveolar process opposite the first and
second molars

• Forms the posterior border of the malar
process

Palatal vault • Formed by the palatine processes and
alveolar processes of the maxilla

• Shape of the palatal vault may range from
wide and shallow to narrow and high

Greater (anterior)
palatine foramen

• Located within the palatine bone
approximately 2mm from posterior border
of hard palate and 15mm from midline and
superior to the second and third molars

• Neurovascular bundle courses anteriorly in
a groove formed at the juncture of the
palatine and alveolar processes

Palatal exostoses Midline palatine torus or palatal
exostoses/ledging usually opposite the second
or third molars

Incisive foramen • Located posterior to the central incisors and
deep to the incisive papilla

• Contains the nasopalatine neurovascular
bundle, which supplies the anterior palate
from canine to canine

Alveolar process • Forms as teeth erupt
• Bone usually thinner over labial/buccal

surfaces compared with palatal surfaces

Incisive fossa Nasopalatine

nerve

Greater palatine

nerveGreater palatine

artery

Lasser palatine

arteries

Lasser palatine

nerves

Figure 6.5 Nerve innervations and blood supply of the palate.

potential of the nerve and no nerve signals will be trans-
mitted. Nodes of Ranvier are the only location in which
the local anesthetic has access to the nerve, where multiple
sodium channels exist. When nerve signal or depolariza-
tion is blocked at three uninterrupted nodes of Ranvier, the
interruption of a nerve signal occurs.

Local anesthetics have vasodilation characteristics and
are absorbed in the circulation. Their systemic effect is
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related to their blood plasma level. CNS depression, ele-
vated heart rate, convulsions, and high blood pressure
are results of local anesthetic overdose. To counteract the
vasodilator action of local anesthetics, vasoconstrictors
such as epinephrine and levonordefrin, are added to local
anesthetics. They result in prolonging the removal of the
anesthetic from the nerve and lead to longer action.

Anesthetics have different durations of action and onset
of symptoms. The closer the physiologic pH is to the equi-
librium pH of a given anesthetic the more rapid the onset of
the anesthesia. The onset of action is slower as the acidity
of a local anesthetic increases. If local anesthesia is injected
at a site with infection, its effect will be delayed or there will
be no effect at all. Inflammation at the site of infection will
lower the normal pH value of (7.4), and this lower amount
blocks the anesthetic action by allowing small amounts of
the free base form of the anesthetic to cross the nerve sheath
to allow conduction of nerve impulses.

Properties of Ideal Anesthetic

• It should not irritate the tissue to which it is applied.
• It should not make any long-lasting changes on nerve

structure.
• Its systemic toxicity should be minimal.
• It must be effective regardless of whether it is injected

into tissue or applied locally on mucous membrane.
• The time of onset of anesthesia should be minimal.
• Duration of action must be sufficiently long to allow the

procedure to be completed but not so long as to necessi-
tate extended recovery.

• It should have enough potency to administer full anes-
thesia without supplementing additional concentrated
solutions that are potentially damaging.

• It should not produce allergic reaction.
• It should be stable in solution and should spontaneously

undergo biotransformation in the body.
• It should be sterile or capable of being sterilized by heat

without deterioration.

Techniques of Local Anesthesia

Maxillary Anesthesia

There are three major types of injections that can be per-
formed in the maxilla for pain control.

– Local infiltration: This is able to be performed in the
maxilla due to the thin cortical nature of the bone. It
involves injecting into tissue immediately around the
surgical site.

• Supraperiosteal injections
• Intraseptal injections
• Periodontal ligament injections

– Field block: A local anesthetic deposited near a larger
terminal branch of a nerve.
• Periapical injections

– Nerve block: Local anesthetic deposited near main
nerve trunk and is usually distant from operation site.
• Posterior superior alveolar
• Middle superior alveolar
• Anterior superior alveolar
• Maxillary nerve block (V2 block)
• Infraorbital
• Greater palatine
• Nasopalatine

Mandibular Anesthesia

This Infiltration technique does not work in the adult
mandible due to the dense cortical bone.

Nerve blocks are utilized to anesthetize the inferior alve-
olar, lingual, and buccal nerves.

It provides anesthesia to the pulpal, alveolar, lingual,
and buccal gingival tissue, and skin of lower lip and medial
aspect of chin on side injected.

– Inferior alveolar nerve block (IAN)
This technique involves blocking the inferior alveolar
nerve prior to entry into the mandibular lingual on the
medial aspect of the mandibular ramus.

The area of insertion is the mucous membrane on the
medial border of the mandible ramus at the intersection
of a horizontal line (*height of injection) and vertical line
(**anteroposterior plane).
*The height of the injection should be 6–10mm above the
occlusal table of the mandibular teeth.
**The Anteroposterior plane – just lateral to the pterygo-
mandibular raphe.

– Akinosi technique: Also known as the closed-mouth
mandibular nerve block. It is mostly used in patients
who have limited opening of the mandible or in those
that have trismus; spasm of the muscles of mastica-
tion. The nerves that are anesthetized in this technique
are the inferior alveolar, incisive, mental, lingual, and
mylohyoid nerves.

As Akinosi technique is an anesthetic technique that
requires penetration of a significant thickness of soft
tissues, a long needle is used. The needle is inserted
into the soft tissue that covers the medial border of the
mandibular ramus, in region of the inferior alveolar,
lingual, and mylohyoid nerves. The positioning of the
bevel of the needle is very important as it must be
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positioned away from the bone of the mandibular ramus
and instead toward the midline.

– Gow-Gates technique: It is used to provide anesthetics
to the mandible of the patient’s mouth. With the aid
of extra and intraoral landmarks, the needle is injected
into the intraoral latero-anterior surface of the condyle,
steering clear below the insertion of the lateral pterygoid
muscle. The extra oral landmarks used for this technique
are the lower border of the ear tragus, corners of the
mouth, and the angulation of the tragus on the side of
the face. All three oral sensory parts of the mandibular
branch of the trigeminal nerve and other sensory nerves
in the region will come in contact with the anesthetic
and this reduces the need to anesthetize supplementary
innervation. In comparison with other regional block

methods of anesthetizing the lower jaw, the Gow-Gates
technique has a higher success rate in fully anesthetizing
the lower jaw. One study found that out of 1200 patients
receiving injections through the Gow-Gate technique,
only 2 of them did not obtain complete anesthesia.

– Mental nerve block
The area of injection is the mucobuccal fold at or
anterior to the mental foramen. This lies between the
mandibular premolars.
The depth of injection should be 5–6 mm.
Inject 0.5–1.0 CC of local anesthesia.
Massage local anesthetic into tissue to manipulate
into mental foramen to anesthetize the incisive
branch.

Further Reading
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considerations in periodontal surgery. J. Periodontol. 42:
610–625.

Reiser, G.M., Bruno, J.F., Mahan, P.E., and Larkin, L.H.
(1996). The subepithelial connective tissue graft palatal
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Principles of Surgical Wound Closure

Wound stability, the definitive goal of wound management
in periodontal surgery, is achieved primarily by wound
closure without tension on the edges of the wound. There
are two types of periodontal wound closure healing: pri-
mary and secondary intention. Primary wound healing
occurs when there is close approximation of the wound
edges with minimal formation of a blood clot or hematoma
and no loss of tissue (Christgau 2004). On the contrary,
during secondary wound healing the wound edges do
not approximate each other delaying the healing process
(Meyle 2006). Extraction sites and apically positioned flaps
heal by secondary intention (Pippi 2017). There is a greater
risk for infection than in primary intention healing.

Sutures stabilize the wound allowing for optimal heal-
ing and is the key to maintaining adequate postoperative
wound stability (Burkhard and Lang 2000; Zuhr and
Hürzeler 2017). Additionally, one of the most important
aspects in achieving maximum wound stability during
suturing is having less tension on the wound edges (Zuhr
and Hürzeler 2017).

Periodontal surgery using magnification with a micro-
scope has been gaining interest recently primarily because
of many advantages including improved visibility to
surgical site, rapid healing, and increased patient accep-
tance (Yadav et al. 2018). Suturing during periodontal
microsurgery involves the suture needle to penetrate
perpendicular to the tissues and exit the tissues at equal
distance. In order to allow for appropriate wound approx-
imation, the suture bite is about 1.5 times the tissue
thickness.

Properties of Suture Materials

Basically, there are four features of suturing that should
be reviewed when making a decision on surgical wound
closure. These features including suture materials, sutur-
ing needles, suturing techniques, and suture thread size
(refers to the diameter of the material and it ranges from
the biggest, 1.0 to the smallest, 10.0) (Table 7.1). The ideal
suture material should have the following properties:
Christgau (2004), Koshak (2017), and Modi (2009).

(1) good tissue reaction;
(2) absent wicking effect;
(3) high tensile strength (weight required to break a

suture) to hold the wound edges together during
healing time;

(4) not cause tissue damage;
(5) good knotting property and security;
(6) good memory (after using the suture material it returns

to its initial shape) and;
(7) good elasticity (after the suture is stretched, it should

recover its original form and length).

Suture materials are classified as being absorbable or
non-absorbable. Sutures are further classified based on
the type: plain, chromic, braided monofilament, monofil-
ament, or braided. Several properties of suture materials
are reviewed in Table 7.2. The choice on which type of
suture material as well as the technique used depends on
several properties including the adequate tensile strength
for wound healing, type of wound, ease of handling, length
of time till suture removal, produce minimal or no inflam-
matory reaction, and knot security (Dennis et al. 2016;

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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Table 7.1 Features of the sutures.

Non Resorbable Thread size Resorbable Thread size

silk 3-0,4-0,5-0 Gut 4-0
Nylon 4-0,5-0,6-0 Chromic Gut 4-0,5-0
Polypropylene 5-0,6-0 PGA 3-0,4-0,5-0
e-PTFE 4-0,5-0,6-0 PGA-dyed 3-0,4-0,5-0

Table 7.2 Properties of suturing materials.

Suture Material Resorption Properties

Absorbable
Plain surgical (cat) gut Submucosa of sheep intestine or

serosa of beef intestine. Oldest
suture material

Tensile strength is maintained for
3–5 d and absorption complete
within 70 d

Not flexible (difficult to be tied
and knotted); weak

Chromic gut Submucosa of sheep intestine or
serosa of beef intestine; treated
with a chromium salt solution to
resist body enzymes

Tensile strength is maintained for
7–10 d. Prolong absorption time
over 90 d

Poor knotting property; some
tissue reactivity since it is
natural; weak

Polyglycolic acid (PGA)
(Dexon)

Braided Via hydrolysis 28–45 d Resists muscle pull; not for
extended time; may have wicking
effect

Polyglactin 910 (VICRYL) Copolymer of glycolide and
lactide with polyglactin

About 28 d; some components
will have extended time to resorb

Good knotting property; strong;
synthetic so less tissue reaction

Poliglecaprone 25
(MONOCRYL)

Monofilament (one strand) High tensile strength which
decreases overs 2 wk; Hydrolysis
91–119 d

Easy to handle; Slight tissue
reaction; approximate without
tension for extended time

Nonabsorbable
Silk Natural; braided; raw silk spun

by silkworm and coated with wax
to reduce capillary action

Has reactivity when buried in the
tissue; may have a wicking effect;
not strong

7 d
Polytetrafluoroethylene
(PTFE)

Synthetic; monofilament,

rod shaped, and are neither
expanded or dense.

No wicking effect. High tensile
strength. Ideal for bone grafting,
soft tissue grafting and implants.
Less secure knotting.

2–4 wk
Nylon (ETHILON) Synthetic; polymer of

polyethylene terephthalate
Better tissue reactivity than silk;
poor knotting

Polyester Synthetic; braided Some wicking effect because it is
braided. Better tissue reactivity
than silk; superior knotting

Source: Modi (2009)/Springer Nature.

Azmat and Council 2018). Some sutures are coated on the
surface allowing easy of knotting and movement through
the tissues, which will reduce tissue reaction. Every case
should be evaluated individually when deciding which
suture material to use that will optimize healing.

Gut sutures are made from an animal collagen, which is
slowly absorbed by intra-oral enzymes. They have mild to

moderate tensile strength, which is lost within 48 hours.
In addition, gut sutures can easily break during suturing
inhibiting flap closure. Plain gut is resorbed from 3 to 5
days, while chromic gut which is coated with a chromium
salt solution has a resorption time from 7 to 10 days and
an extended loss of tensile strength for up to 5 days. Syn-
thetic absorbable sutures (e.g. polyglycolic acid (PGA)
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is absorbed by hydrolysis and has high tensile strength,
mild tissue reaction, and a resorption rate from 21 to
28 days.

Non-absorbable sutures are available as natural sutures
(e.g. silk, cotton, linen) and synthetic sutures (e.g. nylon,
polypropylene, polyester, ethibond, polytetrafluoroethy-
lene [PTFE]). Additionally, silk can cause an inflammatory
reaction. Advantages of using silk include easy handling
and good knot security. Nylon sutures, either braided,
nonbraided, monofilament, or multifilament, have good
handling properties with less inflammatory reactions and
greater tensile strength than silk.

The “wicking” effect of sutures allows the movement
of fluids and bacteria across the suture line and up the
suture, which can cause contamination of the incision
and possible infection (Silverstein 2009). Although silk
sutures have been implicated in having a wicking effect,
some studies have not found this and reported that
Dexon had a greater wicking effect (Varma et al. 2017;
Grigg et al. 2004).

Suturing Techniques and Indications
for Use

Surgical success of a periodontal procedure involves cre-
ation of a wound with subsequent proper closure of the
wound for optimal healing to occur. There are several gen-
eral suturing guidelines that should be followed (Koshak
2017; Silverstein 2009):

(1) First suture is placed in the most distal position
and suturing continues in a mesial direction. For
continuous sling suturing begin in the most mesial
position allowing to end back in the most mesial
direction.

(2) Initially suture from the mobile tissue flap to the
non-mobile tissue flap.

(3) The needle should be held in the center or body of the
needle, not the upper or lower third (Figure 7.1).

(4) In areas where there is limited space, use a 1/2 circle
needle.

(5) Sutures should be placed approximately 2–3 mm apical
to the flap margin to avoid tension of the margin and
subsequent tearing of the flap edge.

(6) Sutures should enter at right angle to the tissue surface
when entering through the tissue to avoid developing
a tear.

(7) The suture knot should be tied close to where the suture
first entered the tissue.

(8) The suture should not be too loose yet tight enough to
ensure that the wound edges just meet without causing
tissue blanching and restricting blood supply.

After selecting the appropriate suture material, the
suture size and needle must be determined. In periodon-
tal surgery the 4-0 and 5-0 thread size are commonly
used (Table 7.1). A 5-0 thread diameter is usually used
for soft tissue grafting and a 4-0 thread is used for most
other periodontal surgical procedures. Suture needles
are classified as reverse cutting, conventional cutting, or
tapercut (used in periodontal plastic surgery) (Figure 7.2).
Reverse cutting needles are primarily used to prevent
the suture material from tearing through the papillae
or flap margins (Akifuddin 2014). The 3/8 needle is
commonly used in periodontal surgery and allows the
needle to be passed through from the buccal surface
directly through the lingual tissue in one sweep. The
1/2 needle is used in more restricted areas such as the
maxillary facial molars and in periodontal plastic surgery
procedures.

There are many different types of suturing techniques.
The decision to use one type versus another depends on
the ease of use while allowing for a tension free coaptation
of flap margins and the type of periodontal or implant sur-
gical procedure. For instance, interrupted sutures are most
commonly used in periodontal surgery. The simple loop
interrupted suture is used around implants and edentulous
areas with vertical incisions and the figure-8 interrupted
suture is used in flap closure especially when suturing

(a) (b)

Figure 7.1 This figure shows the correct way of holding the needle in b, at a perpendicular angle.
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Figure 7.2 Needles can have a triangular body called “reverse cutting”; Square one called “Conventional cutting”; and an ovale body
called “Tapercut”.

Table 7.3 Suturing techniques and features.

Suture technique Features Figures

Simple loop
interrupted

Most commonly used in
periodontal/implant surgery; if one
suture is lost there is no complete loss of
suture closure. It engages the buccal
side of the buccal flap and the buccal
side of lingual flap

Modified loop
interrupted

Same as previous, but instead of
engaging the buccal side of the lingual
flap, it will engage the lingual side of it

Periosteal Periodontal surgery; apically position a
partial thickness flap to or apical to
crest of bone for pocket elimination

Simple running or
continuous

A quicker technique which distributes
tension uniformly when used for long
edentulous areas or for quadrant flap
surgery. Only two knots are used so if
there is a knot or the suture breaks the
entire suture must be removed and
sutured again

(Continued)
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Table 7.3 (Continued)

Suture technique Features Figures

Continuous
locking

Same as simple continuous except
passing the suture through its own loop.
Edentulous regions

Vertical mattress Maximum tissue closure through
eversion of tissue margins; reduces dead
space and reduces tension across the
wound

Horizontal
mattress

Maximum tissue closure through
eversion of tissue margins; reduces dead
space and reduces tension across the
wound

Single sling Single tooth especially if there is a
narrow interdental area which will not
allow placement of single interrupted
suture (e.g. soft tissue grafting
procedures; GTR). It engages the buccal
side from either the mesial or the distal
side, wraps around the lingual coronal
side of the tooth, and it re-engages the
opposite side of the point of entry from
the buccal side of the buccal flap

Modified single
sling

Suture designed by Dr. El Chaar, to
secure a more coronal positioning of the
flap. The difference from the previous,
the re-engagement is from the lingual
side of the buccal flap. (e.g. soft tissue
grafting procedures; GTR; GBR)
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Table 7.3 (Continued)

Suture technique Features Figures

Bista sling suture Suture designed by Dr. El Chaar mainly
for soft tissue to accomplish a secured
coronally repositioning of the flap. It
engages at a mesial side of the tooth,
between the tip of the buccal flap and
the MGL, wraps around the lingual
coronal side of the tooth, engages the
lingual side of the buccal flap on the
distal side at MGL and then re-enter
closer to the tip of flap short 2mm and
wraps again at the lingual side of the
tooth ending with the knot at the mesial
side

Continuous
locking sling

Suture designed by Dr. El Chaar. It is
recommended for periodontal surgery
without GTR. The first line of suture
starts from the most anterior engaging
the buccal side of the buccal flap using
the lingual coronal part of the tooth as
an anchor and then come back
re-engaging the lingual side of the flap
using the buccal coronal side of each
tooth as an anchor and will end the
knot where we started

Circular suture This is a suture technique that can to
coapt to the lingual in a tight space. You
engage the buccal from the mesial,
engage the buccal side of the lingual,
circle re-engage the lingula side of the
lingual flap and come out from the
lingual side of the buccal and make the
knot

Crisscross For an extraction socket

(Continued)
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Table 7.3 (Continued)

Suture technique Features Figures

Periosteal Vertical
Sling Sutures

Designed by Dr. El Chaar and Dr. Matei.
This technique is very helpful for
esthetic crown lengthening when the
tissue is needed to be apically
positioned. Engage below mucogingival
one side from the buccal, come out from
the inside of the flap same side 2 to 3
mm below the papillary edge of the flap.
pass around the lingual of the tooth and
engage the inner side of the flap from
the other side, come out and re-engage
2 to 3 mm from the outside the flap, loop
around the lingual of the tooth and pass
from the entry side and make the knot

Based on Dr. El Chaar manual.

the lingual aspect of mandibular molars. The vertical
or horizontal mattress suture is used when Periosteal
suturing utilizing the mattress technique allows for pre-
cise stable positioning of the apically positioned flap at
or slightly below the alveolar crest without movement

of the flap. This is accomplished by allowing the needle
to slip between the bone and periosteum, thus tack-
ing down the periosteum. Table 7.3 reviews different
suturing techniques used in periodontal and implant
surgery.
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Introduction

Decay and periodontal disease are the two major causes of
tooth loss. As the treatment of dental caries aims at restor-
ing teeth in form and function for the long term, so it is
that periodontal treatment is intended to reduce the risk of
alveolar bone loss.

To that end, periodontal probing depths or pockets
have been associated with not only the likely presence
of periodontitis but also the poor maintainability of such
sites may be associated with progressive deterioration and
attachment loss.

Typically periodontitis affects the alveolar bone crest in
a manner best described as reverse architecture where the
interproximal alveolar crest is found to be more apical than
its vestibular counterpart; this is because the plaque front
and the ensuing periodontal breakdown occurs usually,
where the lesion is primarily and initially initiated.

This osseous crestal loss resulting from periodontal dis-
ease does not in turn dictate the formation of soft tissue
craters. In fact the soft tissue margin, under each and all
circumstances, follows the radicular anatomy, not the bone.

Specifically, the soft tissue follows either the root surface
down on the convex part of the vestibular portion of the
roots or up on the concave and proximal radicular surfaces.

It is these discrepancies that result in the increased
periodontal probing depths where the dynamics of the soft
tissue cannot conform to osseous changes resulting from
periodontal deterioration.

The rational for treatment is based on the fact that deep
periodontal probing depths can be the result of periodontal
deterioration but also provide an environment favorable to
bacterial growth.

Then one treatment alternative in the form of osseous
resective surgery is a way by which periodontal tissues may
be repositioned usually, as positive architecture, more api-
cally to where it had been prior. This results in an osseous

topography in harmony with soft tissue contours leading to
sustainable probing depths reductions.

In order to achieve an osseous crest to a positive architec-
ture, it should be in harmony with the soft tissue thereby
resulting in a reduction in periodontal probing depths
(Schluger 1949).

Material and Methods up to including flap design and
osseous recontouring, as well as suturing are similar to
crown lengthening.

Osseous Surgery

The technique for osseous recontouring in these cases is
similar in many ways to that used for functional crown
lengthening.

Following incisions and flap elevations, osteoplasty is
usually implemented first to ramp the alveolar bony hous-
ing gently and coronally toward the surface of the tooth in
a manner similar to the one described for a crown length-
ening where a thin lip of crestal bone is left on the tooth
to then be removed with sharp chisels. This avoids any
unwanted nicking of the tooth with a rotary instrument.
Interproximally the alveolus is handled much in the same
fashion as the vestibular bone with gentle and gradual
ramping to create an osseous peak just apical to the contact
area. Once this is accomplished, residual osseous peaks
found at transitional line angles and often referred to as
widow’s peaks, should be removed gently with dedicated
and sharp bone chisels to achieve completely smooth
contours (Friedman 1955).

As a result of this osseous recontouring a parabolic
osseous crest has been created that is in harmony with the
radicular anatomy and the overlying soft tissue. To be sure,
the technique should be applied judiciously and on an
individual basis depending on the degree of radicular cur-
vature and other potential limiting factors to be discussed

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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later. There are times, for example, when the degree of
osseous resection needed may in fact be modified and
reduced; instead, odontoplasty is used where convexities
and concavities may be modified on a case by case basis
(Oschenbein 1986).

In order and for the purpose of resective surgery, fur-
cation areas are treated much the same way as proximal
surfaces as if two separate teeth were present. This con-
forms with the corresponding dental anatomy and prevents
a furcal exposure. Bear in mind that the surgical approach
should have been anticipated in the outline of the incisions
and flap design.

Once the osseous surgery is done, the flap is adapted and
sutured much in the same way as described in the crown
lengthening section.

Post-surgical care is similar to crown lengthening.

Limitations and Contraindications
to Osseous Resective Surgery

Root trunks, furcations, radicular grooves, anatomical cross
sections, esthetics, degree of existing attachment loss; all
are potential limiting factors for osseous surgery that the
surgeon must anticipate and avoid the potential of creating
an iatrogenic problem such as a furcation exposure.

One should note that when it comes to osseous resective
surgery as a treatment alternative for periodontal probing
depth reduction, Ochsenbein, Tibet’s and their coworkers
had focused their published observations on medium size
interproximal osseous craters usually associated with a
fairly moderate condition. As such the limiting factors
discussed above were not really an issue within the context
of this work. These are considerations however when
such surgical techniques are applied to more severe cases
(Oschenbein and Bohanan 1954; Tibetts et al. 1976; Smith
et al. 1980; Olson et al. 1985).

To be sure the potential to create a positive osseous archi-
tecture surgically from the reverse osseous crest associated
with periodontal deterioration is essentially limited by
the anatomical factors outline earlier, where a potential
iatrogenic problem results from attempts to address the
actual condition. One way to stem the potential issues
raised by osseous respective surgery is to have as a final
objective not strictly a completely positive architecture but
rather a reverse architecture with a positive flow where the
osseous crest is gradually reshaped so that each proximal
area is coronal only to its adjacent vestibular counterparts.

In such instances where osseous resective surgery is
in fact contra indicated, decisions may be called upon to
choose non-surgical or regenerative treatment alternatives
described in other sections.
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Functional Crown Lengthening
Thierry Abitbol

Arthur Ashman Department of Periodontics and Implant Dentistry, New York University, New York, NY, USA

Introduction

Broadly defined, a crown lengthening is a surgical proce-
dure whereby additional tooth structure is exposed coronal
to the free gingival margin. Indications may be functional
to allow for the restoration of a severely broken-down or
decayed tooth or when an improvement may be indicated
in the esthetic zone. In this chapter, we will focus on the
functional one.

In terms of function and the basic restoration of tooth
structure, the concept of biologic width must be invoked.
Specifically, roughly 2 mm of pristine unrestored tooth
structure should be made available therapeutically for the
connective tissue attachment to the tooth and its epithelial
interface between the restorative margin and the alveolar
crest. If that is not planned, then, it is likely that the result-
ing restorative margins will impinge on the periodontal
hard and soft tissues, which would affect the long term
prognosis (Cohen 1964; Schroeder and Listgarten 1971;
Kois 1996; Camargo et al. 2007).

As a surgical procedure, a crown lengthening may be
called upon in the esthetic zone if maxillary anterior teeth
appear short either as a result of congenital or acquired
excessive gingival display (Nevins and Skurow 1984; Allen
1993; Vacek et al. 1994; Herrero et al. 1995; Lanning et al.
2004; Camargo et al. 2007).

In all its indications and applications, a crown length-
ening is a resective procedure where the marginal
periodontium is positioned apically so that additional tooth
structure is exposed supragingivally (Nevins and Skurow
1984; Parma-Benfenali et al. 1985; Wagenberg et al. 1989;
Sorensen and Engelman 1990; Vacek et al. 1994).

As would be the case for any periodontal surgery,
a pre-treatment checklist should be considered based
on sound guiding principles and a reliable and easily
reproducible road map.

Checklist

This well planned coordinated chronological checklist
should include:

1. A thorough medical history.
2. A complete dental history and examination.
3. Treatment objective agreed upon by all treating dentists

and clearly understood by the patient.
4. Soft tissue analysis; at the time of the relative absence

of pre surgical inflammation, depth of the mucobuccal
fold, width of keratinized gingiva, biotype, and peri-
odontal probing depths. These would be significant
determinants of incisions and flap designs as we will
discuss later.
Relevant considerations as to osseous anatomy: the
presence or absence of bony ledges, tori, or buttress-
ing bone.

5. Presence of periodontal disease as evidenced by deep
periodontal probing depths and osseous craters. These
are specifically relevant as to the nature and extent
surgery planned.

6. Important aspects of dental anatomy which include
proximal surfaces and vestibular convexities or lack
thereof, anatomical furcations, root trunk lengths,
radicular fluting, and cross section root anatomy. These
considerations are relevant as to the viability and indi-
cations of the surgery in the first place and whether the
tooth should even be so treated in the first place and
whether the new osseous crest result in unrestorable
root surfaces or furcation exposures.

7. Sterility of the surgical field. An oral antiseptic such as
Chlorhexidine should be considered for rinsing during
the surgery.

8. Anesthesia. Because the type of treatment involved
is directed primarily at relatively superficial areas,

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc.



�

� �

�

80 9 Functional Crown Lengthening

local infiltrations are usually sufficient to provide
comfort. A fair concentration of epinephrine is recom-
mended for adequate vasoconstriction. This helps with
visualization and a more deliberate procedure.

9. Incisions. Reverse bevel or sub marginal versus intra-
sulcular and flap design.
Depending on the width of keratinized tissue, this will
dictate the choice of a submarginal or a reverse bevel
incision where a soft tissue collar is removed, for con-
venience if sufficient tissue is available.
More specifically however, with a minimal width of
keratinized gingiva, an intrasulcular incision is favored.
Palatal incisions however are always submarginal since,
in the absence of a mucogingival junction and with a
resulting ample width of keratinized tissue, the final
position of the new gingival margin must be worked
into the initial flap design and anticipated in that initial
incision, a concept referred to as crestal anticipation.
Releasing incisions and flap extension for access both
mesiodistally and apicoronally.
In order to have sufficient operational access and be
able to a create a smooth and continuous flow in the
osseous topography, one that would be compatible
with a physiologic architecture, and flaps need to be
designed and sufficiently extended with that purpose in
mind. Within the area of osseous recontouring, the flap
should logically be a full thickness elevation, partial
thickness dissections to be addressed later with respect
to suturing. The mesiodistal extent of soft tissue flaps
should be based on passive retraction for access and
instrumentation. This can be done by extending the flap
sufficiently on either side beyond the operating field or
by making judicious use of vertical release incisions.
Before assigning a blanket and perhaps prejudicious
appreciation of vertical releasing incisions, one should
consider the fact that when such techniques are used
for augmentation procedures, the vascular disruption
caused by the incision itself is not easily compensated
for due to tissue distention caused by the added regen-
erative materials; as a result, poor healing may occur; in
such cases, a sufficient mesiodistal extension of the flap
beyond the area of treatment may be advisable. In cases
of resective procedures however, a release incision will
be repositioned and the vascular disruption may not
have any untoward effect on post-operative healing
on the palate in the absence of mucosa, it is hard to
imagine how adequate access for instrumentation can
be accomplished without a vertical release. As to proper
vascularization and the integrity of a flap with a vertical
release, it is advisable that such incisions be placed at
line angles.

Full thickness and partial thickness flaps; instances
where periosteal retention of the suture for the purpose
of apical positioning (Nabers 1954; Friedman 1962;
Morgano and Brackett 2000).

10. Flap design is the result of the tension free access
needed for instrumentation, including root surface
debridement and osseous reshaping. Since it is more
likely than not that osseous recontouring should be
anticipated, flaps should be mostly of the full thickness
design. If periosteal retention is needed for suturing
purposes, however, then the apical extent of the flap
may be of a partial thickness dissection variety. This
is usually indicated when minimal keratinized tissue
dictates a sulcular incision and the flap needs to posi-
tioned apically. A full thickness flap may be produced
with the use of a blunt surgical instrument, typically a
Prichard elevator. Full thickness dissections however
usually commend the use of sharp instrumentation
such as disposable blades or sharp surgical scissors.
When it comes to osseous surgery, objectives should be
achieved completely and yet with no iatrogenic injury.
If alveolar bone is to be removed, then it should be given
a final physiologic shape compatible with optimal short
term healing and long term health. To that end vestibu-
lar and inter proximal bone should be give an even grad-
ual ramp to the root surface and the interproximal area
in the form of inter dental sluiceways. Residual bony
ledges should be avoided and removed.

Osseous Surgery

1. Surgical Narrative
As to osseous surgery, definitions based on the type
of bone being removed are in order. Specifically it is
ostectomy if supporting bone is removed, principally
at the dental osseous interface and presumably for the
purpose of allowing for a biologic width. Osteoplasty
or the removal of non-supporting alveolar bone is
instrumental for optimum and physiologic flap adap-
tation, optimal healing, and long term health. Often,
odontoplasty should be considered and implemented
judiciously when radicular irregularities, convexities,
and concavities may constitute and obstacle to the
objectives of the procedure (Schluger 1949; Friedman
1955; Ariaudo and Tyrell 1957; Costless et al. 1977;
Garber et al. 1999; Dilbart et al. 2003).
When removing bone at the dental interface, care
should be taken to avoid the potential for iatrogenic
incidents. There, osseous surgery should be done with
an up and down gentle brushing motion away from
the dental surface with a sharp rotary instrument. In
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so doing, a thin sleeve of bone usually remains on
the tooth to be removed as needed with sharp chisels
such as the Ochsenbein chisels, thereby avoiding the
potential for nicking the tooth with a bur. As to the
latter, round carbide and diamond burs should be used.
For mandibular osseous surgery, a round carbide may
be preferable due to the greater bone density. With
the softer maxillary bone diamonds may be better for
greater control. Medium size burs are recommended
since larger diameters may not allow proper instru-
mentation and smaller burs may cause inadvertent
knicks.
When using high speed instrumentation, copious irriga-
tion is warranted to reduce the risks of traumatic over-
heating injuries.
When the objectives of the surgery are achieved, the
passive adaptation of the soft tissue flaps, a result of
initial design and incisions, is verified prior to suturing
(Oschenbein 1986; Oakley et al. 1999; Pontoriero and
Carnevale 2001; Dead et al. 2004).
In general, sutures may be continuous or interrupted,
although an interrupted suture should be considered
when periosteal retention is needed for apical position-
ing of the flap. Simple sutures may be sufficient but
vertical mattresses may lead to better adaptation of the
soft tissue to the recontoured bone (Kramer et al. 1970;
Bragger et al. 1992; Lanning et al. 2003).

2. Post-operative directions should include the following:
A period of time where tooth brushing and floss-

ing in the area of the surgery are suspended and

an antimicrobial rinse is used usually twice daily
during that time. Antibiotics or analgesics are not
necessarily indicated.

A period of time of about 30 days is usually allowed prior
to restorative treatment for optimum healing and the
reestablishment of a dentogingival interface.

The surgical principles and techniques described ear-
lier may be applied to multiple or single units, in the
esthetic zone in cases of prosthetic reconstructions or in
the treatment of altered passive eruption.
For the purpose of establishing a biologically viable
restorative margin and when esthetic corrections are
duly called, the techniques described offer some clear
and advantageous alternative. To be sure when the
surgery includes the removal of supporting bone, then
the following should be considered as limiting factors
or potential contra indications:

– The anatomy of the treated or adjacent teeth, specif-
ically the root trunk length or fluting and eventual
restorability.

– The root trunk dimensions or the anatomical furca-
tion in the area of treatment.

– The technique of a forced orthodontic eruption
is often mentioned as an alternate to a resective
surgery. In the proper and ideal clinical circum-
stances, it may be a bone sparring option to achieve
the desired tooth surface exposure. It is often a
tedious and time consuming procedure however
and is not usually viable for multi-rooted teeth
where the treatment is often indicated.
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Root Amputation
Wayne Kye

Ashman Department of Periodontology and Implant Dentistry, New York University College of Dentistry, New York, NY, USA

Overview

Periodontitis is a chronic inflammatory condition that
results in the loss of the periodontal attachment appara-
tus, namely, alveolar bone, cementum, and periodontal
ligament. Traditional treatment modalities to manage this
condition include, but are not limited to, non-surgical
periodontal debridement, various pharmacotherapeutic
agents, and resective and regenerative surgical procedures.
It may also involve dentoalveolar extractions, with or
without alveolar ridge preservation, in preparation for a
subsequent implant-restoration.

Multirooted teeth often present with complex anatomi-
cal features that not only contribute to the initiation and
progression of periodontal disease, but also complicate
periodontal treatment and inhibit adequate patient home-
care (DeSanctis and Murphy 2000; Al-Shammari et al.
2001). In their long term tooth retention study, Hirschfeld
and Wasserman (1978) reported that the maxillary first
and second molars are the teeth most frequently lost in the
mouth. It is not a coincidence that once a tooth becomes
furcally involved, the treatment becomes more complex,
and the prognosis decreases. However, this is in contrast to
the study by Ross and Thompson (1980), which concluded
many molars with furcation involvement functioned well
from 5 to 24 years and suggested that their prognosis and
treatment be reconsidered. They emphasized that treat-
ment did not include any root amputation, hemisection,
osseous surgery, odontoplasty, osteoplasty, or ostectomy
(Figure 10.1).

Treatment of furcation involved teeth is often dictated
by the degree of furcation involvement. Root amputation
was first introduced by Farrar (1884) as a “radical and
heroic” treatment alternative for classes II and III furca-
tion involved molars. Over the next century, root resection

has developed into a fundamental part of the periodontal
armamentarium for the treatment of furcally involved
multi-rooted teeth. However, with the advent and high
success rates of dental implants, the trend in treatment
selection for multi-rooted teeth with severe furcation
involvement has shifted away from one of tooth preserva-
tion towards that of extraction with subsequent implant
placement and restoration. Nevertheless, the periodontist,
whose primary goal is to diagnose and treat periodontal
disease and maintain teeth in form and function when pos-
sible, should not disregard root resection as a viable treat-
ment alternative when indicated (Figures 10.1 and 10.2).

