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1
 Sustainable Dentistry: An Urgent 

Need for Change

Brett Duane, Julian Fisher, Paul Ashley, Sophie Saget, 
and Eleni Pasdeki-Clewer

1.1  An Urgent Need for Change

B. Duane (*) · S. Saget 
Trinity College Dublin, Dublin, Ireland
e-mail: brettdu@tcd.ie; sagets@tcd.ie 

J. Fisher 
Charité Zahnklinik, Berlin, Germany
e-mail: julian-marcus.fisher@charite.de 

P. Ashley 
University College London, London, UK
e-mail: p.ashley@ucl.ac.uk 

E. Pasdeki-Clewer  
Amersham, England, UK

Box 1.1 Climate Change Is Widespread
Climate change is widespread, rapid, and intensifying across every part of the 
planet. So published the International Conference on Climate Change (ICCC) 
as we write this book [1].

Box 1.2 Planet Is Deteriorating
We all know the planet is deteriorating. We are using more resources than ever 
before, the world’s population continues to rise, more and more coastal cities 
are flooding as a result of global warming, and we hear increasingly that “the 
world is burning”.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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In parallel with the industrialisation of countries, the world population increased 
from 1 billion in 1804 to 7.7 billion [2]. During this time, carbon emissions increased 
from 283 ppm to the 2021 level of 444 ppm. To put these carbon emissions in per-
spective, the last time atmospheric CO2 amounts were this high was more than 3 
million years ago, when the temperature was 2°–3  °C (3.6°–5.4  °F) higher than 
during the pre- industrial era, and the sea level was 15–25 m (50–80 ft) higher than 
today [3]. At the time of writing, the planet had 6 years to halt carbon emissions 
before we find ourselves forced to accept a 1.5° rise in temperature [4].

All these changes aren’t just affecting the planet we live on. We know that 
exploiting nature’s resources has implications for all parts of the life we live espe-
cially, and most notably, the health of every life form that lives on this planet. 
Increasingly, we are aware of the growing relationship between changes to the 
structure and function of the Earth’s natural systems and human health. “The con-
cept of planetary health is based on the understanding that human health and human 
civilisation depend on flourishing natural systems and the wise stewardship of those 
natural systems” [5]. Health effects from environment degradation are posing a seri-
ous challenge to human health, and more worryingly for the health of future genera-
tions. If the planet health is harmed, so is human health. No longer can we continue 
to imagine that humanity is immune or somehow insulated to the risks of planetary 
health [6].

Climate change has profound implications for human health. These impacts, 
however, do not derive solely or simply from climatic events but also from the way 
in which social, economic, and political condition’s structure exposure and vulner-
ability, the risks and effects of climate change, as well as the ability to respond to 
them, and these risks vary greatly from country to country. The basic health of a 
country or community is the single largest determinant of the likely effects of cli-
mate change and the cost of adapting to it. This reinforces the need for global action 
on the social determinants of health and the interconnected and interdependent 
nature of the problem and potential solutions [7, 8].

In 1992, the WHO Commission on Health and Environment published a land-
mark report— “Our planet, our health”—which drew attention to the complex ways 
in which the environment interacts with human health. It was one of a number of 
international reports that began to investigate and document the rapid deterioration 
of the planet’s ecosystem and biodiversity due to human activity and, specifically, 
the configuration of political and socio-economic systems [9].

The WHO World Health Assembly resolutions and a series of reports on climate 
change and health call for action and stress the urgency of addressing climate 
change through health partnerships in all policy approaches [10, 11].

The WHO document, “One Health”, suggests approaches to designing and 
implementing programmes, policies, legislation, and research in which multiple 
sectors communicate and work together to achieve better public health outcomes 
[12]. These documents make the case that the risks the world faces are not abstract 
physical risks created by external forces beyond our control, rather they are risks 
that we, as societies, have created for ourselves. This framing also strengthens the 

B. Duane et al.
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Fig. 1.1 Health in the sustainable development goal era

call for action on the eco-social determinants of health, which provides a clear path-
way linking complex global problems to solutions through the UN 2030 Agenda on 
Sustainable Development and the 17 Sustainable Development Goals which have 
been adopted by all United Nations Member States [13, 14] (see Fig. 1.1).

The aims of the Sustainable Development Goals are to provide a “shared blue-
print for peace and prosperity for people and the planet, now and into the future”. 
As the evidence underpinning the relationship between human health and the health 
of the planet (planetary health) continues to grow, the goals are necessarily crucial 
to systematically reduce our impact on the environment. This relationship affects 
population health and well-being through its impact on infectious and non- 
communicable disease, nutritional outcomes, displacement, conflict, and mental 
health outcomes. One example of this pattern is the deterioration in air quality 
which is linked to a worsening global burden of disease.

The Sixth Assessment Report of the Intergovernmental Panel on Climate Change 
provides the most up-to-date physical understanding of the climate system and cli-
mate change. It notes that “With further global warming, every region is projected 
to increasingly experience concurrent and multiple changes in climatic impact- 
drivers”. Changes in several climatic impact-drivers would be more widespread at 
2 °C compared to 1.5 °C global warming and even more widespread and/or pro-
nounced for higher warming levels [15].

1 Sustainable Dentistry: An Urgent Need for Change
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1.2  Healthcare Systems Cause Planetary 
Health Deterioration

The relationship between our own health and healthcare systems is complicated. 
Our own health is a beneficiary of healthcare system influences and is an indicator 
of sustainable development. From an environmental perspective, however, the 
health system is a significant contributor to deteriorating planetary health.

This harm comes from the way in which buildings are managed (energy), how 
we access healthcare services (travel), and the products healthcare systems buy 
(procurement) [16]. Much can be done to make healthcare systems more sustainable 
through changes that do not compromise the quality or outcomes of patient care 
(e.g. wise use of resources and reducing inappropriate care). However, sometimes 
changes are made which exacerbate planetary and therefore population harm. A 
significant contributor to environmental and planetary harm is the growing infection 
prevention and control (IPAC) sector, introduced to reduce healthcare-associated 
infections and keep people safe. An integral part of IPAC is the instruments we use. 
Single-use instruments (SIs) are rapidly replacing traditional multi-use medical 
instruments. The IPAC industry suggest SIs be used to reduce infection rates, but 
there is no substantial evidence for this; we do, however know that the manufacture, 
travel (distribution), and disposal of SIs cause planetary and population harm.

In 2010, the editor of this book undertook what was believed to be the first car-
bon footprint of the dental service in a small health board in Scotland (Fife) [20]. It 
was calculated that, for dentistry, travel was the greatest source of carbon (45.1%), 
followed by procurement (35.9%), and building energy (18.3%). Regarding travel, 
21.7% of our footprint came from patient travel with a similar amount surprisingly 

Box 1.3 Health Care Is Harming the Planet
Established to facilitate the improvement of population health, health care is 
harming the planet contributing on average 5% of annual national carbon 
dioxide emissions [16–18].

Box 1.4 Defining Dentistry
In this chapter, we use the word dentist in line with the American Dental 
Association’s definition of the (abridged)…” evaluation, diagnosis, preven-
tion and/or treatment of diseases, disorders and/or conditions of the oral cav-
ity, maxillofacial area and/or the adjacent and associated structures. We use 
the word dentistry to mean the practice of dentistry. The term oral health how-
ever we keep in line with that used by the FDI, i.e. oral health means the 
health of the mouth.

The oral health system contributes around 1% of the total healthcare sys-
tem expenditure [19].

B. Duane et al.
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Staff travel for work
3.1%

Staff commuting
30.3%

Procurement
19%

Energy
15.3%

Nitrous oxide
0.9%

Patient travel
31.1%

Fig. 1.2 Carbon footprint 
of the English NHS Dental 
service 2014–2015

from staff travel. Energy included electricity which accounted for 9.4% of our car-
bon footprint, followed by gas at 8.8%.

In the 11 years since this data was collected, the amount of research has increased 
considerably from a low baseline. A carbon footprint of dentistry in England was 
carried out producing similar results to the Scottish study (see Fig. 1.2).

In 2019, the authors of this book had a series of articles published in the BDJ (British 
Dental Journal) which looked at the various ways dentistry could adapt to become 
more sustainable. In many ways, this book highlights the rapid changes that have taken 
place in the last 3 years since these articles were published. Clinicians, academics, 
industry leads, educationalists, and policy makers are turning to current research to 
support the sustainability of dentistry. Recently, the FDI (World Dental Federation) 
started a project in sustainability dentistry and with my colleague, James Field, and a 
large group of international collaborators, we worked with ADEE (Association for 
Dental Education in Europe) to develop a consensus in sustainable dentistry [21, 22].

Climate change and oral health may seem far removed from routine general den-
tal practice but, as recent extreme weather events are illustrating, dentistry is not 
immune to drought and water scarcity, nor fires, and power outages. These are com-
plex global problems with solutions that lie outside the health sector and will require 
coordinated multi-sectoral action at global, national, regional, and community levels.

Healthcare systems need to fundamentally change to enable systems to deliver 
appropriate, affordable, and sustainable health care. In our Journal of Dental 
Research paper, we advocate the need in dentistry for more research, for more 
sustainability- based dental education, and for policy changes [23]. These sugges-
tions closely align with WHO calls for a new research agenda that is oriented 
towards public health programmes, population-based interventions, learning health 
systems, workforce models, digital technologies, and the public health aspects of 
oral diseases and conditions. Healthcare systems need to become focussed on pre-
vention, undergo broad system analysis and change. These changes will need to be 
attentive to how dental care is integrated within systems of universal, needs- based 
access to care [24]. Dentistry needs to change on a practice-wide level and within 
the system of health care.

1 Sustainable Dentistry: An Urgent Need for Change
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As clinicians, we need to advocate and influence sustainability across all oral 
health systems. Chapter 12 describes in greater detail what systemic changes might 
look like. Such changes could be as simple as influencing our own dental practice 
or working nationally to influence the dental education system, the governance of 
dentistry, or working with industry to facilitate change.

We need to adapt to planetary events, for example, rising temperatures, more 
frequent heat waves, potential flooding, and supply changes (e.g. where we source 
our dental products from). Chapter 12 will cover these adaptations in more detail.

One of the most important things a dental practice can do is focus on prevention, 
including how it can support community-based prevention programmes. We discuss 
this in this chapter. We also recognise that how we manage patients from a behavioural 
perspective is important with the choice of adjunct (e.g. nitrous oxide, behavioural 
management, GA—general anaesthesia) and the way that adjunct is applied is crucial 
to both the patient’s quality of care and the subsequent impact on planetary health.

In a number of chapters, we consider the term ASARA (as sustainable as reason-
ably achievable see Sect. 1.1), a phrase coined by a colleague Caoimhin Mac Giolla 
Phadraig when incorporating sustainability into clinical practice which implies 
finding a balance between what is effective, acceptable, and also environmentally 
sustainable.

In Chap. 3, we highlight how a practice can influence the high travel-related foot-
print, particularly concentrating on the role of technology and telecommunications in 
delivering dentistry. In Chap. 9, we look at how practices can influence our procurement 
footprint in line with how they can reduce their waste footprint. In Chap. 11, we high-
light how manufacturers can consider innovation. This innovation Chap. 11 supports the 
idea of the development of innovations in practice—how the dental team can experi-
ment with new ways of doing things, evaluate their impacts, and pursue niche change.

From an energy perspective we realise that there are two different practice sce-
narios: (1) the need for most practices to retrofit their practices to save on energy, or 
to be more energy efficient, or to generate their own energy (see Chap. 4) or (2), 
bearing in mind the environmental consequences of a total rebuild, to build a sus-
tainable dental practice (see Chap. 2). In this book, we have combined the latter 
with how to also build biodiversity into a dental practice.

It is important that the decontamination of dental premises is carried out to the 
standard advised by national authorities. Our decontamination Chap. 7 makes sev-
eral recommendations for the clinical team to consider regarding reducing their 
decontamination environmental footprint; to find better alternatives to the disinfec-
tant wipe; and with the help of our manufacturing colleagues reduce, reuse, and 
recycle the plastic within our products. Within the same area of patient and clinician 
safety, in our personal protective equipment (PPE) Chap. 6, we outline how we can 
reduce our PPE usage (including rationalising glove and apron use, and sessional 
use of PPE where appropriate), how we can consider reusable alternatives, includ-
ing how to optimise manufacture and distribution processes.

In our final chapter (Chap. 12), we discuss building a sustainable healthcare sys-
tem for the future, including the role of professional associations, regulatory bodies, 
and educational authorities in creating and embedding change. For a graphical rep-
resentation of the book (see Fig. 1.3).

B. Duane et al.
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Fig. 1.3 A graphical representation of the book

Chapter Chapter title Chapter Chapter title
1 An urgent 

need for 
change

7 Responsible 
decontamination

2 Building a 
sustainable 
dental 
practice 
(Considering 
the need to 
rebuild, 
material, 
location)

8 Supporting people
and their behaviour
in the dental setting
as sustainably as 
reasonably 
achievable

3 Planning the 
location,
skills mix 
and method 
of delivery 
of care and 
reducing 
your travel  
emissions 
for 
sustainable 
dentistry

9 Buying sustainably 
and ethically for 
the dental practice 
(procurement)

4 Reducing 
the energy 
needs of
your dental 
practice

10 Responsible waste
management; 
Using resources 
efficiently/responsibly.

5 Prevention; 
the 
sustainable 
practice 
initiative

11 The future of 
dentistry products; 
How can we 
redesign the 
products we create

6 A guide to
how to 
reduce the 
impact of 
PPE in your 
dental 
practice

12 Sustainability: The 
need to transform
oral health
systems

The dental team, along with our medical and health partners, has an ethical 
responsibility to provide dental care with the least environmental footprint.