Terminology

Inconsistent usage of the terms root resection, root ampu-
tation, hemisection, and root separation can be found
throughout the literature. Nevertheless, Shillingburg et al.
(1997) has adopted the following terminology:

• Root amputation is defined as the surgical removal of
one or more root(s) of a multi-rooted tooth, at the level
of the cementoenamel junction, without the removal of
the overhanging portion of the crown.

• Root resection is defined as the complete or partial
surgical removal of a tooth root. Root resection is dis-
tinguished from root amputation in that the former
provides no information regarding the crown of the root.

• Hemisection is defined as the surgical separation of
a multi-rooted tooth (generally a mandibular molar),
through the furcation thus permitting the subsequent
removal of both the crown and root of the sectioned
tooth as one entity.

• Root separation is defined as the surgical separation
through a crown and root of a multi-rooted tooth without
the subsequent removal of either half.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc.
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Figure 10.1 Pre-operative radiograph. Twenty-five year old
healthy male presents with a chief complaint “I have a bad taste
in my mouth. This tooth had a root canal over 10 years ago and
was retreated 5 years later.” Radiograph reveals a significant
periapical radiolucent lesion approximating the mesiobuccal
root. Clinical presence of a sinus tract opening noted with
purulent discharge. MB probing depth of 10+mm with bleeding
on probing.

Figure 10.2 Flap reflection. Upon flap reflection, root
perforation of the mesiobuccal root is confirmed. Note the
complete buccal dehiscence of the distobuccal root. No clinical
mobility was noted.

Indications and Contraindications

The indications and contraindications for root resection
were first outlined by Basaraba (1969). Later, Minsk and
Polson (2006) proposed inclusion of teeth with high strate-
gic value as an additional indication. This is of particular

Figure 10.3 Mesiobuccal root resection. Root resection of the
mesiobuccal root is completed with a rotary handpiece and
surgical length cross-fissure bur. Subsequent odontoplasty
completed to recontour and remove any ledges.

importance when related to sites that are unable to receive
implants (Figure 10.3).

Indications Include

1. Isolated areas of severe bone loss involving an individual
root

2. Fractured root
3. Failure of endodontic therapy or inoperable/calcified

canals
4. Bone resorption involving the furcation of multi-rooted

teeth
5. Close interdental root proximity making plaque control

impossible
6. Extensive root exposure contraindicating new attach-

ment procedures
7. Root or furcation perforation
8. Root resorption (internal and/or external)
9. Extensive caries in the furcation/roots

Contraindications Include

1. Advanced bone loss and secondary occlusal trauma
2. Individual roots fused or in close proximity
3. Remaining root cannot be restored and/or endodonti-

cally treated
4. Poor root form or length of retained roots
5. Apical location of furcation area resulting in severely

compromised bone support of remaining root(s)
6. Inability to create a good post-surgical mucogingival

environment with an adequate zone of attached gingiva
and vestibular depth
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Figure 10.4 Surgical closure. Small particle cortical freeze-dried
bone allograft and a resorbable Type I bovine collagen
membrane were utilized to graft the socket.

7. Evidence of poor oral hygiene
8. When interdisciplinary therapy (endodontics, periodon-

tics, restorative) is not possible due to patient’s finances
or medical history (Figure 10.4).

Advantages and Disadvantages

As clinicians, it’s important to highlight the advantages
and disadvantages for our patients so that they may make
the best informed decision, based on our understanding
of the evidence-based literature. Some advantages of root
resective procedures may include, but are not limited to,
(i) preservation of the alveolar ridge by retaining the tooth
in the alveolus, (ii) financial and psychological aspects of
maintaining a natural tooth, (iii) when teeth are in prox-
imity of anatomic landmarks which prevent more invasive
surgical therapies, and (iv) avoiding extensive rehabilita-
tive and reconstructive procedures (i.e. Caldwell-Luc sinus
augmentation, ridge augmentation, etc.).

One must also consider the various disadvantages,
including but are not limited to (i) technique sensitive
procedure which requires extensive surgical experience
and skill, (ii) financial: price of endodontic, periodontic,
and prosthetic treatment versus extraction and implant,
and (iii) risk that procedure may ultimately fail and result
in extraction.

Armamentarium

• Basic periodontal surgical kit:
⚬ Mirrors
⚬ Periodontal probe
⚬ Nabers probe
⚬ College pliers
⚬ Scalpel handles

⚬ Orban 1/2 knife
⚬ Chisels (i.e. Rhodes back-action, TGO)
⚬ Aspirating syringe
⚬ Iris scissors
⚬ Elevators (i.e. Buser, Prichard)
⚬ Curettes (i.e. Gracey, Prichard 1/2, Lucas 87 DE)
⚬ Files (i.e. Sugarman, Hirschfeld)
⚬ Stainless steel bowl
⚬ Sterile saline
⚬ Tissue forceps
⚬ Curved hemostat
⚬ Needle holder

• Rotary instrumentation:
⚬ High speed handpiece
⚬ Surgical length fissure cut carbide burs (for root resec-

tion)
⚬ Diamond rotary burs (for root resection and/or recon-

touring)
• Sutures
• Resorbable collagen membrane
• Bone replacement graft

Surgical Technique

After successful anesthesia has been obtained, appropriate
incisions are performed and a full-thickness mucope-
riosteal flap is elevated to increase visualization and obtain
access to the alveolar bone and roots. Proper identifi-
cation of the root(s) to be resected and confirmation of
the proposed therapy is established. Utilizing a high-speed
handpiece under copious irrigation, attach a bur that would
most appropriately resect the root(s) without damaging
the surrounding structures. Often times, a long fissure cut
carbide bur (i.e. 701XL) or diamond bur can be utilized
with great success. Begin the resection from the furcation
area. For example, if either the mesiobuccal or distobuccal
root is to be resected, begin from the buccal furcation
area towards the crown, taking care not to inadvertently
damage the palatal root. Continue to reduce the resected
root structure in order to gain access for elevation and
extraction of the intended root(s). It is imperative to be
conservative in the initial resection; further resection
is always possible, if needed. Once the resection is com-
pleted, carefully remove the resected root(s). Thoroughly
degranulate the socket and furcation area of any granulo-
matous tissue. Undercuts, ledges and sharp corners should
be recontoured accordingly. As reported by Livada et al.
(2014), grafting the residual socket of the resected root is
recommended. A small particle freeze-dried bone allograft
with a resorbable collagen membrane is preferred. The flap
is repositioned and sutured. Post-surgical instructions are
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Figure 10.5 1-month post-surgical radiograph. Uneventful
post-surgical healing. Radiograph suggests good consolidation
of bone replacement graft.

provided verbally and in written form. Medications may
include an antiseptic mouthrinse (i.e. 0.12% Chlorhexidine
Gluconate), an analgesic/anti-inflammatory (non-steroidal
anti-inflammatory drugs [NSAID]), and a systemic antibi-
otic. Radiographs can be helpful during the procedure to
ensure that successful root resection has been performed.
Also, it may help identify any ledges that need to be recon-
toured. If a bone replacement graft is utilized, a post-graft
radiograph is important to obtain (Figure 10.5).

Complications

a) Incomplete removal of ledges or undercuts
b) Iatrogenic rotary instrumentation of other roots

Outcome and Follow-up

Hamp et al. treated 310 multi-rooted teeth with various
degrees of furcation involvement. Treatment modalities
included scaling and root planing, open flap debride-
ment with and without odontoplasty, and/or osteoplasty
for degree I furcation involvement. Degree II furcation
involved teeth were treated with either root resection,
tunnel preparation, or extraction. Eighty-seven teeth (39
maxillary and 44 mandibular molars, 4 premolars) were
treated with root resection performed with open flap
debridement. Of the 87 teeth that were root resected,
90% had probing depths less than or equal to 3 mm and
100% were maintained at five-year follow-up. The authors
attribute the success to meticulous plaque control by both
the patient and the clinician. Additionally, the authors pro-
pose the following factors as important when considering

which root to resect: the amount of residual supporting
tissue around each root, the root and root canal anatomy as
it relates to root canal treatment, the periapical condition
and mobility of the remaining roots, and the amount of
residual supporting tissue around each roots (Hamp et al.
1975).

In a 10-year retrospective study of 50 maxillary and 50
mandibular molars treated with root resection, Langer
et al. reported survival rates of 84 and 62% at 5- and 10-year
follow-up, respectively. The authors identified root fracture
as the primary cause of failure (47.4%), followed by peri-
odontal breakdown (26.3%), endodontic failure (18.4%),
and cement washout (7.9%). Periodontal breakdown
accounted for the majority of failures in the maxillary arch
while root fracture was the primary cause of failure in
the mandibular arch. Overall, greater success rates were
observed in maxillary molars (Langer et al. 1981).

Results from an 11-year retrospective analysis of 488
resected molars reported greater success rates (94%) than
those reported by Langer in 1981 (Carnevale et al. 1991).
Of the 28 failures (5.7%), the primary cause of failure was
attributed to root fracture followed by caries. In 1998,
Carnevale published the results of a 10-year longitudinal
study in in which the authors performed osseous recon-
touring and apically positioned flaps on non-furcation
involved teeth. 175 teeth were subjected to root resection
(test) and compared with 175 teeth without root resection
(control). The reported 10-year survival rate for the root
resected teeth and non-resected teeth were 93 and 99%,
respectively. Endodontic complications accounted for the
majority of failures (33%) followed by caries (25%), peri-
odontal disease recurrence (25%), and root fracture (17%)
(Carnevale et al. 1998).

In a 10-year retrospective study by Park et al. that
included 691 root resected teeth, the authors studied the
factors that influenced the outcome of root resection ther-
apy. The factors included in the study were categorized into
four groups: resection, patient, tooth, and site related fac-
tors. With respect to resection related factors, the authors
reported higher survival rates for molars that underwent
resection due to periodontal rather than non-periodontal
reasons. Neither patient related nor tooth related fac-
tors influenced the survival rate of root resected molars.
However, consistent with the results of Langer in 1981,
periodontal complications were identified as the primary
cause of failure in the maxillary arch, whereas root fracture
and dental caries accounted for the majority of failures
in the mandible. Additionally, the authors identified the
amount of bone support around the remaining root(s)
at the time of surgery as the sole site related factor that
significantly affected the survival rate of root resected teeth
resected due to periodontal causes. In fact, the authors
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conclude that 50% remaining bone support is required to
achieve optimal results and predictability (Park et al. 2009).

A retrospective study with up to 40 years of follow-up on
root resection and hemi-section outcomes by Megarbane
et al. reported an overall survival rate of 94.8%. Of the 97
teeth included in the final analysis, only 5 teeth were lost
during the first 5 years of follow-up, the remaining 92 teeth
survived the follow-up period from 5 to 40 years. No signif-
icant differences were found between arches, molars, type
of root resected, nor type of restoration. Of the 5 teeth that
failed, the authors report a significant association with dia-
betes (Odds Ratio: 9) (Megarbane et al. 2018).

In a recent systematic review and meta-analysis on the
outcome of crown and root resection, the reported weighted
mean survival rate for root resected molars was 87.2%. In
contrast to Langer et al. (1981), no statistically significant
difference in survival rates between arches was found
(Setzer et al. 2019).

While clinical outcomes appear inconsistent throughout
the literature, the majority of authors agree that endodontic
and technical complications such as root fracture are the
most predominant complication attributed to root resection
(Figure 10.6).

Given the increased susceptibility to root fracture,
Gerstein (1977) advocates full coverage crowns as the
restorative treatment of choice for endodontically treated
root resected teeth. Final crown design and preparation
of root resected teeth is complicated by the unique con-
tours and anatomy of the remaining portion of the tooth.
Thus, the crown must be designed to compensate for such
variations. For example, Keough 1982 observed that root
resected maxillary molars acquire an L-shaped configu-
ration when viewed occlusally. An acute angle between
the two legs of the “L” creates a cul-de-sac which, if

Figure 10.6 7-year follow-up (clinical). A new full-coverage
ceramic restoration was fabricated and delivered three years
post-surgical. There was some lapse in regular perio recall
appointments.

ignored, can impair access for proper oral hygiene (Keough
1982). Additionally, both maxillary and mandibular molars
present with root concavities that have to be considered
when designing the outline of the final crown prepa-
ration, as they may require odontoplasty to ensure the
achievement of proper contours (Bower 1979).

With regards to occlusal design, Basaraba 1969 advocates
occlusal narrowing through reduction of the non-working
cusps in an effort to direct forces apically and parallel along
the long axis of the root resected tooth. Furthermore, com-
plete elimination of all excursive contacts is recommended
(Basaraba 1969). Abrams and Trachtenberg (1974) suggest
a provisionalization phase in an effort to ensure that proper
hygienic contours and line angles are achieved prior to the
fabrication of the final restoration.

Implants Versus Root Resection

Root resection is a technique sensitive procedure with a
complexity that may account for the variability in clinical
success rates reported throughout the literature. It begs
the question of whether or not root resection can provide
predictable results comparable with those of implants. In
2001, Fugazzotto evaluated 701 root resected teeth and
1472 molar implants with 13 and 15 years of follow-up,
respectively. Comparable survival rates were reported
for both groups: 97% molar implants and 96.8% for root
resected molars. The lowest success rate was reported
for the resection of the distal root of mandibular molars
(75%). The lowest success reported for the single molar
implant was the second molar position (85%). In 2009,
Zafiropoulos et al. performed a retrospective study on the
long term complication and survival rates of root resected
mandibular molars relative to mandibular molar implants
during a maintenance care period of four years. Higher
complication rates were reported for root resected molars
than molar implants (32.1 versus 11.1% respectively).
Root resected teeth were 3.8 times more likely to present
complications compared with implants. In contrast to the
majority of post-treatment complications present in the
implant group, the majority of the complications present
in the resected group were considered non-salvageable
(Zafiropoulos et al. 2009).

Vital Root Resection

Vital root resection has been documented as a high-risk
procedure and can negatively affect tooth vitality. Thus,
endodontic treatment on the remaining roots is of utmost
importance for the long term success of treatment
(Gerstein 1977). When possible, endodontic treatment
should be performed prior to root resection. However,
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Figure 10.7 7-year follow-up (radiograph). Radiograph suggests
good maturation and maintenance of bone replacement graft.

it does provide several advantages to consider (Smukler
and Tagger 1976). First of all, it allows for direct surgical
assessment of the root(s) to be resected. It would also avoid
unnecessary endodontic treatment in cases where the pro-
cedures should be aborted (i.e. root proximity, root fusion,

ankylosis). As a consequence, the absence of root canal
therapy would decrease the likelihood of a root fracture. It
should be noted that adverse periodontal wound healing
has not been a common finding (Figure 10.7).

However, it is not always possible to predict treatment
prior to surgical visualization of a defect. If resection
is required at the time of surgery before the tooth has
been root canal treated, vital root amputation can still
be performed providing the remaining root(s) are treated
endodontically within two weeks of resection (Smukler
and Tagger 1976).

Several risks and/or disadvantages to consider with vital
root resection include:

• Increased sensitivity during initial post-op period
• Difficulty in maintaining asepsis
• Difficulty in obtaining profound anesthesia for endodon-

tic therapy
• Difficulty in attaining access and vision for calcium

hydroxide placement
• Increases potential for internal root resorption
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Overview

Treatment of chronic periodontitis represents a signif-
icant health care challenge, especially at a time when
periodontal–restorative dilemmas exist as to whether to
save a tooth with limited periodontium or extract it and
place a dental implant. Periodontally compromised but
treated teeth are known to have survival rates equal to
those of implants in well-maintained patients.

The ultimate therapeutic goal of therapy is to rebuild
the tissues lost to the disease process with tissues that are
structurally and functionally similar. Historically attempts
to treat advanced forms of periodontitis were largely empir-
ical and included conventional treatment that resulted in
the arrest the disease but did not usually regain the bone
support or connective tissue lost in the disease process.
Treatment approaches were primarily resective to reduce
probing depths. Formation of a long junctional epithelium
is the most common form of tissue repair and typical
outcome of traditional periodontal surgery.

Periodontal regeneration has been reported following
a variety of approaches involving root surface biomodifi-
cation, coronally advanced flaps (CAF), and use of bone
grafts. However clinical situations that exhibited signifi-
cant regrowth of bone often showed an epithelial lining
along the root surface instead of newly formed cementum.

Guided tissue regeneration (GTR) is based on the princi-
ple that specific cells contribute to the formation of specific
tissues. Exclusion of the faster-growing epithelium and
connective tissue from a periodontal defect allows the
slower-growing tissues to occupy the space adjacent to the
tooth. Osteoblasts, cementoblasts, and periodontal liga-
ment (PDL) cells are able to regenerate a new periodontium
(new connective tissue fibers inserted into newly formed

cementum and bone). The concept behind this method
is that PDL and perivascular cells have the potential for
regeneration of periodontium.

The concept GTR evolved over a period of years by
pioneers pursuing elusive scientific evidence. Prichard’s
concept of interdental denudation showing new attach-
ment in the treatment of three-wall intrabony defects was
a seminal contribution. Although the concept of epithelial
retardation or exclusion was not mentioned in his reports,
this led to other approaches such as total removal of inter-
dental papilla covering the defect and its replacement with
a free autogenous graft from the palate with the expec-
tation that during healing the graft epithelium necroses
and is slowly replaced by proliferating epithelium from the
surrounding tissue, a method that has no clinical applica-
tion. Elimination of pocket or junctional epithelium from
the flap margin is not sufficient because epithelium may
eventually proliferate and become interposed between the
connective tissue of the flap and the root surface.

The seminal work of Melcher shed light on the concept
that all the periodontium’s key components of the alveolar
bone, cementum, and PDL play crucial roles in periodontal
healing and regeneration. This notion laid the groundwork
for the focus on directed wound regeneration via the exclu-
sion of epithelium and the lamina propria of the gingiva
with the progenitor cells present in the PDL.

GTR requires placement of barriers to cover furcation
and intrabony defects to separate them from epithelium
and gingival connective tissue allowing repopulation of
the sites by cells from the PDL and bone. Non-resorbable
barriers such as polytetrafluoroethylene (PTFE), that
required a second procedure four to six weeks after the
initial healing, are no longer used. Instead a variety of
resorbable membranes are available.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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Indications

Repair and Regeneration in Periodontal Defects

1. Class II furcation defects
2. Two to three walled intrabony and circumferential

defects
3. Recession defects

GTR for Furcation Defects

Molar furcation involvement is one of the most common
dento-alveolar sequelae of periodontal disease. The appli-
cation of a specific treatment method for furcation involve-
ment requires a thorough understanding of tooth anatomy,
etiologic factors, and biologic basis for treatment modali-
ties.

Clinical closure of furcation defects by means of GTR
procedures has been extensively investigated but optimal
results in all cases have been elusive. However, soft tissue
closure and decrease in probing depths in class II fur-
cations and less frequently complete regeneration have
been reported. Class III furcation involved mandibular and
maxillary molars have not shown any significant favorable
results.

Technique
Before attempting any regenerative therapy, an initial
non-surgical hygienic phase is crucial. This includes
patient education on oral hygiene, scaling and root plan-
ing, anti- bacterial therapy, and removal of plaque retentive
factors, all aimed to yield a good tissue response by
eliminating infection and reducing the inflammatory
component (Figure 11.1).

Sulcular incisions are made on the buccal (Figure 11.2).
After flap reflection and thorough debridement, a prefgel

Figure 11.1 After initial therapy and resolution of inflammation.

Figure 11.2 An intrasulcular incisions with papilla sparing done
on the adjacent papillas and a full thickness flap was raised.

Figure 11.3 A root conditioner was applied for 2 minutes and
rinsed thoroughly with saline water.

root conditioner is placed and rinsed out 2 mins after
application (Figure 11.3), followed by placement of
EMD (Figure 11.4) and allograft cancellous (Figure 11.5).
A resorbable membrane is applied extending 2 to 3 mm
past the furcation (Figure 11.6). A coronally advanced
flap (CAF) is secured over with a sling suture and on this
peri-acryl glue to enhance adaptation of the flap on the
porcelain crown (Figure 11.7). An 11 years follow-up of the
furcation shows a healthy tissue with healthy probing of
2mm (Figures 11.8 and 11.9) and the radiograph shows a
good bone fill (Figure 11.10)

Factors influencing successful regeneration in furca-
tion defects:

Cervical enamel projections and enamel pearls: These
may contribute to plaque accumulation and furcal inva-
sion and should be removed by odontoplasty during
regenerative procedures.

Root/root trunk concavity and bifurcation ridges:
These concavities and ridges contribute to plaque
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Figure 11.4 Enamel Matrix Derivative (EMD) is applied.

Figure 11.5 A cancellous allograft was placed in the defect.

Figure 11.6 A resorbable collagenous membrane placed
extending 2-3 mm from the furcation.

Figure 11.7 A coronally advanced flap (CAF) was put in place.
The CAF was immobilized by a sling suture and secured with a
peri-acryl glue over the porcelain.

Figure 11.8 An 11-year follow-up image shows a healthy tissue.

Figure 11.9 And a healthy periodontal probing of 2 mm.
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Figure 11.10 A radiograph of 11 years shows a good bony fill.

accumulation and are covered by more necrotic
cementum than the adjacent sites. In addition to a
direct cytotoxic effect on host cells, these surfaces may
represent a poor substrate for plasma protein adsorption
and subsequent fibrin adhesion.

Accessory canals: Accessory canals in the region of fur-
cation and endodontic infections can cause periodontal
disease in the furcation region of molars and impair the
healing response following GTR.

Entrance of the furcation: It has been shown that the
diameter of the furcation entrance in molars is smaller
than the cutting width of commonly used curettes hin-
dering effective instrumentation of these areas. Hand
instrumentation alone may not be adequate for com-
plete root surface preparation in all furcation areas and
ultrasonic and rotary instruments must be used for more
effective decontamination in furcation areas.

Length of root trunks: Molars with short root trunks are
generally considered to be at higher risk for developing
furcation involvement than teeth with long root trunks.
Molars with the longest root trunks (5–6 mm) tend to
respond more often with complete furcation closure fol-
lowing GTR therapy than teeth with shorter root trunks.

Defect morphology: The clinical success of furcation ther-
apy is strongly related to defect morphology:
• Root divergence: Increases in root divergence mea-

sured at crest of bone are associated with decreases in
complete furcation closure.

• Horizontal depth of defect: Furcation defects with
a horizontal depth of 5 mm or greater measured at the
level of the crest of bone demonstrated a lower proba-
bility of complete closure.

• Distance of osseous crest to base of defect: The
deeper the vertical component, the greater the repair.

• Distance of furcation roof to base of defect:
Increases in this measurement are associated with
decreased clinical closure.

• Distance of furcation roof to crest of the bone:
Increases in the distance of furcation roof to crest
of bone are associated with a lower probability of
complete furcation closure.

• Interproximal bone height: Teeth with interproxi-
mal bone height at the same level or superior to the
roof of the furcation resolve with complete closure in
a significantly higher percentage of cases.

• Thickness of the gingival tissue. Inadequate thick-
ness of gingival tissue covering the membrane may
result in post-treatment recession.

• Tooth mobility. Conflicting results exist concerning
the effect that presurgical hypermobility on surgical
healing and, thus, on the post-treatment clinical
outcome. Although the clinical relevance of mobility
in regenerative therapy has not yet been elucidated,
occlusal discrepancies should be removed to minimize
trauma and splinting of hypermobile teeth considered
to improve patient comfort during post-therapeutic
healing.

GTR in the treatment of furcations is not indicated in
the following cases:

• Lack of access for adequate debridement of the furcation.
• Endodontic or prosthetic perforations in the furcation

areas of the roots.
• Crown lengthening procedures that invade the furca-

tions.
• Root proximity.
• Extensive gingival recessions.
• Deep caries involving the roots.
• Untreatable endodontic-periodontal lesions.
• Longitudinal root fractures.

Despite achieving significant positive gains in new
attachment using GTR, consistently successful treat-
ment of furcation defects with the membrane techniques
remains a challenge.

GTR for Periodontal Intrabony and Circumferential
Defects

Periodontal regeneration in intrabony defects is possible on
previously diseased root surfaces, as evidenced by a gain in
clinical attachment, decreased pocket probing depth, gain
in radiographic bone height, and overall improvement in
periodontal health. These clinical findings are consistent
with available histologic evidence. Clinical improvements
can be maintained over long periods (>10 years). While
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bone replacement grafts have been the most commonly
investigated modality, GTR, biologics, and combination
therapies have also been shown to be effective.

Techniques
• Surgical access to site by means of a mucoperiosteal

flap, preferably with a modified papilla preservation
technique, to achieve and maintain primary closure of
the flap in the interdental space covering the membrane.

• Thorough root planning and debridement of the defects.
• Preparation of a biodegradable membrane to cover the

area being treated.
• Placement of biologic agents and/or grafts as necessary.
• Suturing the membrane around the site with sling suture.
• Complete coverage of the surgical site by coronally posi-

tioning the flap (Figures 11.11–11.17).

GTR techniques in the treatment of intrabony defects
are dependent on the following factors:
• Patient characteristics
• Variations in defect morphology (amount of remaining

walls in the intrabony defect)
• Design of the surgical technique (Improper incisions,

traumatic flap elevation, excessive surgical exposure)
• Type of barrier membrane
• Technical difficulties regarding membrane placement

(inadequate barrier to root adaptation, inadequate
closure, and suturing)

• Exposure and/or bacterial contamination of membrane

Figure 11.11 A full thickness flap was raised on tooth #22, after
a thorough debridement, the tooth has a 2 wall intra-bony
defect and the interesting challenge is the developmental
groove on the mesial of the roots.

Figure 11.12 A root conditioner was applied for 2 minutes and
rinsed thoroughly with saline water.

Figure 11.13 Enamel Matrix Derivative (EMD) is applied and a
cancellous allograft was placed in the defect over it, followed by
two resorbable collagenous membrane placed over the allograft.

• Experience of the operator
• Post-treatment plaque control and supportive care
• Susceptibility to disease recurrence
• Compliance with oral hygiene
• Smoking habits
• Age, genetics, stress levels, and unstable diabetes



�

� �

�

Indications 95

Figure 11.14 A coronally advanced flap (CAF) was put in place.
The CAF was immobilized by a combination of sling suture and
horizontal mattress.

Figure 11.15 A lingual view of the closure and the sutures.

GTR for the Treatment of Recession Defects

The presence of an adequate width and thickness of
attached gingiva has been considered a critical com-
ponent to the protective function of the mucogingival
complex. Problems commonly associated with the pres-
ence of gingival recessions are undesirable aesthetics,
root hypersensitivity, higher incidence of root caries, and
compromised plaque control.

Treatment of gingival recession is complicated and
successful outcome depends on many factors, including
a complete understanding the anatomic, biologic and
surgical considerations, a favorable gingival biotype, and
the type of surgical technique employed.

Correction of mucogingival recession deformities with a
variety of periodontal plastic surgical procedures has been
described, each demonstrating variable degrees of success.
Although free gingival graft (FGG) is considered a gold
standard for the gingival augmentation procedures, it has
several drawbacks for root coverage including inadequate

Figure 11.16 A six years follow-up image.

Figure 11.17 A radiograph of 6years shows a good bony fill.

quantity, need for a second operative site, post-operative
morbidity, and dual color match.

Multiple gingival recessions are more challenging to treat
due to the difficulties in tissue management and wound
healing. Successful results can be compromised by several
factors such as variations in recession depth, the amount of
existing keratinized tissue, limited blood supply and teeth
position.

Among the various treatment modalities currently avail-
able, CAF are the most commonly employed for recession
coverage of multiple teeth. Although CAFs can occasion-
ally be used alone where thick and wide marginal gingiva is
available, adjunctive use of connective tissue grafts (CTGs)
or non-resorbable and bioresorbable membranes are more
common. This involves raising a full thickness flap around
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the recession defect(s), placing a CTG or membrane, and
covering it with a CAF. The aim of this treatment is to
prevent the formation of a long junctional epithelium but
instead allow normal connective tissue attachment to the
exposed root surface. Bioresorbable membranes may be
useful in situations where large recession defect(s) need
to be treated and the available graft tissue from the palate
cannot provide a sufficient volume of tissue.

Compared with the traditional grafting techniques, GTR
has the advantage of eliminating the need of a second
surgical site and, if non-resorbable membranes are used,
a second surgical procedure. In addition to CTG other
materials such as acellular dermal matrix (ADM) and
Mucograft collagen matrix have been tried in periodontal
plastic surgery and results have been comparable in the
treatment of Miller’s Classes I and II gingival recessions.
Although differences between CTG and GTR in mean root
coverage consistently favored the CTG procedure, the dif-
ferences in measurements were not statistically significant
(Figures 11.18–11.20).

Figure 11.18 A patient with RT1 recession and a thin phenotype.

Figure 11.19 A mucoperiosteal flap with papilla sparing
extending two teeth posteriorly and one tooth anteriorly.

Figure 11.20 A 100 % root coverage achieved.

Following periodontal plastic surgery, the patient should
be advised to avoid brushing the surgical site for at least
three weeks while initial healing occurs. During this time
the patient should use a 0.2% chlorhexidine gluconate
mouthwash twice daily. Immediately following surgery,
the patient should also be advised against lifting their lip
or pulling their cheek. This can cause displacement of the
tissues which have been carefully sutured into position.

Factors affecting outcome of GTR procedure in
mucogingival surgery:

• Condition of root surface – presence of calculus, caries,
necrotic cementum, or restorations on root surface

• Depth of vestibule
• Prominent frenal attachments
• Gingival biotype
• Size of the recession defect
• Smoking
• Poor oral hygiene

Complications following GTR procedures in the treat-
ment of furcations, osseous lesions, and mucogingival
surgery:

Pain and swelling: Majority of pain incidence origi-
nate in mandibular molar areas and disproportionately
high in furcal areas. Access to furcal site often requires
adjunctive debridement with ultrasonic and rotary
instruments with the increased risk of accessory pulpal
canal exposure after odontoplasty. The post-operative
use of Medrol in a tapering dose greatly reduces the
incidence of swelling especially in the mandibular
posterior areas.

Membrane exposure: Membrane exposure is a major
complication of GTR procedures. This is likely due to the
insufficient protection of the interproximal regenerating
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tissue preventing its complete maturation. This can be
greatly reduced using access flaps specially designed to
preserve the interdental tissues such as different forms
of modified papilla preservation techniques.

Bacterial contamination: Microorganisms in deep furca-
tion areas are difficult to eradicate by mechanical means
and may serve as a reservoir for bacterial recolonization.
Bacterial contamination of the membrane may occur
during surgery but also during the postoperative healing
phase. Apical migration of epithelium on the inner sur-
face of the covering gingival flap may allow colonization
of bacteria.

Despite the use of post-operative systemic antibiotics,
occurrence of post-operative wound infection cannot
be totally avoided. This indicates that either the drug
administered is not directed against the responsible
microorganisms or the drug does not reach the infected
site at a concentration sufficiently high to inhibit the
target microorganisms.

Follow-up

Almost all successful GTR protocols have included a strin-
gent post-operative regimen that called for good hygiene
practices, use of daily chlorhexidine rinses, professional
tooth cleaning once a week for the first month, and once
every two to three weeks for at least another six months
following the procedure. This regimen is seldom adhered
to by many clinicians and is one of the main reasons for
lack of optimum success especially in the treatment of
furcation and intrabony defects.

The clinical reality of regenerative procedures validates
the potential that periodontal structures lost due to chronic
microbial biofilms and uncontrolled inflammation can be
regenerated. This offers a strong argument for long-term
tooth retention. The future suggests that new regenera-
tive innovations built on this solid foundation can lead
to greater predictability and a new era of conservative
preservation of the dentition.
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Overview

Esthetic crown lengthening is a therapy used to elongate a
particular tooth or a set of teeth either for aesthetic dentistry
purpose or to correct an excess of gingival display (EGD).
In the periodontal classification and conditions, this sub-
ject falls into the category of mucogingival deformities and
conditions around teeth, in which we have among others,
gingival excess (GE). In the GE, we can find the following:

a. Pseudo-pocket
b. Inconsistent gingival margin
c. Excessive gingival display
d. Gingival enlargement

Etiology

The etiology of GE can be due to:

a. Excessive maxillary growth (Kokich 1993)
b. Altered Passive Eruption or short tooth syndrome (STS)

(Chu et al. 2004)
c. Tooth malposition (Kokich 1993)
d. Gingival enlargement due to chronic inflammation,

medications such as cyclosporine, phenytoin and cal-
cium channel blockers, hormonal (pregnancy), or
hereditary gingival fibromatosis

e. Deficient maxillary lip length
f. Excessive mobility of maxillary lip (Bhola et al. 2015)

In order for a clinician to determine the appropriate eti-
ology, the following evaluation is required:

• Facial proportions
• Lip length and smile line

• Tooth proportions
• Gingival zenith and gingival margins of adjacent teeth

These evaluations will lead to a diagnosis/etiology of
GE. First, the facial proportions can be determined by
taking a cephalometric radiograph. The lower anterior
facial height (LAFH) should equal approximately 55% of
the whole length of the profile measured from the nasion
to the menton. The lip length and the smile line should be
assessed to be able to determine appropriate treatment thus
determining the etiology is essential. The lip length that is
measured from the nasion to the middle of the vermillion
border has been given numerical numbers as shown in
Table 12.1 by Ahmad (2005). The interesting in this table,
it quantifies not only the lip length but also the exposure of
the maxillary and mandibular centrals. Garber and Salama
(1996) quantified the gingival display independently of
the lip length as shown in Table 12.2 with treatment
modalities. The measurement of tooth proportion also is
an important tool to help us determine the etiology. Magne
(2003) determined the proportions of unworn and worn
maxillary teeth from first premolar to first premolar as
shown in Table 12.3. In order for us to define the length
of the tooth we need to determine the zenith. Chu et al.
(2009) defined the presence of the zenith by being at 1mm
from the vertical bisected midline for the central incisor,
0.4 mm for the maxillary lateral and coinciding for the
maxillary canines. Once all of this has been determined,
and the tooth are defined as short due to altered passive
eruption, we can follow the Coslet (1977) classification, in
which he divided patients in two types I and II based on
the abundance of keratinized tissue from the GM to the
MGL, and subdivision A and B, in which A, the bone was
over 2 mm from CEJ and B the bone was at the CEJ level.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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Table 12.1 Maxillary lip length in relation to anterior tooth
exposure.

Maxillary lip
classification

Maxillary lip
length (mm)

Exposure of
upper central
incisor (mm)

Exposure of
lower central
(mm)

Short 10–15 3.92 0.64
Medium 16–20 3.44 0.77
Medium 21–25 2.18 0.98
Long 26–30 0.93 1.95
Long 31–36 0.25 2.25

Table 12.2 Gingival and mucosal display.

Degree

Gingival and
mucosal
display(mm)

Treatment
modalities

I 2–4 Orthodontic intrusion
Orthodontics and periodontics

Periodontal and restorative therapy
II 4–8 Periodontal and restorative therapy

Orthognathic surgery (Le Fort I
osteotomy)

III ≥8 Orthognathic surgery with or
without adjunctive periodontal and
restorative therapy

Treatment

Bhola et al. (2015) divided the EGD in five different skeletal
and dento-gingival etiologies (A–E). From these five cate-
gories, he proposed a decision treatment tree for the clini-
cians. In his article, he divided category E in three subtypes
related to the lip mobility.

In his decision treatment tree, he looked at the normal
clinical crown measurements, the 3 thirds of the face, gin-
gival contour and consistency, lip length, and lip mobility.
From each of these 4 questions, he correlated it to one
of EGD categories proposing a treatment that has been
discussed in the literature: either orthognathic surgery,
aesthetic crown lengthening (based on coslet classification:
osseous with gingivectomy, apically positioned flap with
osseous, apically positioned flap alone, or gingivectomy
alone based on the location of the CEJ to the crestal bone),
oral hygiene modification, periodontal scaling and root
planing, and lip treatment (specific to EGD etiology with
its three different sub-classifications).

We will focus our discussion on the aesthetic crown
lengthening in this chapter. The decision to perform
esthetic crown lengthening using a gingivectomy procedure

Table 12.3 Teeth proportions.

Worn Unworn

Maxillary
central

W = 9.10–9.24 mm
L = 10.67 mm

W = 9.10–9.24 mm
L = 11.69 mm

Maxillary
lateral

W = 7.07–7.38 mm
L = 9.34–9.55 mm

W = 7.07–7.38 mm
L = 9.34–9.55 mm

Maxillary
canine

W = 7.90–8.06 mm
L = 9.90 mm

W = 7.90–8.06 mm
L = 10.83 mm

Premolars W = 7.84 mm
L = 9.33 mm

W = 7.84 mm
L = 9.33 mm

Percentage
(W/L)

Cent = 87%
lat = 79%
can = 81%
PM = 84%

Cent = 78%
lat = 73%
can = 73%
PM = 84%

versus raising a flap depends on the distance between the
proposed final position of the gingival margin and the
underlying bone. If a gingivectomy procedure is used to
remove an excessive gingival display, but the new gingival
margin position is too close to the underlying bone, the
biologic width will be violated and the gingival margin will
usually rebound toward its original position, something
we are discussing in “Post Elongation Gingival Margin
Stability” section. To avoid a rebound, and re-establishing
a proper biologic width, we need to resort to raising a flap.

The periodontist should establish the bone level in the
initial preparation of the case. This can be done either
with performing a digital intra-oral scan and a cone beam
computerized tomography and combining the two files
together as we will be discussing in Part III of the manual
or by sounding the bone; this will allow to establish the
total dento-gingival complex and biologic width for that
patient. The second step is to establish the end result. If it is
a case that requires a restorative treatment, the restorative
team should make a wax-up, present it to the patient, and
once approved, provide a surgical stent to the periodontist
depicting the final margins. In case of altered passive erup-
tion, the CEJ of the covered teeth will be used as a guide to
establish the apical repositioning of the crestal bony level.

Case Surgical Description

A 20 year old male undergoing orthodontic treatment
presented with excessive gingival display, abundance of
melanin pigmentation. The EGD is due to an altered
passive eruption (Figure 12.1a,b). Due to the abun-
dance of melanin pigmentation, it is very critical to
discuss with the patient that these pigmentations might be
disappearing leaving some patches and even they might
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(a) (b)

(c)

Figure 12.1 (a,b,c) A 20 year old male undergoing orthodontic treatment presented with excessive gingival display (EGD) and
abundance of melanin pigmentation. The EGD is due to an altered passive eruption.

Figure 12.2 A submarginal incision was made up to the CEJ.

re-occur. A sub-marginal incision was made up to the CEJ
(Figure 12.2). An intrasulcular incision was made buccally
and a papilla sparing incision was done, A full thickness
flap was raised (Figure 12.3). The crest of bone is at the
CEJ allowing us to confirm a Coslet classification Type I
subdivision II. An ostectomy of 3 mm to re-establish the

Figure 12.3 An intrasulcular incision was made buccally and a
papilla sparing incision was done. A full thickness flap was
raised.

biologic width was done (Figure 12.4) and the flap was
sutured with interrupted sling sutures and the aberrant
frenum at the maxilla midline was excised by performing a
frenectomy (Figure 12.5). A three-month follow-up showed
a good marginal gingival stability (Figure 12.6).
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Figure 12.4 A ostectomy of 3 mm to re-establish the biologic
width was done.

Figure 12.5 The flap was sutured with interrupted sling sutures,
and the aberrant frenum at the maxilla midline was excised.

Figure 12.6 A three-month follow-up of the healing.

Post-Elongation Gingival Margin Stability

The goal is to expose a specific amount of tooth and to main-
tain a stable gingival margin after the surgical procedure.

Table 12.4 Mean bone removal according to clinician
experience.

Experience
level Faculty

Second year
graduate
students

First year
graduate
students

Mean bone removal (mm) 1.1± 0.6 0.8± 0.5 0.0± 0.7

It is important to understand and recognize the mor-
phology of the case before performing the procedure.
Ochsenbein and Ross (1969) stated that thin and thick
periodontium behave differently after surgery. In thin
periodontium we might end up with an increased tooth
exposure, which is undesirable versus in a thick peri-
odontium a phenomenon called gingival rebound may
occur.

Multiple studies have shown a rebound over time and
correlate it to an insufficient bone resection. The findings
are as follows:

• Pontoriero and Carnevale (2001): 1–12 months, a gingi-
val rebound of 0.5–1.2 mm was observed. Only 8% of sites
had bone resection of ≥2 mm.

• Arora et al. (2013): 64 teeth, rebound of 0.77 mm at six
months, most often associated with <3 mm of reduction
and thick flat biotype.

• Herrero et al. (1995): 21 teeth crown lengthened
with the goal of 3 mm of biological width. A rebound
of – 2.4 mm was noted. In their conclusions they stated:
“although more experienced periodontists removed
a larger amount of bone, the amount of root surface
exposed was still short of the initially desired biologic
width. Within the limits of this clinical study a 3 mm
biologic width was not routinely achieved during sur-
gical crown elongation.” In that study, they quantified
the difference in bone removal between experienced
periodontist and students in training as shown in
Table 12.4.

On the other hand, Lanning (2003) in a period of three
to six months, found no significant changes in the estab-
lished margins and the bone resection was ≥3 mm at 90%
of sites. With that, the bone reduction is the key to keeping
the newly established gingival display.
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Overview

The new world workshop of 2017 has made modifications
on the American Academy of Periodontology consensus of
1999 in regard to the mucogingival deformities and condi-
tions around teeth. These modifications are the following:

1. Periodontal biotype
a. Thin scalloped
b. Thick scalloped
c. Thick flat

2. Gingival/soft tissue recession
a. Facial or lingual surfaces
b. Interproximal (papillary)
c. Severity of recession (Cairo RT1,2,3)
d. Gingival thickness
e. Gingival width
f. Presence of non-carious cervical lesions (NCCL)/

cervical caries
g. Patient aesthetic concern (Smile Esthetics Index)
h. Presence of hypersensitivity

3. Lack of keratinized gingiva
4. Decreased vestibular depth
5. Aberrant frenum/muscle position
6. Gingival excess

a. Pseudo-pocket
b. Inconsistent gingival margin
c. Excessive gingival display
d. Gingival enlargement

7. Abnormal color

The additions included the definition of phenotype that
included the gingival thickness (GT), gingival width, thick-
ness of buccal bone, and the biotype. The presence and the
absence of keratinized tissue (KT) have also been reviewed.
On that latter, in 2015, both Kim et al. and Scheyer et al.
concluded that lack of keratinized tissue, presence of an
aberrant frenum, and lack of vestibule are not considered

risk factors for gingival recession (GR) in conditions of
optimum oral hygiene. However, later it was found that in
the presence of gingival inflammation, lack of keratinized
tissue has proven to be a predisposing factor for gingival
recession (Merijohn 2016).

Also, in relation to the presence of gingival recessions
a lot of the question that have been carried from the 1999
consensus have been re-examined mainly the followings:
Does gingival recession worsen with time? Are there any
risks or consequences associated with the presence of
recession? Is tooth position a risk factor? What is the role
of the periodontal phenotype, and what is its effect on
the incidence of recession or its progression? And finally,
should the presence of gingival recession and phenotype
be considered when planning orthodontic, restorative, and
implant treatment?

Gingival recession has been defined as the apical shift
of the gingival margin with respect to the cemento-enamel
junction (CEJ) (Pini Prato 1999). It is associated with
attachment loss and exposure of the root surface to the
oral environment. It is a frequent finding in adults that
increases with age regardless of oral hygiene habits (Kassab
and Cohen 2003). It was found that 88% of people aged
≥65 years and 50% of people aged 18–64 years have ≥1 site
with gingival recession that can result in esthetic concerns
and dentin hypersensitivity (Kassab and Cohen 2003).
Exposing the root dentin to the oral environment can
lead to carious (Nuttall et al. 2001) and NCCL, such as
abrasions or erosions (Bartlett and Shah 2006; Pecie et al.
2011). Prevalence and severity of NCCL appear to increase
with age (Bartlett and Shah 2006; Heasman et al. 2015;
Pecie et al. 2011).

Although the etiology of gingival recessions remains
unclear, several predisposing factors have been suggested
(Cortellini and Bissada 2018):

a. Periodontal biotype and attached gingiva
b. The impact of toothbrushing

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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c. The impact of cervical restorative margins
d. The impact of orthodontics
e. Other conditions

The distinction among different biotypes that will be
referred to as phenotypes, is based upon anatomic char-
acteristics of components of the masticatory complex,
including (i) gingival biotype, which includes in its def-
inition gingival thickness (GT) and keratinized tissue
width (KTW); (ii) bone morphotype (BM); and (iii) tooth
dimension.

Tooth position in the alveolar process plays an important
role. A buccally tilted tooth is frequently associated with
thin gingiva (Cook et al. 2011) and a thin labial plate
(Muller and Kononen 2005).

Thin phenotypes tend to develop greater gingival reces-
sion compared with thick phenotypes due to the presence of
thin buccal bone or facial dehiscence, which influence the
integrity of the periodontium, thereby constituting a risk
when the tooth is subjected to orthodontic forces (Kassab
and Cohen 2003; Kim and Neiva 2015; Zweers et al. 2014),
restorative treatment or tooth extraction with subsequent
implant placement (Cortellini and Bissada 2018; El Chaar
et al. 2016a).

The presence of attached gingival tissue is considered
important for maintenance of gingival health. The current
consensus, based on case series and case reports (low level
of evidence), is that about 2 mm of KT and about 1 mm
of attached gingiva are desirable around teeth to maintain
periodontal health, even though a minimum amount of
keratinized tissue is not needed to prevent attachment loss
when optimal plaque control is present (Kim and Neiva
2015). Furthermore, thin gingival biotype without gingival
recession entails a greater risk for future development
of gingival recessions, requiring an attentive follow-up
from the clinicians to prevent degradation (Cortellini and
Bissada 2018). With respect to these cases with severe
thin gingival biotype application of mucogingival surgery
in high-risk sites could be considered to prevent future
mucogingival damage (Cortellini and Bissada 2018).

In 1987, Stetler and Bissada studied the effect of restora-
tive margin placement on the periodontium and found that
subgingival margin placement in patients presenting with
minimal (<2 mm) or lack of gingiva resulted in greater
gingival inflammation than those with a wider band of
gingiva (Stetler and Bissada 1987). A recent systematic
review reported clinical observations suggesting that sites
with minimal or no gingiva associated with intrasulcular
restorative margins were more prone to gingival recession
and inflammation (Kim and Neiva 2015). Both authors

recommend soft tissue augmentation to increase the width
of keratinized tissue.

There is a possibility of gingival recession initiation
or progression of recession during or after orthodontic
treatment depending on the direction of the orthodontic
movement (Bollen et al. 2008; Joss-Vassalli et al. 2010). Sev-
eral authors have demonstrated that gingival recession may
develop during or after orthodontic therapy (Hall 1981;
Maynard 1987; Renkema et al. 2013, 2015). The direction
of tooth movement and the bucco-lingual thickness of the
gingiva may play important roles in soft tissue changes that
occur during orthodontic treatment (Kassab and Cohen
2003; Kim and Neiva 2015).

Classifications

Proper diagnosis of gingival recession is critical for the pre-
diction of successful treatment outcomes. In order to for-
mulate an accurate diagnosis, it is essential to evaluate clin-
ical measurements such as gingival recession, interdental
clinical attachment level (CAL), interproximal bone level,
and position of the tooth.

Measuring a gingival recession and interdental CAL rely
on the detection of the CEJ. Determination of the location
of the CEJ is especially important in cases presenting with
previous restorations or NCCLs.

Determination of the CEJ

One of the primary goals of mucogingival surgery is to gain
root coverage over areas of gingival recession. Gingival
recession is defined as the apical movement of the free
gingival margin (FGM) resulting in exposure of a portion
of the root to the oral cavity (Cortellini and Bissada 2018).
The main metric used to assess surgical success is complete
root coverage (CRC), that is, the complete coverage of the
exposed root surface to a point at the CEJ.

However, the CEJ is sometimes not readily detectable
due to the presence of NCCLs. NCCLs may involve either
the root surface, the enamel surface, or a combination of
both surfaces. Should the NCCL only comprise the root
surface, then mucogingival surgery alone is indicated.
Should the NCCL only involve the enamel surface, restora-
tive treatment alone is indicated. However, should the
NCCL involve both surfaces, a joint restorative-periodontal
approach to treatment is most appropriate. This third
situation poses the greatest challenge for achieving
predictable esthetic and functional results because the
reference point for root coverage, i.e. the CEJ, is obscured.
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Table 13.2 Miller class of recessions.

Class I Recession that does not
extend beyond the
mucogingival junction
with no loss of
interproximal bone

Class III Recession that extends
to or beyond the
mucogingival junction
with some periodontal
attachment loss or
malpositioning of teeth

Class II Recession that extends
to or beyond the
mucogingival junction
with no loss of
interproximal bone

Class IV Recession that extends
to or beyond the
mucogingival junction
with severe periodontal
attachment loss and/or
severe malpositioning
of teeth

Most importantly, the prevalence of tooth deformities
associated with gingival recessions is very high (Pini-Prato
et al. 2010).

Cases in which CRC cannot be expected due to rotation,
extrusion, or loss of interproximal clinical attachment
(Miller III recession) are associated with greater complex-
ity. In such cases, it may be more fruitful for the clinician
and patient to anticipate maximum root coverage (MRC)
versus CRC.

Utilizing MRC may also be applicable in cases of Miller
I and II recession with unidentifiable CEJs. It should
be noted that MRC should coincide with CRC in these
cases, whereas in Miller III, MRC cannot predictably be
coincident with CRC due to the presence of interproximal
attachment loss.

Zucchelli et al. (2011) and coworkers have defined the
level of MRC as the arc that joins the mesial and distal
contact points and transitional line angles of a given tooth.
In instances where the CEJ is obliterated, the line of MRC
serves as a dimensional guideline to which the restorative
dentist can re-create the CEJ. Should the MRC line be
coronal to the CEJ, mucogingival surgery is indicated as
the sole therapy. However, should the MRC line be apical
to the CEJ, restoration of the tooth is indicated to the level
of the MRC, followed by mucogingival surgery.

Completing the restoration prior to surgery is beneficial
for both the restorative and surgical dentist. For the restora-
tive dentist, isolation and preparation of the site are more
straightforward as the entire working field is supragingi-
val. For the surgeon, the restorative margins provide a land-
mark for coronal advancement of the tissue and facilitate a

stable, smooth surface for flap adaptation, ultimately opti-
mizing wound healing.

In the 2017 world workshop, the CEJ is classified based
on its detection with or without steps made by the presence
or absence of NCCL as shown in Table 13.1.

In 2011, Cairo et al. introduced an alternative classifi-
cation for gingival recession utilizing interproximal CAL
as the primary factor when defining a recession type (RT)
defect rather than the location of the mucogingival line
(MGL). The classification system is defined as follows:

• Recession Type 1 (RT1): Gingival recession with no
loss of interproximal attachment. Interproximal CEJ is
clinically not detectable at both mesial and distal aspects
of the tooth.

• Recession Type 2 (RT2): Gingival recession associated
with loss of interproximal attachment. The amount
of interproximal attachment loss (measured from the
interproximal CEJ to the depth of the interproximal
sulcus/pocket) is less than or equal to the buccal attach-
ment loss (measured from the buccal CEJ to the apical
end of the buccal sulcus/pocket).

• Recession Type 3 (RT3): Gingival recession associated
with loss of interproximal attachment. The amount
of interproximal attachment loss (measured from the
interproximal CEJ to the apical end of the sulcus/pocket)
is greater than the buccal attachment loss (measured
from the buccal CEJ to the apical end of the buccal
sulcus/pocket).

While the Cairo classification is today preferred over the
classic Miller classification (Table 13.2) as it is considered
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Table 13.1 Classification system of four different classes of root
surface concavities.

CEJ Step Descriptors

Class A − CEJ detectable without step
Class A + CEJ detectable with step
Class B − CEJ undetectable without step
Class B + CEJ undetectable with a step

to be in greater accordance with the new advancements
of root coverage therapy, it nevertheless fails to include
important factors in achieving treatment success such as
interproximal bone loss, tooth position (over-eruption, tilt)
and root pro-eminence.

Diagnostic and Treatment Considerations
Based on Classification of Periodontal
Biotypes, Gingiva Recession, and Root
Surface Conditions

Pursuant to the world workshop, a diagnostic table inte-
grating recession type (RT), gingival recession (GR), ker-
atinized tissue width (KTW), gingival thickness (GT), the
detection of the CEJ and the absence or presence of con-
cavities (Table 13.3).

This table is meant to help orient the clinician when
determining the best course of treatment for a particular
patient. For example, in cases that currently lack gingi-
val recession but present with a thin phenotype thereby
predisposing to future recession defects, the clinician may
elect to conservatively wait and monitor the recession or
to intervene by changing the phenotype especially if the
patient will undergo future orthodontic treatment.

Surgical Management of Mucogingival
Deficiencies

The principles that support successful surgical treatment of
mucogingival deformities remain consistent regardless of

Table 13.3 Diagnostic table.

Gingival site Tooth site

REC depth GT KTW CEJ(A/B) Step(+/–)

No recession
RT1
RT2
RT3

the elected treatment modality. These fundamental princi-
ples include flap management and integrity, graft stabiliza-
tion, and an understanding of wound healing.

Free Gingival Graft (FGG)

The objective of a FGG is to reduce recession and increase
keratinized tissue (KT). With this procedure a great deal of
controversy exists in the literature regarding the use of par-
tial thickness flap (PTF) versus full thickness flap (FTF).

Authors Supporting FTF
– Wood (1972): Reported a mean crestal alveolar bone

loss of 0.62 and 0.98 mm for FTF and PTP, respectively,
thereby advocating the use of FTF.

– Dordick (1976): The authors reported less mobility, less
swelling, and better hemostasis for grafts placed directly
on denuded bone than those placed on periosteum.

– James and McFall (1978): In a histologic study compar-
ing FGG placed on bone and periosteum, the authors
found less shrinkage for grafts placed directly on
denuded bone. The authors also reported less post-
operative swelling for grafts placed on bone, though no
difference in the degree of inflammation was noted.

Authors Supporting PTF
– Staffileno et al. (1966) found that periosteal retention

produced minimal tissue destruction, rapid repair, slight
alteration of the dentogingival junction, and maximum
preservation of the periodontal supporting structures.

– Caffesse et al. (1979): reported delayed remodeling of
grafts placed directly on bone.

While the FGG is one of the most well researched and doc-
umented soft tissue grafting procedures, other treatment
modalities have shown greater predictability in the treat-
ment of GR, with greater MRC and less patient morbidity.

Pedicle Soft Tissue Graft

A pedicle graft has the advantage of maintaining the blood
supply from the base of the flap which thereby facili-
tates wound healing by providing nourishment until the
re-establishment of a vascular union with the recipient site.

This procedure involves raising a flap, either PTF, FTF,
or a combination of both. Vertical incisions are required to
determine the width of the base.

Mormann and Ciancio (1977), recommend a 2 : 1 length
to width ratio for the simple parallel pedicle flap, suggest-
ing a broader flap base. The authors caution that minimal
tension should be applied by suturing and that gentle intra-
operative management of the tissue is critical. Addition-
ally, the authors caution that the PTF covering the avascular
root should maintain adequate tissue thickness to allow for
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a greater quantity of blood vessels to be incorporated within
the flap. The apical portion of the flap should be full thick-
ness when possible.

Histologically, Wilderman and Wentz (1965) presented
the wound healing events for pedicle flaps in dogs as
follows:

1. Adaptation stage (0–4 days): A fibrin clot containing
neutrophils is present between the flap and the crestal
bone

2. Proliferation stage (4–21 days): Granulation tissue
invades the fibrin clot, fibroblasts are present on the
root surface (6–10 days), epithelium migrates apically
(10–14 days), and an average of 1 mm of crestal bone is
resorbed

3. Attachment stage (21–28 days): Collagen formation
is visible, cementum formation occurs, and osteoblastic
activity reaches its peak

4. Maturation stage (28–180 days): New PDL fibers
orient perpendicularly to the root surface. New attach-
ment consisting of a combination of long junctional
epithelium (2.0 mm) and connective tissue attachment
(2.1 mm).

Sugarman (1969) reported three cases with human histo-
logic evidence of the healing obtained with pedicle grafts
and free soft tissue autografts. The full thickness, laterally
positioned flap heal by new attachment consisting of junc-
tional epithelium (1.0–1.6 mm), connective tissue attach-
ment (0.1–3.2 mm), and areas of new cementum.

While the pedicle flap is a technique of the 1960–1970s, it
may be a useful treatment modality in the event of sufficient
width and thickness of the donor site.

Coronally Advanced Flap (CAF)

The CAF was originally introduced by Bernimoulin.
After performing an FGG, the graft is then mobilized
and coronally repositioned to increase RC. The technique
developed over time to exclude the need for a palatal
donor site. The CAF has shown to be a safe and pre-
dictable approach in cases of adequate KTW apical to
the recession (>=2 mm) (Pini Prato et al. 2018) and thick
gingiva (>=0.8 mm) (Baldi et al. 1999; Cairo et al. 2016),
resulting in similar color, texture, and thickness to that
originally present at the buccal aspect of the recessed
tooth (Cairo et al. 2016). Pini Prato et al. (2011) showed
that during a long-term follow-up, gingival recession
recurred in 39% of the treated sites following the CAF
procedure.

The factors that influence the success of the CAF are as
follows:

a. Flap tension: Pini Prato et al. (2000) showed that ten-
sion over the flap should be less or equal to 0.4 g.

b. Sutures: Tatakis and Chambrone found that removal
of sutures in less than 10 days, impacts negatively the
success of CAF.

c. Flap thickness: Baldi et al. (1999), showed that the flap
should be >0.8 mm to achieve success.

d. Position of the gingival margin post-surgically:
1.5–2 mm coronal to CEJ.

e. No vertical release incisions: Zucchelli et al. (2009)
postulated that the envelope type of CAF with no ver-
tical release incisions, was associated with an increased
probability of achieving complete root coverage, by pre-
serving the lateral blood supply and no Keloid formation
responsible for the worst esthetic evaluation made by an
independent expert periodontist. The same was reported
in the literature by Fedi (1985), Bruno (1994), Joly et al.
(2007), and Papageorgakopoulos et al. (2008).

f. When there is insufficient KTW and thin phenotype,
Cairo et al. (2016), found sub-epithelial connective
tissue graft (SCTG) with CAF to be more predictable in
achieving RC.

g. The addition of EMD does not provide additional benefit
(Del Pizzo et al. 2005).

Sub-epithelial Connective Tissue Graft (SCTG)

The introduction of this technique in the mid-1980s by
Langer and Langer revolutionized the predictability of
gingival grafting and expectations for true root coverage.
The technique consists of butt joint incisions performed
at the base of the adjacent papilla and vertical incisions.
A PTF is reflected. Bruno modified this technique using
no vertical incision to preserve the lateral blood supply
and avoid keloid formation. The author uses the butt
joint incision and does not require complete coverage of
the SCTG.

Various techniques for harvesting the connective tis-
sue from the palate have been described including the
trap door, parallel incision or de-epithelializing of an
FGG. The palatal vault plays an important role. Reiser
et al. (1996) described three vaults height (shallow 7 mm,
average 12 mm, and high 17 mm) affecting the width
of the tissue that can be harvested. Rose and Mealey
detailed the thickness of the palate as thin 0.5–0.8 mm,
average 0.9–1.4 mm, and thick 1.5–2.0 mm +; and the
thickness of each component of the palatal tissue: epithe-
lium 0.3–0.6 mm, connective tissue (lamina propria)
1.25–3.0 mm, submucosa (adipose and glandular tissue).
Yu et al. (2014) defined the most appropriate donor site
for gingival autogenous grafting is the region 3–9 mm
below the CEJ between the distal surface of the canine
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and the midline surface of the first molar. The clinician
needs to take into consideration the pre-eminence of the
palatal root on the mesial side and try to avoid thinning
the tissue at that level ending with a dehiscence over
that site.

The flap, as discussed prior in the CAF section, is rec-
ommended to include slicing of papilla, no vertical release
and achieve a complete coverage surpassing the CEJ by
1.5–2 mm, which brings us to thickness of the harvested
SCTG. Zucchelli et al. (2014), in 60 Miller classes I and II
gingival recessions (GRs) (≥3 mm in depth), compared a
de-epithelialized FGG of ≥2 mm thickness and the height
equal to bone dehiscence; versus a thickness of <2 mm
and the height of 4 mm. Results showed better color match
in the thinnest graft, no statistical difference between
the two groups in terms of recession reduction, CRC and
increase in KTH. Greater GT increase was obtained in the
thicker sites.

Stefanini et al. (2018) defined the criteria and indications
of the CTG use, with CAF versus CAF alone and the out-
come over three years:

a. CTG in gingival defects with a baseline keratinized tis-
sue height (KTH) <1 mm or with KTH between 1 and
2 mm and gingival thickness <1 mm.

b. CAF alone in sites of KT band>2 mm and gingival thick-
ness >1 mm

c. Complete root coverage (CRC) was obtained in 98.5%
(CAF+CTG) and in 94.7% (CAF alone) of the sites at
the one- and three-year follow-up visits, respectively.

d. No statistically significant differences in sites treated
with CAF alone versus CAF+CTG at one and three
years in terms of CRC and between sites belonging to
the maxilla or mandible.

e. A greater increase in KTH at three years was demon-
strated in sites treated with CTG. This was ascribed
to the tendency of the MGL to regain its genetically
pre-determined position and not to graft exposure.

Finally, El Chaar et al. in 2016b proposed in very thin bio-
type with noticeable pro eminent root, to add cancellous
allograft to eliminate dead spaces instead of flattening
the roots and to use the CTG harvested in its entirety
keeping the fatty tissue as a source of fluidity needed in
the first three days of healing until the vascularity has
taken place. That fatty tissue should be kept facing the
covering flap, which is a CAF with coverage over the
CEJ of at least 1.5 mm. The flap should be stretched from
the mucosa with FTF elevation to achieve CAF. If other
surgeries were done in the area previously and a scare
tissue is evident, a dissection of that tissue should be done
by mean of parallel incision to the inner aspect of the
normal flap.

Allograft

Various tissue banks supply allografts to the dental market,
to cite few:

(1) Alloderm® by Life Cell distributed by BioHorizons
(2) Puros Dermis® by Tutoplast® distributed by Zimmer-

Biomet
(3) DermACELL® by LifeNet Health and distributed by

Straumann

The differences between the above mentioned are outlined
in Tables 13.4 and 13.5.

Acellular Dermal Matrix

Originally used by plastic surgeons to treat burn vic-
tims, acellular dermal matrix (ADM), an acellular,
non-immunogenic cadaveric human dermis, has been
incorporated into the dental armamentarium as an alterna-
tive to the autogenous SCTG for soft tissue augmentation.

Table 13.4 Comparative description of each of the different
brands.

AlloDerm Puros Dermis DermACELL

Biocompatible ✓ ✓ ✓
Source Human Human Human
Packaging Aseptic Sterile Sterile
Freeze-dried Yes No No
Side specific No No No
Esthetic result ✓ ✓
Thickness 0.5–0.8 mm

0.9–1.6 mm
0.3–0.8 mm
0.8–1.8 mm

0.76–1.25 mm
1.26–1.75 mm

Rehydration 15 min;

2 baths

<1 min Comes hydrated

Table 13.5 Descriptive table of the processing methods of each
of them.

Tutoplast Life cell Life net health

Donor selection Donor selection Donor selection
Donor testing Donor testing Donor testing
Osmotic treatment,
oxidative treatment,
alkaline treatment

Tissue wash (Hanks
BSS), De-cellularizing
(0.5% sodium dodecyl
sulfate in BSS),Tissue
wash ×2

ALLWASH XG®
tissue sterilization,
MATRACELLTM

Solvent dehydration Cryoprotection Preservon®
technique: keeps it
hydrated

Sterile Aseptic Sterile
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ADM is composed of a basal lamina for epithelial cell
migration and an underlying porous dermal matrix which
permits the in-growth of fibroblasts and angiogenic cells.

In 1995, Wainwright reported on the use of ADM for the
treatment of full-thickness burn injuries. The author found
that the use of ADM supported fibroblast infiltration,
neo-vascularization, and epithelialization. In comparison
with non-grafted sites, those treated with ADM showed
normal dermal function exhibiting normal collagen bundle
patterns and elastin at 16 days post-surgery. The authors
concluded that ADM was a viable option for the early
surgical management of burn victims in order to prevent
scar formation and limitation in joint movement.

The results of Wainwright are consistent with those of
Yim et al., who treated burn victims by stabilizing the ADM
to the affected joints by means of small staples together
with an overlying epithelial skin graft. The study evaluated
the effect of the stabilized ADM on skin elasticity, scar
thickness, trans-epidermal water loss, and melanin and
erythema levels. The authors concluded that the use of
stabilized Alloderm reduced scar formation and preserved
normal dermal function.

Stabilization as a critical aspect of periodontal wound
healing was first reported by Wikesjo and Nilvéus in 1990
(Wikesjo and Nilvéus 1990), in which the authors found
greater connective tissue repair in heparin treated roots
with wound stabilization using polylactic acid. Over the
next 30 years, various techniques were proposed for graft
stabilization including the use of suturing, tissue glue and
titanium alloy tacks.

Clinical Studies Comparing Soft Tissue Allograft
to the SCTG

While SCTG remains the gold standard for root coverage
procedures, ADM is considered a viable treatment alterna-
tive in cases where SCTG grafts cannot be performed due
to site specific and/or patient related factors.

Few studies report long term results comparing ADM
and SCTG. In a retrospective study comparing ADM
and SCTG for root coverage, Harris reported greater
results with SCTG. While similar results were noted
at the one-year post op, significant differences were
detected between one and four years. Mean root coverage
decreased from 93.4 to 65.8% and the mean recession
increased from 0.2 to 1.1 mm in the ADM group, while the
results of the SCTG group remained stable. The authors
also noted greater increase in keratinized tissue with
the SCTG compared to ADM at both the one year and
four- to five-year follow-up. The study concluded that
while ADM and SCTG exhibit comparable short-term
results, SCTG is superior to ADM with respect to long

term stability and predictability of root coverage (Harris
2004).

Hirsch et al. compared the success of root coverage
by means of sub-pedicle ADM and SCTG. While neither
significant differences in final recession nor root coverage
were found between the two groups, the SCTG resulted in
significantly greater defect coverage, gain in both attach-
ment and keratinized gingiva along with residual probing
depth. Nevertheless, the authors report stable predictable
results that were stable for both groups at two years
post-operatively (Hirsch et al. 2005).

Schlee et al. compared human dermis graft (HDGs) with
SCTG. The authors report that HDGs was an effective alter-
native to SCTG for root coverage and to increase soft tissue
thickness, especially for the treatment of multiple recession
defects within the same mouth, although HDG did provide
slightly less root coverage than SCTG.

Barker et al. compared ADM with Puros Dermis (PDM),
in a study in which both materials were grafted with
a coronally advanced flap. The authors found neither
statistical nor clinical differences in the amount of root
coverage, probing neither depth nor keratinized tissue
between material.

Histological Studies on Soft Tissue Allograft

In a histologic evaluation comparing autogenous SCTG
and ADM in humans, the authors concluded that both
SCTG and ADM are successful for root coverage with
similar attachments and no adverse healing (Cummings
et al. 2005).

Scarano et al. studied the histologic integration of ADM
and found that after six weeks it was difficult to differenti-
ate ADM from pre-existing collagen fibers. The substitution
process was completed after 10 weeks, at which time the
tissue was completely re-epithelialized with a defined base-
ment membrane.

Clinical Case

A 41 years old female presented with an advanced RT2
(Figure 13.1) with a history of orthodontic treatment done.
A connective tissue surgery was decided and a full thick-
ness was elevated by making intra-sulcular incisions with
papilla sparing (Figure 13.2).

Once the area was debrided and root scaled and
root conditioned, the assessment showed that the root
pro-eminence of tooth #23 is outside of the bony housing
creating a significant distance from the supporting bone
and the donor sub-epithelial connective tissue. A can-
cellous mineralized allograft was placed on the mesial
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Figure 13.1 A 41 years old female presented with an advanced
RT2.

Figure 13.2 A full thickness was elevated by making
intra-sulcular incisions with papilla sparing.

Figure 13.3 A cancellous mineralized allograft was placed on
the mesial and distal of the root.

Figure 13.4 The sub-epithelial connective was placed over it
and secured coronally with interrupted resorbable polyglactin
sutures. The fatty part of the graft was placed towards the inner
flap side.

Figure 13.5 A coronally advanced flap was passivated by
stretching and stabilized by one bista suture and multiple
interrupted sling sutures using the resorbable polyglactin ones.
Also, a peri-acrylic glue was placed at the site of #23 to reinforce
the stabilization needed of the flap.

Figure 13.6 Very successful results with a 7 year follow-up.
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and distal of the root (Figure 13.3) and the sub-epithelial
connective was placed over it and secured coronally with
interrupted resorbable polyglactin sutures. (Figure 13.4).
The fatty part of the graft was placed towards the inner
flap side.

A coronally advanced flap was passivated by stretching
and stabilized by one bista suture and multiple interrupted

sling sutures using the resorbable polyglactin ones. Also, a
peri-acrylic glue was placed at the site of #23 to reinforce
the stabilization needed of the flap. (Figure 13.5).

The result were very successful initially and after 7 years.
(Figure 13.6).
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Introduction

Historically, the interest in dental implants started in the
late 1800s. Not until the late 1950s that some pioneers made
either a subperiosteal implants or blade implants that get
some successful results. The restoration over the blade
implants used to be connected to natural teeth in most of
the cases. When those implants failed, they led to a drastic
damage in the supporting bone leading to an extensive bony
defect.

In the early 1960s, Brånemark developed a novel implant,
a root form, for clinical function depending on direct bone
anchorage calling it osseointegration. He was able later
to confirm his theory by an animal experiment in 1969
(Brånemark et al. 1969). This concept was further doc-
umented in the first clinical report published in 1977
(Branemark 1977). This bone anchorage has been inde-
pendently proven by Schroeder (Schroeder et al. 1976;
Schroeder et al. 1981) through histological proof, using
new histological techniques at that time, by cutting through
undecalcified bone and implant without previous sepa-
ration of the anchorage. A 100% bone connection to the
implant does not occur, for that reason the definition of
osseointegration has been based on clinical stability instead
of histologic criteria: “A process whereby clinically asymp-
tomatic rigid fixation of alloplastic material is achieved, and
maintained, in bone during functional loading” (Zarb and
Albrektsson 1991).

Steps for Implant Success

In order for a dental implant to be successful, three goals
need to be achieved:

1. Initial Objective:  Primary stability

2. The Challenge:   Secondary stability                  Wound healing

3. Ultimate goal:     Long term function                  Osseointegration

Peri-implant health

Primary stability is defined as the Initial mechanical fix-
ation and absence of mobility upon insertion (O’Sullivan
et al. 2000). The primary stability can be achieved dif-
ferently in a healed site versus an immediate implant
placement. In the first, it’s a locking effect between the
implant and the avascular cortical bone of the crest and
in the latter, in the apical portion, passing the apex of the
socket by 3–4 mm (El-Chaar 2011) in what is called the
primary stability rectangle.

The second goal which is the challenge, which is the pro-
cess of wound healing around the dental implant. During
site preparation and implant placement, bone trabeculae
are dislocated into the marrow space, blood vessels are sev-
ered and bleeding occurs leading to a blood clot formation.
The blood clot is also formed between the implant body and
the host bone, definitely the more trabecular bone the more
blood will be perfused and the more blood clot will form
versus, the more cortical avascular bone is present, the less
blood perfusion thus less blood clot formation.

After the blood clot formation, the wound will go
through phases remodeling, leading to granulation tissue
that replaces the blood clot, to woven bone leading to tra-
becular/lamellar bone at the latest phases of the healing,
which has a good potential to take up and distribute the
load when the implant is in function by creating bridging
between the trabeculation inserting into the outer cortex.

This process takes time:

Primitive bone tissue forms (four to six weeks)
Bone adaptation to load (at two months)
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Bone remodeling (at three months and ongoing)
The latter constitute the ultimate goal of long-term func-

tion which is a successful osseointegration (Schenk and
Buser 1998).