In the short time, since we wrote our BDJ papers in 2018 (published in 2019), 
much as changed in the landscape of sustainability; in general, the value given 
to sustainable health care in dentistry, and in the participation/research in 
this area.

1 Sustainable Dentistry: An Urgent Need for Change
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We hope that by reading this textbook you will join us in improving the sustain-
ability of dentistry and, by doing so, do your bit to improve planetary health.

1.3  How to Read This Book

This book highlights various environmental impacts, and the reader should 
understand what they mean for them to understand what we talk about within the 
chapters.

Being sustainable isn’t just about reducing our carbon emissions. We need to 
look at a number of other important environmental impacts, such as air quality, 
water quality, and the effect of a product or system on carcinogenesis. In this chap-
ter, we explain what these terms mean and how they will be used within dentistry.

We want readers of the book to understand what difference we can all make by 
changing things in our practice.

Life cycle assessment (LCA) is used both in industry and in health care to under-
stand the environmental impacts of a particular service or product. In health care, 
LCA studies have been undertaken to compare sterile gloves with non-sterile gloves, 
and handwashing with the use of hand sanitiser [15, 25, 26]. In dentistry, LCA has 
been used to measure the impact of a dental examination and products such as 
toothbrushes [16].

As an example if we consider the life cycle of alcohol hand gel, the manufacturer 
can look at individual ingredients (e.g. ethanol, glycerol, distilled water), how these 
are processed, packaging both primary [27] [in direct contact with the product, for 
example, the hand gel container] and secondary/tertiary [28] [—the box in which 
the hand gel containers are marketed/transported] (e.g. paper/cardboard, plastic, or 
some sort of compostable material) see Fig. 1.4. We can also consider how consum-
ers use the product (frequency, quantity), and how consumers dispose of the product 
in the waste stream.

In a number of our sustainability papers, we provide three different values, for 
example, in our recent hand gel and glove papers [26, 29]. Firstly, we present environ-
mental impact values for each measure of sustainability (e.g. energy values and their 
overall environmental footprints). Secondly, we present the human health conse-
quences of the environmental damage in DALYs (disability-adjusted life years). 
Finally, we present the results in normalised values. We explain each of these terms here.

1.3.1  Environmental Impact Categories

There are 16 measures of environmental impact you will see reported throughout 
this book, covering ecosystem health, human health, and resource use. These spe-
cific measures, called impact categories, are taken from European Union guidance 
on LCA. Each impact category has different units of measurement, for example, 
climate change is measured in kg’s of carbon dioxide equivalence, whereas fossil 
fuel use is measured in MJ. Normalised results, explained below, allow for compari-
sons between the impact categories.

B. Duane et al.
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Product
Pair of sterile gloves

Latex rubber*
Sterile glove
production

Air leak
testing

Coated paper
production

Offset printing

Heat sealingFilm extrusion

Printed carton box
production

Raw materials Manufacturing Processes Transport

Paper, wax

Low density
polyethylene

Cardboard

Primary packaging
Paper insert and blister pack

Secondary packaging
Large cardboard box

Fig. 1.4 Primary packaging and secondary packaging. An example showing the primary and sec-
ondary packaging for surgical gloves

A contribution analysis can be done for each impact category. This can iden-
tify what aspects of the life cycle contributed the most (or least) for each impact 
category. For example, Fig. 1.5 shows the contribution analysis for water fluori-
dation. You can see that land transport is the greatest contributor for most impact 
categories, including climate change (CC), but sulphuric acid was the biggest 
contributor for dissipated water (RDW). The big contributors are going to be the 
best areas to focus on when it comes to planning how to reduce the impact of a 
product or service. You can also see that some aspects of the life cycle barely 
contributed to any of the categories and are therefore less important (e.g. silica 
quartz).

1.3.1.1  Climate Change: Climate Change Total
The most obvious environmental effect is probably climate change. Climate change 
is usually measured as global warming potential—the ability of greenhouse gases 
(GHGs) to trap heat into the atmosphere over a selected time span. The three main 
GHGs (along with water vapour) are carbon dioxide, methane, and nitrous oxide 
[31]. In the same way that a nutritional label on a product purchased in a supermar-
ket doesn’t just provide fat content or energy content, consumers need to be careful 
not to consider climate change in isolation but think about the overall impact of a 
product across a number of other environmental impacts.

1.3.1.2  Ecosystem Quality: Freshwater Ecotoxicity
This category refers to the harmful effects of toxic substances—such as mercury 
and arsenic—on freshwater organisms [32]. Like the human health toxicity catego-
ries, it is measured in Comparative Toxic Units of Ecotoxicity (CTUe), which esti-
mates the proportion of aquatic species in a body of freshwater that would get 

1 Sustainable Dentistry: An Urgent Need for Change
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Fig. 1.5 Graph showing the contribution analysis for water fluoridation [30]

negative health effects. For example, in dentistry, using a manual plastic toothbrush 
for 5 years produced 13.5 CTUe, compared to an electric toothbrush which pro-
duced 139 CTUe, over ten times more. It should be noted, however, that at the time 
of writing, the EU recommended methodology for calculating CTUe in LCA is 
under review, and so results for freshwater and human toxicity should be interpreted 
with caution.

1.3.1.3  Ecosystem Quality: Freshwater Eutrophication
This category refers to the release of excess nutrients—such as phosphate and nitro-
gen—in freshwater systems. This causes excessive algal propagation, leading to 
hypoxia and death of the existing flora and fauna [33]. For example, using a pair of 
sterile surgical gloves produces the equivalent of 0.32 g of nitrogen, compared to 
just 0.01 g for a pair of non-sterile examination gloves.

1.3.1.4  Resources: Dissipated Water
This category measures the deprivation potential if more water was to be used in a 
defined area watershed [34].

1.3.1.5  Human Health: Respiratory Effects, Inorganics
This is the harm to human health caused by particulate matter emissions (respira-
tory disease). Particulate matter is a common product associated with travel and also 
from heating (e.g. use of internal wood burners). There have been serious concerns 
raised that travel and heating can cause significant damage to respiratory health. We 
discuss these issues in the energy and travel chapters (Chaps. 3 and 4).
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1.3.1.6  Resources: Land Use
This category assesses several land capacities: erosion resistance, mechanical filtra-
tion, physicochemical filtration, groundwater replenishment, and biotic production, 
which altogether provide an indication of the extent in which a portion of land is 
exploited and preserved [35].

1.3.1.7  Human Health: Photochemical Ozone Creation (POC)
This is the harm done to human health from gas emissions that contribute to smog 
in the lower atmosphere. Van Zelm (2016) has calculated the effect in respiratory 
mortality due to ozone exposure. POC can also cause changes in forest and grass-
land species due to changes in ground level ozone exposure [36].
In a publication, Duane demonstrated that significant POC resulted from the use of 
hand gel/sanitiser [29].

1.3.1.8  Human Health: Ozone Layer Depletion
This impact category refers to the negative effects on human health resulting from 
the damage of the ozone layer from anthropogenic sources. A depleted ozone layer 
causes the carcinogenic ultraviolet (UV) rays to enter more readily the atmosphere. 
The reaction of chlorofluorocarbons, halons, and hydrochlorofluorocarbons with 
UV light from the sun releases free chlorine amongst other compounds, which in 
turn interferes with the ozone layer, depleting it [37].

1.3.1.9  Human Health: Non-carcinogenic Effects
This category refers to be harmful to human health that is not related to cancer due to 
the release of toxic chemicals into the environment, such as mercury and cadmium. 
These compounds are released because of the use of fossil fuels, for example [32].

1.3.1.10  Human Health: Ionising Radiation
This category refers to the potential damage to human DNA resulting from the 
release of high energy particles, which ionise atoms and molecules. Ionising radia-
tion can cause both direct tissue damage and cancer. Direct tissue damage (e.g. 
radiation burns) can happen when enough molecules are broken apart so the cells no 
longer function. In extreme cases, this can result in radiation sickness, organ failure, 
and death [38].

1.3.1.11  Resources: Fossils
This category represents the depletion of natural fossil fuels due to extraction of 
energy or transport, for example. Fossil fuels are products from ancient biomass 
transformed into energy-rich fuels [39, 40].

1.3.1.12  Human Health: Carcinogenic Effects
This category refers to the same phenomenon as the category “human health—car-
cinogenic effects”, except that the effects in this classification are carcinogenic 
ones, such as chromium and nickel. The actual risk depends on the severity of the 
carcinogen, the amount of exposure, or the person’s individual genetic make-up.

1 Sustainable Dentistry: An Urgent Need for Change
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1.3.1.13  Ecosystem Quality: Marine Eutrophication
This category refers to nutrient pollution reaching marine ecosystems. This is due to 
the release of excess nutrients—such as Phosphorus (P) and Nitrogen (N)—in water 
systems, causing excessive algal propagation, hypoxia, and death of the existing 
flora and fauna [40].

1.3.1.14  Ecosystem Quality: Terrestrial Eutrophication
This category refers to nutrient pollution reaching terrestrial ecosystems. This is due 
to the release of excess nutrients—such as P and N—in water systems, causing 
excessive algal propagation, hypoxia, and death of the existing flora and fauna [40].

1.3.1.15  Ecosystem Quality: Freshwater 
and Terrestrial Acidification

This category refers to a pH reduction resulting from the reaction of acidic gases 
with atmospheric water. This phenomenon causes acid rain, which releases soil alu-
minium, making a hostile environment for certain fauna and flora [41].

1.3.1.16  Resources: Minerals and Metals
This category refers to the depletion of minerals and metals. Producing lithium bat-
teries, solar panels or cellular phones are responsible for a high burden across this 
category.

1.3.2  DALYs (Disability-Adjusted Life Years)

The environmental impact factors discussed in this chapter will inevitably cause 
some personal health harm. The midpoint impact categories discussed above can 
cause damages to human health pathways with overall human health damage (see 
Fig. 1.6).

The impact assessment method recommended by the PEF guidelines provides 
burdens across a number of different environmental impact categories, for example, 
climate change, ozone depletion, ionising radiation, respiratory effects, photochem-
ical ozone formation, human health (non-carcinogenic effects), human health (car-
cinogenic effects), and water consumption [42].

These impact assessments can be converted into endpoint assessments using rec-
ognised conversion factors [36].

DALYs for a disease or health condition are the sum of the years of life lost due 
to premature mortality (YLLs) and the years lived with a disability (YLDs) due to 
prevalent cases of the disease or health condition in a population [43].

Using DALYs, the burden of diseases that cause premature death but little dis-
ability (such as drowning or measles) can be compared to that of diseases that do not 
cause death but do cause disability (such as cataract causing blindness) [44]. In 
environmental terms, therefore DALYs can be useful as one can calculate not only 
loss of life from environmental catastrophes related to for example global warming, 
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MIDPOINT IMPACT
CATEGORY

Climate change

Increase in respiratory disease

Increase in various types of cancer

Increase in other diseases/ causes

Increase in malnutrition

Increased extraction cost
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Damage to freshwater species

Damage to terrestrial species

Damage to marine species

Ecosystem quality − freshwater ecotoxicity

Ecosystem quality − freshwater
eutrophication

Human health − respiratory effects,
inorganics

Resources land use

Human health − photochemical ozone
creation

Human health − ozone layer depletion

Human health − non-carcinogenic effects

Human health − ionizing radiation

Resources − fossils

Human health − carcinogenic effects

Ecosystem quality − terrestrial
eutrophication

Resources − dissipated water

Ecosystem quality − marine eutrophication

Ecosystem quality − freshwater and
terrestrial acidification

Resources − minerals and metals

DAMAGE PATHWAYS
ENDPOINT AREA OF
PROTECTION

DAMAGE TO HUMAN
HEALTH

DAMAGE TO
RESOURCE
AVAILABILITY

DAMAGE TO
ECOSYSTEMS

Fig. 1.6 Human health harm related to midpoint and endpoint environmental factors

but also calculate the burden of disease associated with, for example, loss of air 
quality.

The study undertaken on the electric toothbrush by Lyne highlighted its signifi-
cant DALYs [45]. This is due to the fact that the electric toothbrush scored highly in 
water scarcity, ozone depletion, resource use, respiratory disease, POC, land use, 
human health (cancer/non-cancer), all eutrophication impacts measured, acidifica-
tion, climate change, and ecotoxicity freshwater. Transforming these figures into 
DALYS, it was calculated that an electric toothbrush accounts over 5 years of use 
for 10 h of DALY loss, compared with a bamboo toothbrush which was just 44 min 
[46]. In a further paper, we calculated that recycling a toothbrush would reduce this 
loss by more than half [46]. In all of the toothbrush models studied, the most signifi-
cant contributing factor to the DALY result was the water used to produce electric-
ity, which is in turn used in the manufacturing processes (responsible for 50–90% of 
the total DALY result, depending on the model).

1.3.3  Normalised Figures

In this book, we also refer to normalised results. Normalising the results allows you 
to compare between impact categories, and you can visualise which impact catego-
ries are the most important or the most relevant for each LCA study. At the time of 
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Table 1.1 Normalised figures

Impact category

Normal annual 
impact of the Average 
Joea

Impact of fluoridating the national 
water supply for 1 individual for 
1 year

Climate change total 1 0.00006
Ecosystem quality—freshwater 
and terrestrial acidification

1 0.00010

Ecosystem quality—freshwater 
eutrophication

1 0.00004

Ecosystem quality—marine 
eutrophication

1 0.00003

Ecosystem quality—terrestrial 
eutrophication

1 0.00006

Human health—photochemical 
ozone creation

1 0.00007

Human health—ozone layer 
depletion

1 0.00003

Human health—respiratory 
effects, inorganics

1 0.00007

Human health—ionising 
radiation

1 0.00002

Resources—minerals and metals 1 0.00011
Resources—dissipated water 1 0.00003
Resources—fossil use 1 <0.00000
Resources—land use 1 <0.00000

aFor the sake of Gender Equality “Joe” could be female, male, or non-binary

writing, EU guidance recommends that the three toxicity categories (freshwater 
ecotoxicity, carcinogenic effects, and non-carcinogenic effects) are excluded from 
normalisation while they review the robustness of the methodology.