Factors Affecting the Implant Success

Bone Quality Classification

When almost the entire jaw is composed of homogenous
cortical bone (type 1), a thick layer of cortical bone that sur-
rounds a central part of dense trabecular bone (type 2), a
thin layer of cortical bone that surrounds dense trabecular
bone of favorable strength (type 3), and a thin layer of cor-
tical bone that surrounds low density trabecular bone (type
4) (Lekholm and Zarb 1985).

Placing implants into type 1 to type 3 bone leads to good
clinical outcomes, whereas type 4 is linked with a lower suc-
cess rate that is related to the lack of adequate provision of
implant primary stability to attain successful osseointegra-
tion (Martinez et al. 2001).

In addition to the ratio between cortical and trabecular
bone, the latter hold information with regard to bone qual-
ity. Trabecular bone is filled with bone marrow, the source
of osteoblasts and osteoclasts, and has therefore a higher
turnover than cortical bone (Manolagas and Jilka 1995).

Bone to Implant Contact

Studies show that smooth titanium surfaces have less
percentage of bone implant contact when compared with
rough titanium surfaces (Bowers et al. 1992; Wennerberg
et al. 1996; Alsaadi et al. 2007; Baffin and Berman 1991).
Albrektsson stated that bone ingrowth in turned tita-
nium surfaces does not occur in spaces smaller than 100 μ
(Albrektsson et al. 1981). However, Wennerberg (Wen-
nerberg et al. 1996) found that bone ground substance
will adapt to surface irregularities in the 1–100 μ, and the
roughening of the implant surface by 25 μ by blasting them
with aluminum oxide increased the bone to implant con-
tact. Thus, a specific surface roughness on the endosseous
section of the implant enhances the regeneration potential
at the interface, thus improving clinical implant osseoin-
tegration. This opened up the dental implant to a whole
variety of surface topography that will be discussed later.

Transmucosal Attachment Around Dental
Implants

Eleven different gingival fibers makes up the supra-crestal
connective tissue attachment around natural tooth: den-
togingival, alveolo-gingival, interpapillary, transgingival,

circular, semicircular, dentoperiosteal, transseptal, perios-
teogingival, intercircular, and inter-gingival fibers. Six
of them insert in the cementum dentogingival den-
toperiosteal, transseptal, circular, semi-circular, and
transgingival (Hassell 1993). Only two are found around the
dental implants circular and periosteogingival (Schroeder
et al. 1976).

A comparison of clinically healthy marginal tissue
around teeth and dental implants had revealed the pres-
ence of connective tissue and a junctional epithelium
of a length of 2 mm. Collagen fibers around teeth are
fan-shaped having the acellular cementum as a center.
Around implants they are parallel to the implant surface
originating from the bone (Bauman et al. 1993; Berglundh
et al. 1991).

In an animal study, the blood vessels of the peri-implant
mucosa were found to be terminal branches of larger
vessels originating from the periosteum of the bone of
the implant site. The microscopic examinations further
revealed that in both the gingiva and in the peri-implant
mucosa, the blood vessels lateral to the junctional epithe-
lium formed a characteristic “crevicular plexus.” While,
however, the supracrestal connective tissue lateral to the
root cementum was found to be richly vascularized, the
corresponding site in the peri-implant tissue was almost
devoid of vascular supply (Berglundh et al. 1994).

Probing Around Dental Implants

In animal study on beagle dogs, it was observed that the
resistance offered by the gingiva to probing was greater than
that offered by the peri-implant mucosa, and consequently
the probe penetration became more advanced at implants
than at teeth (Ericsson and Lindhe 1993).

In another animal study (Lang et al. 1994) with the
purpose to determine the histological level of probe pen-
etration in healthy and inflamed mucosal tissues around
implants using probes inserted at 0.2 N Probe penetration
increased with the degree of inflammation and in the
peri-implantitis group the probe exceeded the connective
tissue level by a mean 0.52 mm (mean histological probing
depth (HPD): 3.8 mm).

Probing depth measurements at implant and teeth
yielded different information, small alterations in probing
depth at implants may reflect changes in soft tissue inflam-
mation rather than loss of supporting tissues (Schou et al.
2002).

It was reported that probing with a force of 0.2 N resulted
in a probe penetration that was similar at implants and
teeth. Probing inflamed tissues at both tooth and implant
sites will, however, result in a more advanced probe
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penetration and the tip of the probe may come closer to the
bone crest (Abrahamsson and Soldini 2006).

In a human study (Mombelli et al. 1997), a variety
probing depth values were determined at different force
levels ranging from 0.25,0.50, 0.75, 1.00, and 1.25 N. Curve
analysis of depth force patterns showed that a change in
probing force had more impact on the depth reading in
the peri-implant than in the periodontal situation. The
mean distance between the probe tip and the peri-implant
bone crest amounted to 0.75± 0.60 mm at 0.25 N probing
force. It is concluded that peri-implant probing depth
measurements are more sensitive to force variation than
periodontal pocket probing. In another study (Gerber
et al. 2009), bleeding upon probing (BOP) with different
probing forces is analyzed. It showed that 0.15 N might
represent the threshold pressure to be applied to avoid
false positive BOP readings around oral implants. Hence,
probing around implants demonstrated a higher sensitivity
compared with probing around teeth. Furthermore, It is
not possible to define a range of probing depth compatible
with peri-implant health (Caton et al. 2018).

In summary, factors influencing probing depth around
implant are as follows:

a. Inflammation: will lead to greater numbers than
around natural teeth (Lang et al. 1994; Schou et al. 2002;
Abrahamsson and Soldini 2006).

b. Probing force: a force varying between 0.20–0.25 N
should be the one used. Which clinically is very difficult
to do (Mombelli et al. 1997; Gerber et al. 2009).

c. Implant/crown design (Misch 2014): can affect the
accuracy and reproducibility of the probing measure-
ment (Misch 2014).

d. A physiologic probing depth (PD) can’t be established
(Caton et al. 2018).

Biological Width Around Implants

In 1996, Berglundh and Lindhe (Berglundh and Lindhe
1996) performed an animal study, where on side they did
the abutment connection at three month after placement
(control side) and on test side, critical amount of connec-
tive tissue on the inside of the flap was excised, abutment
connection performed, and the trimmed flaps sutured.
After a six-month period of plaque control, the animals
were sacrificed and biopsies sampled and processed for
light microscopy. The length of the junctional epithelium
varied within a rather narrow-range: 2.1 mm (control side)
and 2.0 mm (test side). The height of the supra bony con-
nective tissue in this model varied between 1.3± 0.3 mm
(test side) and 1.8± 0.4 mm (control side). At sites where
the ridge mucosa prior to abutment connection was made
thin (≤2 mm), wound healing consistently included bone

resorption. This implies that a certain minimum width
of the peri-implant mucosa may be required, and that
bone resorption may take place to allow a stable soft tissue
attachment to form. This was replicated later, the authors
found that the thickness of the soft tissue of ≤2 mm did
influence the crestal bone stability regardless the implant
position supracrestal or crestal (Linkevicius et al. 2009;
Puisys and Linkevicius 2015).

In another animal study, it was found that dis/
reconnection of the abutment resulted in a more api-
cal connective zone attachment and led to bone resorption,
postulating that it is due to “biologic width” formation
(Abrahamsson et al. 1997). The latter, was confirmed,
that a biologic width exists around unloaded and loaded
non-submerged one-part titanium implants and that this is
a physiologically formed and stable dimension as is found
around teeth (Cochran et al. 1997).

The Microgap: Interface Between Implant
and Abutment

The location of the microgap has a significant effect on
marginal bone formation as evaluated by standardized
longitudinal radiography. Bone remodeling occurs rapidly
during the early healing phase after implant placement for
non-submerged implants and after abutment connection
for submerged implants (Hermann et al. 1997).

Jansen et al. (1997) found that the microgap between
the implant and the abutment act as a trap for bacte-
ria, possibly can cause inflammatory reactions in the
peri-implant soft tissues, these gaps are inevitable and
the width of the marginal gaps measured by a scanning
electron microscope, was < than 10 microns. In another
study by other authors, a significant crestal bone loss
occurred in two-piece implant configurations even with
the smallest-sized microgaps (<10 microns) possibly due to
the movements between implant components (Hermann
et al. 2001).

Platform Switching

3I implant innovations introduced the wide diameter
implant in 1991. At this time, they didn’t have matching
abutments; they used the abutments for 4.1 mm diameter
platforms. After 13 years review of these cases, the typ-
ical pattern of crestal bone resorption was not observed
radiographically. They called it “platform switching” and
reported it in the literature (Lazzara and Porter 2006).

Canullo in 2007 explained the possible reasons for bone
preservation with platform switching is due to the alter-
ation of the microgap location inward and the stress con-
centration area between the implant and bone (Canullo and
Rasperini 2007).



�

� �

�

120 14 Principles of Implant Dentistry

In an experimental study made on a canine model, it
was shown that the marginal fBIC (first radiographical
Bone to Implant Contact) level was located between 0.37
and 0.52 mm apical to implant–abutment interface using
a two-piece implant with non-matching implant and
abutment diameters (Berglundh et al. 2005).

Implants with non-matching implant–abutment diame-
ters demonstrated some bone loss; however, it was a small
amount. There was no clinically significant difference
between submucosal and transmucosal approaches (Jung
et al. 2008).

In a retrospective radiographic analysis of 70 platform
switched implants placed less than 1.5 mm from an adja-
cent tooth, findings of this study suggested that implants
can be placed 1 mm away from a natural tooth without
affecting bone level of the tooth and maintaining the peak
of bone in a platform switched implants used as two pieces
(Vela et al. 2012).

A systematic review on that subject found that based on
the current evidence, the use of abutments with a smaller
diameter than their corresponding implant platforms
seems to exert beneficial effects on peri-implant marginal
bone. Some potential confounding factors, for example, the
apico-coronal position of the implant in relation to crestal
bone, the presence of various implant micro-textures, the
degree of platform switch, and the reliability of examina-
tion methods, should be considered when interpreting the
present results (Al-Nsour et al. 2012).

Fundamental Criteria in Implant
Placement: Healed Ridges

In order to place the dental implant properly, a set of criteria
has to be followed:

• Submucosal positioning of the implant shoulder
• Adequate three-dimensional implant positioning
• Long-term stability of esthetic and peri-implant soft tis-

sue contours
• Symmetry of clinical crown volumes between the

implant site and contra-lateral teeth

A surgical guide should be made of the wax-up of the
anticipated final restoration. A channel will be made for
the implant bur to fit in and achieve the osteotomy based
on the following:

1. The depth of the osteotomy should be 3–4 mm from the
zenith of the anticipated final restoration (Esposito et al.
1993; Buser et al. 2004).

2. The implant shoulder should be 1.5 mm away from
the adjacent tooth (Al-Nsour et al. 2012; Grunder et al.
2005).

3. The implant shoulder bucco-lingually should be 1 mm
palatal to the point of emergence at adjacent teeth
(Esposito et al. 1993).

4. To achieve hard and soft tissue stability a buccal thick-
ness of 2 mm is needed (Choquet et al. 2001).

5. In regard to achieve a papilla between an implant and
natural tooth, a distance of 5 mm from the implant
shoulder to the contact point is necessary (Tarnow et al.
2000).

In the case of two adjacent implants, a 3 mm distance
between the implants is needed (Grunder et al. 2005).

Implant Surface Topography

Implant Topography on Wound Healing

Implant Materials
The ideal implant material on a broad level should
be biocompatible i.e. have optimal qualities regarding
mechanical aspects, physicochemical stability, absence of
toxicity and immunogenicity and under no circumstances
intervene with the normal tissue healing. The modern
concept of biocompatibility however is defined also by the
ability of the material to perform a specific function. The
surface of dental implants for that reason must allow the
adsorption of specific proteins to trigger the mechanisms
involved in ossointegration.

Traditionally, implants are made out of metals ranging
from titanium, titanium alloys, gold alloys, etc. and are
now being fabricated by polymers such as Polytetraflu-
oroethylene (PTFE), Polyetheretherketone (PEEK) and
even ceramics such as zirconia. It was noted that pure
titanium limited the mechanical strength, justifying the
use of titanium alloys. The major implant companies in
use today use either pure grade titanium or a titanium
alloy.

Bone Healing
What makes Titanium biocompatible is its oxide surface
layer. Titanium forms spontaneously a very thin oxide film
on its surface at the room temperature that continues to
grow at a rate of few nanometers per year. It is through this
film that the contact between the implant and the body is
established.

The placement of an implant also initiates a cascade of
wound healing inflammatory cell responses and release
of TNF-1alpha, and IL-1. By activating their target cells,
these cytokines produce a second wave of cells response
by releasing chemokines (MCP-1 family). At the in vivo
bone implant interface, cellular attachment is mediated
via the oxide layer and a protein rich layer to which cells
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adhere using a variety of surface receptors, mainly from
the integrin family. The healing around the implant is
characterized by an increase in bone-implant contact start-
ing at the implantation, while the biomechanical stability
slightly decreases over the first weeks.

The implant to bone interface provides two theories
on healing after implant placement: Fibro-osseous inte-
gration, and osseointegration (Newman and Takei 2014).
Fibro-osseous integration is defined as tissue to implant
contact with healthy dense collagenous tissue between the
implant and bone. Osseointegration, a concept introduced
by Branemark (1985) is defined as a direct functional and
structural connection between living bone and the surface
of a load carrying implant.

Generally rough metal surfaces osseointegrate whereas
smooth metal surfaces tend to fibrointegrate (Ricci et al.
1991).

Principles of Surface Treatment, Topographies,
and Roughness

Implant Design
Regardless of design or size, the surgical success rate of
implants is quoted to be higher than 98%. Macroscopic
design considerations include the gross body design and
thread geometry. Endosseous implants, which are utilized
today, have a unique history starting with the advent of
hollow cylindrical implants.

Threads or a screw shape was added to the body of the
cylinder to achieve initial stability and increase the implant
surface area. These threading systems have varying num-
bers of threads, distance between threads, and unique
surface topography. Early endosseous implants also had
parallel walls which have now made way to the tapered
wall to help distribute compressive forces placed on the
implant. Thread geometry describes the pitch, depth, and
configuration of threads on a specific implant and can play
an important role in stress distribution to the implant and
bone. Common shapes of threads include the V-shape,
square, buttress, revers buttress, and spiral.

Implant Surface Topography
First generation implants were machine washed with a
smooth surface, successfully used in clinical trials for
50 years, and selected due to their mechanical properties
and corrosion resistance under physiological conditions.
Machined surfaces, used by Branemark, were considered
to be minimally rough (Sa 0f .3-1 micrometer) (Wennerberg
and Albrektsson 2000).

Since varying surfaces materials and roughness have
an effect on the osseointegration of an implant, bioma-
terial scientists started to modify the surface topography

of the implants to reduce healing and loading time and
increase primary stability. The second generation implants
saw a large variation in surface properties. Structural and
chemical compositions such as mechanical blasting with
or without etching, bioactive coatings, anodized surfaces,
and laser modifications were all introduced. These modifi-
cations can be either additive or subtractive, but ultimately
aim to increase surface roughness. The objectives of surface
roughness are: increased surface area of implant adjacent
to bone (Wennerberg and Albrektsson 2000). A moderately
rough surface (Sa 1.0–2.0 μm) is a major key to success
of the implant from a surface topography point of view
because it shows stronger bone responses than smoother
or rougher surfaces (Albrektsson and Wennerberg 2004).
Implant surface topography modification can accelerate
and improve implant osseointegration by playing an impor-
tant role in molecular interactions and cellular responses
(Ito et al. 1991).

Implant Surface Specificities: Advantages
and Disadvantages

Morphological methods may be additive or subtractive in
nature. Sand blasting is an example of a subtractive method
in which implants are blasted with varying particle sizes
to produce a small, medium, or large grit. Particle collision
with the implant surface produces craters. Roughness of the
implant is dictated by particle size, time of blasting, and
distance from the source of particles to the implant sur-
face. The goal of sand blasting is to clean surface contami-
nants, roughen the surface, and produce surface compres-
sive residual stress.

A second subtractive method for modifying implant
topography is chemical etching. In this case, the metallic
implant is submerged into an acidic solution which erodes
its surface by removing grains and grain boundaries,
creating pits of specific diameter. Certain impurities are
more sensitive to etching resulting in a selective removal
of material. The bulk material, surface microstructure,
concentration of the acidic solution, soaking time, and
temperature are all factors determining the result of chem-
ical attack and microstructure alterations on the surface of
the implant.

The two previous techniques can be used together for an
implant that is sand blasted and acid etched. These surfaces
are produced by a large grit sand blasting process followed
by etching with hydrochloric or sulfuric acid. The resulting
topography is a dual surface roughness, and additionally
removes all embedded blasting particles.

Much more recently, additional modifications have been
made to these sand blasted and etched surfaces, giving
birth to the concept of SLActive. Rinsing SLA implants in
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a nitrogen rich atmosphere and storing in saline solution
until installation, the amount of carbon communica-
tion can be reduced, improving the hydrophilicity of the
implant surface. Studies show that SLActive hydrophilic
implants achieve higher bone contact stability at earlier
time points when compared to SLA implants, and dramati-
cally reduced healing times. “The two previous techniques
can be used together for an implant that is sand blasted and
acid etched” the words producing a surface that is called
SLA (sand blasted large grid acid etched).

Continuing with subtractive methods, the next topogra-
phy results from anodized surfaces, e.g. TiUnite implant
surface. A voltage is applied on the titanium implant
immersed in electrolyte resulting in micro-pores of varying
diameter that demonstrate lack of cytotoxicity and show
increased cell attachment and proliferation.

The last subtractive method to be discussed is laser
modification of implants. High intensity Nano-seconds of
laser light beam strike the ablative surface and generate
short lived plasma which causes a shock wave to travel the
implant. The shock waves induce compression residual
stress that penetrated beneath the surface and strengthens
the implant resulting in improvement in fatigue life and
retarding the stress corrosion cracking occurrence. In
laser modifications there is no contact of the implant with
anything, so it is a contamination free peening method.

The first additive method or coating to be discussed is
plasma spray. Plasma spraying is one of the most common
methods for surface modification using hydroxyapatite.

Plasma spraying is used for the application of both tita-
nium of hydroxyapatite on metallic cores. Plasma coating
can increase the surface area of bone implant interfaces
by 600%. Several documented disadvantages do exist with
plasma spray including poor long-term adherence of the
coating to substrate, non-uniformity of thickness, and
variations in crystallinity and composition of the coating.
Additional additive methods include sputtering depo-
sition, porous sintering, and chemical surface additive
modifications (Pilliar 1998).

Although some attempts have been made to mathe-
matically describe the ideal surface morphology, there is
currently no consensus on the degree of the roughness
that is optimum for bone cell attachment. The majority of
the commercially available implants are moderately rough
(Raghavendra et al. 2005).

To summarize the advantages of rough surfaces that have
been extensively documented in the literature are the fol-
lowing:

• Enhanced bone-to-implant contact and increased
removal torque forces

• Improved cell attachment
• Increased biomechanical interaction of the implant with

bone
• Better early bone-to-implant contact

For the aforementioned reasons moderately rough
hydrophilic implant surfaces are the preferred ones espe-
cially in suboptimal situations, e.g. sinus grafts, areas of
poor bone quality and immediate placed implants.
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Radiographic Examination

In addition to an accurate and thorough clinical examina-
tion, a radiographic analysis of each patient is warranted
in order to provide a catered diagnosis. Diagnostic imag-
ing modalities help to develop and implement cohesive
and comprehensive implant treatment plans. Selection
of proper imaging modalities is important to both limit
radiation to the patient and accurately diagnose.

Cone Beam Computed Tomography

Cone beam computed tomography (CBCT) provides a
diagnostic and measurable three-dimensional interpreta-
tion of bone and soft tissue. This allows the practitioner
to localize anatomic features for implant placement and
avoid delicate structures such as nerves, arteries, etc. X-ray
beams in this tool are divergent, forming a cone. Originally
designed and used in the medical field, advances in the
limitations of radiation dosage have allowed the CBCT to
be used in dental offices. During the CBCT, the machine
rotates around the patient’s head while obtaining hundreds
of images. This set of images is referred to as the volumetric
data set. The scanning software analyzes and interprets
this data to reconstruct a three-dimensional image of the
hard and soft tissue (Pal et al. 2010). While the CBCT
shares many similarities to the tradition CT scan used in
medicine, there are many differences in the reconstruc-
tion of the image. A CBCT alone does not provide the
exact position and orientation of a prosthetically driven
implant; however, in conjunction with diagnostic tem-
plates, this precision may be achieved. Types of diagnostic
templates include: Vaquform, acrylic, templates fabricated
with radiopaque denture teeth, complex tomography, and
panoramic radiography (Misch 2014). Vaquform templates
are used on a diagnostic cast with wax-up. The material
uses barium sulfate which will be radiopaque on the CBCT.

This method of template production allows the visualiza-
tion of restorations and tooth borders, however does not
indicate the exact position nor orientation of the proposed
implant. This method can further be altered by drilling
a 2 mm channel through the ideal prosthetic position of
the implant crown. This will align with the implants ideal
position, and be visible on the CT examination. The second
modality of template production is an acrylic template.
Similar to the Vaquform method, this allows for drilling
of a channel and filling this void with gutta percha to
visualize the ideal position of the implant on the scan
(Asher et al. 1999). The third technique includes using
radiopaque denture teeth. An additional advantage of
denture teeth is that the template/stent can be modified
for use as a surgical stent. Lastly, the complex tomography,
and panoramic radiography techniques can be utilized.
They involve placing ball bearings to align with the implant
positions and curvature of the arch (Shannoun et al. 2008).
These modalities are seldom used, however are available.

Clinical Parameters

Patients never really want implants. What is truly desired
is the most convenient, safe, and predictable way to restore
oral function AND in most cases oral facial esthetics. In the
case of implant dental reconstruction, in order to obtain
the most satisfactory outcome for the patient and dentist,
this requires absolute prioritization of what the patient
wants and how they look at themselves during and after
treatment. Thus, it is imperative to provide patients with
all information pertaining to treatment considerations and
procedures. In order to predictably accomplish this, the
relevant medical and dental history, physical examination,
especially critical anatomic and physiological parameters,
and understanding of the benefits and limitations of each
implant system and method are essential.
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Clinical Examination

Esthetics naturally remains one if not the major concern
for a patient and can be extremely challenging considering
the effects of aging, post-dental tooth loss resorption, and
anatomic and medical considerations. For the population
seeking permanent fixture options, often the best esthetic
and functional result may not be the most complex or
necessitate absolute replacement of each lost tooth with
an implant fixture. Rather, the intrinsic mechanics of
occlusal forces and restoration of hard and soft tissues is
more important. Also, since implant procedures are costly
and time consuming this aspect of treatment is often most
perplexing for the patient and the dental provider. Accurate
and reliable evidence-based decisions along with immedi-
ate and long-term risks and benefits are often excluded or
not fully understood and can lead to dissatisfaction and/or
further oral health deterioration.

Factors Influencing Surgical Management

Prior to initiation of therapy it is crucial to evaluate
whether the patient is healthy enough to undergo and
tolerate implant rehabilitation. Accurate and up-to-date
health history, current medications, prior surgeries, aller-
gies, and any habits must be known. For example, bleeding
or hepatic disorders can affect blood clotting, resulting in
complications during a procedure and severely affect post
implant surgery recovery. Further, bone physiology and
healing ability leading to predictable osseointegration will
be aggravated by chronic or systemic diseases including
cardiovascular diseases, osteoporosis, diabetes, severe
periodontal disease, chemo- or radiotherapy, immunodefi-
ciency, chronic infections, pregnancy or lactation, or even
prior large bone reconstructions that may interfere with
bone regeneration and integration (Davies et al. 2002).
Post-menopausal women may have affected bone regener-
ation capacity. Therefore, it is always necessary to be aware,
prior to any procedure, of such conditions which affect
fixture healing and gear our decision making as to whether
to proceed with implant reconstruction, or not accordingly.

Habits, i.e. smoking affects wound healing in several
ways. It reduces migration capacity of stromal cells around
implant surface during osseointegration, directly irri-
tates soft tissues healing, and prevents mucosal seal after
osseointegration. Suggest quitting smoking. Bruxism is
a common parafunctional habit, which induces damage
of dental surfaces and results in loss of dental tissues,
occurrence of wear facets, loss of vertical dimension, tem-
poromandibular joint disorders, neuromuscular pain, and
perhaps most importantly, excessive mechanical overload-
ing leading to ultimate mechanical and biological failures
(Juodzbalys and Kubilius 2013). These and many other
personal habits heavily impact implant success and must
be mitigated appropriately and respectfully before dental
implant delivery.

Following careful consideration of the medical/dental
history the next step is the clinical and anatomical investi-
gation. Implant success highly depends on a sophisticated
clinical examination and a prescribed or guided planning
approach. The clinical examination provides a clear-cut
difference between the dos and don’ts of the procedure and
the structural and functional demands.

A complete understanding of the anatomy is vital and
anatomical anomalies should always be considered. Rela-
tionship of the anticipated implants with the maxillary
sinuses, trigeminal nerve, facial/skeletal arteries, and veins
should be mastered for any type of implant placement.
There should be adequate interdental and inter-occlusal
space for implant restoration to avoid unnecessary damage
or injury to healthy teeth or prime surrounding locations.

Other critical factors include the quantity and quality
of bone, type of prosthesis chosen, and the occlusal loads
which will ultimately decide the position and number of
implants needed (Misch 2014).

Once conditions are deemed favorable for the proce-
dure, guided treatment planning is highly advised. Guided
planning ensures smooth execution of the procedure and
multidisciplinary coordination. Post-implant recovery
time is slow and requires careful follow up. When multiple
health professionals are working together, it is vital to plan
each step to avoid unnecessary delays or missed opportuni-
ties. Moreover, it is essential to plan the procedure in a way
that it does not interfere with a patient’s social and private
life because it might lead to either making the patient
feel depressed or socially isolated. Ultimately, the patient
must be completely aware of the intricacies and adjust-
ments of the treatment. They must know the importance
of keeping up to their appointments and not terminating
treatment halfway, which might be more deleterious than
not receiving treatment. In summary, complete medical,
dental history, and physical examination are the founda-
tion upon which dental restoration with implant fixtures
and prosthetics may proceed.

Factors Influencing Prosthetic Parameters

A number of factors influence the prosthetic parameters of
implants and their subsequent crowns. Among these are
the availability of bone, density of bone, and force factors
related to the patient. Additional considerations are to be
made based on the number of teeth to be restored, and
whether the prosthesis is fixed or removable.

Bone availability may the most significant predispos-
ing factor to influence implant placement. Previously,
implants were placed in native bone and as a result the
prosthesis would have large cantilever forces or poor
esthetics. As we advance in the dental field, a new sys-
tem of setting a prosthetic goal and working backwards
has developed. These circumstances require grafting and
other augmentation procedures first in order to place a
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prosthetically driven implant (Misch 2014). Prosthetic
options for replacing missing teeth can be divided into
fixed and removable options. Within the fixed options
there are three subgroups: (i) Prosthesis that only replaces
the crown and appears like a natural tooth, (ii) pros-
thesis to replace the crown and portion of the root. The
crown contour in these scenarios appears normal in the
occlusal half, but may be elongated or over-contoured in
the cervical half. (iii) A prosthesis to replace both missing
crowns and gingiva. The removable subset has two groups
including a removable prosthesis completely supported by
implant or a prosthesis supported by both implants and
soft tissue.

Bone density should also be considered in the prosthetic
and implant treatment planning process. The densest bone
is found in the mandibular anterior region and gradually
becomes less dense moving posteriorly. The maxilla is less
dense than the mandible and also become less dense as we
move posterior in the arch (Kim et al. 2012). The strength of

the bone supporting an endosteal implant is directly related
to the density of that bone (Misch 2014). To compensate for
poor quality bone, prosthetic design must be considered.
Implants should be placed such that the angle of load on the
implant should be in an axial direction, narrower occlusal
tables should be designed, splinting of crowns of adjacent
implants may be considered, and the use of night guards is
likely indicated (Davies et al. 2002; Vasconcellos et al. 2011;
Yuan and Sukotjo 2013).

Force factors are one last consideration to be made when
considering prosthetic options for patient treatment. The
extent, distribution, duration, type, and direction of these
forces can impact implant and prosthetic components (Vas-
concellos et al. 2011). Parafunctional habits, load forces,
and nature of the opposing arch can influence the stress
environment of the implant and prosthesis (Kim et al.
2012). To combat these factors a number of modifications
can be made including elimination of premature contacts
and fabrication of a night guard.
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Review of the Esthetic Parameters

When considering the natural aesthetics in patient treat-
ment, there are a number of components to be considered.
These include extra-oral, intra-oral, and indirect compo-
nents. Extra-oral components are comprised of the face
and smile line. An adequate facial analysis will address
issues such as any midline deviations and occlusal plane
discrepancy. It has been noted that the mean threshold
for acceptable dental midline deviation was 2.2± 1.5 mm
(Beyer and Lindauer 1998). Furthermore, natural and sub-
tle asymmetry is often unimportant in judging the facial
attractiveness, so much so that beautiful faces may be func-
tionally asymmetrical (Zaidel and Cohen 2005). In addition
to a midline analysis, the planes of the inter-pupillary line
and frontal occlusal plane are assessed. In an ideal sit-
uation these two lines are parallel to one another and
perpendicular to the midline. Phonetics is also addressed.
The second portion of the extra-oral evaluation is the smile
line. Tjan et al. (1984) evaluated the smiles of 454 dental
hygiene students 20–30 years old and defined a standard of
normalcy for the esthetic smile. A high smile line (10.57%)
was defined as revealing the total cervico-incisal length
of the maxillary anterior teeth and a contiguous band of
gingiva. Average smiles (68.94%) revealed 75–100% of the
maxillary anterior teeth and only interproximal gingiva.
Low smiles (20.48%) displayed less than 75% of the ante-
rior teeth (Tjan et al. 1984). In addition to evaluating the
amount of maxillary teeth and gingiva showing, they also
assessed the curvature of the incisal edges in relationship
to the lower lip finding that 84.8% had a parallel curve,
13.88% showed a straight curve, and only 1.32% have a
reverse curve.

Intraorally, the esthetic components are comprised of
the teeth and dento-gingival complex. Restoratively driven
implant placement dictates taking teeth size and propor-
tion into account. For example, the average mesio-distal

dimension of a maxillary central incisor is 8.45 mm, while
the lateral is only 6.44 mm. When assessing teeth, the shape
or relative dimensions must also be considered. In 1999
Snow described and published what they determined to be
the “Golden Percentages” of esthetics in relation maxillary
anterior tooth size. In this ratio, the centrals take up 25% of
the width respectively followed by the lateral incisors with
15% and the canines with 10%. This equates to a proportion
of 1.618 : 1.618. The authors suggest that this proportion be
used as a striating point, but not a definitive methodology
due to anatomical and soft tissue variations that inherently
exist. Assessment of the maxillary anterior teeth can also
be made with respect to the axial alignment. Rufenacht
(1990) described that the general mesial inclination is
more pronounced from the central incisors to the canines.
He went on to elaborate and describe the contact points of
these teeth as descending from the incisal to cervical third
as we move laterally towards the canines. The last com-
ponent of tooth related esthetics is the gingival zenith, or
rather, the most apical point of gingival tissue. The gingival
zenith was noted to be 1 mm distal to the tooth midline
on central incisors, 0.4 mm distal on lateral incisors, and
coincident with the midline on the canines.

The dento-gingival complex is comprised of the peri-
odontium (and its subsequent biotype), the gingival line,
and the dimension of the supracrestal tissue. Generally
speaking, there are two gingival biotypes: thick/flat and
thin/scalloped. A thick gingival biotype is related to square
teeth and bulbous convexities in the cervical third of
the tooth. It often correlates to a gingival margin at the
cementoenamel junction (CEJ) and has thicker and more
fibrotic tissue, thicker bone, increased quality and quantity
of keratinized attached gingiva, and greater contact areas
between adjacent teeth. The thin/scalloped biotype is asso-
ciated with a triangular tooth form has delicate soft tissue,
presence of scalloped osseous form with dehiscence or
fenestration, reduced keratinized tissue, and often lack of
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interproximal tissue fill (Olsson and Lindhe 1991; Weisgold
1977). Biotype will dictate response to bacteria and treat-
ment. For example, a thick biotype is more resilient and
therefore prone to pocket formation. In the same sce-
nario with a thin biotype, recession is the most common
outcome (Müller et al. 2000). Additionally, tissue biotype
dictates the phenomenon known as creeping attachment.
Thick biotypes demonstrated significantly more creeping
attachment than thin biotypes (Pontoriero et al. 2001).

The gingival line, or junction between hard and soft
tissue, is considered to be the key to esthetic harmony. This
scallop is created by the confluence of the periodontium
and teeth. The level of the gingival line on the central
incisors is ideally the same as the canines, with the laterals
being 1 mm coronal. It must harmonize bilaterally with
the smile line, the facial midline, and axial inclination
of the teeth (Smukler and Chaibi 1997). Schluger (1949)
stated that the form of the underlying bone dictated soft
tissue results and that the difference between the levels
and shapes of osseous tissue and the soft tissue caused
recurrent pocketing and recurrent periodontal disease.
In contrast, Doza De Bastos (1977) found that the degree
and configuration of osseous scalloping is determined
by the surface topography of the tooth. Gingival form is
dictated both by the osseous configuration and the sur-
face anatomy of the tooth. In health, bone and tissue are
adjacent to one another and consistent with each other
in form. In periodontal disease, the hard and soft tissues
are no longer consistent with or adjacent to each other,
creating disharmony and a poor esthetic result. Overall,
the contour or shape of the gingiva varies considerably and
depends on the shape of the teeth, their alignment in the
arch, the location and size of the area of proximal con-
tact, and the dimension of the facial and lingual gingival
embrasures.

The final component of the dento-gingival complex is the
interdental papilla. The lateral borders and tip of the inter-
dental papilla are formed by the free gingiva from adjacent
teeth. The center portion is formed by attached gingiva. Fill-
ing of the interproximal contact space was noted in 98% of
sites with 5 mm or less measured from the peak of bone to
the contact point. If this distance was greater than 5 mm, a
black triangle was evident (Tarnow et al. 1992). Incorpora-
tion of a customized temporary abutment and immediate
fixed provisional facilitates the maintenance of the gingival
architecture for optimal aesthetics and eliminates the need
for a removable prosthesis during healing.

The indirect component associated with esthetics is the
bony housing for the implants. In other words, the available
height of bone, soft tissue volume, and three-dimensional
position of the anticipated implant restoration are among
the numerous concerns that must be addressed prior to the

initiation of treatment (Saadoun et al. 1999). Insufficient
bone can preclude proper implant positioning while inade-
quately treated soft tissue will not exhibit a gingival appear-
ance similar to that of the adjacent teeth. If hard and soft
tissue discrepancies are not corrected by regenerative tech-
niques, the replaced tooth appears long or overbulked gin-
givally. In order to create hard and soft tissue harmony, an
understanding of the biological variables and periodontal
implications is necessary.

The Prosthetic Space

Careful consideration must be taken in implant placement
for any given prosthetic space. From a mesio-distal stance,
an implant must be placed at least 1.5 mm away from an
adjacent tooth, and 3 mm from an implant to prevent inter-
proximal bone loss and subsequent loss of soft tissue and
esthetics (Kois and Jan 2001). In the bucco-lingual dimen-
sion, the average maxillary anterior bony wall thickness
following extraction was approximately 0.8 mm, with 87%
of cases having less than 1 mm thickness (Huynh-Ba et al.
2010). The proper bucco-lingual positioning of the implant
simplifies the restorative procedure, resulting in a proper
emergence profile and facilitating oral hygiene. In order
to achieve this result, the centerline of the implant must
often be located near the center of the tooth it replaces.
Alterations to this concept are made in response to gingival
biotype and overbite. Prevention of any buccal recession is
achieved by ensuring at least 1 mm of buccal wall remains
after implant placement. It was noted that as bone thick-
ness approached 1.8–2 mm, bone loss decreased, and in
some cases bone gain was seen (Kitagawa et al. 2005).

Temporization

Observations in temporization have been made that the
response of peri-implant soft tissue to crown-abutment
contour modifications will depend on the location of that
contour change. Two areas of interest have been noted: the
critical space and subcritical space.