Normalised results compare the raw data for each impact category against a ref-
erence figure—which is an individual’s (the “average Joe’s”) annual share of all 
emission and resource use from living their daily life. The “normal” annual impact 
of 1 person is given a reference value of 1. For example, using a pair of sterile surgi-
cal gloves has a normalised climate change impact of 0.0001, or 0.01% of the aver-
age Joe’s annual impact. If you were an “average Joe”, your impact would look like 
this (see Table 1.1).
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2 Building a Sustainable Dental 
Practice

Gavin Ballantyne, Clara Viviana, Carolina Valbuena, 
Nick Armstrong, and Brett Duane

2.1  Introduction

The greatest challenges we currently face as a society are the twin, interconnected 
threats of climate change and biodiversity loss. As dentists and academics, we want 
to highlight the industry’s responsibility to integrate the principles of sustainability 
into our professional lives. This involves encouraging the use and development of 
more sustainable materials and technologies to develop replacements for single-use 
plastics, for example, ones that can instead be manufactured using biodegradable 
and/or recyclable materials (see Chap. 11). Just as important are considerations 
relating to how dental practice spaces, constructions, and wider habitats can be 
improved, either at the stage of construction or during a retrofit. All these aspects are 
integral to realising the new economic model of the circular economy and moving 
away from the current, obsolete linear economy to which the world has become 
accustomed [1]. It aims to redefine growth by reducing waste, lowering carbon 
impacts and shifting economic activity away from the consumption of finite 
resources. It encourages the transition to renewable energy sources, building eco-
nomic, natural, and social capital in both urban and rural areas [2].
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With the extreme effects of climate change causing more damage to human 
health each year [3], these concerns have never been more urgent. Construction and 
development in urban areas must be at the forefront of efforts to reduce the environ-
mental impact of development and tackle the climate crisis. Many countries, regions, 
and cities have launched initiatives aiming to eliminate all carbon emissions associ-
ated with different professions and industries by 2050 (e.g. the UN Race to Zero 
campaign [4]).

With concerns over deforestation and loss of pollinators, more attention is now 
being given to the biodiversity crisis [5, 6]. To ensure the ecosystem services that we 
rely on are provided by natural habitats—and also for the huge advantage this will 
give us in the fight against climate change—it is essential that we halt and reverse 
biodiversity loss around the world.

Although these challenges seem intimidating, they are not threats that can be 
ignored. The habitats and environments we live in are already being altered, some-
times in drastic ways. It is, therefore, essential that we improve our ability to adapt 
to the increasing pace of environmental change. Adaptation to environmental threats 
can take many forms, for example, planning drainage to deal with flood events and 
adapting air conditioning and greenspace planting to blunt the worst of extreme 
heatwaves [7].

Improvements to urban environments can help usher in a new era of global well- 
being, greatly improve safety, promote health benefits, and enrich the human expe-
rience. The climate and biodiversity crises will jeopardise our future if we go about 
business as usual without addressing the essential changes that need to be made. 
The coronavirus pandemic has helped us to realise that everything is interconnected, 
and that climate change and biodiversity loss are urgent issues that need to be 
resolved, and that these negative effects impact on everything: quality of life, 
national security, the economy and, especially, public health.

Healthcare professionals worldwide have an obligation and a unique opportunity 
to monitor the environmental impact of day-to-day living, improve the built envi-
ronment and undertake research that promotes positive change.

In this chapter, we will focus on methods of dental practice construction that 
promote sustainability and improve the wider habitat around the dental practice, 
benefiting staff, patients, and the local ecosystem.

2.2  Environmental Impact

The environmental impact of any business, healthcare initiative, or construction 
project can be thought of as its impact on biodiversity in the immediate vicinity and 
further afield. The term biodiversity encompasses the abundance and diversity of 
life in any area and supports us by providing the ecosystem services we depend on, 
such as nutrient cycling (the movement of nitrogen, phosphorus, and other resources 
into and between organisms), carbon sequestration (the capture and storage of car-
bon from the atmosphere into organisms and the soil), water regulation, and pollina-
tion services [8, 9].
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To conserve the biodiversity in and around a building site, and to avoid serious 
impacts on the habitat, the built environment must be managed in a sustainable 
manner. This is especially important at the initial planning stages, when design 
teams must work with ecological consultants to estimate the effect the project will 
have on the wider habitat. This can be measured using features such as water runoff, 
infiltration, and quality, biodiversity, air quality, soil pH levels, soil nutrient levels, 
and carbon sequestration capacity in the soil and vegetation [10]. This kind of evi-
dence should ideally be incorporated into long-term datasets that take into account 
the wider geography, thus allowing us to simulate future climate change models for 
increasing temperatures and changes in precipitation and model flood and drought 
risks [11].

While we touch on mitigation methods for many of these variables and environ-
mental concerns, we will focus on greenhouse gas (GHG) emissions produced by 
the building and day-to-day activities of a dental practice for much of this chapter. 
GHG emissions are only one aspect of the environmental impact to consider, but 
they are one that has received most attention and research effort in recent years.

In 2015 in Paris, the Framework Convention on Climate Change (FCCC) made 
decisions on the urgent need to take action against the incremental levels of green-
house gas aggregate emissions and to maintain the increase in the average tempera-
ture worldwide to below 2 °C [12]. At this convention, environmental goals were set 
and agreed for the majority of participating countries with an emission reduction of 
80–95% by 2050 compared to 1990 levels for developed countries, and a reduction 
of global emissions to at least half by 2050 compared to 1990 levels in other coun-
tries. The EU plan is for a 55% reduction in GHGs by 2030 and to have zero emis-
sions by 2050. Within such mitigation goals there are some sectors and industrial 
processes that have significant environmental impact, specifically transportation 
and buildings, waste, burning of oil by the oil industry, solvents, and electrical 
energy. Most anticipated contributions cover emissions of carbon dioxide CO2, 
methane CH4, and nitrous oxide N2O. However, the failure of the majority of coun-
tries and corporations to implement these goals and put GHG reduction promises 
into practice only makes the case for change now more urgent.

New buildings and retrofit projects for dental practices must achieve carbon neu-
trality by eliminating a large percentage (or all) of the CO2 emissions from the built 
environment. Therefore, construction must focus on minimising two primary 
sources: emissions related to the use of buildings (operating carbon) and those 
related to the manufacture of buildings (embodied carbon). To become carbon neu-
tral, we need to eliminate or offset the impact of both operating and embodied 
energy. Embodied carbon refers to carbon dioxide emitted at all stages of a goods’ 
manufacturing process, from the mining of raw materials through to the distribution 
process, to the final product provided to the consumer [13]. By conducting a life 
cycle assessment (LCA) for each component, and of the construction project as a 
whole, we can estimate some of the environmental impact involved and identify 
areas where improvements could be made.

Ideally, any construction or retrofit project should be accompanied by clear and 
achievable regenerative goals for the local habitat. Loss of biodiversity and 
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ecosystem services at a construction site should be offset by measures that either 
restore habitat quality at the site following construction or invest in improving the 
environment at another location. The Vanga Blue Forest project provides an excel-
lent example of how this can work well in practice, benefiting the environment and 
local communities [14]. In practice however, due to the long timescales required 
(and often superficial implementation by governments and corporations), biodiver-
sity, and other environmental offsetting has a very poor record of success [15]. 
Instead, most efforts to reduce the resulting damage should be undertaken during 
the planning and construction stages.

While much of the effort of environmentalists is put into reducing the harm done 
to humans and the habitats we live in and exploit, our long-term goal should be 
more than just damage limitation. A shift in thinking towards a regenerative society 
is needed, one that helps to restore and recover what is being lost [16]. This change 
in mindset would promote regenerative building design by focusing on evidence- 
based re-wilding, enhancing biodiversity and steering away from the fundamentally 
flawed economic model of infinite growth.

To make this possible, the wider social and environmental context of the local 
area needs to be taken into account. While local regulations may limit the options 
available, it is possible to link new construction projects with pre-existing sustain-
able development schemes, working together to improve the area. Dental project 
developers should strive to engage with the local community, not just viewing them 
as potential patients, but as stakeholders in the project. By listening to the concerns 
and priorities of the community (and, as appropriate, acting on them), the project 
can help to empower marginalised people, promoting social equality, and identify-
ing the most practical ways to enhance the built environment.

2.3  To Build or Not to Build (Retrofit)

The first key environmental and economic decision required when constructing or 
upgrading a dental practice is whether to build anew, or if retrofitting an existing 
structure is more appropriate. Clearly, the construction of a new building has a con-
siderable environmental footprint when compared to the footprint of a retrofit. The 
extraction of raw materials, manufacturing of materials, transportation of the goods 
and the process of construction will be embedded in the environmental impact of 
the construction of a new building [17]. Planners, as a matter of course, must con-
sider whether it is better to spend environmental resources on retrofitting an older 
building rather than building a new structure [18–22], Retrofits will be covered in 
more depth in Chap. 4 of this book.

While the construction of a new building—with high standards of energy effi-
ciency—may at first seem desirable, it can take decades before the environmental 
advantages of a new building pay back the increased environmental impact of the 
construction, compared with retrofitting the old building with, for example, insula-
tion. Health services should therefore think carefully before building a new health-
care structure. Indeed, it will often be a more environmentally friendly option to 
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upgrade existing building stock, adapting them to better satisfy current and future 
needs. In addition to environmental considerations, for most practitioners, upgrad-
ing older premises is more practical from a fiscal and regulatory perspective than 
building new premises.

Where new builds are appropriate, it is essential that environmentally friendly 
construction methods are used. Technological strategies and knowledge to design 
and construct green buildings are well developed and available in most countries. 
Green building provides significant energy savings of up to 60% compared to typi-
cal ‘non-green’ buildings in various weather conditions at normal costs [23]. 
Savings can be achieved for new and refurbished buildings through simplicity in 
design, energy conservation, orientation, avoiding oversizing, native landscaping, 
lighting efficiency, waste management, design for flexibility, good air quality, water 
conservation, and reduction of emissions [24].

2.4  New Build Dental Surgery

If the decision is made to construct a new structure for a dental practice, then there 
are various issues the stakeholders (be they dentists, site owners, developers, or 
healthcare providers) need to consider, for example, the embedded energy in the 
new development. Embodied carbon emissions account for up to 75% of the total 
emissions for a building over its life span [25]. It is the responsibility of everyone 
involved in the building process to take whatever actions they can to address climate 
change and habitat loss by focusing on ecosystem conservation and reducing green-
house gases through renewable energy and energy efficiency.

A new build may be a stand-alone building or part of a larger development. From 
a climate perspective, it is more efficient to densify urban areas [26]. While, in past 
decades, ‘densification’ was synonymous with high rise buildings, tall buildings 
generally require more energy for both their construction and operation. There has 
been an assumption that tall buildings are more efficient [27], but engineers who are 
aware of and concerned about climate change are questioning this belief. A recent 
study considered nine different building configurations from a 215-story building 
with 2000 residential units at one extreme to 2000 disbursed suburban homes at the 
other [28]. The authors concluded that, when rising from five stories and below to 
21 stories and more the mean intensity of electricity and fossil fuel use increases by 
137% and 42%, respectively. Single family houses and buildings are also not par-
ticularly energy efficient. Their dispersed heating and cooling infrastructure, and 
having four walls exposed to external weather conditions, increase carbon intensity. 
Research published concluded that a four-storey courtyard development was the 
most energy efficient [13].

More recently, ‘densification’ has now come to represent how we lay out a wider 
urban area. Ideally, new developments should be based on the 15 min town/neigh-
bourhood [29]. This sort of planning would result in residents being able to meet 
their daily needs on foot within a 15 min radius of their homes. A new dental prac-
tice or a new health centre could be part of this type of more sustainable community 
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but, where it is not logistically possible, construction can be integrated into other 
solutions, such as pioneering urban transport development and funding measures 
such as innovative mobility management schemes.

One of the most carbon-intensive aspects of dentistry is travel by staff and 
patients. As much as 64.5% of carbon emissions arise from dental-associated travel 
[30]. Locating the practice in a densely populated area near good public transport 
may reduce travel by car, and the availability of bicycle stands may encourage 
patients to cycle to the practice. There is a limit on how much the dentist can do to 
encourage patients to reduce their carbon footprint but making the right choices the 
easy ones may help. The new or refurbished practice should incorporate changing 
room facilities, showers, etc. for staff members who wish to shower/change after 
cycling and aim for treatment plans that reduce the number of patient visits needed 
to complete a course of treatment.

2.4.1  Energy Efficiency

Reducing the amount of energy required to operate different buildings and optimis-
ing their use is crucial to reducing the carbon footprint in the built environment 
when combined with clean and renewable energy strategies. The Institute of Civil 
Engineers calculates that the total embodied carbon emissions of new buildings and 
infrastructure in the UK account for around 49Mt CO2 equivalent or over 10% of 
UK territorial emission [31]. Ideally, a new build or retrofit should aim to be a near 
zero energy building (NZEB) or have a ‘passive house’ standard of energy effi-
ciency. An NZEB is one that has high energy efficiency and what energy is required 
in the running of the building comes from renewable sources and meets EU stan-
dards [32]. A passive house is a building for which thermal comfort can be achieved 
by the ventilation system alone rather than needing to use an additional heating 
system. Passive houses focus on energy savings rather than energy production and 
is also an enabler for the NZEB standard [33]. These houses have extremely low 
energy consumption as the fresh air coming into the house is warmed by a heat 
exchanger that removes some of the heat from the air being ventilated out of the 
building—thus mitigating the need for an additional heating system. However, den-
tal surgeries need 6–12 air changes per hour and so passive house standard may 
need additional ventilation [34].