Critical Space
The critical space describes the portion of the crown/
abutment/implant which lies immediately apical to the
gingival margin. This space wraps circumferentially around
the restoration and was found to be significant within 1 mm
range in the apico-coronal direction. Interproximal critical
spaces will dictate the final shape of the crown ranging
from triangular to square. Additionally, the location of the
critical space is not permanent. In cases of recession, the
critical space will shift apically. From a clinical perspective,
the final design of the critical space around all aspects
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of the restoration should correlate to the desired gingival
architecture and anatomy of the implant-supported crown
being fabricated.

Subcritical Space
The subcritical space is located apically to the critical
space. This is under the caveat that there is sufficient
“running room,” or distance from the implant neck to
the gingival margin. This space, if of high enough mag-
nitude, allows for the proper cervical contouring of the
restoration. Any alterations to the subcritical contours
should not have a clinical effect on the gingival margin.
If an implant is placed too shallow for example, an insuf-
ficient amount of running room will be present, and no
subcritical space will exist. Design of the subcritical space
may be convex, flat, or even concave to dictate soft tissue
filling and growth. Alterations can be made in circumfer-
entially, helping to manage both interproximal and facial
tissue.

Buccal Contour
The buccal contour is important in determining the zenith
and facial gingival margin level. These alterations will ulti-
mately have an impact on the clinical crown length. Addi-
tional changes to the critical and subcritical space of a tem-
porary may also control and/or change the location of the
gingival zenith. The convexity of the facial critical contour
has an effect on the gingival margin scallop.

Final Restoration

Fabrication of the final restoration relies on the practi-
tioner’s clinical skill as well as their ability to select the
correct abutment, and restorative materials. Implants
should be placed so that the abutment ultimately resem-
bles or mimics the preparation of a natural tooth. In order
to achieve this, surgical guides can assist in angulation.
If too much angulation (in a palatal, buccal, mesial, or
distal direction) exists, esthetics and even function can be
compromised (Davarpanah et al. 2001).

Abutment Options

Abutment options for implant crowns include stock and
custom abutments. Stock abutments compromise the
cheaper and faster option. They are premade and come
in standard sizes that are either straight or angled. In
general, stock abutments are not used in the aesthetic
zone because tissue may not accurately form to the shape
of the abutment. Some studies indicate a greater risk of
peri-implantitis when using stock abutments. Custom

abutments on the other hand, have better subgingival
contour for esthetics. This allows the practitioner to con-
trol the position of the margin, and even compensate for
poor implant angulation to some degree (Sullivan and
Sherwood 1993).

Cemented Versus Screw Retained

Cement retained restorations: Often more esthetic, carry
the ideal occlusal load, and are more flexible with implant
angulation. Some disadvantages of cement retained restora-
tions include the need for cement, and issues with crown
retention as a result. Insufficient cement may result
in poor retention of the implant crown, while excess
cement becomes a foreign object to the immune system
and elicits an inflammatory response which will lead to
peri-implantitis and ultimately failure if not treated appro-
priately. Screw retained restorations have their own set
of pros and cons. Advantages of a screw retained restora-
tion include: use with limited inter-occlusal distance, no
cement needed, and retrievability. Cons include the chal-
lenge in creating a screw access location, and if the implant
is poorly angled it will alter screw placement and can have
a significant effect on esthetics.

Restorative Materials

Restorative options for single or multiple unit implant
crowns have taken great strides in recent years. Options
include porcelain fused to metal (PFM), E.max, layered
zironcia, full contour zirconia, gold, and composites. PFMs
have been the standard especially in posterior regions
due to their durability and strength; however, they can be
esthetically challenging at the margins of the restoration
(Schoenbaum et al. 2013) have shown success to restore
implants and have a strength that is similar to zirconia in
many cases. The downside of E.max is ensuring that the
resin cements are not used in excess. Resin cements are
known to be of low viscosity and translucency, additionally
they bond well to titanium. Consideration of an alternative
cement is indicated in many E.max cases for this reason
(Kitagawa et al. 2005). Layered zirconia is another option
to restore implant crowns. This material requires greater
occlusal clearance (Tan et al. 2012). Careful consideration
in esthetics should be taken for all the restorative materials
and increasing the opaqueness as necessary dependent
on the material selected for the abutment to ensure it
isn’t visible through the crown. Overall, a number of
materials may be used for the fabrication of an implant
supported prosthesis. Practitioner and lab technician skill
are important factors in the decision-making process.
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Additionally, the amount of restorative space present may
dictate or contraindicate the use of a particular material
and favor another. In the esthetic zone, special care should
be taken to match the color of adjacent teeth, and ensure
the restoration is opaque enough to prevent any visibility
of the abutment.

This chapter has provided an in-depth review of the pros-
thetic considerations during implant restoration. With the
advent of technological advances, the number of materials
and tools available to fabricate the most aesthetic and func-
tional restorations will remain a dynamic field of study.
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Digital Workflow in Surgery
Edgard El Chaar

Department of Periodontics, University of Pennsylvania, Dental medicine, Philadelphia, PA, USA

Introduction to Digital Dentistry

Digital dentistry is gaining more popularity in the last five
years and more clinicians are integrating it into their clini-
cal practice. A rise in the lectures on the matter in domestic
and international symposium has been noticeable as well
more and more publications have populated the literature.
Eventually, it will be integrated in the curriculum of dental
education.

The digital workflow or digital dentistry is a big umbrella
that has benefits all over the restorative and surgical dis-
ciplines. It has two folds, one capturing a dental image
instead of taking a conventional impression, which elimi-
nates the error in elastomeric impression material setting
and error in stone setting, all of which can result in an accu-
rate outcome with the digital impression called intra-oral
scanning (IOS) (Ender et al. 2016, 2019), to volumetric data
acquisition using cone beam computerized tomography
(CBCT).

For the purpose of surgical implementation, the two
collected data can be combined together in a planning soft-
ware (computer-aided design (CAD)) and will be able to
produce through a process called (computer-aided manu-
facturing (CAM)) static computer aided implant dentistry.
This terminology is important to differentiate it from the
navigational implant surgery, which correlates the planned
placement in a live feedback of the drill position in the
three-dimensional (3D) image of the patient.

Terminology

Images collected from a CBCT can be exported into a uni-
versal language called digital imaging and communication
in medicine (DICOM). The image captured by an IOS
can be saved in a universal file format called (STL). It’s
widely believed to be an abbreviation of the word Stereo

Lithography, though sometimes it is also referred to as
“Standard Triangle Language” or “Standard Tessellation
Language.”

The STL format doesn’t export colored images. To achieve
that, there is another universal format called OBJ which
allows exporting it in color. Each scanner and CBCT have
their own format language, that’s why it is important to
be able to export them in a universal format that can be
imported in a system of choice of a clinician or to be trans-
ferred to another colleague if the patient decides to seek
another place for treatment.

Description of STL

The main purpose of the STL file format is to encode the
surface geometry of a 3D object. It encodes this information
using a simple concept called “tessellation.”

Tessellation is the process of tiling a surface with one
or more geometric shapes eliminating overlaps or gaps,
such as a tiled floor or wall. Tessellation can involve simple
geometric shapes or very complicated (and imaginative)
shapes.

The basic idea was to tessellate the two-dimensional (2D)
outer surface of 3D models using tiny triangles also called
“facets” and store information about the facets in a file.

For example, if you have a simple 3D cube, this can be
covered by 12 triangles. In a cube, there are two triangles
per face. Since the cube has six faces, it adds up to 12
triangles.

If you have a 3D model of a sphere, then it can be covered
by many small triangles.

The Albert Consulting Group for 3D Systems realized
that if they could store the information about these tiny
triangles in a file, then this file could completely describe
the surface of an arbitrary 3D model. This formed the basic
idea behind the STL file format.
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In a nutshell, an STL file stores information about 3D
models. This format describes only the surface geometry
of a three-dimensional object without any representation
of color, texture, or other common model attributes. This
format allows the image to be 3D printed, models to be gen-
erated and crowns to be milled.

Description of 3D Volume

Today, the CBCT is a very common tool available in most
of the dental practices. It provides lower radiations in order
of 92–118 μSv. As discussed in the previous chapters, it pro-
vides an abundant information on anatomical landmarks
and different images, sagittal, axial, and coronal. In rela-
tion to our needs, it provides the bone and the teeth known
as high density tissue. One of the setbacks in the images
collected, we can get artifacts in the shape of streaks origi-
nating from restorations and crowns. This can be an imped-
iment since the guides and prosthetic work-up will depend
on the clarity of the teeth image. To limit artifacts: reduc-
tion of the field of view (FOV), Placing cotton rolls between
the arches and the mucobuccal fold during the acquisition
may decrease the beam hardening artifact. Patient-related
artifacts are typically due to motion during the acquisition
of the data volume, such as pronounced respiration, eye
motion, or tremors. Movement artifact ranges from blur-
ring to double contours of bony outlines.

2D images are made of several pixels represented as
squares, with height and width. The smaller the pixel, the
better the quality of the picture. The same concept applies
to a 3D data volume. A voxel is the smallest 3D element of
the volume, and is typically represented as a cube or a box,
with height, width, and depth. Each 3D voxel represents a
specific X-ray absorption. The voxel size on CBCT images
is isotropic, which means that all the sides are the same
dimension with uniform resolution in all directions. This is
considered an advantage of the CBCT because if a certain
structure needs to be measured, the measurement will be
exact in all the three orthogonal planes. There are different
voxel sizes depending on the capabilities of each unit.
Voxel size needs to be smaller than the desired anatomical
structure for adequate representation. For example, the
first sign of periapical inflammatory lesion is discontinuity
of the lamina dura; thus, if visualization changes to the
periapical area (lamina dura and PDL space) is desired, a
CBCT less than 0.2 mm needs to be acquired. Structures
smaller than the voxel size will not be visualized in the
scan (example, small cracks in the enamel). As previously
mentioned, soft tissue structures (mucosa, gingiva, carti-
lage, nerves, blood vessels) cannot be evaluated in a CBCT
study.

During the reconstruction phase, the set of 150–600 basis
images will be sent to a dedicated software that will then
create a 3D volume reconstruction of the data volume
which is called rendering. To render a 2D projection of the
3D data set, one needs to define the opacity and color of
every voxel. This is usually defined using an RGBA (for red,
green, blue, alpha) transfer function that defines the RGBA
value for every possible voxel value. We are focused on
teeth and the bone which each will have a value. This will
allow the clinicians to do a segmentation of the rendering
in certain planning software’s making the image clearer
from the artifacts or un-needed structures.

Applications of Interactive Software

Intra-Oral Scanners (IOS)

There are different IOS in the market. The older version
required powder in order to capture the image not any-
more in the new models. The principle is to stitch multiple
images to make them continuous. Based on the literature,
not much of difference between all of them other than the
rapidity in capturing the images based on the stitching
and the software that allows it to happen but yet a recent
publication showed there is a difference between some
(Nedelcu et al. 2018). The IOS have shown similar accu-
racy to conventional impressions (Ender et al. 2016) and
some suggested can be used as a replacement for conven-
tional impressions when restoring up to ten units without
extended edentulous spans. In a Prosthetic case, a body
scan is needed to capture the position of the implant and
with the IOS you can even capture the emergence profile
that was created without resorting to multiple steps done
during the conventional way (Elian et al. 2007). There is
a system that allows the use of the healing abutment as a
scan body with a proprietary software to decoded called
encode. Regardless, for prosthetic or to create a surgical
guide, the IOS is an important phase to collect and to be
able to export freely an STL file and from there it will be
imported to a planning software. Our focus will be on
a virtual Implant planning software for edentulous sites
either single or multiple in one or different quadrant but
not for full reconstruction in edentulous site.

Virtual Implant Software Planning

In order to achieve that, the following will need to happen
regardless of the system maybe in a different set of order:

1. Import of the DICOM, cleaning of the 3D rendering via
segmentation if the software is capable.
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2. Importing the digital impression and matching it with
the radiographical in a process called stitching or regis-
tration depending on the system in use.

3. You plan the implant following the 3D implant place-
ment set rules (Grunder et al. 2005; Hämmerle et al.
2015).

4. Depending on the system, you can either use a feature of
digital wax-up from a pre-set library and adjusted to the
appropriate size or import a digital scan of the waxed-up
site.

5. Once the positioning is satisfactory, you will follow the
steps of the particular software to design a surgical guide
and export it in STL format.

At this point, this exported file will be imported in
a 3D printer resin based allowing the surgical guide
to be manufactured. This constitutes the CAM part
of the digital process. The virtual planning software
(CAD) will generate a surgical protocol which will be
discussed next.

Drilling Surgical Guide

A drilling surgical guide allows the transfer of the vir-
tually planned treatment to surgery which is called in
the literature “static computer aided Implant dentistry”
(Vercruyssen et al. 2015). Depending on the system used,
a specific part, drilling burs, and surgical protocol will be
generated by the planning software. All the drilling guides
will have in common the following:

1. A sleeve: a tube of titanium that inserts in the site of
each implant. Depending on the systems, you can have
a pilot drill sleeve, or a fully guided sleeve which will
correspond to the diameter of the implant. Sometimes,
the diameter for the fully guided can be too wide for the
space and will be an impediment for it to be printed. The
clinician might have to revert to less of a fully guided
preparation and placement.

2. If you are going for fully guided preparation of the
osteotomy, a key that correspond to each bur will be
provided.

3. Set of burs with stoppers that will be held by the key of
different length for each step of the osteotomy.

4. Lastly, a fixture mount with stopper in case of guided
implant placement.

5. The planning software will generate through an algo-
rithm, will calculate the appropriate length of the bur
taking into consideration, the distance from its stopper
over the key, the length of the sleeve, the distance of
the sleeve from the bone and the necessary depth of
osteotomy. A surgical protocol will be generated, stating
the length of the bur, the key to use and the fixture
mount appropriate key and depth marking. Tissue

punchers will be selected as well in case of flapless
approach.

Although in theory, the guide should be perfectly cor-
rect, the clinician should always check to make sure the
osteotomy is in the right direction and position (Wismeijer
et al. 2018). A recent systematic review (Tahmaseb et al.
2018) reviewed 2238 implants in 471 patients that had
been placed using static guides. The meta-analysis of the
accuracy (20 clinical) revealed a total mean error of 1.2 mm
(1.04–1.44 mm) at the entry point, 1.4 mm (1.28–1.58 mm)
at the apical point and deviation of 3.5∘(3.0–3.96∘). There
was a significant difference in accuracy in favor of partial
edentulous comparing to full edentulous cases. They rec-
ommended a safety margin of at least 2 mm to be respected.

The deviation between CBCT and surface scan model
resulting from inaccurate registration is transferred to
the surgical field and results in a deviation between the
planned and actual implant position (Flügge et al. 2017).
Furthermore, the registration accuracy in commercial
virtual implant planning software is significantly influ-
enced by the preprocessing of imported data, by the user
and by the number of restorations resulting in clinically
non-acceptable deviations encoded in drilling guides. The
authors advocate the manual segmentation of 3D models
by the user proved better than the automatic segmentation
especially in patients with multiple restorations. Further
to that, the printing of the guide using additive manu-
facturing (3D printing), which uses a polymerizing resin
and selective laser melting, can be subject to inaccuracies
(Galante et al. 2019).

Use of Guided Surgery in Immediate Implant
Placement

The benefits of placing an immediate implant in the ante-
rior esthetic area are numerous and the challenges are
plenty: from the positioning of the implant to achieve a
prosthetically driven placement leading to a screw retained
prosthesis, to preserving the gingival scallop and reducing
gingival margin recession, to immediately temporizing the
patient that helps both latter’s and improve patient comfort.

The digital planning leading to a digital surgical guide
can provide a more precise 3D implant position when it
comes to buccal-lingual and mesio-distal placement. The
depth control is bit tricky which will require more the clin-
ician experience.

If we follow the fully guided implant placement, we can
even design a temporary digitally that has built-in the posi-
tion of the abutment.

Descriptively, once the IOS is taken with the site to be
extracted and imported in either the planning software
if it can provide the digital extraction or to free online
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software called meshmixer. Once the tooth is extracted
and super-imposed over the DICOM, the planning proceed
as the normal process but with the criteria of immediate
implant which is the apical stabilization of 3 to 4 mm.
Another added benefit is the visualization of the free gin-
gival margin and being able to measure the 3 mm depth
needed at time of immediate implant placement.

The process can then be synergized with a prosthetic
software of the clinician choosing. It will allow for chairside
provisionalization, among other features. By using these
steps, the clinician will end up with a design that requires
the clinician or technician to further shape digitally the
submarginal contour, especially from the mesiobuccal line
angle to the distobuccal line angle especially for the maxil-
lary central. Once the design is established, it can be routed
to make a digital model with a soft-tissue design depicting
the implant position or straight with the temporary or
skipping the model design with the soft tissue and just
produce the temporary only. When the project is finalized,
all three models if that route is chosen, designed tempo-
rary, soft tissue, and the model with the analog location,
can be exported into STL format for three-dimensional
printing. The designed temporary with the proper shade
and adapted to a prosthetic abutment appropriates to the
chosen implant system using the printed model with the
printed soft tissue. We can also verify the fit of the surgical
guide over the model and its lining up with the lab analog.

If the implant stability is not satisfactory to the clinician,
the printed tooth can be trimmed to a 3D custom abutment
or even designed as such from the beginning.

The goal of provisionalization at the time of immedi-
ate implant placement is also based on the concept that
the buccal emergence profile can support the soft tissue
from collapsing. This is discussed more in Chapter 18,
but recently, El Chaar et al. introduced a mathematical
concept to calculate the emergence profile based on the
depth of the implant and the buccal gap that is created by
the immediate implant placement (El Chaar et al. 2020).
This can be integrated in both implant planning software
with the prosthetic synergy and will make it defined better
cutting down on the prosthetic time of the surgical phase.

Full Arch Guided Surgery

The digital surgical workflow was also included in the
planning of a full arch case. This will consist on planning
the placement of the implants either parallel or with angled
posterior ones. In order to do that, we can create a leveling
of all the implants with a cutting plane, allowing a straight
leveling between the posterior and anterior implant and
also based on the prosthetic distance needed between the
implants interface and the incisal of the future prosthetic.

Once these established, the clinician or the lab techni-
cian can build the reduction guide, that will be the base,
and stabilized with pins, the leveling can be finalized and
then the implant surgical guide can be attached over it to
place the implants. Once the implants are placed, the latter
guide is removed and the temporary milled or printed
bridge is stacked over the reduction guide and connected
to the multi-unit abutments. This will allow the patient
to walk out with immediate temporary load. I do call
this temporary a surgical temporary that would need to
be replaced or embellished when the healing is finished.
(Figures 17.1–17.7)

Aid in Ridge Deficiency Diagnosis

We, as clinicians are dealing with more and more exten-
sive and complicated cases that require more presurgical
preparation. When the CBCT is taken, and uploaded to the
planning implant software, some of them will allow you
to manipulate the rendering image, clean it. That allows
the clinician to segment the area that they need and then
export it as an .stl image which in turn will be printed
(Figure 17.8). Once the clinician has it in their hand, they
can decide which procedure will be more beneficial to the
situation in question, an autogenous bloc/monocortical

Figure 17.1 Planning of the reduction guide based on the
cutting plane with the planned stabilization pins

Figure 17.2 The stackable guide for implant placement sitting
over the reduction guide.
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Figure 17.3 Buccal view of the reduced bone with the implant
placed along with the multiunit abutments.

Figure 17.4 Side view of the reduced bone with the implant
placed along with the multiunit abutments.

Figure 17.5 Occlusal view of the reduced bone with the implant
placed along with the multiunit abutments.

Figure 17.6 Buccal view of the temporary prosthesis sitting over
the reduction guide which became the base of all the phases of
treatment.

Figure 17.7 Side view of the temporary prosthesis sitting over
the reduction guide which became the base of all the phases of
treatment.

Figure 17.8 Printed image of the rendering allowing the
clinician to assess the amount of bone destruction and here in
particular there is still an implant that need to be removed.

plates, a titanium mesh, or just resorbable/nonresorbable
membrane with or without tenting screws. There is also a
free online software called slicer that can allow you to do
the segmentation of the rendering. Both 3D preparation
and treatment has been described by El Chaar et al. (2019)
that can help you the reader to understand more in depth
that critical phase.

As a conclusion, technologies in data acquisition in
CBCT will keep improving both in reducing radiation
and accuracies despite the dental restorations allowing
the clinician to more accurately register the data from the
IOS which in its turn will keep improving both in speed
and stitching of the images even in the fully edentulous.
The future is bright and this technology will be more
adopted by the clinicians and it will become more afford-
able compared to the navigational and the robotic guided
implant dentistry.
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Anatomical Features of the Alveolar
Process

The Alveolar Process

The bone that supports teeth in the maxilla and mandible
may be divided into two parts: the alveolar process and the
basal bone, which are continuous with no distinct border
dividing them. The alveolar process of the jaw develops
along with the eruption of the teeth and is composed of the
alveolar bone proper and the supporting bone. The volume
and the shape of the alveolar process are determined by
the form of the teeth, their axis of eruption, and eventual
inclination (Schroeder 1985).

The Alveolar Bone Proper

Compact bone that composes the alveolus (tooth socket).
Also known as cribriform plate or lamina dura, the fibers
of periodontal ligament insert into it (American Academy
of Periodontology, 2001). The function of the alveolar bone
proper is to form the attachment apparatus of the tooth in
conjunction with the root cementum and the periodontal
ligament.

Alveolus and Extraction Socket

Alveolus is the socket in the bone into which a tooth is
attached by means of the periodontal ligament. (American
Academy of Periodontology, 2001). The extraction socket
is a term used to describe the tissues remaining after tooth
removal. The outer walls of the extraction socket consist
mainly of cortical bone with the buccal bone plate being
usually thinner (<1 mm in the anterior region) than the
lingual or palatal wall.

The Alveolar Ridge

When the alveolar process heals following loss of teeth,
the remaining bone is referred to as the alveolar ridge and
is the result of bone formation within the socket and bone
resorption externally.

Classification of Remaining Bone

Lekholm and Zarb (1985) classified the “quality” of the
bone in the healed edentulous ridges into four categories
according to which classes 1 and 2 are characterized by
thick cortical plates and small volume of bone marrow.
Sites that belong to classes 3 and class 4 present with thin
walls of cortical bone surrounding large amount of can-
cellous bone (spongiosa), including trabeculae of lamellar
bone and marrow.

Alterations of the Alveolar Process
Following Tooth Extraction

Biological Events and Histologic Ridge Alterations

The healing of an extraction socket was studied in speci-
mens obtained from humans (Amler et al. 1960, 1969; Evian
et al. 1982) and in animal models (Cardaropoli et al. 2003;
Araújo and Lindhe 2005).

In the study by Amler (1969), the socket healing was
monitored in volunteers, after tooth extraction and soft tis-
sue biopsies were harvested from the extraction sites after
varying intervals; from 48 hours to 32 days. From his obser-
vations, Amler concluded that a blood clot formed within
the socket soon after the removal of a tooth. Within two to
three days the clot was gradually replaced with granulation

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc.



�

� �

�

Clinical Implications for Ridge Preservation and Implant Treatment 139

tissue and subsequently with young connective tissue and
osteoid with signs of mineralization after three weeks. After
six weeks of healing, there was pronounced bone formation
in the socket and trabeculae of newly formed bone.

The limitations of this study are the following: (i) The tis-
sue sampled was not demineralized prior to sectioning as a
result only events of that preceded hard tissue formation
could have been analyzed. (ii) The study was of short dura-
tion and did not include the important later phase of socket
healing that involves the process of modeling and remodel-
ing. (iii) The biopsy was restricted to the superficial region
of the wound and the marginal portions of the socket. Thus,
the tissue composition of the fully healed extraction site was
not documented in the study.

Cardaropoli et al. (2003) published the results of a
long-term experimental study in dogs, which described in
more detail the various phases of socket healing including
processes of both modeling and remodeling.

Overview of the Histologic Sequence of Healing
The healing of an extraction socket is characterized by a
sequence of histologic events taking place in four clear
stages:

• Blood clotting: The blood clot acts as a physical matrix
that directs cellular movements, contains growth factors,
and enhances the activity of inflammatory cells.

• Wound cleansing: When neutrophils and macrophages
that migrate into the wound clean the site from bacteria
and damaged tissue before formation of new tissue can
start.

• Tissue formation: A new tissue, i.e. granulation tissue
gradually, replaces the blood clot. The granulation tissue
contains macrophages, a large number of fibroblast-like
cells, and newly formed blood vessels. A provisional
connective tissue is established through a combination
of fibroplasia (intense synthesis of matrix components
exhibited by the mesenchymal cells) and angiogenesis
(formation of new vessels).

• Tissue modeling and remodeling: Within few weeks
the entire socket is filled with woven bone which is
replaced gradually with lamellar bone and marrow.

Dimensional Ridge Alterations

Knowledge of healing events following tooth extraction is
essential for prosthetically driven treatment planning.

Studies measuring the mean apico-coronal and bucco-
lingual change in ridge dimensions following tooth
extraction:

Pietrokovski and Massler (1967), Schropp et al. (2003),
Araújo and Lindhe (2005).

In the study by Pietrokovski and Massler (1967), the
authors had access to 149 dental cast models (72 maxillary

and 77 mandibular) in which one tooth was missing (and
not replaced) on one side of the jaw. The outer contours
of the buccal and lingual/palatal portions of the ridge at
a tooth site and at the contralateral edentulous site were
determined by the use of a profile stylus and an imaging
technique. A pilot study was also carried out to test the
accuracy of the technique and the degree of symmetry of
normal and edentulous ridges. The authors reported the
following findings:

1. From the pilot study the human dental arches found to
be symmetrical but not identical with a small and not sig-
nificant difference.

2. The buccal plate of the maxillary and mandibular arch
was resorbed to a greater extend shifting the position of
the edentulous ridge toward the palatal/lingual site and
shortening the total arch length.

3. The amount of tissue resorption was significantly greater
in the edentulous molar region than in the incisor and
premolar region of both jaws.

Schropp et al. introduced subtraction radiography as a new
method for assessing morphologic changes and remodeling
processes of extraction sites during the healing period. This
prospective clinical trial demonstrated that major changes
of an extraction site take place during the 12 months
following atraumatic tooth extraction. The width of the
alveolar ridge was reduced by 50% during the observation
period and two thirds of this reduction occurred within
the first three months after tooth extraction. Regarding
the soft tissue height, only slight changes, less than 1 mm,
took place in both jaws during the 12 months of healing
(Schropp et al. 2003).

Araújo and Lindhe (2005) described alterations in the
edentulous ridge profile following tooth extraction in an
experimental study in a dog model. Over eight weeks of
healing, the margin of the buccal wall shifted apically by
approximately 2 mm. According to the authors, bone loss
during socket healing is greater along the buccal than the
lingual wall for several reasons. First, the crestal portion of
the buccal bone wall is primarily compromised of bundle
bone, especially in the anterior region. Bundle bone is
a tooth-dependent tissue that completely resorbs after
tooth extraction. On the contrary, bundle bone typically
comprises a smaller proportion of the lingual or palatal
socket wall. Also, the lingual bone wall of the socket is
thicker than the buccal wall.

Clinical Implications for Ridge
Preservation and Implant Treatment

Adequate dimensions of the alveolar ridge promote implant
placement in the proper three-dimensional position and
provide proper mechanical support for the implant and
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soft tissues. Numerous experimental and clinical studies
have shown that resorption of the alveolar process is an
inevitable consequence after tooth extraction.

Many factors have been suggested to influence post-
extraction ridge reduction. These include:

• Pre-existing pathological processes
• Thin bone and soft tissue phenotype
• Number of missing teeth
• Traumatic tooth extraction

Preventing or reducing this resorption is desirable for
long-term success in implant dentistry since ideally the
implant must be circumferentially surrounded by healthy
bone and a wide band of keratinized mucosa.

Atraumatic Tooth Extraction

Tooth extraction is the first step in treatment and even
though it has been considered a simple and straight-
forward procedure, it is an invasive procedure. It disrupts
vascular structures and damages soft tissues and associated
periodontal ligament. It should be performed as minimally
traumatic as possible, with care to avoid additional bone
resorption. Flapless tooth extraction is important and has
been shown to reduce the amount of bone loss in the early
healing phase four to eight weeks post extraction compared
with full-thickness flap elevation (Fickl et al. 2008).

Indications for Ridge Preservation

Ridge preservation may be defined as a procedure that aims
to preserve the ridge volume existing at the time of extrac-
tion. General indications:

• Maintenance of the existing soft and hard tissue envelope
• Maintenance of a stable ridge volume for optimizing

functional and esthetic outcomes
• Simplification of treatment procedures subsequent to the

ridge preservation (Hämmerle et al. 2012).

It is also indicated when an immediate or early implant
placement is not feasible due to:

Patient-Specific Indications

• Adolescent people (too young for implant placement)
• Pregnancy
• Medical reasons
• Financial reasons

Site-Specific Indications

• Extended apical bone defects where primary stability
may be compromised

• Extended soft tissue deficiency
• Multi-rooted sites

Contraindications for Ridge Preservation

• General contraindication against oral surgical interven-
tions

• Infection at the extraction site, which cannot be taken
care of during the ridge preservation surgery

• Patients radiated in the area planned for ridge preserva-
tion

• Patients taking bisphosphonates
• Implant placement anticipated within six to eight weeks

of extraction
• Thick periodontal phenotypes with expected sufficient

amount of bone after extraction and healing

Ridge Preservation Procedures

Several procedures have the potential to modulate the
degree of the inevitable ridge changes.

Maintenance of the Root and the Socket Shield Technique
Historically, the first therapeutic attempts to prevent alveo-
lar ridge resorption were performed by root retention, with
primary goal of maximizing the stability of removable pros-
theses (Osburn 1974). Later in 1994, Langer introduced
the spontaneous in situ gingival augmentation technique
to increase the quantity of gingival tissue around a tooth
scheduled for extraction.

Salama et al. in 2007 described the advantages of the
“Root Submergence technique” for pontic site development
in esthetic implant dentistry. Hürzeler et al. published in
2010 the “Socket-shield” technique, according to which the
retaining of the buccal aspect of the root during implant
placement did not appear to interfere with osseointegration
and could be beneficial in preserving the buccal bone plate.

Forced Eruption
Forced eruption has been used as a site development for
future implant placement.

Socket Grafting
Over the past two decades, multiple studies have been con-
ducted to evaluate the efficacy of different socket grafting
approaches (Avila-Ortiz et al. 2014). In these studies a large
variety of biomaterials have been employed and tested,
including autologous bone, bone substitutes (allografts,
xenografts, and alloplasts), autologous blood-derived
products, and bioactive agents (Darby et al. 2009).

Socket Grafting Technique: Clinical Recommendations
• Minimally traumatic tooth extraction
• Socket debridement
• Raising of a flap and placement of biomaterials (bioma-

terial for ridge contouring and/or barrier membrane)
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• Primary wound closure when possible (soft tissue punch,
connective tissue graft, barrier membrane, soft tissue
replacement matrix, pedicle flap)

• Suturing
• Antibiotics

Materials Used for Socket Grafting The materials used for
ridge preservation are those that have been used for guided
bone regeneration (GBR) and guided tissue regenera-
tion (GTR) and reflect what is available commercially.
Demineralized freeze-dried bone allograft (DFDBA) and
deproteinized bovine bone mineral (DBBM) have been
used extensively. Other graft materials include autolo-
gous bone, calcium sulfate (CMC/CaS), solvent-preserved
cancellous allograft, and biocoral (Darby et al. 2009).

Membranes placed were most commonly expanded
polytetrafluoroethylene (e-PTFE) membranes or collagen
membranes. In addition, a polylactic/polyglycolic mem-
brane was assessed by Lekovic et al. (1998) and Simon et al.
(2000). Other membranes investigated were those man-
ufactured from titanium or acellular dermal matrix graft
(ADMG). Finally sponges made of polylactic/polyglycolic
acid (PL/PG) or collagen have been placed in extraction
sockets to preserve the ridge. The collagen sponges acted
as a carrier for either recombinant human bone mor-
phogenetic protein 2 (rhBMP-2) or synthetic cell-binding
peptide p-15 (Darby et al. 2009).

The Osteology Consensus Conference in 2012 concluded
that the majority of studies and systematic reviews did not
reveal significant differences between various biomaterials
and treatment approaches (Hammerle et al. 2012).

However, bone grafting materials that will be resorbed
and replaced with the host’s bone are preferable. An ideal
material would be one that resorbs at the same rate as new
bone formation occurs. If a bone graft material resorbs too
rapidly, it will permit shrinkage or contraction to occur
before the space can be filled with new bone. Conversely, an
implant that resorbs too slowly may delay bone formation
(Seibert 1993).

Healing and Implant Placement After placing the bioma-
terial in the extraction socket and subsequently covering
the area with a membrane and a flap or only with a soft
tissue substitute material, the area should be left to heal for
four to six months prior to implant placement. The healing
period depends on the size of the extraction socket. It is
recommended that a molar socket be allowed to heal for
six months, and a lateral incisor socket for four months. In
general, ridge preservation procedures are accompanied by
varying degrees of bone formation and residual graft mate-
rial in the extraction socket. This depends on the materials
and techniques used. Ridge preservation procedures do
not prevent 100% of the ridge alteration that takes place

following tooth extraction. Thus, even if enough bone is
preserved for implant placement, some flattening of the
ridge should be expected. In maxillary anterior regions,
additional procedures such as contour augmentation or
soft tissue grafting may be required at the time of implant
placement to compensate for this deficiency.

Socket Grafting Complications Occasionally complications
may result from a ridge preservation procedure. These are
mostly related to healing and bacterial contamination of
the wound. The most common complications include:

• Infection
• Soft tissue dehiscence
• Gingival graft necrosis
• Membrane exposure
• Exposure and loss of graft material

Management of Socket at the Esthetic
Zone

Extraction Socket Classifications

Extraction socket classifications and treatment protocols
are designed to help guide clinicians through diagnosis
and therapy. There have been various proposed systems to
classify extraction sockets.

Elian and coworkers presented a simplified socket classi-
fication and repair technique according to which there are
three types of sockets:

• Type I Socket: The facial soft tissue and buccal plate
of bone are at normal levels in relation to the cemen-
toenamel junction of the pre-extracted tooth and remain
intact post-extraction.

• Type II Socket: Facial soft tissue is present but the buc-
cal plate is partially missing following extraction of the
tooth.

• Type III Socket: The facial soft tissue and the buccal
plate of bone are both markedly reduced after tooth
extraction.

A simple, noninvasive approach to the grafting and man-
agement of sockets when soft tissue was present but buccal
plate was compromised following tooth extraction was also
introduced (Elian et al. 2007).

El Chaar et al. in 2016 proposed a classification of extrac-
tion sockets for single rooted teeth based on the biologic
principles of wound healing and guided by the topography
of the extraction socket. The treatment protocol for each
socket type is directed by the anatomy of the remaining
bone, the soft tissue biotype, and the location of the socket
in the maxilla or the mandible.
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Timing of Implant Placement

Several classifications have been proposed for the timing of
implant placement following tooth extraction with various
time intervals. In 2004, Hämmerle et al. proposed a clas-
sification of four categories (Type I–IV), which was later
modified by Chen and Buser (2008) adding a descriptive
terminology in the 3rd volume of the ITI Treatment Guide
series (Figure 18.1).

Immediate Implant Placement

Diagnosis and Indications In the esthetic sites, immediate
implant placement may be considered in single-tooth sites
when the anatomical situation is ideal. Specifically when
the buccal plate of the socket is fully intact, the tissue
biotype is thick with a thick facial bone wall (≥1 mm) and
primary stability can be achieved. However, additional pro-
cedures may be required even in these favorable conditions
in order to prevent mucosal recession. Such procedures
may include adjunctive connective tissue grafts and flap
advancement.

Outline of favorable clinical conditions for immediate
implant placement:

• In the esthetic zone, sites with a low esthetic risk and low
esthetic demands:
– Thick tissue biotype
– Intact thick buccal bone wall

• Intact bone walls and favorable apical topography
• Single-rooted sites
• Absence of acute purulent infection

When the clinical conditions are favorable, then an imme-
diate implant placement is planned with pre-operative
three-dimensional radiographic images cone beam com-
puted tomography (CBCT).

Immediate Implant Placement Surgical Technique
• Minimally traumatic tooth extraction: Flapless

tooth extraction is important to avoid additional bone

resorption from the bony surface related to the elevation
of the mucoperiosteal flap (Wood et al. 1972).

• Socket debridement and inspection: Immedi-
ately after tooth extraction all granulomatous tissue
is removed with curettes and the socket is examined to
confirm that all bone walls are intact.