All properties built in the EU after 2020 must conform to the standards outlined 
in the EU Energy Performance of Buildings Directive (2010) [35] and the Energy 
Efficiency Directive [36] for NZEB design, with ‘very high energy performance’. 
Relating to extensive retrofits of older buildings, if over 25% of ‘surface envelope 
of the building undergoes renovation’, the building should, where feasible, achieve 
a level of Building Energy Rating A2 (or equivalent).

While it is generally not practical to achieve the NZEB or passive house energy 
efficiency standard in a refurbished building, positive steps can still be taken. 
Insulation of walls, roof, draft proofing, and an efficient heating system can result in 
a significant improvement in the energy rating of the building (see Chap. 4 for more 
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details on energy efficiency and retrofitting). Local regulations may vary from these 
EU examples, but the reader contemplating a new building should always aim for as 
high a standard of insulation and energy efficiency as possible.

2.4.2  Energy Production

If the roof of the building is facing south, it is worth considering the addition of 
photovoltaic cells (PVCs—solar panels) for solar electricity production, especially 
in lower latitudes. Solar electricity panels convert the sun’s energy into electricity 
which can then be used to power a building. Solar PV cells are made from layers of 
semi-conducting material, usually silicon. Light shining on the PV cell results in 
electrons being knocked loose creating a flow of electricity. The cells do not need 
direct sunshine to function; they can work on cloudy days—but the stronger the 
sunshine, the more electricity is generated.

PV systems can be made of panels that fit on top of the roof or solar tiles. They 
can also be installed at ground level. The electricity generated is direct current (DC) 
and the electricity used in household and dental appliances is alternating current 
(AC). An inverter is incorporated into the PV system to convert DC electricity into 
AC. Such solar roof tiles are currently more expensive than solar panels.

In many countries, surplus electricity can be sold into the national grid. In the 
UK, for example, the EU’s Smart Export Guarantee System allows owners of solar 
PV systems to earn a fixed amount of money from their surplus solar power. The 
UK government is beginning to provide financial support to households (and busi-
nesses) that store electricity in batteries/power banks [37].

New builds might also benefit from any existing or planned local community 
energy schemes. In the EU, the concept of energy communities has been introduced 
into its legislation [38]. The Directive on common rules for the internal energy mar-
ket ((EU) 2019/444) includes new rules that enable consumer participation—either 
individually or through citizen energy communities—to participate in all markets 
either by generating, consuming, and selling electricity, or by providing services 
that increase flexibility through demand—response and storage. Demand response 
allows consumers to play a role in the operation of the electric grid by reducing or 
moving their electricity usage during peak times to cheaper time-based rates or 
other forms of financial incentive. These demand response programmes are being 
used by electrical system planners and operators as options for balancing supply 
and demand.

2.4.3  Heating System

A building with a very high level of insulation, such as a passive house, may not 
need any heating system. Many countries are planning to phase out gas and oil boil-
ers (e.g. by mid-2030s in the UK), with the exceptions of boilers that use hydrogen 
gas. A 20% hydrogen mix across the network would work with most modern boilers.
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The hydrogen used should be green hydrogen, made using renewable energy and 
electrolysis. Blue hydrogen is made from the conversion of natural gas and carbon 
capture. The blue hydrogen policies being considered by some countries—the UK 
being one [39]—will potentially have a bigger carbon footprint than green hydrogen.

Although not commonly found in healthcare settings in most parts of the world, 
wood burning stoves are obviously undesirable for various reasons. In the UK, 
wood burning stoves are the largest source of fine particulate matter of 2.5 μm 
(PM2.5) and smaller, with emissions 2.5 times greater than those from road traffic 
[40]. A single log-burning stove used in a smokeless zone emits more PM2.5 per year 
than 1000 petrol cars [41]. As well as contributing to greenhouse gas emissions, 
such particulate matter pollutants have serious implications for human health [42].

Heat pumps are a low carbon heating system which work by extracting heat from 
air or ground and transferring it into a building. These devices work best in build-
ings that are well insulated (with a building energy rating of at least B2 or equiva-
lent) and have low temperature heating systems such as underfloor heating [43].

2.4.4  Ventilation

The Covid-19 pandemic, and risk of potential future pandemics, has serious impli-
cations for future dental surgery design. According to their recent report [44], the 
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) 
‘Pandemics have their origins in diverse microbes carried by animal reservoirs, but 
their emergence is entirely driven by human activities’. The main causes of pandem-
ics are land use change, agriculture intensification and expansion, wildlife trade and 
consumption [45, 46]. Unless dramatic improvements are made in the way we man-
age ecosystems and produce our food, the Covid-19 pandemic is likely the first of 
many to come. This has resulted in an increased awareness of air quality in indoor 
environments, including dental facilities.

Ventilation is, therefore, a critical issue to consider when embarking on a new 
build or retrofitting an older property. It may not always be possible to install an air 
conditioning unit, but there are systems other than air conditioning that are less 
expensive and easier to install. Simple mechanical ventilations systems and natural 
ventilation (e.g. opening a window) can be used instead.

In well-sealed buildings, air quality is an important issue. In new builds, it is 
advisable to install an air conditioning system which can also control both tempera-
ture and humidity. Heating ventilation and air conditioning (HVAC) systems will 
filter the air while also controlling the humidity and temperature. By increasing the 
rate of air change, decreasing the recirculation of air and increasing the use of fresh 
outdoor air, HVAC systems may have a role to play in decreasing the spread of 
infection in indoor spaces. HEPA (high-efficiency particulate air) filters have shown 
performance with particles similar in size to SARS-CoV-2 virus (70–120 nm) [47]. 
It is likely that air quality in dental practices is going to be a critical issue in the very 
near future, and this may lead to a large increase in the use of these systems.
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Unlike an HVAC system (which draws in fresh air and mixes it with the recircu-
lated air before being filtered), air sterilisation and/or air disinfection units circulate 
air passing through filters of various types—some units use UV light as well. At the 
present time, we hesitate to recommend ‘air sterilisation units’ as they cannot be 
commissioned and periodically validated, therefore, there is doubt about their effec-
tiveness. If these devices just recirculate air, but do not remove the bacteria and 
viruses contained therein, they may further enable the spread of these 
microorganisms. 

An air extraction unit can be installed on an outside wall/window and such sys-
tems can be effective at circulating air and reducing infection risk. According to the 
UK Department of Health, ‘Good standards can be achieved without resorting to 
unreasonably complex or expensive ventilation systems’ [48]. The unit’s instruc-
tions will specify the amount of air removed and, from this information, the number 
of air changes per hour can be calculated when the volume of the room is known. 
However, the environmental impact of ventilation and air conditioning systems 
must also be considered.

Typical air conditioners, depending on the season, consume 3000–5000 watts 
of electricity for every hour in use. The warmer the air, the more power they use 
to cool a building. As climate change increases global temperatures, the use of 
air conditioners in homes and offices is expected to be one of the main drivers 
behind global electricity demand over the next few decades (predicts the 
International Energy Agency (IEA) report ‘The Future of Cooling’) [49]. With 
global energy demand for A/C units expected to triple by the year 2050, the IEA 
is calling for urgent action to improve cooling efficiency. The report estimates 
that the global stock of A/C units will grow from the 1.6 billion in use today to 
5.6 billion units.

Air conditioning units also use chemicals that damage the ozone layer. The 
Montreal Protocol of 1987 [50] banned the use of the most harmful CFCs (chlo-
rofluorocarbons) to stop the destruction of the ozone layer; however, the CFCs 
permitted for use are still damaging. CFCs were banned in developed countries in 
1995 and in 2010 in developing countries. They have now mostly been replaced 
by HCFCs (hydrochlorofluorocarbons). HCFCs (due to be phased out in 2020 in 
developed countries and 2030 in developing countries) are less damaging to the 
ozone layer as they more readily broken down in the troposphere. As current pre-
dictions estimate that by the year 2050, 27% of global warming will be caused by 
gases emitted from air conditioning, the American EPA (Environmental Protection 
Agency) has proposed the use of alternative gases that are less environmentally 
destructive [51].

Natural ventilation and other forms of mechanical ventilation use little energy. 
On warmer days, opening windows and doors can be effective, especially if more 
than one window is open which, consequently, allows a flow of air to go through 
the practice. A well-insulated building will stay warmer in cold weather and, if 
used correctly, also cooler in hot weather, reducing the need for air 
conditioning.
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2.4.5  Water Management

Another important consideration for planners of new builds is the management of 
water use, both in and around the structure. As climate change/global warming pro-
gresses, extreme drought and flood events are becoming more common and many 
parts of the developed world already regulate restrictions on water use (e.g. in 
drought-stricken California and parts of Australia), while in parts of the developing 
world droughts are putting food security at risk and contributing to the displacement 
of people with increasing regularity.

As there will be increasingly heavy rain, which will result in increased flooding, it 
is important to avoid building within a floodplain and, when planning for the longer 
term, low-lying coastal areas. The IPCC Sixth Assessment Report (AR6) [52] has pre-
dicted a higher sea level rise than in their previous report. The new high-end risk sce-
nario predicts a global rise in sea levels approaching 2 m by 2100 and by 5 m by 2150 
using a very high greenhouse gas emissions scenario. Hopefully, this high emissions 
scenario will not happen, but sea levels continue to rise. This extremely important fact 
needs to be taken into consideration when building new premises or investing in retro-
fitting an older property near the coast.

To help combat drought, it is important that water efficiency is prioritised through 
the use of fixtures and design solutions that lower water consumption. It can also 
help to use captured rainwater or recycled grey water for non-potable (water that 
can be used for other purposes but not drinking) requirements.

Sustainable drainage systems (SuDS)—ones that make use of natural land con-
tours and vegetation planting to slow and direct water runoff—are also recom-
mended for new builds. They will help reduce both flood and drought conditions by 
preventing bottlenecks and the inflexible nature of traditional drainage systems, 
while also benefiting the wider habitat [53].

2.5  Habitat Level Considerations for Build Options

High quality greenspace habitat is vital for world-wide well-being as it provides a 
wide range of ecosystem services, including pollination services, pest control, waste 
management, and water regulation [54]. A clear relationship can be found between 
the provision of these services with higher biodiversity, the range of plants, animals, 
and other organisms sharing the habitats we live in [55]. Not only do these diverse 
species occupy different niches within the habitat (benefiting the living environment 
in various ways), biodiverse habitats also show greater resilience and robustness to 
adapt in the face of changing conditions and of being more capable of regenerating 
after a shock and, once again, to the benefit of local people [56]. Biodiversity also 
provides us with a rich source of cultural inspiration and, as previously mentioned 
in this chapter, emotional well-being [57].

While these benefits may at first seem a little abstract in relation to a dental prac-
tice, there’s a great deal that a dental practice with access to outdoor space can do to 
improve local greenspace habitat, resulting in tangible benefits for dental staff, 
patients, and local residents.
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Growing evidence suggests that incorporating natural elements in built environ-
ments can offer satisfying experiences and be beneficial for the health and well- being 
of both children and adults [58]. As well as contributing to the beneficial health ser-
vice effects of the practice for patients [59], design that incorporates appropriate 
greenspace also improves employee emotional well-being and productivity [60].

2.5.1  Greenspace Area for Biodiversity

Where dental practices own or maintain land, a number of key management deci-
sions can be considered. Some external space is likely to be paved or covered in 
asphalt for parking (and access). Ideally, this should be kept to a minimum, provid-
ing access for staff and patients (especially patients in wheelchairs who require 
smoothed paved access routes), without taking up excess space.

Asphalt and other artificial surfaces, like artificial grass, have a lower overall habi-
tat quality and exacerbate urban heat island effect (UHI). UHI is especially affecting 
tropical regions but is becoming increasingly worrying in other parts of the world due 
to climate change. UHI exacerbates heat waves, with devastating health effects on 
urban populations, particularly on vulnerable and low-income inhabitants [61]. UHI 
has also been shown to lower air quality, leading to serious health concerns [62]. 
Plants have substantially lower temperatures in unshaded areas than all artificial mate-
rials that aren’t specifically treated with a high albedo surface to reflect heat energy 
[63]. Urban green areas have a vital role in combating future urban heat waves [64].

Urban and rural gardens are hugely important in helping to increase the overall 
greenspace available in an area and also improve habitat connectivity [65, 66]. They 
can benefit birds, mammals (including at-risk groups like hedgehogs in the UK), 
and invertebrates, including pollinators. Higher diversity of plant species leads to 
more habitat heterogeneity, higher animal diversity, and improved provision of eco-
system services [67]. This can be encouraged with added shelter and structural 
diversity in the form of dead wood and stone.

Pollinator-friendly planting helps to provide a diverse range of nectar and pollen 
sources for flower visitors throughout the flowering season [68]. This should ideally 
make use of native wildflowers, shrubs, and perennials, avoiding heavily cultivated 
varieties that provide few resources for pollinators. Maintaining a few areas of bare 
ground and potentially installing ‘bee hotels’ also help pollinators by providing 
nesting sites for many species of solitary bees [69, 70].

With appropriate training and resources, on-site beehives may be a welcome 
addition in some countries (especially in sub-Saharan Africa) to promote local pol-
lination and diversify revenue streams using hive products [71]. However, in many 
parts of the world, honeybees are not a native species and can outcompete native 
wild pollinators for resources [72] and so may not contribute to wider biodiversity 
in the area.

Supporting pollinators and other invertebrates necessitates restricted and careful 
use of pesticides, avoiding prophylactic use. Ideally, a thriving garden should enable 
natural integrated pest management by supporting its own community of pest con-
trollers, for example, birds, beetles, spiders, and wasps [73].
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2.5.2  Greenspace Areas That Facilitate Adaptation to Extreme 
Weather Events

With climate change increasing the frequency of extreme weather events, including 
the risks of stormwater flooding [74], renewed attention is being placed on methods 
of greenspace planting that can alleviate the risks to people, property, and the wider 
ecosystem. Rain gardens with high structural and taxonomic plant diversity have 
been shown to be particularly good at retaining rainfall, preventing it from becom-
ing harmful runoff, and slowing the rate of any runoff that does occur [75]. While a 
forested area will be the most effective at this (especially on high ground), at the 
scale of most dental practice grounds, shrubs, and perennial seed mixes can create 
significant beneficial effects when compared to bare ground or grass lawns [76].

Where on-site tree planting is possible, this can hugely increase the habitat space 
within the site, provide natural shade, offset carbon emissions in the long term, and 
provide energy savings in the short term through shade and windbreak effects [77]. 
However, caution needs to be taken to ensure that planting is appropriate for the 
habitat and climate. This will involve obtaining advice from local horticulture 
groups and using native species that are well suited to the soil type on site.

2.5.3  Non-traditional Greenspace Areas

In recent years, we have seen an increased interest in the use of non-traditional 
greenspaces, to improve local habitat quality, aesthetic design, and the crop growing 
potential of a wide variety of urban spaces, for example, green roofs and green walls 
[78] (see Fig. 2.1).

Green roofs can generally be divided between extensive and intensive roofs. 
Extensive roofs are those with less than 200 mm of soil. They are capable of sup-
porting fewer plant species, commonly being planted with sedum, but are also suit-
able for a wider range of buildings (including many retrofits). Intensive green roofs 
are those that can structurally support more weight of soil, increasing the options 
available for planting. This increases the diversity of wildlife the roofs can support 
and may also enable the space to be used as a garden or recreation area [79].

Green roofs and walls do present maintenance challenges, so drought-resistant 
planting is preferred in many areas. They also help mitigate urban heat island effect 
during the day. However, as green roofs may limit heat dissipation overnight, care 
should be taken to ensure planting is accompanied by other temperature control 
mechanisms [80]. With adequate training and preparation, these greenspace fea-
tures provide huge potential benefits in increasing overall greenspace area and 
engaging people with the local habitat [32, 81].

While the full range of landscape modifications and strategies may involve a 
large amount of time and resources, a healthy and diverse habitat is not an all-or- 
nothing goal. Small improvements over time can contribute to a healthier environ-
ment for staff, patients, and the wider habitat. Dental practitioners do not need to 
tackle these challenges alone, local environmental charities, and university research 
groups are often keen to get involved and will help advise on changes and link them 
to citizen science and outreach programmes.
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Fig. 2.1 Green wall, Universidad de Javeriana, Bogota
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Take Home Points for the Dental Team

• Dental practice stakeholders share a responsibility for the environmental impact 
of that practice.

• As threats from climate change and biodiversity  loss increase, in the form of 
extreme weather events and pandemics, successful adaptation to these changes is 
essential.

• Adaptation measures must be incorporated into both new builds and practice 
retrofits.

• Regardless of scale, proven measures are available to reduce energy expenditure 
and waste.

• Dental practices with greenspace can help to support local biodiversity through 
simple and sustainable measures.

• Improvements can lead to tangible benefits for the health and well-being of both 
staff and patients.

Box 2.1 Universidad de Javeriana, Bogota: Native Trees and Green Walls and Roofs

The Andean Forest has historically been subjected to land use change and 
degradation. At the nearby Javeriana University, in Bogotá, efforts are being 
made to contribute to the ecological rehabilitation of this ecosystem on the 
campus. In 2015, the university set out new environmental policy and institu-
tional commitment to environmental responsibility, for the benefit of humans 
and the environment. This led to a dramatic redesign and expansion of the 
greenspace on campus.

The aims of the project were to:

 1. Provide a representative sample of tree species typical of the Colombian 
Andean region and in particular species catalogued as ‘rare, endangered, 
or of particular social interest’.

 2. Offer opportunities to get closer to the ecosystem services of trees through 
the generation of recreational spaces and activities such as planting trees 
with the new students and the use of products obtained from them.

 3. Explore options for green walls and green roofs based on new species and 
planting and management techniques.

 4. Generate high quality spaces in terms of physical and mental health (with 
a large number of the species planted producing pleasing volatile 
scents).

 5. To increase biodiversity by offering suitable habitat conditions on campus.

Project Outcomes
The project has led to the establishment of a botanical garden and initiated 

a cultural shift among the members of the PUJ community. The project has 
contributed to the conservation of tree species vulnerable to habitat change. It 
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has carried out selective felling of non-native species and replaced them with 
ecologically important native species and others that have foliage and flowers 
that people find attractive. This has increased the number of trees of native 
species on campus by 65% and 13 plants species on the IUCN (The 
International Union for Conservation of Nature) red list can now be found 
growing on campus.

The project has been well received by both students and staff. To introduce 
students to these environmental goals, one of the first activities during induc-
tion of new students to the university is to plant a tree. This commitment to 
conservation and education has contributed to the PUJ receiving a number of 
awards for sustainability.

This case study illustrates what is possible within a campus-sized urban 
area, comparable to many hospitals, but also demonstrates the benefits that are 
possible at a smaller scale, especially when multiple small projects in an area 
can work together to support local socio-environmental goals.
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3
 Planning the Location, Skills Mix 

and Method of Delivery of Care, 
and Reducing Your Travel Emissions 
for Sustainable Dentistry

Brett Duane and Sharat Pani

3.1  Environmental Sustainability and Travel Within 
the Dental Practice

This chapter focuses on travel and transport. It considers how the dental team can 
both influence patient and staff travel patterns and also purchase goods with reduced 
travel emissions. See Fig. 3.1.

We know that poor air quality is a serious problem—both for personal health and 
environmental reasons. From a health perspective, the main problems are particu-
late matter (PM) and nitrogen oxides (NOx) [1]. We also know that a significant 
reason for their high concentrations in urban populations is travel (see Chap. 3). 
During the initial lockdown period of the Covid 19 pandemic, the amounts of these 
particles were halved [2]. Particulate matter can be classified as PM2.5 or PM 10 
depending on the size of the particles measured in micrometres and the smaller 
particles are more dangerous as they can penetrate into the lungs [3]. There is 
increasing evidence that exposure to particulate matter can exacerbate and/or cause 
asthma, chronic obstructive pulmonary disease (COPD), and cardiovascular toxic-
ity with potential impacts in the UK of between 29,000 and 40,000 deaths [4, 5]. 
The actual level of exposure is complex and depends on population density and 
where people live and work [1].
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Fig. 3.1 Traffic in and 
around Universidad de 
Javeriana, Bogota Viviana

3.2  The Contribution of Dentistry to the Travel Footprint

We know from the Fife study and the PHE (Public Health England) study that travel 
gives rise to around 64.5% of the carbon footprint of the entire dental service [6, 7]. 
Interestingly within the PHE study total emissions of patient travel were similar to 
total staff travel.

The patient contribution to the carbon footprint of the dental appointment via 
their travel is 2.96  kg. The staff travel is considerably higher at 15.34  kg. This, 
according to both the Fife and English carbon footprinting studies [6, 7], is because 
staff generally live around five times further away from the practice than their 
patients.

This information is considered accurate for England since it was based on travel 
information from millions of mandatory patient claim forms. The staff travel data 
was based on a Scottish survey of approximately 100 community dental service 
staff but provides a similar picture. As travel emissions are high further research 
should be carried out to understand and reduce staff travel patterns.
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Travel is a significant factor in dentistry as patients often travel for relatively long 
distances to receive dental care. In secondary care (or hospitals), patients spend a lot 
of time receiving care and use more non-travel-related resources [8]. The dental 
travel emissions are around five times the comparable travel component of second-
ary healthcare (10%).

The PHE study also showed the comparatively high carbon emissions associated 
with dental examinations since, apart from the use of an examination kit, the energy 
needed to run the dental practice for approximately a 5-min appointment is low, but 
the travel emissions are comparatively high [9].

As we explain in the prevention chapter (see Chap. 5), the travel component of a 
preventive appointment is significant which is why it is important to avoid bringing 
a patient in for a preventive visit only.

There are two methods for calculating a reduced quality of life in public 
health models:

 1. Quality adjusted life years (QALYs) first originated in the 1970s and are a mea-
sure of the state of health of a person in which the benefits (in terms of life span) 
are adjusted to reflect the quality of life. One QALY is equal to 1 year of life in 
perfect health [10].

 2. Disability adjusted life years (DALYs) were developed in the 1990s and are an 
alternative method of measuring the burden of disease. DALYs quantify the 
years of life lost (YLL) due to premature mortality and years lived with disabil-
ity/disease (YLD) [11].

In our BDJ paper, we used the Health Outcomes of Travel Tool (HOTT) to cal-
culate the impact travel had in environmental, financial. and health terms. We calcu-
lated that dental travel within England was 760 million miles. This travel released 
over 372 tonnes of nitrous oxide and 19 tonnes of PM2.5, with an economic cost of 
£17.5 million. This tool has unfortunately now been taken offline [12]. Within 
Table 3.1 the reader can see that dental travel causes loss of QALY and produces 
significant amounts of nitrous oxide and particulate matter.

Another method of assessing the harm caused by dental-associated travel is to 
use DALYs to calculate approximate harm to human populations from mid-level 
impact factors (such as fine particulate matter formation and global warming) [13]. 
By using industry agreed figures, we can calculate DALYs from each variable. The 

Table 3.1 Illustrating the effect of dental travel emissions on population health using the HOTT 
tool (all travel)

Staff business mileage 
by car

Patient 
travel

Staff 
commute Total

Miles 41,261,174 476,471,033 241,134,752 758,866,959
QALY loss 19 195 111 325
Air pollution economic 
loss (£)

1,018,308 10,492,065 5,951,103 17,461,476

Tonnes of nitrous oxide 21.52 224.90 125.74 372
Tonnes of particulate 
matter (2.5)

1.2 11.01 7.03 19
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Table 3.2 DALY for the NHS England dentistry-associated carbon footprint (all travel)

Travel
Impact 
factor DALYs

Fine particulate matter formation 0.000629452 0.01
Global warming, human health 0.000000928 274.32
Ionising radiation 8.5E-09 0.18
Ozone formation, human health 8.76274E-07 0.99
Stratospheric ozone depletion 0.000531 0.03
Toxicity cancer 0.00000332 0.00
Toxicity human health 6.65E-09 0.00
Water consumption, human health 7.3518E-07 28.15
Total DALYS in years for the NHS England travel associated with 
dentistry

303.67

reader will see that the total NHS-associated footprint causes 304 DALYs, which 
equates to around 3.2 min lost per person living in England. In order to calculate 
travel, average community patterns were used, this included walking, cycling, car 
travel, bus travel, train etc. (Table 3.2) [14].

3.3  Improving Sustainable Travel

Dental teams need to consider innovative ways of reducing patient and staff travel. 
There are various ways this could be achieved:

3.3.1  Combining Appointments

Any practical way of minimising overall travel associated with appointments is 
important. This could involve, where practical, undertaking multiple procedures 
within one appointment (e.g. a scale and polish at the same time as a routine check-
 up appointment) or using scanning technology to reduce travel associated with 
prosthodontic care.

3.3.2  Only Undertaking Evidence-Based Dentistry

Another way of reducing travel is to ensure everything that you practice is evidence- 
based dentistry. Consider the scale and polish and the lack of evidence of its poten-
tial to improve oral health [15, 16].

3.3.3  Preventative Dentistry

This element is discussed in Chap. 5.
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3.3.4  Appropriate Dental Examination Scheduling

It has been 15  years since NICE published their guidance on a risk assessment 
approach to scheduling dental examinations. There is no evidence base for the 
6-month examinations currently performed by dental practitioners [17–19]. 
Reducing the frequency of examinations in an evidence-based manner will reduce 
travel-associated carbon emissions and the impact on air quality.

3.4  Using Information Technology

The number of physical dental appointments can also be reduced using information 
technology; a field that has come to be referred to as teledentistry. The American 
Dental Association describes teledentistry as the use of telehealth systems and 
methodologies in dentistry [20]. Telehealth is a broad term that refers to a variety of 
technology and tactics to deliver virtual medical, health, and education services. 
The idea of talking to your dentist or healthcare provider without having to go into 
the dental office is not new. Ever since the advent of the telephone patients have 
called their dental practice. Whether to book an appointment or to ask for instruc-
tions, the principle is that calling ahead reduces waiting times and facilitates a more 
efficient delivery of dental care. The rapid strides made in telecommunications (e.g. 
the internet and web-based platforms in the 1990s) led to the first studies exploring 
the reliability and accuracy of virtually transmitted dental information; a concept 
that is now termed teledentistry. In 1994, the US Army transmitted colour images 
from an intra-oral camera from Fort McPherson, Georgia to Fort Gordon, Georgia; 
a distance of 120 miles; over a 9600-band dial-up modem [21]. Even by the modest 
standards of the day, this would lay the foundations for the science of modern tele-
dentistry. Although the next two decades would result in rapid strides being made in 
both the speed and availability of the internet, it was only during the COVID-19 
pandemic in 2020 that dental regulators across the globe began issuing definite 
guidelines for the practice of teledentistry [22]. In this section, we look at the differ-
ent aspects of teledentistry, their reliability, and the role each would play in reducing 
travel, eliminating waste and allowing for both efficient and sustainable dental care.