• Implant osteotomy: The implant osteotomy is prepared
utilizing a surgical template to ensure ideal implant posi-
tion. Verification for proper three-dimensional implant
placement. A gap of 2 mm is maintained between the
implant shoulder and the internal aspect of the facial
wall. This marginal gap is grafted with particles of
cortical allograft.

• Suturing: A horizontal mattress suture is placed.
• Interim tooth replacement: Removable dental pros-

thesis or vacuum-formed overlay bridge (Essix) are pro-
vided for patients as interim tooth replacements. Care is
taken to relieve the prosthesis to avoid contact with the
implants and underlying mucosa.

• Post-operative care: Patients are instructed to rinse
twice daily with chlorhexidine digluconate and to
refrain from removing plaque by mechanical means at
the surgical sites for two weeks.

• Suture removal: Sutures are removed two weeks
post-operatively and patients are asked to commence
plaque removal at the exposed healing caps with a
soft-bristle toothbrush.

• Final restorative treatment: Patients are referred for
restorative treatment three to four months after implant
surgery and are recalled for examination and instruc-
tion in home care following connection of the implant
crowns.

• Annual recalls scheduled.

Complications
• General complications related intraoral surgi-

cal procedures: Infection, pain, swelling, wound
dehiscence, and exposure of the graft.

• Midfacial recession: Soft tissue recession may be
expected following immediate implant placement and

Implant placement post extraction

Treatment options

Immediate implant
placement

Early implant placement

• Same day

• with soft tissue healing
• 4–8 wk

Early implant placement

• with partial bone healing
• 12–16 wk

Late implant placement

• Complete bone healing
• > 6 mo 

0 4–8 wk 12–16 wk > 6 mo

Figure 18.1 The four treatment options for post-extraction implant placement as defined by the ITI in two ITI Consensus Conferences
(2003 and 2008). Source: Chen and Buser (2008)/Quintessence Publishing Co, Inc.
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a wide range regarding the amount of recessions is
reported in the literature. Several factors for the devel-
opment of mucosal recession have been identified such
as smoking, presence of a thin buccal bone plate (i.e.
<1 mm thick), presence of a thin soft tissue biotype, and
a facial implant position.

esthetic Maximization The esthetic implications of imme-
diate implants, especially for single anterior teeth in
the esthetic zone are of increasing significance. The
peri-implant mucosal tissues often immediately collapse
after tooth extraction, socket debridement, and implant
placement making it challenging to preserve the original
soft tissue architecture.

Temporization Versus Shell Several studies have reported
high success rates following a provisional restoration of a
single endosseous implant placed immediately following
tooth extraction in the maxillary anterior area.

Generally, an immediate implant provisional restoration
should be screw retained to avoid problems associated
with inadequate cement removal. The provisional restora-
tion can be either fabricated chairside, processed by the
prosthodontist, conventionally or computer-guided.

Kan and Rungcharassaeng (2000) proposed a surgical
and prosthodontic rationale for immediate implant place-
ment and provisionalization of maxillary anterior single
implants. According to the author’s technique, an acrylic
resin provisional shell of the to-be-extracted tooth was
fabricated prior to implant surgery. After the placement
of the implant, a metal temporary abutment was placed
onto the implant and autopolymerizing acrylic resin was
applied to the temporary abutment to capture the cervical
gingival emergence of the extracted tooth. The customized
metal temporary abutment was then prepared extraorally
and hand tightened onto the implant, and the relined pro-
visional shell was provisionally cemented. The provisional
restoration was adjusted to clear all contacts in centric
occlusion and during eccentric movements.

Chu et al. (2014) developed a prefabricated polymethyl
methacrylate (PMMA) shell device to replicate the shape
and dimensions of the extracted root at the cervical area
and properly support the subgingival mucosal tissues.
Additionally the shell device can restore the pre-extraction
state of the tooth cervical region and act as a prosthetic
socket-sealing device for bone graft containment.

Contour of the Temporary Restoration The concept of
“contour” was originally adapted from tooth-supported
restorations and needed to be redefined for the implant
dentistry. Ideally, the implant abutment should mimic a
full crown preparation. Su et al. (2010) defined two dis-
tinct zones within the implant abutment and crown and

introduced the critical and subcritical contour terms. The
critical contour is the area of the implant abutment and
crown located immediately apical to the gingival margin.
The facial profile of the critical contour is important in
determining the zenith and labial margin level. The sub-
critical contour is located apical to the critical contour,
provided that sufficient “running room” is present (if the
implant placement is too shallow, this contour will not
exist). Alterations of both critical and subcritical contour
can be used to enhance peri-implant soft tissue esthetics.

Digital Guided Surgery Computed tomography (CT)-guided
implant surgery was first introduced in the early 2000s.
Guided implant surgery involves a reverse engineering
workflow, first establishing the ideal position and mor-
phology of the planned restoration, and then virtually
planning the ideal position of the dental implant(s) accord-
ing to that restoration. Surgical guides are then produced
to aid the surgeon in placing the implants accurately,
according to the virtual plan (Orentlicher et al. 2017).

Placement of implants using guided surgery can be
performed fully guided or using pilot guides. Fully guided
placement involves osteotomies and implant placement,
using implant-specific guided surgery instrumentation, to
final depth and angulation, through the surgical guide.
While with the use of pilot guides, the final implant
placement is done freehand using conventional instru-
mentation.

Immediate Implant Placement in Posterior Sites Due to the
wider socket dimensions in multi-rooted tooth sites, there
might be a decreased amount of implant surface in direct
contact with the adjacent bone walls. This might impede
the achievement of optimal primary stability (Lang et al.
2012).

Molar sites present situations with limited indications
due to anatomical reasons and when immediate implants
are placed in these sites, soft and hard tissue augmentation
is frequently necessary.

Premolars represent the sites with the most favorable
indication due to the normally favorable anatomical situa-
tion and generally low esthetic demands (Hämmerle et al.
2012).

Surgical Technique for IIP in Posterior Sites Proposed protocol
for immediate implant placement in posterior jaws by El
Chaar and Castano (2017).

• After careful patient selection and evaluation of the
preoperative anatomy of the extraction site by CBCT, an
atraumatic extraction is performed.

• Osteotomy preparation for single rooted tooth: Engage
the lingual aspect of the extraction socket. Drill 3–4 mm



�

� �

�

144 18 Socket Management

past the apex of the extracted tooth to form a primary sta-
bility rectangle.

• Place the implant at a minimum of 2 mm away from the
lingual aspect of the facial socket wall.

• Osteotomy preparation for multi-rooted tooth: Engage
the center of the furcational dome. Drill 3–4 mm past
the apices of the extracted tooth.

• Optimal position of the implant’s prosthetic platform is
3–5 mm below the free gingival margin.

• Graft residual peri-implant voids with composite
cortical-cancellous (70 : 30) allograft.

• Cover the graft with bovine pericardium membrane.
• If there is inadequate bone volume for implant place-

ment then graft the maxillary sinus with cancellous,
cortical, or composite particulate allograft ≥4 mm
vertical subantral space required.

• Determine the optimal implant loading time. Immedi-
ate loading when ≥40 Ncm of implant insertion torque.
Delayed when <40 Ncm of implant insertion torque.

• Suturing.

Complications
• Lack of primary stability
• Infection
• Early implant failure
• Related to simultaneous crestal sinus elevation (sinus

membrane perforation)

Early Implant Placement with Soft Tissue Healing (4–8 Weeks)
Indications When the buccal bone wall of the socket is
damaged, early placement is preferred, even in cases
where tissue biotype is thick. Other favorable clin-
ical conditions for early implant placement are as
follows:

• In the esthetic zone, sites with low to high esthetic risk:
– High lip line
– Presence of a buccal bone defect
– Thin buccal bone wall (≤1 mm)
– Thin tissue biotype
– Multiple-tooth gaps

• Local infection at the extraction site
• Large apical bone defects where initial stability may be

compromised

Surgical Technique
• At implant surgery, four to eight weeks post extraction a

palatal incision is carried out in this area, with the blade
cutting along the inner surface of the palatal bone wall
deep into the former socket.

• With the help of a fine tissue elevator, the soft tissues of
the former socket are mobilized as part of the mucope-
riosteal flap to the facial aspect, offering a thick flap with
excellent vascularity.

• The osteotomy is prepared utilizing a surgical template
to ensure ideal implant positioning.

• Assessment for additional grafting.
• Assessment of primary stability for implant loading time.
• Suturing to ensure tension free primary closure.

Early Implant Placement with Partial Bone Healing
(12–16 Weeks)

Indications
• Multi-rooted sites
• Local infection involving the tooth
• Large apical bone defects where primary stability with

immediate and early soft tissue healing placement
approach is compromised

Late Implant Placement Complete Bone Healing
(>6 months)

Indications It represents the original protocol for implant
placement and was considered the standard of care in the
1980s. Although this approach is rarely used today, there
are some clinical conditions where it is indicated. These are
the following:

• In growing adolescent patients
• In situations where increased time for bone healing

and modeling is desired, e.g. large cystic lesions, sinus
floor

• Medical or other patient-related factors that may require
treatment after extraction to be significantly delayed

Surgical Technique
• Mid-crestal incision (avoid vertical incisions)
• Flap reflection
• Osteotomy preparation with a surgical template and

according to the manufacturer
• Placement of the implant in the ideal three-dimensional

position
• Assessment for additional grafting
• Assessment of the primary stability for implant loading

time
• Suturing to ensure tension free primary closure

Complications
• Loss of primary stability
• Early implant failure
• Infection
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Crestal Sinus Elevation

Background

Earliest description of a transalveolar approach to the sinus
floor elevation procedure dates to Tatum (1986). It was later
modified by Summers (1994), and since then, numerous
iterations have been reported. This chapter will highlight
the BAOSFE (bone-added osteotome sinus floor elevation)
technique originally described by Summers.

Indications

A transalveolar (aka crestal, transcrestal, vertical, inter-
nal) sinus floor elevation is indicated when an implant is
planned in the posterior region of the maxilla and there is
inadequate residual bone height (RBH) for an adequately
sized implant. It provides a conservative alternative to
the lateral window (Caldwell-Luc) approach in that flap
reflection is minimal, access is limited to the implant
osteotomy, and predictable installation of the implant
can usually be obtained concurrent to the procedure
(versus a staged approach often encountered with the
Caldwell-Luc technique). Localized elevation of the sinus
floor limits unnecessary manipulation of the Schneiderian
membrane, thereby mitigating the risk of sinus compli-
cations including tears, perforations, and post-operative
infections. Additionally, when compared with the lateral
window technique, there is a decrease in post-surgical
morbidity, healing period prior to implant loading, chair
time, materials, and overall financial costs to the patient
and practitioner alike.

The multi-center retrospective study by Rosen et al.
(1999) reported greater than 95% success rate for implants
placed with the BAOSFE technique when the RBH was
≥5 mm. However, when the RBH was ≤4 mm RBH, suc-
cessful osseointegration decreased to 85.7%. A recent

systematic review by Shi et al. (2016), corroborated the
results of Del Fabbro’s systematic review, where the cumu-
lative survival rates were significantly lower when the
RBH was <5 mm. These results strongly suggest that the
transalveolar sinus elevation is most predictable with an
RBH ≥5 mm. The decision whether the implant placement
would be concurrent to the sinus floor elevation or delayed
after subsequent healing would be primarily dependent
upon the primary stability of the implant.

Compared with a lateral window approach, the crestal
sinus approach is seen to be as successful, if not more.
In Del Fabbro’s (2012) systematic review, the researchers
found a 97.2% survival rate with follow-up of six years
for the crestal approach compared with 93.7% for lateral
window approach. However, as with any procedure, there
are some risks and drawbacks. Anatomical variations in
patients including the presence of septae at the implant
sites, or pneumatization of the sinus following tooth loss
are contraindications for the procedure. The technique
is “blind” as there is no direct visualization of the sinus
floor elevation. This may potentially increase the risk of
perforations and complicate its management. Unlike the
lateral window approach, the transalveolar sinus approach
are usually limited to one to two implant sites and have a
mean bone gain of 3.8 mm (Toffler 2004).

The specific type of sinus floor elevation depends on
criteria including, but not limited to RBH, marginal bone
width sinus anatomy, presence of intact Schneiderian
membrane, extent of sites needing rehabilitation, clini-
cian training and experience, and patient-related factors
(medical history, preference, etc.). Practitioners need to
consider alternative treatment options and develop patient
catered care for each individual’s needs as well as the
surgeon’s technical ability. These may include the lateral
window approach, the use of osseodensification burs or
the placement of short implants.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc.
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Armamentarium

In additional to the traditional implant surgical set-up, a
number of additional instruments and materials should
be at the practitioner’s disposable for the transalveolar
approach:

• Drill stops to allow the surgeon to limit the osteotomy
to 1 mm short of the sinus floor

• Ball-tipped probe or blunt depth gauge to confirm
the presence of bone or feel the exposed membrane

• Offset osteotomes and mallet to both infracture the
sinus floor and pack the grafting material into the sinus
cavity

• Biomaterials, such as bone replacement grafts and bar-
riers, to augment the recipient site, to provide a buffer
prior to grafting within the osteotomy, or to repair any
tears or perforations

Surgical Technique

In the past, traditional intraoral radiographs and panoramic
images have been sufficient to diagnose and treatment plan
for a transcrestal sinus floor elevation of limited sites. How-
ever, with developments in radiographic technology, cone
beam computed tomography would yield the ideal and
recommended images to visualize sinus pneumatization,
anatomy including septae, rule out any sinus pathology,
and confirm residual ridge height.

Upon successful and profound anesthesia, appropriate
incisions are made and a full-thickness mucoperiosteal
flap is elevated to provide adequate visibility and access
to the underlying ridge. Initiate osteotomy according to
manufacturer’s recommended protocol under copious ster-
ile irrigation. Osteotomy depth should be approximately
1 mm crestal/occlusal to sinus floor. For example, if the
RBH is 6 mm from the alveolar crest to the sinus floor, the
depth of the osteotomy should NOT exceed 5 mm. Depth
of prepared osteotomy should be verified with ball-tipped
probe. Drill stops would be advantageous to ensure the tip
of the drill does not extend further than planned. Continue
widening your osteotomy to the final width. In most cases,
this will be about 0.5 mm narrower than the final width of
the proposed implant fixture. This ensures a wider surface
area for the graft and osteotome and minimizes sinus
perforations. Add a small amount of hydrated BRG (one
scoop of a Miller or Lucas curette). BRG should be filled
to no more than 1/2 the depth of the osteotomy. Using the
example of a 5 mm osteotomy depth, graft about 2.5 mm in
height.

Next, select the widest osteotome possible to passively
fit into your prepared osteotomy. Ensuring proper angu-
lation and finger rests, gently tap the osteotome with the

mallet. You should feel a decrease in resistance (or the
“break”). Summers (1998) stated that the concave tip of
the osteotome traps the BRG and fluids as the instrument
is inserted, which in turn, creates a hydraulic force which
exerts pressure in all directions (“Pascal’s law”). The BRG
within the osteotomy appears to serve as a buffer/cushion
for the sinus floor infracture. Important point is to ensure
that the osteotome NEVER exceed the initially measured
RBH. In this way, you are providing a safety check so
that perforation of the sinus secondary to the osteotome
extending into the sinus cavity is taken out of the equation.
The Valsalva maneuver should be performed to test for any
sinus perforations by gently holding the patient’s nostrils
and asking to blow through the nose. If air is noted from
the osteotomy, it’s a probably indication that there is a
sinus perforation and the grafting should be aborted.

Continue the process of grafting, aligning osteotome and
gently tapping for about 10 times prior to exposing a radio-
graph. Ten times is an arbitrary number but adequate to
have enough crestal sinus elevation that would be apparent
and visible on the radiograph. A “dome” of the BRG should
be noted. Generally, 0.5–1 cc of BRG would suffice for a sin-
gle site. If an implant is to be placed simultaneously, com-
plete your last osteotome crestal tap similarly and do NOT
extend the osteotome to the final proposed depth. The final
installation of the fixture ensures further displacement of
the BRG within the sinus cavity.

If it is determined that this will be a staged transalve-
olar sinus augmentation, then the procedure should
be completed with BRG placed all the way to the most
crestal portion of the osteotomy. A barrier may be con-
sidered to cover the grafted site. Usually, a four to six
month healing period appears to be adequate in time to
ensure that proper healing and consolidation of the crestal
sinus graft has occurred. At the time of fixture place-
ment, adequate RBH should be present. If further crestal
augmentation is necessary, an additional crestal sinus aug-
mentation may be performed with a concurrent implant
placement.

Complications

Tan et al. (2008) reported the most commonly reported
complication was perforation of the sinus membrane,
which varied from 0–21.4%, with a mean of 3.8%.
Post-operative infection was observed less than 1% of
the time. Attempts can be made to repair the perforation
and/or tear with a variety of materials (i.e. resorbable colla-
gen membrane, wound dressings). If the perforation/tear is
irreparable or too severe, the procedure should be aborted.
Infrequently, complications such as benign paroxysmal
positional vertigo and detached retina have been reported.
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Follow-Up

Post-surgical medications may include an analgesic or
NSAID, an antibiotic, an anti-bacterial rinse and a nasal
decongestant. A routine post-surgical appointment should
be performed within 7–14 days of the procedure. Results
from a three-year multicenter randomized controlled
trial demonstrated that short implants (5–6 mm) have
demonstrated similar success rates compared with longer
implants (10 mm) placed in osteotome-mediated sites
(Gastaldi et al. 2017).

Lateral Sinus Floor Elevation

Background

The introduction of sinus floor augmentation, which has
facilitated the placement of longer implants in the posterior
maxilla, has led to an improvement of overall prognosis
of maxillary implants. The first paper concerning the
treatment of patients with endosseous implants associated
with maxillary sinus elevations operations was published
in 1980 by Boyne and James. The maxillary sinus was
accessed via antrostomy in order to create a “bone win-
dow” on the lateral wall which was then delicately pushed
and turned inside the antrum. The material used for the
graft was generally autogenous bone harvested from the
iliac crest and blade implants were inserted in a subse-
quent operation, some months after the sinus elevation
procedure. Since then, this procedure has become a very
predictable and well documented one that is an integral
part of dental implant treatment.

Indications

Insufficient residual alveolar bone height in the posterior
maxilla of equal or less than 5 mm may result from alveolar
bone resorption following tooth loss, bone loss due to peri-
odontal disease, pneumatization of the maxillary sinus, or
a combination of the above.

Wallace and Froum (2003) found the overall of implant
survival rate was 91.8% after reviewing 3220 implants
placed and Del Fabbro (2004) found it to be 91.49% after
reviewing 6913 implants placed in 2046 subjects. More
recently, Del Fabbro (2013), found an overall implant sur-
vival after a minimum of three years loading was 93.7% and
97.2% for the lateral window and transalveolar approaches,
respectively. Of importance is the fact that 80% of failures
occurred within the first year and 93.1% of the failures
occurred within three years.

Grafting Materials

Grafting materials range from autogenous bone to allo-
graft to xenograft, to synthetic bone used with or without

membrane over the lateral osteotomy. The important points
to cover are the vitality of grafted material, survivability of
the implants in these grafts, and the amount of remodeling
of the grafted material.

In relation to bone vitality, Tarnow et al. (2000) showed
that the use of the membrane has affected the vitality of
bone from 11.9% vital bone without using membranes ver-
sus 25.5% when using membranes in 12 bilateral cases. Fur-
ther to that, they found a higher survival rate of 100% with
membrane versus 92.6% without membrane in 55 placed
dental implants over five years.

Later, Froum et al. in (2006) conducted a histomorpho-
metric bi-lateral study comparing xenograft versus allograft
in a 13 bilateral sinus lifts found twice more vital bone with
the allograft sinuses and 1/4 less residual material as well.

In relation to survivability of the implants in grafted
sinuses and of importance, Del Fabbro (2004) correlated
the grafting material to the survival rate of dental implant
placed in a grafted sinus as follows:

1. 87.7% when autogenous bone was used alone.
2. 94.88% when combining autogenous with various bone

substitutes
3. 95.98% when various bone substitute were used alone

which brings us to the amount of residual bone graft.
Mordenfeld in a 30 maxillary sinus lifts using a Mixture
of Xenograft (DPBB) 80% and 20% autogenous bone did a
histomorphometric analysis at 6 months and 11 years and
found no statistically significant differences between the
length and area of the particles after 11 years compared
with those measured after 6 months in the same patients
or to pristine particles from the manufacturer.

Later, Danesh-Sani et al. (2017), in a systematic review
evaluating histomorphometric variables, the amount of
new bone (NB), residual graft (RG) particles, and soft
tissue (ST), related to various grafting materials assess the
effect of graft healing time on different histomorphometric
outcomes. They found: Autogenous bone (AB) resulted
in the highest amount of NB and lowest amount of RG
compared with other grafting materials. Based on this
meta-analysis, a significant difference was noticed in the
amount of NB formation in grafts with a healing time
of >4.5 month when compared with the grafts with less
healing time. However, when comparing biopsies taken
at 4.5–9 month of healing (average = 6.22 month) to the
ones taken at ≥9–13.5 month (average = 10.36 month), no
significant difference was noticed in the amount of NB
formation of various grafts except allografts that resulted
in a significantly higher percentage of NB at 9.5 month of
healing. Based on histomorphometric analysis, AB results
in the highest amount of NB formation in comparison
with the other grafting materials. Bone substitute materials
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(allografts, alloplastic materials, and xenografts) seem to
be good alternatives to autogenous bone and can be con-
sidered as grafting materials to avoid disadvantages related
to AB, including morbidity rate, limited availability, and
high volumetric change. Combining AB with alloplastic
materials and xenografts brings no significant advantages
regarding NB formation.

Anatomical Considerations

The maxillary sinuses are bilateral bony cavities in the max-
illa, containing an air space volume of approximately 15 cc
each, lined by pseudostratified columnar epithelium. The
maxillary sinus is located in the body of the maxilla and is
the largest of the pneumatic paranasal chambers.

It has the shape of a pyramid:

– Apex: extends into zygomatic process of maxilla
– Base or medial wall makes part of lateral wall of the nasal

cavity
– 4 walls:

a. anterior similar to the maxilla anterior wall
b. posterior corresponds to the infratemporal surface of

maxilla
c. inferior or floor corresponds to alveolar process
d. superior or roof is the orbital surface of the maxilla

The majority of maxillary sinuses have their floors at
varying distances below the level of the floor of the
nasal fossa. The maxillary sinus communicates with
the nasal fossa through the ostium maxillare, which is
the Ostium of maxillary sinus using the middle nasal
concha.
The ostium also communicates with the ethmoidale
cells thru infundibulum ethmoidale.

A healthy sinus is self-maintained by postural drainage
and actions of the cilicated epithelial lining, which propels
bacteria toward the ostium. It also produces mucous with
lysozyrnes and immnoglobulins. The rich vascularity of the
sinus membrane helps to maintain it in a healthy state by
facilitating lymphocyte and immunoglobulin access to the
membrane and the sinus cavity. The healthy sinus contains
its own flora, of which Haemophilus is the most common
species.

Other than the descriptive anatomy of the sinus, there are
two important landmarks:

A. Vascularizations
Vascularization of the lateral maxilla is supplied by
branches of the posterior superior alveolar artery
(PSAA) and the infraorbital artery (IOA) that form an
anastomosis in the bony lateral antral wall, which also
supplies the Schneiderian membrane. Both arteries had
an average diameter of 1.6 mm.

Solar et al. (1999), in 18 maxillary specimens, they found
the PSSA divide itself in two intra-osseous anastomosis
connecting with the IOA, the Internal intra-osseous
anastomosis (IA) and the external intra-osseous anasto-
mosis (EA) that lounges in the external wall. The mean
distance between the alveolar ridge and the external
intraosseous-anastomosis was 23 mm.
The blood supply of the graft periphery is provided
by the Schneiderian membrane, intraosseous vascular
bundles, and the center of the graft from the endosseous
anastomosis; thus the bony window should be as small
as possible.

B. Septae
Bornstein is a study that included 294 maxillary sinuses
in 212 patients (126 women and 86 men) with a mean
age of 53.8 years. Sinus septa were present in 141
patients (66.5%) and in 166 of 294 sinuses (56.5%). The
most common orientation of the septa was coronal
(61.8%), 7.6% were oriented axially, and 3.6% were
aligned sagittally. Most septa were located on the floor
of the maxillary sinus (58.6%), commonly (60.7%) in
the region of the first and second molars.
Another important fact that he found in his study that
can be of great relevance, is the maxillary sinuses were
diagnosed in 36.4% of cases as healthy and without
thickening of the sinus membrane. Sex was a signif-
icant variable in the health of the maxillary sinus;
57.7% of the sinuses in women and 72.3% in men were
diagnosed as pathologic.

Armamentarium

• Presurgical cone beam computed tomography (CBCT)
scans to disclose sinus pathology and difficult anatomy

• Round diamond burs
• Specially designed hand instruments for lateral sinus ele-

vation
• Piezoelectric surgery with sinus specific inserts
• Materials to control bleeding (electrocautery, local with

1 : 50 000 epinephrine, bone wax)
• Biomaterials, such as bone replacement grafts and bar-

rier membranes, to graft the sinus cavity, or to repair any
tears or perforations of the sinus membrane

Surgical Technique

Upon successful and profound anesthesia, mid-crestal
and anterior releasing incisions are made. A full-thickness
mucoperiosteal flap is elevated to provide adequate vis-
ibility and access to the underlying ridge. After the flap
reflection the window at the lateral wall of the sinus is
designed with a round diamond bur. This can be done
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with a piezoelectric insert too, which minimizes the risk
of sinus membrane perforation. Then the sinus membrane
is carefully elevated with the specially designed hand
and/or piezoelectric instruments. Care must be taken to
ensure that the membrane is elevated all the way to the
medial wall. The bone graft material is then placed and
carefully packed in the sinus cavity while the membrane is
held up with a hand instrument. A resorbable membrane
can be placed in the sinus to prevent or manage a small
perforation and on top of the window.

Factors Influencing Lateral Sinus Augmentation Suc-
cess and Implant Survival Rate

• Type of grafting material (autogenous, allograft,
xenograft, alloplast)

• Type of implants (rough versus smooth surface)
• Loading conditions (immediate versus delayed)
• Residual bone quality and quantity
• Use or non-use of barrier membrane over the lateral win-

dow
• Smoking habits
• Skill of the surgeon

Complications

The maxillary sinus elevation procedure is today consid-
ered to be the most predictable of the pre-prosthetic surgical
techniques with success rates, as determined by the sec-
ondary outcome measure of implant survival, in the high
90th percentile (Aghaloo and Moy 2007; Del Fabbro et al.
2013). However, each surgical step of the sinus elevation
surgery, if not performed properly, may lead to complica-
tions. These complications may occur intraoperatively or
postoperatively.

A. Intraoperative complications
○ Bleeding
○ Sinus (Schneiderian) membrane perforation: Per-

foration of the Schneiderian membrane is the most
frequent intra-operative complication associated
with this procedure. Krenmair et al. (2007) reported
a prevalence rate for perforation of 58.3%. In an inter-
esting retrospective study, Froum et al. (2013)) found
the augmented sinuses that exhibited perforation
of the Schneiderian membrane and were repaired
showed statistically greater vital bone percentages
compared with the non-perforated sinus group. They
postulated that if perforations are repaired properly
during surgery, do not appear to be an adverse com-
plication in terms of vital bone production or implant
survival.
Vlassis and Fugazzotto (1999) introduced a
classification system for sinus membrane perforations

encountered during a sinus augmentation procedure.
Five of the perforations are discussed, as are the ther-
apeutic options for their repair. Classes I and II
perforations are most easily repaired, while Class IV
is the most difficult to successfully treat. In addition,
the effect of the sinus membrane perforation on
the course of proposed therapy is discussed. When
classified and managed appropriately, sinus mem-
brane perforations are not an absolute indication for
aborting the augmentation procedure which is in
progress.
There are two anatomical that contribute to increas-
ing the odds of sinus perforations. One is the
Palato-nasal Recess on medial wall of the maxil-
lary sinus (Chan et al. 2013), and the second is the
angle that is formed between the lateral wall and the
medial wall at the level of the sinus floor, leading
both of them to higher risk of perforations.

○ Tears in the buccal flap and injury to the infraor-
bital nerve that generally result from poor surgical
technique

B. Postoperative complications
○ Infection
○ Postoperative sinusitis
○ Loss of graft material through the window
○ Migration of implants into sinus or sinus graft

Prevention of Complications

• Obtain preoperative CBCT scan for accurate diagnosis
and treatment planning

• Prescribe antibiotics
• Use piezoelectric surgery for lateral osteotomy and initial

membrane elevation to avoid trauma to the vessels and
minimize the risk of perforating the sinus membrane

• Have materials on hand to control intraoperative bleed-
ing (electrocautery, local with 1 : 50 000 epinephrine,
bone wax)

• Elevate the membrane from lateral to medial wall, main-
tain contact of the instrument with the bone at all times

Follow-up

Post-surgical medications may include an analgesic or
NSAID, an antibiotic, an anti-bacterial rinse, and a nasal
decongestant. A routine post-surgical appointment should
be performed within 7–14 days of the procedure.

Ridge Augmentation

Fundamentals of Ridge Augmentation

Correcting ridge deficiency has always been a goal in mod-
ern dentistry. Many classifications for the shape of the
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defects with treatment modalities have been described.
Before we dive in reviewing these classifications, one has
to cover the principles of bone regeneration.

Developmentally, the alveolar bone of the maxilla
and mandible is formed through a process called intra-
membranous bone formation. It is also seen in the cranial
vault and in the mid shaft of long bones. In contrast, bone
formation in the remaining part of the skeleton occurs via
a process called endochondral bone formation.

Chronically one will focus on the paper by Seibert
and Nyman of 1990 (Seibert and Nyman 1990) done
on beagle dogs. Ridge defects were created bi-laterally. One
side had the sites treated with membrane and implanted
material under the membranes to create a space did gener-
ate active NB and in the control side, two sites were treated
with a membrane with no implantable graft and one site
with implantable graft with no membrane, in both control
scenarios no NB was formed.

The second paper, by Schenk et al. (1994) found the fol-
lowing:

1. The placement of barrier membranes promotes bone
regeneration in alveolar ridge lesions by:
physical support of the overlying soft tissue

creation of a space filled with a blood clot into which
osteogenic cells can migrate, and protection of the
granulation tissue and the delicate vascular network
during the organization of the hematoma;
exclusion of competing non-osteogenic cells
possible local accumulation of growth factors and other
bone-promoting substances.

2. Bone regeneration in membrane-protected defects
closely follows the pattern of bone development
and growth:
a. The first stage corresponds to intramembranous

(direct) ossification and results in the formation
of primary spongiosa.

b. In the second stage, this scaffold is reinforced
by parallel-fibered and lamellar bone.

c. The third stage is characterized by cancellous
and cortical bone remodeling.

3. A prolonged healing period may be required in larger
defects (the study was done up to four months).

4. The metal reinforced membranes reliably preserved
their original form throughout the healing period,
whereas the standard e-PTFE membranes partially
collapsed.

Those two papers lead us to three cardinal points in ridge
augmentation: space creation, space maintenance, and sta-
bilization are key for a successful regeneration.

Surgical Techniques

Various therapeutic approaches can be considered in ridge
augmentation, autogenous block bone grafting (Cordaro
et al. 2002), inter-positional autografts (Jensen 2006), dis-
traction osteogenesis (Garcia-Garcia et al. 2003) and guided
bone regeneration with membranes (Simion et al. 2001;
Ronda et al. 2014), or titanium meshes (Louis et al. 2008;
El Chaar et al. 2019).

Ridge Classifications

Classification systems are generally used to establish guide-
lines for treatment of a particular clinical situation. The
available classification systems of ridge volume represent
valuable guidelines for evaluating alveolar ridge defects.
However, certain limitations that restrict their applicability
in daily clinical practice can be found. For example, Seib-
ert’s classification (Cordaro et al. 2002) represents the three
broad categories of ridge defects, but a division of those
defects into subcategories is lacking. Each of the three
classifications can be further subdivided into categories
based on the size of the defect. Such division may prove
useful in selecting treatment modalities and predicting
treatment outcomes. Furthermore, Seibert’s classification
was originally used to address treatment of ridge defects
in preparation for receiving a pontic. As such, presented
treatment options were all ST augmentation procedures
used to enhance the esthetic appearance of fixed partial
dentures. For that reason, dividing defect types into differ-
ent size categories may again prove valuable for predicting
the degree of success of the various treatment modalities
available for the treatment of both soft and hard tissue
defects.

Seibert
Class I: buccolingual loss of tissue with normal apico-

coronal ridge height
Class II: apico-coronal loss of tissue with normal buccolin-

gual ridge width
Class III: combination-type defects (loss of both height and

width)
Misch and Judy (1987) (Jensen 2006) wrote a

classification

A: abundant bone
B: barely sufficient bone
C: compromised bone with sub-classification (C-h: com-

promised height; C-w: compromised width)

Lekholm and Zarb (1985) (Garcia-Garcia et al. 2003) in
their classification they defined the following:

A: virtually intact alveolar ridge
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B: minor resorption of alveolar ridge
C: advanced resorption of alveolar ridge to base of dental

arch
D: initial resorption of base of dental arch
E: extreme resorption of base of dental arch

Allen et al. (1985) (Simion et al. 2001)

A: apicocoronal loss of tissue
B: buccolingual loss of tissue
C: combination

In this classification, numeric measurements of severity
have been introduced as follows:

Mild: <3 mm; Medium: 3–6 mm; Severe: >6 mm

HVC System classification (Ronda et al. 2014):

This system is a modification of Seibert’s classification that
attempts to address some of its limitations. The three
broad categories are still present, with the use of simpler
terminology, referring to Classes I, II, and III defects
as Horizontal (H), Vertical (V), and Combination (C)
defects, respectively.

Each category is further subdivided into:

• small (s, ≤3 mm)
• medium (m, 4–6 mm)
• large (l, ≥7 mm) subcategories

Both soft and hard tissue defects are considered in this
classification scheme, with treatment options suggested
based on the type and size of the defect and the planned
restorative treatment plan.

In this classification, they gave a treatment options based
on HVC classification as described as follows:

Defect
class

Soft tissue
augmentation

Hard tissue
augmentation

H-s Pouch
procedure Roll
procedure

Ridge expansion
procedures

H-m Tunnel
procedure

Advanced
flap+GBR

H-l Advanced
flap+CTG

Advanced
flap+monocortical
block bone grafts
(MBG)

Defect
class

Soft tissue
augmentation

Hard tissue
augmentation

V-s Advanced
flap+CTG

Orthodontic
extrusion

V-m Interpositional
graft

Advanced
flap+GBR/MBG

V-l Onlay soft tissue
graft

Distraction
osteogenesis

Defect
class

Soft tissue
augmentation

Hard tissue
augmentation

C-s Advanced
flap+CTG

Advanced
flap+GBR

C-m Advanced
flap+CTG

Advanced
flap+GBR OR

C-l Advanced
flap+CTG

Large extraoral
block grafts (tibia,
rib, calvaria)

Expectations of Ridge Augmentation

We will divide this part in two:

Horizontal Ridge Augmentation
Buser et al. (1996) (Wang and Shammari 2002) using auto-
genous bone blocks covered with expanded polytetrafluo-
roethylene membranes reported a mean crest width gain of
3.53 mm to 7.1 mm average of 5.3 mm.

The sites were mainly in the maxilla.
Fifty-eight sites were augmented, including 41 sites

located in the anterior maxilla.
Von Arx and Buser (2006) (Buser et al. 1996), using

xenograft with resorbable collagen membrane, a mean
initial crest width measured 3.06 mm. At re-entry, the
mean width of the ridge was 7.66 mm, with a calculated
mean gain of horizontal bone thickness of 4.6 mm (range
2–7 mm). Only minor surface resorption of 0.36 mm was
observed from augmentation to re-entry.

Vertical Ridge Augmentation
Simion et al. (1998) made a comparative study between
implant positioned to the desired height and in one side
grafted with demineralized freeze-dried bone allograft
Group A and the other side autogenous bone chips Group
B with titanium-reinforced expanded polytetrafluoroethy-
lene membranes were used to cover the implants and
complete membrane fixation was established. The clinical
measurements from Group A demonstrated a mean vertical
bone gain of 3.1 mm and in Group B a mean vertical bone
gain of 5.02 mm. Both the clinical and histologic results
indicate a beneficial effect of the addition of demineralized
freeze-dried bone allograft or autogenous bone particles to
vertical ridge augmentation procedures in humans. In a
long-term retrospective study of implants placed in verti-
cally augmented bone, Simion et al. (2001) concluded that
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Figure 19.1 Radiograph showing the amount of bone loss that
this 43-year-old male presented with. He had a ski accident a
year before and subsequently he was treated by two endodontic
treatments on #9 and 10.