3.4.1  The Basics of Teledentistry

In its essence, teledentistry involves the capture of data, the storage of the data and 
the secure transmission of that data. Improved ability to capture and condense digi-
tal data, combined with higher bandwidth and the ability to transmit larger files, has 
seen the evolution of teledentistry into a reliable and safe method of providing not 
only consultations to patients but also to train fellow professionals, provide care and 
administer programs. Each of these steps reduces the time needed for travel and can, 
hypothetically, reduce the carbon footprint of these processes.
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In order to understand how this could work, we must begin with a basic defini-
tion of the different aspects of telehealth. In 2017, Estai defined the different aspects 
of telehealth in a review of the topic. We have summarised the original definition 
with the current status in dentistry and potential impact on travel and/or carbon 
footprint in travel 3 (Table 3.3).

Table 3.3 Aspects of telehealth, their applicability in dentistry and potential impact on travel

Term Interpretation
Stage of use in 
dentistry

Impact on travel and/or carbon 
footprint

Teleconsultation The patient and/or the 
local health 
professional consult a 
specialist and obtain a 
treatment 
recommendation

Approved for use 
by dental 
organisations in 
several countries 
for routine dental 
screening

Elimination of a referral visit 
reduces travel costs (potential 
carbon based on UK data in 
grams

Tele-diagnosis An outcome of the 
teleconsultation

Proof of reliability 
through several 
studies. Emergency 
use approved 
during the 
COVID-19 
pandemic in 
several countries

Not yet ascertained

Tele-treatment Treatment carried out 
through teledentistry 
when applicable

Approved for 
emergency 
prescription of 
pain medication 
during the 
pandemic

Potential to eliminate travel 
for emergency dental visits

Tele-education Continuing 
professional 
development

Has been adopted 
across specialties 
in dentistry

Eliminates travel to 
conferences = significant 
environmental savings (see 
Duane 2020 for examples) 
[23]

Tele-training Tele-training for oral 
health professionals

Has been 
implemented at 
different levels in 
dental schools

Not yet ascertained

Tele-monitoring Regular monitoring of 
vital signs and/or 
biochemical variables 
in patients

Has been validated 
as an effective 
method of 
follow-up visit. 
Approved as an 
emergency 
measure during the 
pandemic

Elimination of physical 
follow-up visits

Tele-support Support to remote 
health facilities located 
in isolated areas, 
remote places or in 
areas affected by 
natural disasters or 
armed conflict

In practice in many 
countries—
effectiveness has 
been validated in 
the United States 
and Australia

Replaces the cost and 
environmental footprint of 
flying out a specialist and 
allows for a multiplication of 
the existing workforce
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3.4.2  Capturing the Data

The capture of accurate data is the bedrock upon which teledentistry is built. Early 
experiments in teledentistry had relied on the use of expensive intra-oral cameras. 
In this form, teledentistry was designed to be a method of communication between 
the general dentist and the specialist [24]. By the 2010s the practice of teledentistry 
between the dentist and the patient became a feasible concept with improvements 
both in internet bandwidth and in mobile phone technology, making the capture, 
transmission, and storage of digital images easier [25]. The improvements in the 
quality of images by mobile phone cameras led to the ability of patients and dentists 
alike to be able to capture relatively high-quality images at little or no extra cost. 
These images were found to be a valid measure of detecting and diagnosing oral 
diseases from dental caries to oral cancer [26–28]. Despite improvements in the 
quality of the images, for teledentistry to be practical these images need to be 
securely stored and transmitted.

3.4.3  Store and Forward Teledentistry

As the term suggests, store and forward teledentistry is the storage and secure trans-
mission of captured images online. The advent of e-mail in the 1990s was the first 
time that data could be encrypted, transmitted, and decrypted over distances for 
non-military purposes. As early as 1999, Scheylar and Dasari suggested that the 
security mechanisms of web-based records could ensure the integrity and confiden-
tiality of the patient information as well as that web-based records would make 
cumulative, longitudinal patient records possible thus enabling cost-effective tele-
dentistry [28]. The launch and spread of several free email providers such as 
Hotmail™, Gmail™, and Yahoo™ meant that scanned images could be transmitted 
between persons without the need for expensive specialised equipment [29–32]. 
However, the biggest limitation of this type of communication was the need for the 
compression of images prior to transmission, resulting in the reduction of quality of 
the transmitted images.

The advent of cloud storage offered a solution to the issue of the secure storage 
of large files. Although initially developed in the 1960s, commercial cloud comput-
ing only became popular in the 2000s. The 2010s saw the emergence of many cloud 

Table 3.3 (continued)

Term Interpretation
Stage of use in 
dentistry

Impact on travel and/or carbon 
footprint

Tele- 
administration

Use of 
communications 
technology for purely 
administrative work 
(e.g. scheduling and 
managing 
appointments)

In practice at 
different levels in 
hospitals and 
clinics

Replaces the environmental/
financial cost of travelling to 
work
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storage platforms, each offering increasing amounts of storage space. Estai et al. 
(2016) documented this surge in cloud storage to suggest a proof of concept for a 
cloud-based telemedicine and teledentistry system [33]. There have been several 
studies since then that have shown the reliability of cloud-based store and forward 
teledentistry in the detection of dental caries, orthodontics, initial screening of oral 
cancer and oral medicine [34].

3.4.4  Security, Accuracy, and Acceptance

While teledentistry as a viable concept has been around since the early 2000s, the 
concept has faced several obstacles to acceptance by dentists and, perhaps more 
importantly, dental regulators. Even with the increasing evidence in literature 
regarding the accuracy of teledentistry, the principal objection to teledentistry has 
been the security of stored and transmitted data. While different countries have 
allowed different levels of data transmission over secure channels, concerns about 
ensuring the protection of confidential patient data have meant that, prior to 2020, 
most dental regulators were hesitant to accept teledentistry as a safe way to provide 
dental consultations. The global COVID-19 pandemic resulted in the acceptance of 
teledentistry by several countries though few have only provided permission for the 
use of teledentistry during the pandemic.

One way of overcoming security concerns and gaining greater acceptance of 
teledentistry has been the use of secure hospital servers for the storage and transmis-
sion of data. While the initial application of these servers was to allow for secure 
communication between specialists, there have been reports from England, Wales, 
Ireland, and Australia of the use of data transmitted across such servers for patient 
consultations [35]. Teleconferencing between the dentist and patient, for the pur-
pose of consultation, using commercial platforms has also received permission 
(albeit only for the duration of the pandemic) [36].

3.4.5  Cost-Effectiveness of Teledentistry

Given the time and resources invested in the early development of telehealth by the 
US Armed Forces, it is not surprising that the first studies on the cost-effectiveness 
of teledentistry were conducted by the United States Armed Forces. The Total 
Dental Access (TDA), of the United States Department of Defense established the 
cost-effectiveness of teledentistry in patient care, continuing education and dentist- 
laboratory communications [21]. As the accuracy of diagnoses made using teleden-
tistry has improved, teledentistry has shown to be an effective tool in the early 
detection of dental caries, thus greatly improving both the quality and cost- 
effectiveness of care [29]. The combination of telecommunications and teleden-
tistry involving the exchange of clinical information and images over remote 
distances for dental consultation and treatment planning not only improves access 
to and delivery of oral healthcare; it also lowers its costs [37, 38]. A 2017 study on 
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children in Australia, also found that the use of teledentistry can reduce the need for 
hospitalisation in children with early childhood caries who had limited access to 
dental care [39]. Data from Australia also showed that using teledentistry as an 
alternative to routine dental screening was a cost-effective and reliable method of 
providing dental care [40]. Data that has emerged from the pandemic-related lock-
downs has only reinforced this thinking [41].

3.5  Mode of Travel

The mode or choice of travel is important. Active travel—walking or cycling—has 
negligible carbon emissions (although one does need to consider the manufacture of 
the bike within any environmental impact equations.) These environmental calcula-
tions are also highly variable depending on the hypothesised expected longevity of 
the vehicle, the number of people in the vehicle. Fuel source, and geography are just 
some factors.

Looking at the BEIS/Defra Greenhouse conversion factors it can be seen that for 
every kilometre of travel a train produces between 6 and 41  g of carbon; a bus 
between 27 and 104 g. A car with four passengers has a relatively low carbon emis-
sions of 43 g per person, increasing to 171 g of emissions per person if the car only 
has one passenger [42].

3.5.1  Active Travel

Like most employers, dental practices should encourage their employees to use 
active travel to get to work [43]. There are numerous reasons for this including 
health benefits, reducing physical multi-morbidity [44] and economic benefits [45]. 
There are a number of ways staff can be incentivised to walk to work. For example, 
King’s College, London, offered incentives such as pedometers and guided walks to 
staff [46].

For NHS England, it was calculated using HOTT that, as well as the health ben-
efits of walking and cycling, even a 5% change towards walking and cycling would 
reduce air pollution by six tonnes of NOx and 0.4 tonnes of PM 2.5, thus saving an 
estimated £300,000 in financial costs to health and society [47]. In order to facilitate 
this however, practices need to consider the expense of cycles for staff (possibly 
overcome in some countries with cycle to work schemes), the need for cycle stor-
age, and suitable changing and cleaning facilities [48].

3.5.2  Public Transport or Car Sharing

Patients and staff should be encouraged to lift share and make use of public trans-
port [47]. It would be useful for staff to be familiar with popular bus routes. This 
would help them to support patients who have opted for more sustainable forms of 
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travel. Information on bus routes could be included on practice websites, notice 
boards, and induction manuals. Staff could consider lift sharing to reduce costs and, 
in turn, this will also reduce environmental emissions. There are organisations 
which can help match people who require similar journeys such as Liftshare [49].

3.5.3  Rent a Car and Use It only When You Need It

Another way to reduce your overall environmental footprint is, rather than buy a car 
for your own personal use, to simply rent one and use it only when necessary [50]. 
Even if the car was used only once a week, its environmental footprint would be 
significantly lower as your planetary share of the environmental footprint-related 
construction of the car is a lot lower.

3.5.4  Electric Vehicles

In our BDJ papers, we highlighted the environmental advantages of electric cars [47].
However, in the same year that we wrote this paper, newer evidence was pro-

duced by Pero [50]. There are two aspects here: (1) the carbon emissions/other 
environmental emissions and (2) the health emissions. A significant part of the foot-
print of a car relates not to its use of fossil fuel (or, better, electricity) but to its 
manufacture. In Pero’s later study comparing the carbon footprint of a fossil fuel car 
with an electric car, the electric car produced around two third of the carbon emis-
sions. 16.3% of the carbon emissions (30,000 K tonnes) of the internal combustion/
fossil fuel car related to its manufacture; in an electric car, 46.3% of the carbon 
emissions (almost 20,000 K tonnes) related to its manufacture. The main reason for 
the other portion of the carbon emissions of the electric car was related to the high 
use of coal to produce the electricity [50]. As many countries are steadily increasing 
their proportion of electricity generated from renewable sources, electric cars are 
expected to become even more environmentally friendly with further reduced car-
bon emissions. Pero also demonstrates, however, that an electric car scores worse in 
every other impact factor such as resource depletion, photochemical formation, 
acidification, human toxicity, and particulate matter.

From a health perspective, electric vehicles (EV) used in the city will have a 
much lower air pollution impact; our BDJ paper showed that if 25% of all dental- 
related travel was by electric vehicle society would avoid over 68 tonnes NOx and 
1.6 tonnes PM2.5 a year and reduce health impact costs by over £3.6 m a year [47].

3.5.5  Improving the Sustainability of Conventional Car Travel

There are a number of ways the environmental sustainability of conventional car 
travel can be improved. Firstly, purchase the smallest car possible that meets your 
needs [51]. Secondly, remove non-essential items within the car to reduce the 
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weight; thirdly, check the car is tuned correctly, and finally ensure that the wheels 
have appropriate tyre pressure. Some government organisations in the UK save 
money by requiring their employees to undertake driver efficiency courses [52]. 
Some would even argue that colder coloured cars (e.g. a white car) traps less heat 
and require less air conditioning [53].

3.6  Travel Policies

Every dental practice should be encouraged to have a travel policy and there is guid-
ance to do this [54]. Effective NHS travel plans can improve access to dental care 
and delivery of services (e.g. how outreach services are provided), support people in 
undertaking active travel and improve overall quality of life by reducing traffic con-
gestion and improving air quality. The travel plan should consider ways of improv-
ing availability of information on travel modes and also look at changing current 
processes and systems within the dental practice. Staff, for example, might be 
allowed to adjust their work patterns to arrive and leave 10 min later to accommo-
date more sustainable ways of travel, e.g. public transport. Incentives could also be 
introduced to encourage more sustainable staff and patient travel.

Take Home Points for the Dental Team

• A significant amount of dentistry’s carbon emissions originates from travel (64.5%).
• Travel affects air quality, nitrogen oxides, and particulate matter which, in turn, 

impacts on overall health. Dental travel causes the loss of 325 QALYs, at a cost 
to health and society of around £17.5 million.

• The dental team needs to increase their focus prevention of dental disease, 
decrease the number of physical appointments, and encourage active travel and 
use of public transport.
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4 Reducing the Energy Needs of Your 
Dental Practice

Brett Duane, Ingeborg Steinbach, Sara Harford, 
and Nick Armstrong

4.1  Introduction to Energy and Water

Water and electricity have different environmental impacts. In our 2014 study, based 
on data from a small number of dental practices in Fife, we calculated that gas and 
electricity each contribute around 8% to the carbon footprint of a dental practice, 
adding up to around one sixth of the carbon equivalent emissions of a dental prac-
tice [1, 2]. In the same study, we calculated the carbon equivalent emissions of water 
at just 0.09% of the total footprint. The difference therefore between the amount of 
carbon equivalent emissions that are generated by the energy we use compared with 
the amount generated by the water we use is large.