Figure 19.2 He received three crowns including #8.

Figure 19.3 #8 later ended up re-treated endodontically 6
months after the crown inserted.

Figure 19.4 Patient was temporized at first with a bridge going
from #8.

Figure 19.5 The temporary bridge was bonded on the lingual of
#11.

Figure 19.6 #9 and 10 were extracted and a resorbable collagen
plug were placed in each socket to enhance soft tissue healing.
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Figure 19.7 The bony defect was 3 D printed. This is the buccal
view buccal.

Figure 19.8 Occlusal view of the 3 D printed model.

Figure 19.9 A was shaped to fit over the volume needed that
was built using wax. Buccal view.

Figure 19.10 Occlusal view of the titanium mesh medical grade
fitted.

Figure 19.11 Creating a space can be also created using tenting
screws as shown here from a different case.

Figure 19.12 Creating a space can be also created using
autogenous blocks as shown here from a different case.
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vertically augmented bone with GBR techniques responds
to implant placement like native, non-regenerated bone.

Urban et al. (2019) in a systematic review and meta-
analysis found that Clinical vertical bone gain and compli-
cations rate varied among the different procedures, with a
weighted mean gain of 8.04 mm and complications rate of
47.3% for distraction osteogenesis, 4.18 mm and 12.1% for
guided bone regeneration (GBR), and 3.46 mm and 23.9%
for bone blocks. In comparative studies, GBR achieved a
significant greater bone gain when compared with bone
blocks.

In regard to the use of titanium mesh mainly medical
grade ones, a semi rigid allows the rigidity needed to shape
the space and make it resist to the bending forces of the
chewing forces in the oral cavity. Louis et al. (2008) (Louis
et al. 2008) found a mean augmented height of 13.7 mm and
the success of the bone grafting was 97.72%.

El Chaar et al. (2019) used titanium mesh with 100% allo-
graft, group 1 the titanium mesh was prepared from stone
models and ingroup 2 from 3D printed models. They found
the following:

Group 1: horizontal gain 6.91 mm; and vertical gain of
5.76 mm

Group 2: horizontal gain 5.94 mm and vertical of
6.99 mm

Fundamentals of Successful Surgical Technique

Since the three cardinal points of a successful ridge
augmentation are space creation, space maintenance/
containment and stabilization, the clinicians need to pre-
pare the site properly that will start with the incisions,
flap management, decortication, stable semi-rigid of the
space maintainer, stabilization of the graft, and finally
passivation of the flap (El Chaar et al. 2019; Ronda and
Stacchi 2011; Ronda and Stacchi 2015; Abed et al. 2020).

The careful management of the ST is key to the success:
Obtaining and maintaining primary closure of the flap
during healing is necessary to prevent contamination and
infection of the membrane, an event that always compro-
mises the augmentation procedure (Ronda and Stacchi
2015; Abed et al. 2020; Simion et al. 1994). Maintaining
closure of the flap over non-resorbable membranes is even
more because expanded polytetrafluoroethylene separates
the flap from the underlying periosteal vascularization,
depriving it of an important blood supply (Ronda and
Stacchi 2015; Abed et al. 2020; Simion et al. 1994).

Clinical Case of Ridge Augmentation

A 43 year old male presented for a treatment of his two max-
illary left incisors #9 and 10. He had a ski accident a year

Figure 19.13 Upon flap reflection, we confirmed the defect was
similar to what we saw from the 3 D printing. Buccal view.

Figure 19.14 Occlusal view, confirming the defect as similar to
the 3 D printed one.

Figure 19.15 Occlusal-palatal view showing the cleaned up
naso-palatine orifice.
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Figure 19.16 The titanium mesh was secured after the allograft
layered cancellous cortical was placed by titanium screws.
Buccal view.

Figure 19.17 Occlusal view of the secured titanium mesh.

Figure 19.18 In 8 months, the titanium mesh was removed. We
can appreciate the volume gained. Occlusal view.

before and subsequently he was treated by two endodon-
tic treatment on #9 and 10 and three crowns including #8.
The latter ended up treated endodontically 6 months after
the crown inserted. (Figures 19.1–19.3). Patient was tem-
porized (Figures 19.4, 19.5) and #9 and 10 extracted and a
resorbable collagen plugs were placed to enhance soft tis-
sue healing (Figure 19.6). The bony defect was 3 D printed
(Figures 19.7, 19.8). One of the pillar of a successful ridge
augmentation is space creation, in this case we decided to
use titanium mesh medical grade that we shaped to fit to
the volume that is needed to build (Figures 19.9, 19.10).

Figure 19.19 Buccal view of the rebuilt bone.

Figure 19.20 Two implants placed in a guided manner.
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Creating a space can be also created using tenting screws
(Figure 19.11), or autogenous blocks (Figure 19.12).

Once flap was reflected, we confirmed the defect was
similar to what we saw from the 3 D printing (Figures 19.13,
19.14). The titanium mesh was secured after the allograft

layered cancellous cortical was placed (Figures 19.15,
19.16). In 8 months, the titanium mesh was removed
(Figures 19.17, 19.18) and two implants placed in a guided
manner (Figures 19.19, 19.20).

(This figures were provided by Dr. El Chaar).
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Soft Tissue Assessment and Enhancement in Implant Dentistry
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Introduction

With the advent in Implant surface technology, the need
of having keratinized tissue (KT) became an important
point in the long run in order to have a sustainable healthy
dental implant. In the world work shop in periodontics
(Berglundh et al. 2018), it has been stated that a minimum
of 2 mm appears to be the magical number to achieve
this goal. Before a dental implant is placed and from the
moment of treatment planning, the clinician has to assess
both the hard and soft tissues. The parameters to place a
dental implant have been set and well established as the
3D implant placement (Buser et al. 2004) in relation to the
amount of bone facial to the placed implant and its relation
to the adjacent teeth especially in partially edentulous
patients. Now we will need to add to the agreed-on amount
of KT. That is now known as the phenotype would it be
around natural tooth, a site to be extracted or a site for
implant placement. Clinicians today must balance biology,
functionality, and esthetics when treatment planning and
executing implants.

In most of the instances, these procedures will be used to
correct an esthetic or functional failure of placed implants.
Failures that compromise the health of an implant fixture
are inflammatory in nature and include peri-implantitis
and peri-implant mucositis. While the result of these
pathologic changes is often unesthetic, the underlying
cause of the disease must first be addressed before steps
can be made to restore the esthetics. When an implant is
healthy but the result of the surgical and prosthetic place-
ment is unsatisfactory to both the patient and clinician,
immediate steps can be taken to achieve a more desirable
esthetic result. As with all dental treatment, the disease
process and pathology must be eliminated or controlled
before steps can be taken to repair the damage that it
has caused. It is best to take measures to prevent both

infectious and esthetic implant failures through proper
planning and surgical execution.

Some common esthetic failures are loss of interdental
papilla “black triangles,” midfacial gingival recession, a
non-harmonious gingival margin, buccal concavities, and
translucency of the implant body or prosthetic margins.
There are steps that can be taken to avoid these failures
during the planning and surgical execution of implant
placement including augmentation prior to implant
placement, flap design during placement, and soft tis-
sue management during second stage. The fundamental
point is to assess the hard and soft tissue prior to implant
placement in order to determine if there is a need for
augmentation prior to the placement. Bone height and
thickness are major determinants of soft tissue contours,
which will affect the implant placement subsequently will
dictate the tooth morphology, which will determine the
contact point from the crest of bone and finally this will
lead to the tissue quality and quantity important for the
long term success of the dental implant.

This chapter will discuss manipulation and/or augmen-
tation of existing soft tissue, rather than prosthetic gingiva,
in combination with implant-supported crowns, to achieve
an ideal esthetic result.

Techniques to Create Contour, Thickness,
and Increase Keratinized Tissue

A-Flap Management

Over the years we all have been faced with the concept of
flapless versus flap and many designs have been promoted
for the latter. The clinician has to always remember that
we are replacing a lost dental organ which is our ultimate
goal. By setting that goal we need to start thinking from it
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backwards which I often quote as “set your goal and walk
your way back.” Would it be an anterior or posterior tooth, it
has a specific shape at its coronal level. A central maxillary
incisor is triangular, canine is oval, transitioning from the
premolars to the molars it becomes a rectangle; yet the coro-
nal part of the implant is a circle regardless of that implant
diameter. All of that takes place at the flap level.

Gomez-Roman (2001) showed that even if there is ade-
quate crestal bone height prior to implant placement, the
flap design can affect the amount of crestal bone resorp-
tion following placement. By preserving the proximal tissue
of the adjacent teeth “limited flap design” a 0.29 mm bone
was noted versus a 0.79 mm versus “widely mobilized flap
procedure,” which includes the proximal tissue. Another
advantage of preserving that tissue is giving the clinician a
visual marker to keep the 1.5 mm from adjacent teeth dur-
ing the placement (Buser et al. 2004; Esposito et al. 1993).

For years, I personally used and taught my residents
and colleagues to use the H design, in which you evaluate
the position of the adequate amount of KT and you initi-
ate your crestal incision followed by two cross arches on
the buccal and lingual, extending up to mucogingival line
(MGL) on the buccal side and enough on the lingual to
allow exposure of the crestal bone. On the buccal side, it
can extend passed MGL in case an apically repositioning
is needed. Although it covers all the criteria cited earlier,
suturing the flap and controlling the level of it either
coronal or apical becomes a challenge since we have a
raised flap on the lingual and we need to suture together
the buccal and lingual component. To avoid this hurdle, I
designed a flap that I call the U shape, where the crestal
incision is made depending on the adequate KT that the
clinician judged is necessary coupled with two buccal only
crestal incisions extending up to MGL. The lingual portion
at the crestal level is elevated without being mobilized. The
major advantage of this design is the clinician can control
the positioning of the flap either coronal or apical depend-
ing on the esthetic assessment done during the treatment
planning, namely, the Pink Esthetic score, assessment of
papilla height, and pink and white esthetic score in gingival
display (Figures 20.1–20.5).

As a side technical important note, to position the flap
coronally you position the flap at the level needed and you
place the first suture coronally on both sides. It is important
that the two cross arch incisions on the buccal are parallel
and not widened at the apical part to avoid shrinkage of the
coronal part of the flap. If so, it will difficult to have enough
width to cover the buccal aspect. For the apical position, it’s
the opposite, you place the flap in the desired place and you
suture first the apical part followed by the coronal.

Figure 20.1 Occlusal view showing the mucogingival line buccal
more coronal with less than 1 mm keratinized tissue buccal.

Figure 20.2 The U shape incision to the buccal with parallel
vertical incisions.
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Figure 20.3 Full thickness flap elevated, exposing the implant.

Figure 20.4 Flap sutured at the needed coronal level matching
the adjacent margins.

Figure 20.5 Six weeks healing revealing a good band of
keratinized tissue with buccal contour continuous with the
adjacent teeth and coronal levels of tissue similar to the
adjacent as well.

Roll Technique

A roll flap procedure was developed by Abrams in 1980 as a
means of correcting small Seibert class I ridge defects that
result in a buccal concavity. This technique is useful in cor-
recting a ridge defect at a future site for a pontic, or a small
buccal concavity present in the area where an implant has
been placed. If there is an implant present in the site, this
technique can be used in combination with the uncovery
procedure. This technique employs a pedicle connective tis-
sue graft that is harvested from the palate and then folded
under into a pouch created on the buccal. The augmen-
tation provided by the pedicle is meant to match the root
eminences of the adjacent teeth therefore if the edentulous
span is greater than one tooth multiple pedicle grafts may
prepared.
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Figure 20.6 Buccal view showing the soft tissue buccal
discrepancy.

The roll technique presented here is a modification
to the roll technique introduced by Scharf and Tarnow
in 1992 (Scharf and Tarnow 1992) and will be illustrated
in the series of figures (Figures 20.6–20.11). The main
modifications, no vertical incisions on both sides and the
shape of the harvested connective tissue is trapezoidal not
rectangular as designed by Schaarf and Tarnow. It begins
with making three measurements. First measure from the
crest of the ridge or the anticipated gingival margin of the
future crown to the most apical extent of the concavity,
second measure the apical width 1 mm from mesial side
of each adjacent apex of the adjacent teeth, and third
measure the interproximal distance between the adjacent
teeth coronally accounting for the papillary like tissue to be
left on the side of each tooth. Those lines of measurements
will form a trapezoid shape. These measurements will
determine the size of the pedicle that needs to be harvested
from the palatal area. The buccal limit of the donor site
is the mid-crest of the pontic site preparation or above

Figure 20.8 The trapezoidal shaped incisions were made on the
palate to accommodate the needed tissue on the buccal, full
thickness of that tissue were made after de-epithelizing the
surface.

Figure 20.9 Tissue was rolled under the pouch made buccal and
part of it was kept coronal to match the adjacent tooth. A narrow
healing abutment was placed to support the tissue.

(a) (b)

Figure 20.7 (a) The implant was disconnected to let the tissue grow over it and bury it (b).
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(a) (b)

Figure 20.10 Eight weeks healing of the rolled tissue (a) buccal view and (b) palatal showing the fill of the donor site and the placed
healing abutment.

Figure 20.11 Final prosthesis in place with marginal tissue
matching the adjacent tooth.

the middle of the cover screw for implants. Delineate
the donor site with incisions extending to the underly-
ing bone in all areas except the crestal limit, which will
serve as the base of the pedicle. Once the site is delin-
eated de-epithelialize that area and sharply elevate the
connective tissue pedicle to full thickness leaving exposed
bone on the palate. Some authors suggested dissecting
the pedicle graft leaving behind periosteum, but doing
so risks severing the supra-periosteal capillary bed that
may lead to flap necrosis and jeopardize the end result.
Full thickness elevation also reduces risk of perforation of
the pedicle flap, allows for a thicker graft, and maintains
the supra-periosteal blood supply to the graft. Once the
pedicle is elevated to the buccal transition area, create a
full thickness pouch in the area of the defect on the buccal
following the planned trapezoidal architecture. After ele-
vation of the pouch, roll the pedicle graft into the area of
the buccal defect. At this time the pedicle may be trimmed
and adjusted to fit. Once the graft is in place, place two

stabilizing sutures coronally on either side of the trapezoid.
At this point, the healing abutment can be placed and any
periosteum or any osseous structure over the implant cover
screw should be removed.

Autograft Subepithelial Connective Tissue (CTG),
a Free Gingival Graft (FGG), or Allograft Dermis

Used in lack of KT surrounding implant fixture or in case
there is not enough tissue present to be displaced apically,
or rolled buccally, one may employ a free gingival graft
(FGG), connective tissue autograft (CTG), or allograft
dermis. Connective tissue grafts can be used to increase
tissue thickness and/or to increase attached KT in areas
of esthetic concern. An FGG can also be used to increase
a zone of KT but will heal with a more blanched looking
tissue and it is not advised in areas of esthetic concern.
Alternatively, and for the same reason, an allograft dermis
can be used to increase KT. The main advantage of using
a connective tissue graft is the color match with the sur-
rounding tissue compared with the FGG. These techniques
are easiest to perform at time of the second stage surgery
or implant placement but can be done with a prosthesis
in place if necessary but will require a more diligent and
refined execution.

Free Gingival Graft (FGG)
This technique is mainly used to increase the amount of
KT while preserving the marginal gingiva. A sub-marginal
incision is made down to the bone in case of implant that
is already exposed or sub marginal to the existent KT in
a healed ridge. The extent of the incision depends on the
extent of the area to be treated. At the margins of this area
extend the incisions curved apically. A full-thickness flap
was reflected.
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In case when implants are not uncovered, an incision is
made at the MGL and a full-thickness flap was reflected to
expose the previously placed implant.

In both instances, the flap is apically positioned and sta-
bilized with tacks to establish the new vestibule. Once the
flap is secured, measure the recipient area to determine the
amount of tissue that needs to be harvested from the palate.
Next, harvest a full thickness graft from the palate to place
in the area of deficient tissue. The donor tissue should be
taken at least 2 mm from the palatal gingival margin as
tissue contractions occurs during healing and recession
may occur as a result of the wound edge being too close
to teeth. The shape of the donor tissue is outlined with a
scalpel at a right angle to the palate at the desired depth,
which can be gauged by the bevel on a #15C scalpel blade
(approximately 1 mm). The blade is then turned parallel
to the palate and a graft of the desired uniform thickness
is removed by sharp dissection from the palate. The donor
tissue is transferred to the recipient site to check the fit
and modified if needed. Suturing techniques vary widely,
but stabilization of the graft is the most important princi-
ple and can be accomplished using stabilizing structures
adjacent to the surgical site. Reducing graft mobility and
dead spaces between tissues will improve the graft success
and after an average of eight weeks the donor and recipient
sites are healed. This technique does give a high discomfort
at the palate site reported by most patients regardless of
which kind of cover is used over the donor site and does not
provide a high esthetic result due to the color mismatch.

Connective Tissue Grafts (CTG)
Following the development and use of FGG, Langer and
Calagna in 1980 described the subepithelial connective
tissue graft for root coverage and ridge augmentation as the
second major type of free soft tissue autograft (Langer and
Calagna 1980). The esthetics advantages, healing period,
and superior color match of CTG versus FGG make CTG
the most widely used soft tissue autograft technique used in
periodontal plastic surgery (Langer and Calagna 1982). A
connective tissue graft used under a pedicle flap yields to a
mean root coverage of 89.3% around natural teeth (Langer
and Langer 1993). When the palatal masticatory mucosa
is used as autogenous donor material for a connective
tissue graft, it is important to control the thickness of the
graft harvested. Harvesting a thick graft aids in vascularity
and ease of manipulation of the donor tissue but delays
the healing period, while use of a thin graft decreases the
healing time but often results in graft shrinkage or early
necrosis (Mörmann et al. 1981; Sullivan and Atkins 1968).
Histologic analysis of the mucosa by Yu et al. showed that
the thickness of the lamina propria decreased toward the
posterior palatal area and mid-palatal suture, while that of

the submucosa increased (Yu et al. 2014). Yu’s results sug-
gest that the most appropriate donor site for it is the region
3 mm below the cementoenamel junction (CEJ) between
the distal surface of the canine and the midline surface of
the first molar. When harvesting from this area also keep in
mind the anatomical landmarks of the palate. The greater
and lesser palatine vessels and nerves lie in a bony groove,
the greater palatine groove, which traverses the palate ante-
riorly at the junction of the horizontal and vertical palate.
It is important to avoid the nerves and vessels located along
this neurovascular line. The location of this line relative to
the CEJ varies with palatal vault depth. In shallow palatal
vaults the average distance between the neurovascular line
and the CEJ is 7 mm, whereas in high vaults the maximum
average distance is 17 mm. In an average vault there is
about a distance of 12 mm from the neurovascular line to
the CEJ (Reiser et al. 1996; Rose 2004). Major problems can
occur when the surgeon violates the neurovascular area
such as paresthesia and excessive bleeding. Paresthesia
of the anterior palate is more noticeable to the patient
during speech due to the phonetic impact of an absence of
feeling in this area. This paresthesia is generally temporary
and often dissipates over the span of 6–12 months due
to regeneration of nerve fibers. Bleeding can be a major
problem in the palate but most bleeding can be controlled
by pressure, increasing the number of sutures, and the
use of chemical or electrical coagulants. Taking to account
an incision starts 23 mm from the free gingival margin
and ended 2 mm prior to the neurovascular line then the
maximum width of donor tissue needed will vary from 3 to
9 mm harvesting a graft from an individual with a shallow
palatal vault may not be adequate and doing so could risk
in neurovascular damage. In these cases, a clinician should
consider allogenic grafting as the best treatment option.

A CTG can be used in two different manners. One is to
increase the bulk of tissue in the area of a small concavity
or thin mucosa and the other is to increase the zone of KT.
If the intention is to increase the zone of KT, one should
employ a free connective tissue graft while if tissue thick-
ness needs to be increased a classical connective tissue graft
procedure should be applied. These two connective tissues
grafting techniques will be presented separately.

A Free Connective Tissue Graft A Free Connective Tis-
sue Graft is performed in the same manner as an FGG
at the recipient site and the harvesting from the palate
is performed by dissecting the connective tissue rather
than harvesting a full thickness graft. When harvesting
connective tissue from the palate begin by doing a single
horizontal incision 2 mm apical to the gingival margins
especially at the first molar without vertical incisions
than elevate a full thickness envelope flap from which
connective tissue is dissected out and the remaining flap
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Figure 20.12 The focus on this case is implant in position #11,
where there is an aberrant frenum with loss of keratinized tissue
and recession on the abutment buccally.

epithelium cover is left attached to the remaining palatal
tissue. Once the graft has been removed, the remaining
flap will be sutured to the adjacent immobile palatal tissue.

The recipient site will be denuded in a full thickness
manner by making a horizontal incision which is a sub-
marginal one of the intended zone of width augmentation
(Figures 20.12 and 20.13). The mobilized mucosa needs to

Figure 20.13 A full thickness bed is made in the area of the
recipient site and the apically repositioned mucosa was tacked
apically.

Figure 20.14 A thick Connective tissue graft was harvested from
the palate for placement over the defect.

be stabilized apically, which I recommend to tack it using
titanium tacks one on each corner and one in the middle
(Figure 20.13). At this point the harvested connective
tissue (Figure 20.14) is placed over the prepared site and
sutured coronally with interrupted sutures (Figure 20.15).
The advantage of using a free connective tissue graft is the
color match avoiding this very bulky keloid white tissue
that results from using an FGG (Figure 20.16).

Covered Connective Tissue Graft A conventional connective
tissue graft is useful in areas where one needs to increase
the thickness of the buccal tissue around an implant or in
areas where it is necessary to improve the quality of the
tissue. In a covered connective tissue graft, the flap created
at the donor site is placed over the graft and positioned

Figure 20.15 The free connective tissue was secured coronally
to the recipient site and one was used to affix it to on the apical
side.



�

� �

�

168 20 Soft Tissue Assessment and Enhancement in Implant Dentistry

Figure 20.16 A six month healing showing the gained
keratinized tissue that blends in color with the adjacent tissue.

coronally, called coronally advanced flap (CAF). The CAF
increases the graft survival by increasing the blood supply
necessary as well as the thickness (El Chaar et al. 2016;
Goaslind et al. 1977). We will be describing the CAF with
the connective tissue in a case of peri-implantitis treatment
to make it more exciting (Figure 20.17).

1) Begin with preparation of the recipient bed: lay a full
thickness envelope flap exposing the bone in the area
which needs augmentation. Use intra-sulcular inci-
sions on the coronal portion of the flap in areas of
surrounding natural teeth and the same in the area of
the implant. All interproximal papilla should be sliced
(de-epithelized) exposing the underlying connective
tissue and leaving the base intact and attached to the
underlying bone. If any elements of the implant fixture
are exposed following flap elevation, these areas should
be disinfected following the clinician’s chosen protocol
(Figures 20.18–20.21).

2) As done in previous techniques, measure the area of
the defect and harvest a connective tissue graft from the
palate (Figure 20.22).

Figure 20.17 Purulent exudate and a lack of keratinized tissue
with recession on the buccal of implant in positions #27–28 to
be treated with implant decontamination and connective tissue
graft.

Figure 20.18 The procedure began with debridement and
elevation of a full thickness flap.

3) Place the CTG into the opened flap and suture it to
the interproximal non-elevated tissue with interrupted
sutures using a vicryl P-3 5.0 sutures. In this case,
I placed mineralized cancellous allogaft in the inter-
proximal two wall defects (Figure 20.21).

4) Stretch the elevated flap and cover the now stabilized
graft. Affix the overlaying flap using single sling with 5.0
vicryl P3 sutures (Figure 20.23).

5) If the overlying tissue is mainly from mucosa, another
step may be done following healing where the mucosa
is split to expose the underlying matured tissue
(Figure 20.24).

Allograft Dermis While autografts such as connective tissue
and FGG have been considered the gold standard for soft
tissue grafting, improvement in processing mechanisms
and development of soft tissue allografts have made them
a predicable alternative to autografts (Hirsch et al. 2005;
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Figure 20.19 Once the flap was elevated it was confirmed that
the implant was placed outside of the boney housing. Note the
intra-bony defects present on both the mesial and lingual of the
implant. The area was debrided and prepped for implantoplasty.

Paolantonio et al. 2002). There are many different acel-
lular dermises available on the market, each type differs
in processing and sterilization techniques but all serve
a sterile acellular collagen matrix, which acts a scaffold
for ingrowth of surrounding tissue (Hirsch et al. 2005;
Schlee and Esposito 2011). The current processing tech-
nique involves complete removal of the epithelium by
uncoupling the bond with the dermis, ensuring no damage
to the dermal structure and maintaining the basement
membrane. This process renders the dermal matrix free
from cellular components, while the graft still contains
blood vessel channels, collagen, elastin, and proteoglycans.
The acellular dermal matrix (ADM) allograft is in the thin
to medium range of graft thickness (0.75–1.4 mm) (Schlee
and Esposito 2011).

The use of ADM is technique sensitive in case of KT
augmentation around implants. Allograft dermis doesn’t
provide a predictable outcome used as a free graft due

Figure 20.20 High-speed handpiece and irrigation was used to
preform implantoplasty on all exposed areas of the implant.
Following implantoplasty the implant surface was treated with
phosphoric etch solution and then thoroughly irrigated with
saline.

Figure 20.21 A cancellous mineralized allograft bone graft was
placed in the intrabony defect on the mesial and distal Note the
wicking of the blood into the area between the bone particles
and the creation of an overall red tone to the otherwise white
graft material.
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Figure 20.22 A thick connective tissue graft was harvested from
the palate for placement over the defect.

Figure 20.23 The flap is elevated over the donor tissue and
both the flap and graft are sutured into place.

Figure 20.24 A eight year follow up shows thick firm pink
healthy tissue surrounding the implant.

to rate of necrosis and delay in vascularization when not
covered by a flap, yet studies demonstrated ADM was a
compatible graft material to increase KT around implant
(Park 2006; Wei et al. 2000; Yan et al. 2006).

In order to increase its predictability, we introduced a
new procedure based mainly on stabilizing the Dermis to
the recipient site using tacks (Yan et al. 2006). The surgical
step of this technique is described as following:

(1) An incision following the mucogingival junction
is made.

(2) A full-thickness flap was reflected to expose the previ-
ous placed implant.

(3) The flap was apically positioned and stabilized with
tacks to establish a new vestibule.

(4) Tacks were used to stabilize the ADM as well.
No sutures were used.

In this article (Yan et al. 2006), we compared an FGG
where the flap was sutured apically (control) and the
contralateral flap where the ADM was used stabilized with
tacks. We can see the dramatic effect that immobilization
has made compared with the contralateral side where
sutures were used. The basement membrane side of the
ADM facing the oral cavity did slough partially due to
lack of complete vascularization but was repopulated by
epithelium at four to six weeks. The tacks covered by
tissue can be maintained submerged if no irritation was
reported. Otherwise, it can be easily removed with topical
anesthetic. We believe that the stabilization of the ADM
with tacks increase the chance of plasmatic fluid phase in
the first three to four days to populate the dermis and allow
the neo-vascularization to take place, which is essential in
any graft survivability. Secondly, stabilizing the flap of the
recipient site with tacks apically, allows also in both cases
of FGG as described previously and, in this case, to inhibit
the disengagement of this flap from the sutures and the
creeping coronally of the flap, which limits the chance of
the graft to mature.

Tunnel Technique The tunnel technique allows for place-
ment of a connective tissue graft or an allograft dermis
without reflection of a conventional flap. A tunnel flap is
in essence an alteration of a pedicle flap as it maintains
blood supply from the papillary and the mucogingival
aspects. This increase in blood supply as compared with
a conventional flap aids in graft stability and circula-
tion (Rose 2004). A full-thickness dissection prepares
the donor site to receive the connective tissue graft. This
style of flap is difficult and time consuming when com-
pared to a conventional flap. This technique of reflection
should only be undertaken after many conventional flaps
have been reflected and a working knowledge of the
anatomy is learned. This technique has many advan-
tages as it allows for increased blood supply, a more
rapid healing but lack good stability of the graft (Allen
1994; Blanes and Allen 1999; Zabalequi et al. 1999).
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Keep in mind, these techniques are mainly described for
natural teeth.

In a tunnel technique, the recipient bed is a tunneled
full thickness pouch spanning the area of the defect.
Elevate the tissue with a tunnel technique in the area
of the defect without opening the flap at the gingival
crest. Ensure the instrument tip is resting underlying
osseous structure and with a gentle back and forth push-
ing motion develop and dissect a full thickness pouch
under the tissue. Extend the plane of dissection close
to but not breaking the free gingival margin. Harvest
the connective tissue graft from the palate as previously
described or use an allograft dermis. In this case we are
illustrating, thread the suture through the created pouch
grab the allograft and pull it through the pouch. Once
the graft is satisfactorily placed into the area, suture it
into place through the flap while coronally elevating the
flap using multiple interrupted sling suture. Particularly
when using an Allograft dermis, the latter should be

completely covered by the patient’s tissue for successful
results and the overlying flap needs to be of at least
1 mm in thickness (Cairo et al. 2016; Stefanini et al. 2018)
(Figures 20.25–20.27).

Figure 20.26 The Allograft Dermis is sutured in place and the
vertical incisions are closed.

(a) (b)

(c)

Figure 20.25 (a) There is thin tissue and a shallow vestibule in the area of this mandibular implant. A tunnel technique to place
allograft dermis was used to thicken the tissue and deepen the vestibule. (b) Two vertical incisions are made and a full thickness
tunnel flap is elevated. (c) The Allograft Dermis is suture on one end to aid in pulling the allograft dermis through the tunnel and pass
it inside.
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Figure 20.27 The area healed and providing a good vestibule
for a good plaque control.

Techniques for Papilla Management

Second stage surgery or soft tissue augmentation in sites
with multiple implants in a row presents a very specific
challenge that is managing the inter-proximal implant tis-
sue. When using the roll technique, apically repositioned
flaps, free gingival, or connective tissue grafts during
second stage around multiple implants the interproximal
areas are left exposed to heal through secondary intention.
This type of healing can lead to inter-implant crestal bone
loss and the formation of flat or even inverted inter-implant
papilla tissue. All of these outcomes are of extreme esthetic
detriment and prevent adequate embrasure space fill fol-
lowing final restoration. Fortunately, there are techniques
to manage soft tissue in a way to correct or minimize this
set back.

Rotated Pediculated Marginal Tissue

Palacci (1995) described a technique to create papilla-like
formation. The attached gingiva is displaced buccally
beginning with a crestal incision in line with the palatal
or lingual limits of the implant cover screws two vertical
releasing incisions and a full thickness flap. The flap is
elevated and pushed buccally, while the healing abutments
are placed to hold the flap buccally. The excess buccal
tissue is dissected into pedicles that are then rotated into
the interproximal spaces. Dissection and rotation is done
with semi-lunar incisions starting from the distal and
rotation of the pedicle 90∘ in the palatal direction. The
pedicles should be sutured without tension or engagement
of the pedicles, an eight-shape figure suture is suggested to
hold them in place (Palacci 1995). The down turn of this

suturing, it will not attach the peak of the rotated papilla to
provide it with blood supply in the early phases of healing
knowingly that the lingual flap is not the greatest in blood
supply and scary in nature subsequent to the previous loss
of the tooth.

Rotated Pediculated Lingual Marginal Tissue

El Chaar introduced a major modification to the Palacci
technique takes advantage of the abundance of soft tis-
sue on the palate while reducing risk of buccal gingival
recession and the early necrosis of the rotated papilla,
which can be caused by use of the buccal as a donor site. In
this modification the attached gingiva is displaced buccally
beginning using the U shape flap, described earlier, by hav-
ing the crestal incision over the center of the cover screws.
The elevated flap is displaced buccally and is secured at
the level intended either coronal or apical. Contrary to the
Palacci technique, the pedicle is created from the palatal
tissue. That is laying over half of the cover screw and
rotated forward rather than from the buccal. This is advan-
tageous because no buccal KT is sacrificed. The rotated
pediculated papilla like tissue is sutured to the buccal flap
using a horizontal mattress suture. The sutures started
from the buccal flap allowing the pediculated papilla to
cover the interproximal bone covered and lay passively in
the inter proximal space, which is a very important variant

Figure 20.28 Maxillary posterior prior to placement of two
adjacent implants and closure using the Rotated Pediculated
Lingual marginal tissue El Chaar Technique. This technique can
be used at time of single stage implant placement or during
implant uncovery of adjacent implants. Note the inadequate
keratinized tissue on the buccal.
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to the Palacci technique securing more the rotated pedicle
and accelerating the revascularization between the two
joining tissues. This technique can be utilized anywhere
including the anterior. In cases where the two sides right
and left are both involved, one might end up having a two
rotated papilla in the midline or inter-implant in positions
#8 and 9. Before committing the two sides, one has to mea-
sure the inter-implant space. If the midline interproximal
space is 3 mm than one side’s (right or left) rotated pedicle
should fill up the space. If that space exceeds the 4 mm,
then the two pedicles from both sides right and left should
be rotated to fill the up the space. If needed those two
pedicles can be affixed together via a 6.0 polypropylene
sutures (Figures 20.28–20.31).

Figure 20.29 A U shape flap as described previously is made
with full thickness flap elevation, two TLX Straumann were
placed in a previously grafted maxillary sinus.

Figure 20.30 After the healing abutment were placed and the
flap secured at the coronal level, a pedicule is dissected out of
the lingual tissue and rotated to the interproximal and sutured
to the buccal flap with a horizontal mattress.

(a)

(b)

Figure 20.31 (a) Note the abundant keratinized soft tissue
height and papilla like structure present between the two
healing abutments most visible in the buccal view. (b) A palatal
view showing the thickness achieved and the continuous
contour with the adjacent teeth.

Techniques of Soft Tissue for Extraction
Socket Grafting

It has been well established that after an extraction of
a tooth, the alveolus undergoes a volumetric change
(Schropp et al. 2003) and the thinner the phenotype, the
more volumetric change will take place (Chappuis et al.
2013) by mean of losing buccal bone. This has a vast effect
on the esthetic due to the flattening of the gingival scallop,
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(a) (b)

Figure 20.32 A 24 years old female presented with composite restored centrals with very pronounced gingival scallop (a) and
fractured roots with a history of endodontically treated and re-implanted when she was 11 years old due to bike accident (b).

Figure 20.33 An atraumatic extraction was done.

which is the critical part of the esthetic. This becomes more
of an issue when we have loss of interproximal bone that
will lead to proximal attachment loss on the adjacent teeth,
mainly the papilla. El Chaar et al. 2016 (El Chaar and Osh-
man 2016) introduced a roadmap in which indicated the
need of soft tissue coverage at the time of socket grafting in
a single rooted maxillary tooth. In order to do so, without
altering the gingival scallop, El Chaar introduced in 2012,
an original technique for the posterior maxillary extraction
teeth and a modification for the maxillary anterior teeth
using a rotated pedicle graft form the palate to seal the
socket which allows to preserve the gingival scallop intact
at the time of hard tissue grafting (El Chaar 2010; El Chaar
et al. 2017). In four to six months, the implant placement
will be done flapless especially nowadays with the advent
of digital dentistry increasing the accuracy and allowing for
accurate temporization to maximize the esthetic outcome
(El Chaar et al. 2020) (Figures 20.32–20.40).

Figure 20.34 The socket was grafted with a layered cancellous,
cortical mineralized allograft.

Figure 20.35 The harvesting of the connective tissue starts
from the disto-lingual line angle of the canine leaving it
pediculated anteriorly. The de-epithelization of the palatal
tissue from that point to the lingual gingival margins of the
extracted central on both sides will be done.
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(a) (b)

Figure 20.36 The pediculated rotated subepithelial connective tissue graft is rolled over the socket and laid inside of it in the coronal
(a) part and secured by three horizontal mattresses from the buccal side (b).

(a) (b)

Figure 20.37 Six month healing buccal and palatal views of the site prior to implant placement.

Figure 20.38 A 3D printed digital guide for the implant
placement is inserted.