However, the Fife study [2] and the study commissioned by Public Health 
England [1], only calculated carbon dioxide equivalent emissions rather than using 
a broad base of environmental impacts which would be more in keeping with a 
broader Life Cycle Assessment (LCA) approach.

In our waste chapter, we talked about the principles of waste reduction [3]—
Reduce, Repair, Reuse, and Recycle. The reader should consider these principles in 
energy and water use too.

The most sustainable approach to planning energy and water use is to firstly 
consider how much of each utility is used in the dental practice and how this con-
sumption demand can be minimised. Secondly, the most environmentally 
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sustainable source of electricity needs to be considered. Thirdly, the dental team 
should explore whether the dental practice could generate its own energy.

4.2  Quantity of Each Utility Used in the Dental Practice

4.2.1  Quantity of Water Used in a Dental Practice

To clarify the previous paragraph, it is difficult to know the exact or average water 
use of a dental practice. In the Fife study [2], it was calculated that the average den-
tal clinic used 41.55 m3/year, whilst data from three practices in England showed 
usage of 24.33  m3/year. North American data reports a much bigger amount of 
water usage equating annually to around 216 m3 [4]. Based on the 24.33 m3 rate and 
15 patient visits per day [5] and 44 h of working week per year, the average patient 
visit uses 36.86 L of water.

Energy use was calculated using date from a number of dental practices where 
traditional coal-based electricity was used in combination with heating using natu-
ral gas. The calculation of disability-adjusted life years (DALYs) associated with 
energy use was based on the Fife study per average patient visit of 3.13 kWh elec-
tricity and 8.47 kWh of natural gas [2]. To further demonstrate the environmental 
impact, an LCA (life cycle assessment) was carried out using ecoinvent Version 
3.6.1 and OpenLCA software [6].

4.2.2  Environmental Outcomes of Water

The water usage for dentistry per patient visit only contributes around 18.03 g of 
carbon dioxide equivalent emissions towards the overall carbon footprint and only 
0.50 of a DALY. As this amount is comparatively small, the breakdown of this cal-
culation is not shown here. Please see the PHE publication for more information [7].

4.2.3  Environmental Consequences of Energy Used 
in a Dental Practice

The energy use for dentistry per “average” patient visit to a dental practice contrib-
utes around 6 kg of carbon dioxide equivalent emissions (see Table 4.1).

The energy contribution to DALYs was around 3 min per patient visit, with the 
DALYs mostly originating from global warming (carbon dioxide equivalent 
emissions)

Environmental factor DALYs
Percentage 
contributing to total

Global warming—human health 5.51024E-06 99.783
Stratospheric ozone depletion—human health 1.37E-10 0.002
Ionising radiation—human health 4.9997E-10 0.009
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Table 4.1 Environmental outcomes from energy use; UK, per patient

Name Impact result Unit
Ecosystem quality—freshwater ecotoxicity 2.00968 CTU
Ecosystem quality—freshwater eutrophication 0.00209 Kg P-Eq
Ecosystem quality—terrestrial eutrophication 0.04438 Mol N-Eq
Resources—dissipated water 0.31283 M3 water-Eq
Human health—respiratory effects, inorganics 5.30E-08 Disease incidence
Resources—land use 10.56939 Points
Human health—photochemical ozone creation 0.01289 Kg NMVOC-Eq
Human health—ozone layer depletion 2.58E-07 Kg CFC-11-Eq
Human health—non-carcinogenic effects 6.14E-07 Ctuh
Human health—ionising radiation 0.05882 Kg U235-Eq
Resources—fossils 89.98716 MJ
Human health—carcinogenic effects 6.07E-08 Ctuh
Climate change—climate change total 5.93776 Kg CO2-Eq
Ecosystem quality—marine eutrophication 0.00434 Kg N-Eq
Ecosystem quality—freshwater and terrestrial 
acidification

0.03108 Mol H + -Eq

Resources—minerals and metals 9.43E-06 Kg Sb-Eq

Environmental factor DALYs
Percentage 
contributing to total

Fine particulate matter formation—human health 3.34E-11 0.001
Photochemical ozone formation—human health 1.12952E-08 0.205
Toxicity—human health (cancer) 2.02E-13 0.000a

Toxicity—human health (non-cancer) 4.09E-15 0.000a

Water consumption—human health 2.29986E-07 4.165
Total DALYs (years per patient visit) 5.52221E-06 100.00
Total DALYs of harm coming from travel (minutes per 
patient visit)

2.904459963

aNegligible contribution

4.3  How Demand Can Be Minimised

The first priority for dental practices should be minimising the demand for energy. 
The authors are aware however that some practices lease their practice space whilst 
others own it. Depending on the specific arrangement, some changes suggested 
below will require cooperation from the building owner.

4.3.1  Building Anew or Reconfiguring Existing Building

Firstly, newer buildings do not always have a lower environmental impact. The Fife 
study showed that the combined resource use of older clinics had a much better 
carbon footprint than newer clinics. This was put down to the fact that traditional 
dental clinics are smaller, with smaller clinics, smaller waiting rooms, and less 
energy consuming features such as air conditioning [2]. The newer, bigger 
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purpose-built dental clinics had/have large staff and meeting rooms, which also 
need to be heated (see Sect. 4.3.2).

Secondly, and more crucially, the construction of new buildings creates a consid-
erable environmental footprint. Earlier in this chapter, the use of an LCA to consider 
the life cycle of a product was discussed. The extraction of raw materials, manufac-
turing of materials, transportation of these, and the process of construction will be 
embedded in the environmental impact of the creation of a new building [8]. One 
also needs to consider the LCA consequences of demolishing and managing the 
waste of an old building.

Planners need to consider whether it is better to spend environmental resources 
on retrofitting an older building rather than building a new structure [9–13]. For 
example, when comparing the refurbishment of a 1930s residential building with 
the construction of a new building in Norway, researchers demonstrated that it 
would take more than 50  years before the environmental advantages (e.g. better 
energy efficiency) of a new building would pay back the increased environmental 
impact of constructing the new building compared with retrofitting the old building 
with insulation. Health services should therefore think carefully before undertaking 
the building of a new healthcare structure. It may be environmentally more benefi-
cial to upgrade existing building stock instead.

One of the simplest ways of reducing carbon emissions is to become more energy 
efficient. This might involve, for example, insulation, better use of space (space 
utilisation), more efficient energy sources, or more efficient equipment.

4.3.2  Space Utilisation

Within dentistry, space utilisation is about how often and how much of dental space is 
used (a combination of a frequency and occupancy) [14]. In the carbon footprint study 
by Duane (2012), a number of the newer buildings used more energy per patient 
appointment than the older buildings that provided the same care [2]. Examples of 
inefficient space utilisation in dental practices are unnecessarily large waiting rooms 
and under-utilised meeting rooms, storage rooms, etc. [2] Since larger rooms require 
more heating, waiting rooms should be the optimal size for the practice.

Calculating optimal utilisation rates requires a structured approach to determine 
effective use of the dental surgery, reception, and waiting room areas [15]. An effec-
tively run and sustainable dental practice would always have the dental chair in 
maximum use; the energy required to heat the building would therefore be optimal. 
Effective staff rota management would also assist with this process.

4.3.3  Energy Efficiency Can Be Improved in a Number of Ways 
in the Dental Practice

Insulation and draught proofing should probably be the first consideration. Good 
insulation will save money (as well as being good for the environment) and increase 
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the energy efficiency of the practice. Insulation has been modelled in a study by 
Llantoy with the environmental payback of a structure insulated with mineral wool, 
polyurethane, and extruded polystyrene being 7 (12) years, 10 (15) years, and 12 
(19) years, respectively, when evaluated with the ReCiPe (or GWP100a) indica-
tor [16].

Insulation will also improve the energy performance certificate (EPC) and/or 
leadership in energy and environmental design (LEED) rating of the practice build-
ing. One of the most cost-effective ways to improve energy efficiency is to insulate 
the loft. The Energy Saving Trust estimates that 25% of heating is lost through 
uninsulated roof space [17]. All practices should increase their attic space insulation 
to a thickness of at least 270  mm. This will result in an improvement of 10–15 
points in their EPC.

Insulating walls should be the next consideration. Cavity wall insulation is an 
expensive option with average annual savings in the region of £89 with possible cost 
of about £4282. Cavity wall insulation and solid wall insulation (dry lining or exter-
nal wall insulation) increases the EPC rating by 5–10 points. Grants for insulation 
are available in many countries.

4.3.4  Sealing and Draught Proofing

Sealing and draught proofing windows and doors using products such as caulk and 
weather stripping is very cost-effective. There can be average savings of about £107 
annually for a cost of about £12. This will also increase the EPC rating of the prac-
tice [18].

4.3.5  Double Glazing

Double or triple glazing will reduce heat loss and draughts resulting in lower air 
conditioning costs. This will also lead to an increase in the EPC rating by sev-
eral points.

4.3.6  Blinds and Curtains

Other areas of improvements in sustainability could include the use of washable 
curtains and blinds to keep heat in or out as appropriate [19].

4.3.7  Timers and Thermostats

The use of timers will increase energy efficiency as they ensure optimum use of the 
heating system. Thermostats should be set at their most efficient setting and altered 
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to suit the season. They should be positioned in seating areas but not close to radia-
tors and clear of doors and draughts. Reducing the thermostat setting by one degree 
can save 8–10% of energy and result in an average saving £75 per year [20]. 
Radiators should be routinely cleaned and bled regularly.

4.3.8  Radiators and Closing Doors

Ideally only rooms that are being used should be heated and doors should be kept 
closed. Radiators in unused areas of the practice should be turned off [20]. Staff 
should report any over-heated areas to management. The use of automatic doors 
will reduce heat loss or gain [21].

4.3.9  Smart Meters

A survey of over 2000 people found that as well as having a high understanding, 
smart meter owners are generally more knowledgeable on energy use than those 
who have not yet had one installed [22]. However, the dental team should consider 
that each appliance they own (including a smart meter) will increase electricity use 
[23]. Moreover, from a sustainability perspective, it is concerning that annually 1.4 
million smart meters are replacing functioning existing meters. These new meters 
require global resources to produce, with additional resources required to dispose of 
the old meter [24].

If dental practices intend to install smart meters, they should consider waiting for 
the second open protocol version, SMETS2 (smart metering equipment technical 
specifications), as these devices will enable a seamless change from provider to 
provider.

4.3.10  Boiler Efficiency

The efficiency of the boiler used to heat a property is important. Older boilers 
have an efficiency of about 60–70% compared to modern condensing boilers 
which, at around 95%, are much more efficient. All boilers should be serviced 
regularly in accordance with the manufacturers’ advice. The use of room thermo-
stats, timers, and thermostatic valves will increase energy efficiency and can save 
the average domestic user around £150 per  annum and further reduce carbon 
emissions.

Many governments are banning the installation of fossil fuel boilers and moving 
to the use of heat pumps. Buildings need to be insulated to a good standard before 
installing a heat pump [25]. Heat pumps—which run on renewable electricity—
have a very low carbon footprint compared to gas fired boilers.
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4.3.11  Air Conditioning

Air conditioning systems may need to be installed in some poorly ventilated dental 
practices post Covid-19. Air conditioning is an energy intensive technology. In a 
2012, UK study around 65% of office space was air-conditioned, and these systems 
used up about 10% of all UK electricity [26]. This would mean a bill of around 
£387.50 per year for a dental office of 100 m2.

All doors and windows must be kept closed wherever possible in air-conditioned 
premises. Adjusting the thermostat setting can also lead to reduced costs, for exam-
ple, natural ventilation such as open windows can be used during the warmer peri-
ods of the year. However, in light of the Covid-19 pandemic, air quality in dental 
surgeries may need to be improved. The recommended Air Changes per Hour 
(ACH) is 6–10 air changes per hour [27]. The effectiveness of natural ventilation 
will depend on the size of windows, the position of windows, the wind speed, and 
the temperature difference between the inside and outside environment. Mechanical 
ventilation, such as extraction fans, specify the amount of air removed and from this 
the ACH can be calculated [28].

Before installing an air conditioning system, alternative options should be con-
sidered, for example, use of insulation, reducing heat transfer through glass (e.g. 
blinds and curtains), and natural ventilation (strategically opening windows). 
Shading the outside of the building could also assist.

4.3.12  Water Heating

Heating water costs the average UK household about £140 per year [29]. The use of 
hot water in dental practice is less than that used domestically. The practice expen-
diture on water heating might be reduced by insulating the water tank and using a 
thermostat and timer [30]. A hot water recycling system, if not already installed, 
could also be considered for practices using a lot of hot water. Insulating a hot water 
tank could cost as little as £16 resulting in a potential annual saving of around £29 
and improving the EPC rating of the building by a few points.

4.4  Choosing Sustainable Appliances

Table 4.2 shows the energy use of different appliances.