Figure 20.39 The two implants placed flaplessly to the needed
depth.
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Figure 20.40 Facial view of the temporary in place four month
post placement.
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Introduction

The prevalence of inflammatory diseases of bacterial
origin around dental implants has been very well reported
in literature making it an essential component of clin-
ical implant care (Lang and Berglundh 2011; Sanz and
Chapple 2012; Shibli et al. 2008; Lindhe et al. 2008). Two
clinical conditions are described: peri-implant mucositis
and peri-implantitis, defined as the inflammation in the
mucosa surrounding an implant without signs of loss
of supporting bone (Lindhe et al. 2008; Zitzmann and
Berglundh 2008).

Peri-implantitis: Inflammatory disease of the soft
tissues surrounding an implant, accompanied by bone
loss that exceeds normal physiologic remodeling (Zitz-
mann and Berglundh 2008; Sanz and Chapple 2012).
It is accepted that mucositis precedes peri-implantitis
(Jepsen et al. 2015) and if left untreated, peri-implant
mucositis can lead to peri-implantitis (Jepsen et al. 2015;
Costa et al. 2012).

The world workshop between the AAP and EFP in 2017
(Schwarz et al. 2018) concluded the following parameters
related to peri-implantitis:

• Peri-implantitis is a pathological condition occurring
in tissues around dental implants, characterized by
inflammation in the peri-implant connective tissue and
progressive loss of supporting bone.

• The histopathologic and clinical conditions leading
to the conversion from peri-implant mucositis to
peri-implantitis are not completely understood.

• The onset of peri-implantitis may occur early during
follow-up and the disease progresses in a non-linear and
accelerating pattern.

• Peri-implantitis sites exhibit clinical signs of inflamma-
tion and increased probing depths compared with base-
line measurements.

• At the histologic level, compared with periodontitis sites,
peri-implantitis sites often have larger inflammatory
lesions.

• Surgical entry at peri-implantitis sites often reveals a cir-
cumferential pattern of bone loss.

• There is strong evidence that there is an increased risk
of developing peri-implantitis in patients who have a
history of chronic periodontitis, poor plaque control
skills, and no regular maintenance care after implant
therapy. Data identifying “smoking” and “diabetes” as
potential risk factors/indicators for peri-implantitis are
inconclusive.

• There is some limited evidence linking peri-implantitis
to other factors such as: post-restorative presence of
submucosal cement, lack of peri-implant keratinized
mucosa, and positioning of implants that make it
difficult to perform oral hygiene and maintenance.

• Evidence suggests that progressive crestal bone loss
around implants in the absence of clinical signs of soft
tissue inflammation is a rare event.

Prevalence

Multiple authors have studied the prevalence of peri-
implantitis and peri-mucositis on implant level and patient
level. Differences in inclusion criteria have led to a wide
range of results. Recently, Derks et al. (2016) reviewed
588 patients and 2277 implants over nine years and
found:

Patient level: Mucositis: 32% Peri-implantitis: 45%
Implant level: Mucositis: 35.1% Peri-implantitis: 24.9%.
Additionally, Pimentel et al. (2018) included 147 patients
with 490 implants and found: Patient level: Mucositis:
80.9% Peri-implantitis: 19.1% Implant level: Mucositis:
85.3%, peri-implantitis: 9.2%.

Practical Techniques in Periodontics and Implant Dentistry, First Edition. Edited by Edgard El Chaar.
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Criteria for Diagnosis of Peri-implantitis:
Case Definition

According to the 2017 World Workshop (Schwarz et al.
2018), a diagnosis of peri-implantitis will be based on the
following:

1. Presence of peri-implant signs of inflammation: redness,
swelling, line or drop of bleeding within 30 seconds fol-
lowing probing, and/or suppuration

2. Increasing probing depth as compared with probing
depth values compared with measurements obtained at
placement of the prosthetic superstructure

3. Radiographic evidence of bone loss following initial
healing (one year following prosthetic superstructure
delivery)

4. In the absence of previous radiographs, radiographic
bone loss ≥3 mm, and/or PD ≥6 mm in combination
with bleeding on probing (BOP)

Additionally, clinical and radiographic examinations are
necessary to evaluate peri-implant health (Jepsen et al.
2015; Schwarz et al. 2018). Clinical evaluation of the
peri-implant soft tissue should include assessment of the
patient’s oral hygiene and the presence or absence of
bacterial biofilm and visual evaluation of dental implants
should be completed at least once per year including
probing with a light force (∼0.25 N). Implant health is
indicated by a peri-implant probing depth of ≤5mm and
an absence of bleeding on probing. Radiographic analysis
requires a baseline X-ray, preferably with the supras-
tructure in place, and the reference point of the implant
platform will allow assessment of changes in the bone level
over time.

Risk Factors

History of Periodontitis

In a study involving 80 patients with peri-implant mucosi-
tis followed for five years, Costa et al. (2012) found the
overall incidence of peri-implantitis to be 31.2% and that
periodontitis patients had significantly higher odds of
developing peri-implantitis with an odd ratio ranging
from 4.1 to 9 (Costa et al. 2012; Koldsland et al. 2011;
Derks et al. 2016). Complete edentulism resulted in a
significant reduction of bacteria related to periodontitis
and peri-implantitis, with the exception of Aggregatibacter
actinomycetemcomitans, which might indicate that key
pathogens can survive without pockets (Quirynen and Van
Assche 2011).

The specific diagnosis and severity of the periodontal
condition can also influence the risk for peri-implantitis.

The risk ratio for failure in patients with aggressive
periodontitis is significantly higher when compared with
healthy patients and those with chronic periodontitis
(Monje et al. 2014). Additionally, the more severe the
diagnosis and those with greater probing depths were at a
greater risk (Daubert et al. 2015; Pimentel et al. 2018).

Implant Maintenance

Implant success depends largely on good plaque control
and regular maintenance. The incidence of peri-implantitis
in non-maintained patients is 44% while the incidence in
maintained patients is 18% (Costa et al. 2012). Tan et al.
(2017) found periodontally susceptible patients following
a strict periodontal maintenance program had similar
peri-implant crestal bone loss as compared with periodon-
tally non-susceptible subjects over six years of follow-up.
This study highlights the benefits of a strict periodontal
maintenance.

Number of Implants

The number of implants a patient has also affects their
risk. Patients with ≥4 implants had a greater risk of
developing peri-implantitis (Derks et al. 2016; Pimentel
et al. 2018).

Clinician Experience

Implants are more successful when placed by surgical spe-
cialists as those implants placed and restored by general
dentist have a greater risk with an odds ratio of 4.3 (Derks
et al. 2016).

Implant Brand

Peri-implantitis risk also varied between manufacturers
with Nobel: OR 3.8 Astra: OR: 3.6 Other: OR 5.6. (Derks
et al. 2016).

Smoking

Smokers had greater risk for peri-implantitis and for
implant failure (Pimentel et al. 2018; Chen et al. 2013; John-
son and Hill 2004). The mechanism for this may be: smok-
ing negatively influences oral microbial profile, suppresses
the immune system, and alters microvascular environment,
leading to disrupted healing (Johnson and Hill 2004). Fac-
tors relating to the greater risk with smokers include an
altered oral microbial profile, reduced tissue oxygenation
caused by carbon monoxide, vasoconstrictive properties of
nicotine, and its cytotoxic effects on fibroblasts and PMNs
(Johnson and Hill 2004; Liddelow and Klineberg 2011).
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Microbiota

The most studied risk factor for peri-implantitis has been
the microbiota (Padial-Molina et al. 2016). Zitzmann et al.
(2001) demonstrated that once plaque deposits are from
implants, the signs of inflammation in the peri-implant
tissue disappeared. There have been cases where the pri-
mary causative agent in peri-implantitis was non-bacterial,
such as the presence of irritating excess cement under the
implant crown or implant fracture. However, it has been
shown that these causative agents create a different ecolog-
ical environment that shifts the composition of the biofilm
to a more pathogenic one that is harmful to the peri-implant
tissues (Mombelli and Décaillet 2011; Wilson 2009). There-
fore, the ensuing tissue destruction and bone loss is still
caused by the bacteria in the plaque biofilm that has
accumulated on the implant surface (Canullo et al. 2016).

Various studies have been conducted to study the com-
position of this microbiota. Similar bacteria to those found
in periodontal disease, such as Porphyromonas gingivalis,
Prevotella intermedia, Fusobacterium nucleatum, Tan-
nerella Forsythia, and Treponema. denticola have been
implicated (Mombelli and Décaillet 2011; Maximo et al.
2009). Additionally, a general shift from Gram-positive
coccoid species in health to anaerobic Gram-negative rods
in peri-implantitis was seen (Padial-Molina et al. 2016).
Successful implants contained little amounts of cultivable
bacteria and they had mostly Gram-positive coccoid bac-
teria. Bacteria around implants with peri-implantitis were
found at high levels and mostly consisted of Gram-negative
anaerobic rods. More specifically, there was an abundance
of Fusobacterium and P. intermedia (Mombelli et al. 1987).
Peri-implantitis biofilm represents a mixed infection, with
a majority consisting of diverse anaerobic Gram-negative
bacteria (Mombelli and Décaillet 2011).

Earlier literature cites periodontal pathogens as the
culprits behind peri-implantitis. However, the methods of
detection involve either bacterial cultures or DNA probe
analysis. Both types of methods may be biased because
they involve pre-selection of bacteria for detection. Newer
techniques such as metagenomics and 16S rRNA sequenc-
ing are beginning to elucidate new bacterial species
beyond periodontopathogens. These include Streptococcus,
Eubacterium, Filifactor alocis, Parvimonas micra, Staphy-
lococcus, and more (Padial-Molina et al. 2016; Tamura
et al. 2013). There have also been a number of fungi and
viruses detected at higher levels around implants with
peri-implantitis (Schwarz et al. 2018).

Treatment

It has been generally accepted that peri-implantitis is
caused by microbial infection. As a result, any treatment

protocol for peri-implantitis must include decontamina-
tion of the exposed contaminated implant surface. This
said, decontamination is a difficult task that is compli-
cated by the basic structure of the implant. Most modern
implants have a medium rough surface structure in order
to increase the bone-implant contact area and facilitate
osseointegration. This can complicate the management of
infections deep inside the peri-implant pocket, as increased
surface area and surface roughness may facilitate microbial
colonization and enhance biofilm formation.

Recent evidence suggests that the surface roughness and
chemical composition of the implant surface can have an
impact on plaque accumulation and thus contribute to the
difficulty in reducing the bacterial load to a level necessary
for resolution of peri-implant inflammation (Teughels et al.
2006).

Nonsurgical Therapy

Non-surgical treatment should always be done prior to
surgical intervention as it allows the clinician to gauge
the healing response and to assess the patient’s ability to
perform effective oral hygiene.

Peri-implant Mucositis
Similar to gingivitis, symptoms of peri-implant mucositis
can be reversed via improved oral hygiene or effective
removal of excess cement or other foreign material.
The treatment for peri-implant mucositis often involves
mechanical debridement alone. Schenk et al. (1997) found
improved results after three months with scaling with
rubber cup polishing; Strooker et al. (1998) found sim-
ilar results using a carbon fiber brush with rubber cup
polishing; and Thöne-Mühling et al. (2010) used plastic
curettes+ultrasonic scaling.

The use of 0.12% CHX was found to be similar com-
pared with a placebo as an adjunct to non-surgical therapy
in patients with peri-implant mucositis (Menezes et al.
2016). The effect of local antibiotics as a treatment for
peri-implantitis is limited. One study concluded that
antibiotics as an adjunct to mechanical therapy had no
impact on bacterial counts after six months and limited
clinical effect (Hallström et al. 2012).

Peri-implantitis
Unlike peri-implant mucositis, treatment for peri-
implantitis must take into account the extension of the
inflammation beyond the soft tissue leading to destruction
of hard and soft tissue attachment around the implant body.

Mechanical Debridement Karring et al. (2005) studied the
vector system carbon fiber tip versus manual carbon-fiber
curette. Only minor changes in bleeding at six months
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were noted with no change or increase in PD. Renvert
et al. (2009) used titanium curettes versus ultrasonic device
designed for implants. Decreased BOP and PI at six months.
No change in PD Muthukuru et al. (2012): In a review of the
non-surgical management of peri-implantitis: The avail-
able evidence suggested that submucosal debridement
with adjunctive local delivery of antibiotics, submucosal
glycine powder air polishing, or Er:YAG laser treat-
ment may reduce clinical signs of peri-implant mucosal
inflammation to a greater extent relative to submucosal
debridement using curettes with adjunctive irrigation with
chlorhexidine.

Sahm et al. (2011) conducted a prospective random-
ized clinical trials (RCT) using an air-abrasive device or
mechanical debridement with carbon curettes and local
application of CHX. Statistical significant decrease in BOP
using air-abrasive, limited improvements noted at three
and six months for both modalities.

Antibiotic Therapy As far as antibiotic therapy, systemic
antibiotics had limited effects on the reduction of persist-
ing implant sites (Stein et al. 2018). Alternatively, local
delivery has been used with success. Mombelli et al. (2001)
found the use of tetracycline (actisite) led to PD reduction
of 1.9 mm over 12 months while Renvert et al. (2006) in
a 12 months follow-up, minocycline (arestin) led to PD
reduction of 0.6 mm.

Photodynamic Treatment (PDT) The use of lasers and photo-
dynamic therapy has been used with increasing frequency
in recent years. Schwarz et al. (2006) found that Er:Yag
laser has a bactericidal effect and studied implant sur-
face decontamination prior to guided bone regeneration
(GBR) in the treatment of peri-implantitis. Er:YAG laser
yielded similar clinical outcomes compared with plas-
tic curettes, cotton pellets, and saline solution (Schwarz
et al. 2012).

Er:YAG and ER,CR:YSGG lasers were more advanta-
geous in removing calcified deposits on microstructure
surface of titanium implants without inducing damage,
compared with mechanical therapy by cotton pellet or
titanium curette (in-vitro study). Er-YAG is the laser best
suited for implant surface detoxification in the treatment
of peri-implantitis lesions (Ogita et al. 2015; Takagi et al.
2018).

Alternatively, Chambrone et al. (2018) found that Pho-
todynamic treatment (PDT) showed similar improvements
in PD and clinical attachment level (CAL) compared
with conventional therapy for both periodontitis and
peri-implantitis.

Surgical Treatment

Claffey et al. (2008), in a systematic review of the literature,
divided their findings into human and animal studies.

In the animal studies they found: re-osseointegration
can occur on previously contaminated surfaces. The
surface characteristics are decisive for regeneration and
re-osseointegration. No single chemical surface decon-
tamination method appears to be distinctly superior
(chemical decontamination consisted of: hydrogen perox-
ide, citric acid, sodium chloride, chloramines, tetracycline
hydrochloride, and CHX). Open debridement with surface
decontamination can achieve resolution.

In the human studies they found: in access surgery res-
olution occurred in 58% of the lesions. No single method
of surface decontamination (chemical agents, air abra-
sives, and lasers) was found to be superior. The use of
regenerative procedures such as bone graft techniques
with or without the use of barrier membranes has been
reported with various degrees of success. However, it must
be stressed that such techniques do not address disease
resolution but rather merely attempt to fill the osseous
defect.

Renvert et al. (2009) in a systematic review of 25 ani-
mal studies found that: re-osseointegration is possible
to obtain on a previously contaminated implant surface.
Implant surface characteristics may influence the degree
of re-osseointegration. Surface decontamination doesn’t
achieve substantial re-osseointegration on a previously
contaminated implant surface. No method predictably
accomplished complete resolution of the peri-implant
defect.

The most widely used chemical decontaminant is hydro-
gen peroxide for two minutes due to availability, efficiency,
and safety and must be rinsed thoroughly with sterile saline
(Renvert and Polyzois 2000).

DeWaal et al. (2013) studied surface decontamination
during flap surgery leads to greater suppression of anaer-
obic bacteria in the short term but does not lead to better
clinical results. Aghazadeh et al. (2012) found that surgical
debridement followed by placement of either bovine bone
graft versus autogenous bone. They found significantly
better clinical results with bovine for bone levels, BOP,
suppuration.

What Is the Most Predictable or Superior Treatment
Modality?

Subramani and Wismeijer (2012) found that both mechan-
ical and chemical decontamination techniques should
be applied alongside regenerative surgical procedures to
obtain optimum re-osseointegration and successfully treat
peri-implantitis (Strooker et al. 1998).
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Mellado-Valero et al. (2013) found that there is sufficient
consensus that, for the treatment of peri-implant infections,
the mechanical removal of biofilm from the implant sur-
face should be supplemented by chemical decontamination
with surgical access (Thöne-Mühling et al. 2010).

Heitz-Mayfield and Mombelli (2014) in a systematic
and meta-analysis of different treatment protocols that
included mechanical, chemical, and laser detoxification
concluded that due to the variety of surface decontami-
nation treatments with limited comparative studies, no

Figure 21.1 A 35 year old male presented with purulence and
discomfort on implant in position #8 that was placed 4 years
earlier in an immediate placement after tooth extracted.

Figure 21.2 A radiograph revealed a bone loss around the
implant.

specific protocol has been shown to be more effective than
the others for treatment of peri-implantitis.

Chan et al. (2014), a systematic review and meta-analysis
of treatment outcomes, found that the most essential
component of any treatment protocol for peri-implantitis is
the decontamination of the exposed contaminated implant
surface. The primary objective is to alter the microbiota in
such a way so that the resident microbiota at the implant
surface is compatible with the host so that the host immune
system has the potential to eliminate putative pathogens
effectively.

In summary, although the treatment of peri-implantitis
may be challenging and the consensus on the treatment
modalities is still not very well established, it is still neces-
sary. Steps should include: infection control, non-surgical
debridement, corrective/regenerative surgical procedures,
and supportive therapy.

Clinical Case to Illustrate Peri-implantitis
Treatment

A 35 year old male presented with purulence and dis-
comfort on implant in position #8 that was placed 4 years
earlier in an immediate placement after tooth extracted
(Figure 21.1). A radiograph revealed a bone loss around the
implant (Figure 21.2). A full thickness flap was elevated
buccally with papilla sparing showing the inflammed
tissue encapsulated with xenograft (Figure 21.3). A com-
plete debridement using a Er,Cr:YSGG laser and hand
instrumentation (Figure 21.4). This revealed the presences
of a bonding cement used to cement the crown. Using
high speed rotary burs consisited of very fine carbide and
diamond, the cement and the contaminated rough surface

Figure 21.3 A full thickness flap was elevated buccally with
papilla sparing showing the inflamed tissue encapsulated with
xenograft.
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Figure 21.4 A complete debridement using a Er,Cr:YSGG laser
and hand instrumentation.

Figure 21.5 This revealed the presences of a bonding cement
used to cement the crown. Using high speed rotary burs
consisted of very fine carbide and diamond, the cement and the
contaminated rough surface of the implant were mechanically
treated under copious irrigation.

Figure 21.6 An acid etch was applied for 1 minute and
thoroughly rinsed.

Figure 21.7 A cancellous allograft was placed.

Figure 21.8 And covered by a resorbable collagen membrane.

Figure 21.9 A coronally advanced flap was passivated and
covered the graft.
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Figure 21.10 A five year follow-up clinical picture shows the
healthy outcome.

of the implant were implantoplastied (Figure 21.5). After
an acid etch was applied for 1 minute and thoroughly rinsed
(Figure 21.6). At this point a cancellous allograft was placed
(Figure 21.7) and covered by a resorbable collagen mem-
brane (Figure 21.8). A coronally advanced flap was passi-
vated and covered the exposed implant (Figure 21.9).

A five years follow-up clinical picture shows the healthy
outcome and a radiograph showing the stability of the
grafted site. (Figures 21.10 and 21.11)

Figure 21.11 A radiograph showing the stability of the grafted
site.
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graft vs. host disease 30
granulomatosis with polyangiitis 42
granulomatous inflammation 26, 30–31
guided bone regeneration (GBR) 141, 156
guided tissue regeneration (GTR) 14, 90, 141

for circumferential defects 93–94
complications 96–97
follow-up 97
for furcation defects 91
indications 91–97
for peri-implantitis 181
for periodontal intrabony 93–94
recession defects treatment 95–97
repair and regeneration in periodontal

defects 91
gut sutures 71

h
Haim–Munk syndrome 39
Hajdu–Cheney syndrome 40
hand, foot, and mouth disease 24
hand instruments, in NSPT 54, 55
haversian systems 15
hemidesmosomes 8, 28
hemisection 83
Henderson-Paterson bodies 25
hereditary gingival fibromatosis (HGF) 22
herpes labialis 24
herpetiform aphthous 30
Hertwig’s epithelial root sheath (HES) 3
high density tissue 133
histological probing depth (HPD) 118
histologic sequence of healing 139
histomorphometric variables 149
histoplasmosis 26
history of the present illness (HPI) 50
HIV infection 41
horizontal mattress suture 74, 172
horizontal ridge augmentation 153
human dermis graft (HDGs) 109
human papilloma virus infection 24–25

Hutchinson incisors 23
hydration 15
hydrochloric acid 121
hydrogen peroxide 181
hydroxyapatite 122
hydroxychloroquine 29
hyperimmunoglobulin E syndrome 39
hyperkeratosis 34
hyperparathyroidism 42
hyperplasia 27
hypersensitivity 21, 27, 103
hypophosphatasia 40
hypophosphatemic rickets 40

i
ideal anesthetic, properties of 68
If-Then plans 52
illicit drug use 50
immediate implant placement

complications 142–144
diagnosis and indications 142
final restorative treatment 142
guided surgery in 134–135
IIP in posterior sites 143–144
implant osteotomy 142
interim tooth replacement 142
minimally traumatic tooth extraction 142
in posterior sites 143
post-operative care 142
socket debridement and inspection 142
suture removal 142

immunologic disorders 38–39
immunosuppressive 28, 30, 42
immunotherapy 34, 37
implant dentistry

biological width around implants 119
bone quality classification 118
bone to implant contact 118
criteria, in placement 120
factors affecting 118
implant surface topography 120–122
microgap 119
platform switching 119–120
probing 118–119
steps 117–118
transmucosal attachment 118–120

implant maintenance 179
implant materials 120
implantoplasty 169
implants

design 119
vs. root resection 87

implant surface topography
advantages 121–122
disadvantages 121–122
implant design 121
roughness 121
surface treatment 121
on wound healing 120–121

infections 64
of bacterial origin 22–24
of fungal origin 25–27
of viral origin 24–25

inferior alveolar nerve block (IAN) 68
inflammation 14, 68, 91, 119
inflammatory and immune conditions 27–31
inflammatory bowel disease 41
inflammatory diseases 41
inflammatory phase 14, 16
inner enamel epithelium (IEE) 3
interactive software, applications of 133–136
intercircular fibers 7
interferon-alpha-2a 42
intergingival fibers 7

interim tooth replacement 142
internal intra-osseous anastomosis (IA) 150
international normalized ratio (INR) 57
interpapillary fibers 7
interproximal bone height 93
interproximal brushes 52
interproximal cleaning 52
interproximal plaque removal 51
intralesional steroids 30
intramembranous bone formation 152
intraoral recurrent herpes 24
intra-oral scanning (IOS) 132, 133
intra-sulcular incisions 91, 100, 110
intrinsic fibers of cementum 5
irritation fibroma 31
isoniazid 24
itraconazole antifungal medications 26

j
junctional epithelium (JE) 3, 8

k
keratinized gingiva 3, 80, 109
keratinized tissue (KT) 3, 15, 103, 104, 106,

161, 167
keratinized tissue width (KTW) 104
keratinocytes 6

l
lamina dura 138
laminin (LN) 7
Langerhans cell histiocytosis 42
Langerhans cells 6
late implant placement complete bone

healing 144
lateral osteotomy 149
lateral periodontal cyst 43–44
lateral sinus augmentation 151
lateral sinus floor elevation 147–151

anatomical considerations 150
armamentarium 150
follow-up 151
grafting materials 149
indications 149
intraoperative complications 151
postoperative complications 151
prevention of complications 151
surgical technique 150–151

lateral window approach 147
layered zirconia 130
leukemia 33
leukocyte adhesion deficiency

syndrome 38–39
leukoplakia 32
levonordefrin 68
lichenoid drug reaction 29
lichenoid type lesions 27
lichen planus 27–30
limited flap design 162
lingual attached gingiva 6
lobular capillary hemangioma 31
local anesthesia

mandibular anesthesia 68–69
maxillary anesthesia 68
properties 67–68
techniques of 68–69

local infiltration 68
localized (juvenile) spongiotic gingival

hyperplasia 36
local predisposing factors 18
lower anterior facial height (LAFH) 98
lower jaw see mandible
lower labial mucosa 35
lymphoma 34



�

� �

�

190 Index

m
macrophage 14, 16
major aphthous 30
malignant neoplasms 32–34
mandible 63–65

anatomy of 64
arteries supply 64
nerve innervation of 65

mandibular anesthesia 68–69
mandibular anterior teeth 10
mandibular first molars 11–12
mandibular implant 171
mandibular osseous surgery 81
manual toothbrush 52
marginal gingiva 3
maturation stage, pedicle soft tissue graft 107
maxilla 127

anatomy of 67
arteries supply 64
bony processes 65

maxillary anesthesia 68
maxillary anterior teeth 128
maxillary first molars 11
maxillary lip length 99
maxillary sinuses 150
maximum root coverage (MRC) 105
mechanical debridement 180–181
mechanical decontamination techniques 181
medications 42

for periodontal therapy 57
Medrol 96
melanin hyperpigmentation 37
melanocytic nevus 37–38
melanoma 37
melanosis 36–37
melanotic macule 37
Melkersson–Rosenthal syndrome 30
membrane exposure 96–97
mental foramen 63
mental nerve block 69
Merkel cells 6–7
meshmixer 135
mesiobuccal root resection 84
metabolic diseases 34, 38–44
metagenomics 180
microbiota 180
microgap 119
microstomia 43
midfacial recession 142–143
mild gingivitis 19
Miller classification, for recessions 105
minimally traumatic tooth extraction 142
minimal sedation 57–58
minocycline 181
minor aphthous 30
moderate epithelial dysplasia 33
moderate gingivitis 19
moderate sedation 57–58
Modified Bass 52
modified loop interrupted suture 73
modified single sling suture 74
molluscum bodies 25
mucocele 35–36
mucogingival deficiencies, surgical management

coronally advanced flap 107
free gingival graft 106
pedicle soft tissue graft 106–107
sub-epithelial connective tissue graft

107–108
mucogingival deformities 20, 103
mucogingival junction (MGJ) 6, 80
mucogingival line (MGL) 3, 51, 105, 162

mucogingival recession deformities 95
mucogingival surgery 96, 105
mucograft collagen matrix 96
mucoperiosteal flap 85, 94, 96, 142, 144,

148, 150
mucosa 3
mucosal burn 36
mucous membrane pemphigoid 28, 30
mulberry molars 23
multilocular ameloblastoma 43
multirooted teeth 83
multiunit abutments 136

n
naso-palatine nerve 66
necrotizing gingivitis 19
necrotizing periodontal diseases 19, 22–23
necrotizing sialometaplasia 35
necrotizing stomatitis 19
neoplasms 42
neoplastic ameloblastic epithelium 43
neoplastic melanocytes 37
neo-vascularization 170
nerve block 68
neutropenia 39
neutrophils 14
new bone (NB) 149
nicotine stomatitis 36
nifedipine (Procardia) 57
Nikolsky sign 27, 28
non-absorbable sutures 70–72
non-adherence 51
non-carious cervical lesions (NCCL) 56,

103, 104
non-dental-biofilm induced gingival

diseases 22–44
non-healing ulcers 32
non-homogeneous leukoplakia 33
non-surgical periodontal therapy (NSPT)

armamentarium 54–55
benefits 54
calculus detection techniques 55
fulcrums 56
hand instruments 54
limitations 54
powered instruments 54–55
powered (ultrasonic) technique 56
scalers 54
site-specific curette 54
supragingival debridement 55
techniques for 55–56
universal curettes 54

novel oral anticoagulants (NOAs) 57
NSPT see non-surgical periodontal therapy

(NSPT)
nucleic acid amplification tests (NAATs) 23
nutritional diseases 34, 38–44
nylon sutures 71, 72
nystatin 26

o
obesity 40–41
occlusal therapy 56–57
occlusal trauma 20, 56
odontogenic keratocyst 44
odontoplasty 78, 87
ODU 11-12 Explorer 54, 55
offset osteotomes and mallet 148
oral epithelium (OE) 4
oral hairy leukoplakia 24
oral hygiene 51–53

behavior change techniques 52

interproximal cleaning 52
single tufted brush 53
toothbrushing 52

oral mucosa, diseases affecting 39
oral potentially malignant disorders 32
osseodensification 147
osseointegration 16, 117, 118, 120, 121
osseous surgery 63, 77–78, 80–81

contraindications 78
limitations 78
post-operative management 81

ostectomy 80, 100, 101
osteoarthritis 41
osteoblasts 15, 16, 90
osteoclasts 16
osteogenic cells 16
osteonecrosis 16
osteoplasty 77, 80
osteoporosis 41
osteotomy 16, 120, 142, 144, 148
ostium maxillare 150
outer enamel epithelium (OEE) 3

p
pain 96
Palacci technique 172, 173
palatal incisions 80
Palato-nasal Recess 151
palliative treatment 24
panoramic radiography techniques 125
papilla management

rotated pediculated lingual marginal
tissue 172–173

rotated pediculated marginal tissue 172
papillary hyperplasia of the palate 35
Papillon–Lefevre syndrome 39
paraneoplastic pemphigus 29–30
partial thickness flap (PTF) 65, 80, 106
Pascal’s law 148
past medical history (PMH) 50
patient examination and initial therapy

clinical examination 50–51
medical history for dental patient 50
non-surgical periodontal therapy 54–56
occlusal therapy 56–57
oral hygiene 51–53
periodontal therapy, medications and

implications for 57
radiographic artifacts 51
radiographic examination 51
reevaluation of initial therapy 56
sedation 57–58

patient identifying characteristics 50
pedicle soft tissue graft

adaptation stage 107
attachment stage 107
maturation stage 107
proliferation stage 107

pediculated rotated subepithelial connective
tissue graft 175

pemphigus vulgaris 27–28, 30
penciclovir cream 24
Penicillin G, intramuscular 23
periapical radiolucent lesion 84
peri-implant diseases

clinician experience 179
implant brand 179
implant maintenance 179
microbiota 180
nonsurgical therapy for 180–181
number of implants 179
peri-implantitis see peri-implantitis



�

� �

�

Index 191

peri-implant mucositis 178, 180
predictable/superior treatment

modality 181–182
prevalence 178
risk factors 179–180
smoking 179
surgical treatment 181
treatment for 180–182

peri-implantitis 168
antibiotic therapy 181
clinical case to 182–184
criteria for diagnosis 179
defined 178
implant maintenance 179
mechanical debridement 180–181
nonsurgical therapy for 180–181
photodynamic treatment 181
risk factors 179–180
treatment for 180–182

peri-implant mucositis
defined 178
nonsurgical therapy for 180

periodontal abscesses 20
periodontal biotype 8–9, 103, 106
periodontal defects, repair and regeneration

in 91
periodontal diseases 3, 9, 10

diagnosis 18
endodontic-periodontal lesions 20
gingival health 18–19
gingivitis 19
mucogingival deformities 20
necrotizing periodontal diseases 19
pathogenesis of 41–43
periodontal abscesses 20
periodontal health 18–19
periodontitis 19–20
prosthesis 20–21
tooth-related factors 20–21
traumatic occlusal forces 20

Periodontal Ehlers-Danlos syndrome
(Type VIII) 39

periodontal health 18–19
periodontal intrabony, GTR for 93–94
periodontal ligament (PDL) 3, 15, 90

formation 4–6
vascularity in 4

periodontal regeneration 90
periodontal therapy, medications and

implications for 57
periodontitis 19–20, 51, 77, 83, 179, 181
periodontium 3

components of 4
periosteal flap 15
periosteal vascularization 156
periosteal vertical sling suture 76
periosteogingival fibers 7
peripheral giant cell granuloma 32
peripheral ossifying fibroma 31
perivascular lymphoplasmacytic infiltrate 23
phenotypes 104, 161
phenytoin 42
photodynamic treatment (PDT) 181
physical/mechanical insults 34
piezoelectric surgery 151
Pink Esthetic score 162
plasma cell gingivitis 27
plasma diffusion 15
plasma spraying 122
plasminogen deficiency 39
platelet-derived growth factor (PDGF) 14
platform switching 119–120

pneumatic paranasal chambers 150
pneumatization 147
poly band 14
polyetheretherketone (PEEK) 120
polylactic acid 109
polymethyl methacrylate (PMMA) 143
polymorphonuclear leukocyte (PMN) 14, 16
polytetrafluoroethylene (PTFE) 71, 72, 120
porcelain fused to metal (PFM) 130
porphyromonas gingivalis 41
post-elongation gingival margin stability 101
post-inflammatory pigmentation/

smoker’s 36–37
powered instruments, in NSPT 54–55
powered (ultrasonic) technique 56
power toothbrush 52
Poxvirus 25
prefgel root conditioner 91
pregnancy tumor see pyogenic granuloma
pre-malignant lesions 32–34
premolars 10–11
Prichard elevator 80
prickle cell layer 6
primary cementum 5
primary herpetic gingivostomatitis 24
primary immunodeficiency disease 39
primary occlusal trauma 56
primary stability 117
primary stability rectangle 117
primary syphilis 23
primary wound healing 70
probing, around dental implants 118–119
probing depth (PD) 118, 119
probing force 119
proliferative phase 14–15, 107
prosthesis 20–21
prosthetic considerations

abutment options 130
cement retained restorations 130
esthetic parameters 128–130
final restoration 130
restorative materials 130–131
screw retained restorations 130

prosthetic parameters, factors
influencing 126–127

prosthetic space 129
proteoglycans 14
proteoglycans (PGs) 7
pseudo-epitheliomatous hyperplasia 35
pseudomembranous candidiasis 25
pyogenic granuloma 31–32
pyostomatitis vegetans 41
pyrazinamide 24

r
radiation 33, 37, 42
radiographic artifacts 51
radiographic examination 51, 125
radiopaque denture teeth 125
randomized clinical trials (RCT) 181
rapid plasma reagin (RPR) test 23
reactive processes 31–32
reattachment, defined 14
recession depth 20
recession type (RT) defect 105
reconstruction phase 133
recurrent aphthous ulcers 30
recurrent herpes simplex 24
reduced dental epithelium (RED) 4
reduced enamel epithelium (REE) 8
reevaluation of initial therapy 56
regeneration 14

rehabilitation 126
remodeling phase 15, 16
re-osseointegration 181
repair, defined 14
residual bone graft 149
residual bone height (RBH) 147
resorbable collagen membrane 85, 92, 153, 182
restorative materials 130–131
reticulo-endothelium system 6
reverse cutting, suture needles 72, 73
review of systems (ROS) 50
rheumatoid arthritis 41
ridge augmentation

clinical case 156–158
fundamentals 151–152
horizontal ridge augmentation 153
ridge classifications 152–153
surgical techniques 152
vertical ridge augmentation 153–156

ridge preservation
clinical implications for 139–141
contraindications for 140
defined 140
forced eruption 140
indications for 140
patient-specific indications 140
procedures 140–141
root and socket shield technique 140
site-specific indications 140
socket grafting 140–141

rifampin 24
rivaroxaban (Xarelto) 57
roll technique 163–165, 172
root amputation

advantages 85
armamentarium 85
complications 86
contraindications 84–85
defined 83
disadvantages 85
follow-up 86–88
implants vs. root resection 87
indications 84
outcome 86–88
surgical technique 85–86
vital root resection 87–88

root divergence 93
root fracture 87
root resection 86

defined 83
implants vs. 87
vital root resection 87–88

root separation 83
root submergence technique 140
root surface anatomy 9–10
root surface conditions 106
root trunk 11

concavity 91, 93
length 93

rotated pediculated lingual marginal
tissue 172–173

s
sand blasted large grid acid etched (SLA) 122
sand blasting 121
sarcoidosis 30–31
“saw-tooth” rete ridges 29
scalers 54
Schneiderian membrane 150, 151
screw retained restorations 130
scurvy 34
secondary cementum 5, 6



�

� �

�

192 Index

secondary metastatic neoplasms 42
secondary occlusal trauma 56
secondary syphilis 23
secondary wound healing 70
sedation 57–58
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