4.4.1  Energy Use of Different Appliances

4 Reducing the Energy Needs of Your Dental Practice



60

Table 4.2 Energy use (electricity) within dentistry

Electrical appliance Power (watts)
Hours 
per day

Electricity use 
per day (kWh 
per day)

Price per 
day (based 
on 14.4 
pence per 
kWh)

Annual CO2e if 
using supplier 
with coal-based 
energy

Amalgamator 70 [31] 0.07 0.00 0.00 0
Printer 40 [32] 0.25 0.01 0.01 1
Curing light 8 [33] 0.00 0.01 0.00 1
X-ray machine 100 [2] 0.17 0.02 0.01 2
Mobile phone 
charger

5 [34] 8.00 0.04 0.01 4

WiFi router 8 [35] 8.00 0.06 0.01 5
Laptop 25 [36] 8.00 0.20 0.03 21
Suction 950 [31] 0.3 0.29 0.04 31
Water cooler with 
timer

Energy use 
calculated from 
web page [37]

0.30 0.06 32

Dental chair 300 [38] 1.33 0.40 0.06 42
Computer monitor 
(20–24 inch)

50 [39] 8.00 0.40 0.06 42

Radio 5 [40] 8 0.04 0.01 59
Instant water See [41] 0.57 0.08 60
Microwave 1200 [32] 0.50 0.60 0.09 63
Energy-efficient TV 40 [42] 8.00 0.32 0.05 68
Ultrasonic 1320 [43] 0.60 0.79 0.11 84
LED lights 10 [44] 80.00 0.80 0.12 85
Desktop computer 100 [45] 8.00 0.80 0.12 85
Kettle 1800 [35] 0.28 0.84 0.12 89
Ten compact 
fluorescent lamps

10*14 watts 
[46]

80.00 1.12 0.16 118

Overhead dental 
light

150 [47] 8 1.20 0.17 127

Refrigerator Based on website [48] 1.50 0.22 159
One computer, 
monitor, and hard 
drive left overnight

125 [49] 16.00 2.00 2.9 211

Compressor 850 [31] 2.40 2.04 0.29 216
Energy TV 200 [49] 8 1.6 0.23 254
Ten incandescent 
light bulbs

60 watt [50] 80.00 4.8 0.69 507

Small electric 
heater

1000 [49] 4 4.00 0.576 634

Washer disinfector 2800 5.50 15.4 2.22 768
Air conditioner 1000 [51] 8.00 8.00 1.15 846
Autoclave 2220 7.33 16.27 2.34 1023

4.4.2  High Energy Appliances

4.4.2.1  Computers
Computers differ in their energy consumption. A laptop computer, such as a 13 -inch 
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Table 4.3 Energy savings in laptop use

Action Watts used Percentage of power used compared with fully on
Adaptor plugged in 0.03 0.075%
Laptop plugged in and off 0.3 0.75%
Laptop plugged in and asleep 1.1 2.75%
Laptop plugged in and idle 12 30%
Laptop plugged in and working 40 100%

MacBook, can use between 12 and 40 watts (up to £23 if paying 19.5 pence per 
kWh) of energy annually if used for 8 h a day, or up to £68 if used continuously/not 
powered down over the course of a year [52]. For a laptop, Energy Star calculated 
that having the power adapter plugged in and not in use uses 0.03 watts per hour hav-
ing the laptop plugged in but off drains 0.3 watts per hour, having the laptop plugged 
in and asleep 1.1 watts per hour and plugged in and idle uses 8–12 watts per hour. 
The recommendation from this is that practices should ensure computers are turned 
off, not just put to sleep. Using the above figures, energy use for leaving a MacBook 
computer laptop on for 16 h overnight could cost £46 annually (see Table 4.3) [53].

Software is available to force computers and monitors into standby or sleep 
mode thus enabling computer over-night energy consumption to reduce to around 
2% and monitor use to 35% [54].

4.4.2.2  Water Coolers
Water coolers are regarded as energy efficient if they use less than 160 watts per 
hour and the US Environmental Protection Agency, Energy Star, certifies them if 
they do not use more than 0.16 kilowatt hours (kWh) per day [55]. Figures calcu-
lated by reduction revolution showed a 50% drop in power if a timer is used to turn 
the cooler off and on as appropriate [56].

4.4.2.3  Televisions
Many dental practices have televisions in the patient’ waiting room, and it is worth 
noting that older models often consume a significantly higher amount of energy 
than newer models. However, as has been discussed previously, the environmental 
cost embedded in the manufacture and retail of the television also needs to be con-
sidered—it is not always beneficial to simply purchase a new television to save 
energy. The dental team should check the wattage of any replacement television. 
LED (light-emitting diode) televisions are more energy efficient than alternatives. 
OLED televisions (98Watt), the next step up from LED, unfortunately use signifi-
cantly more energy. Practices should check efficiency ratings [57–59].

4.4.2.4  Lighting
Dental practices can use a significant amount of power for lighting. Eight old- 
fashioned 60-watt incandescent light bulbs turned on for 10 h per day will cost the 
practice around £245 per annum [50].

The recent developments of LED light bulbs can reduce energy consumption 
even more, with the equivalent lighting lasting 15–25 times longer than the 
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traditional incandescent bulbs they replace, producing one sixth of the carbon emis-
sions, and 30% of the energy used by halogen incandescents [60].

An 8–10 W LED light bulb has the same intensity of lighting as a 60 W incan-
descent bulb [61]. Although LED bulbs are more expensive than incandescent, they 
last a lot longer and use much energy. Lighting costs and emissions can be further 
reduced by techniques such as daylight harvesting and automatic dimming controls 
with wireless sensors. Lights should be turned off when a room is not in use and 
bulbs should be dusted to ensure their intensity is not reduced. The dental team 
should always recycle light bulbs appropriately as some contain mercury (e.g. fluo-
rescent bulbs).

To ensure critical appliances are not turned off either during the day or at night it 
may be wise to label switches.

Light sensors have been used in areas such as store rooms but, according to 
saveonenergy.com, with the use of energy-efficient bulbs the financial outlay of 
installing sensors is not warranted [62].

For outside lighting, practices could consider solar powered options.

4.4.2.5  Fridges
The motor of a fridge generally runs at around 30% of actual use, costing about £46 
to run per year. The actual energy consumption depends on various factors including 
its size, the temperature of the fridge’s location, how often the fridge door is opened, 
how full it is and the thermostat setting [63]. Dental practices can reduce the fridge’s 
power consumption by ensuring it is not sited near a heat source, is around 75% full, 
has a low thermostat setting and has space around the appliance to allow cooling [30].

4.4.2.6  Dental Suction
The dental suction uses relatively little power at around £7 a year. Although the 
power consumption is relatively low, of more concern is the water consumption of 
potentially 750,000 L per year of water. The dental practice should consider switch-
ing to newer dry vacuum systems when the old system needs to be replaced. In addi-
tion, manufacturers should consider the resource use of these types of products [64].

4.4.2.7  Autoclaves, Washer Disinfectors, and Ultrasonic Cleaners
These devices are high energy users. For the purpose of simplicity, we discuss their 
use within the decontamination chapter.

4.4.3  Moderate Energy Appliances

Kettles, coffee makers, lighting (including overhead dental lights), radios, fridges, 
and microwaves are higher energy users. These appliances each consume an aver-
age of around £48 of electricity per year. Always consider buying the most energy- 
efficient products, especially in the case of the highest energy-consuming products 
(see Table 4.2).

Many electrical devices have an energy appliance rating. Upgrading less efficient 
products with more energy efficient ones before the end of their useful life may 
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result in the consumption of more resources and energy to manufacture and have an 
overall bigger impact on resource use that may outweigh any efficiency gain. 
Purchasers should consider getting the longest cost-effective warranty to ensure that 
the piece of equipment lasts a long time resulting in the manufacturing emissions 
being extended over as long a time as possible. This is complicated however as it 
depends on who “owns” the extended warranty. If the manufacturer is responsible, 
you would hope they would do as much as possible to ensure longevity in the prod-
uct, if it is a third-party insurance provider this may not be the case; the warranty 
just may result in the need for a replacement product thus requiring more resource!

If there is a high demand for hot water, instant water heating devices are generally 
more efficient than boiling a kettle. On average, it costs £26 per annum to boil 12 
cups of water daily using a kettle compared to around £17.65 using an instant water 
device [65]. Kettles usually have a minimum water level that must be used (500 ml 
or so), and this is the main reason for the difference in efficiency. However, there is a 
large price difference between installing an instant water heater and buying a kettle, 
usually in the region of £400 [66]. It would possibly make more sense for the practice 
to buy an efficient kettle—especially one that can boil smaller quantities of water.

4.4.4  Low Energy Appliances

Much of the equipment used in dental practice (such as printers, Wi-Fi routers, 
x-ray machines, phone chargers, and curing lights) use very little energy. New cur-
ing lights use LED (light-emitting diode) which results in energy savings. Most of 
the environmental impact of these low energy appliances comes from their life cycle 
and includes the resources required to produce and dispose of them. More informa-
tion on this can be found the procurement chapter in this book.

4.4.5  Turning Off Appliances

The Energy Saving Trust advises on the benefits of turning appliances off, with a 
potential energy saving of £35 per year by turning off all appliances every evening 
and before a period of closure, for example, at the end of the working week [67]. 
This should not involve just putting equipment into standby as appliances still draw 
power in standby mode. The Energy Saving Trust calculated £40 is wasted annually 
using standby mode [68]. One way of verifying this energy waste is to feel the 
warmth emanating from appliances or transformers [69].

One suggestion for eliminating energy waste, and therefore also financial waste, 
is to create a checklist of all the appliances that could be shut down to save money, 
for example, ensure television is turned off at the wall, power down non-essential 
computer devices, etc.
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Table 4.4 Average fuel source mix of UK electricity [70]

Fuel
Fuel mix electricity supplied 
2017 fourth quarter (%)

Fuel mix electricity supplied 
2020 fourth quarter (%)

Oil 0.36% 0.33%
Imports 1.88% 6.20%
Hydro 2.21% 2.46%
Bioenergy 7.25% 10.08%
Coal 9.02% 1.42%
Nuclear 17.18% 15.23%
Wind/solar 20.77% 26.09%
Gas 40.15% 36.33%
Other 1.46% 2.02%
Pumped storage and net imports −0.28% −0.16%

100%

Name Electricity
from wind

Heat
from wood

Electricity
from coal

Electricity
from solar

Heat from
natural gas

Electricity from
incineration

Unit

Ecosystem quality -
freshwater ecotoxicity

0.09828 0.28386 0.40023 0.10151 0.02745 0.01136 CTU

Ecosystem quality -
freshwater eutrophication

8.25E-06 1.19E-05 0.00065 1.05E-05 4.14E-06 1.84E-06 kg P-Eq

Ecosystem quality -
terrestrial eutrophication

0.00019 0.00713 0.01289 0.00067 0.0011 1.82E-05 mol N-Eq

Resources -
dissipated water

0.00636 0.0348 0.08811 0.01196 0.02821 0.00031 m3 water-Eq

Human health - respiratory
effects, inorganics

1.09E-09 1.98E-08 1.38E-08 2.24E-09 5.75E-10 6.55E-11 disease
incidence

Resources - land use 0.39478 123.22031 3.09423 1.99446 0.06755 0.02055 points

Human health -
photochemical ozone creation

6.41E-05 0.00121 0.00349 0.0002 0.00031 4.17E-06 kg NMVOC-Eq

Human health -
ozone layer depletion

1.11E-09 6.10E-09 1.27E-08 5.17E-09 3.33E-08 3.55E-11 kg CFC-11-Eq

Human health -
non-carcinogenic effects

5.46E-09 2.36E-07 1.83E-07 5.02E-09 4.26E-09 1.41E-09 CTUh

Human health -
ionising radiation

0.00101 0.00236 0.01121 0.00135 0.01197 3.81E-05 kg U235-Eq

Resources - fossils 0.20784 0.53533 18.57338 0.80242 6.81783 0.00738 MJ

Human health -
carcinogenic effects

7.91E-09 8.45E-09 1.30E-08 5.67E-09 1.86E-09 6.87E-10 CTUh

Climate change -
climate change total

0.01538 0.04655 1.19233 0.05748 0.39326 0.00202 kg CO2-Eq

Ecosystem quality -
marine eutrophication

1.94E-05 0.00044 0.00127 6.53E-05 0.0001 1.37E-06 kg N-Eq

Ecosystem quality - freshwater
and terrestrial acidification

7.92E-05 0.00149 0.00924 0.00026 0.00023 8.25E-06 mol H+-Eq

Resources - minerals
and metals

1.28E-06 7.35E-07 9.38E-07 9.49E-07 6.88E-07 5.58E-07 kg Sb-Eq

Table 4.5 Environmental impact of different electricity sources from LCA

4.5  The Environmental Impact of Energy Sources: Buying 
Appropriate Sustainable Energy and/or Generating 
Energy In-House

The fuel mix of UK electricity is listed below. Since, in the study commissioned by 
Public Health England (PHE) in 2017, the UK mix has shown a dramatic reduction 

B. Duane et al.



65

in coal consumption, with an increase in the use of natural gas, wind/solar energy 
(see Table 4.4).

In our British Dental Journal (BDJ) paper [71], we ranked energy emissions via 
their carbon equivalent emission. Although knowledge of carbon dioxide equivalent 
emissions on a product-by-product basis is useful, solely concentrating on carbon 
dioxide equivalent emissions can be problematic. Table 4.5 shows the environmen-
tal impact of the equivalent of 1 kWh of energy.

4.5.1  Transmission of Energy and Embodied 
Environmental Impact

Readers need to be aware that, although the carbon emissions are close to zero to 
produce the energy, there are a number of other environmental costs that need to be 
considered. Firstly, any product that is created to generate power requires substan-
tial resource investment. Secondly, there is a transmission cost to move the energy 
from where it is produced (e.g. an offshore wind farm) to where it is needed, with a 
loss in this travel of between 2 and 19% [72, 73]. This transmission cost is therefore 
negligible when renewable energy is generated onsite.

There are a number of green electricity providers (i.e. only use energy produced 
from wind or solar energy), which have very low carbon emissions and information 
on these emission levels can be found on energy comparison sites [74]. As more 
consumers choose to purchase green energy, this will also influence markets.

4.5.1.1  Wood Pellets
If you consider heat which is generated from wood pellets, you can see that the 
climate change total is low at around 2 g/kWh. The reason for this value is that 
wood pellets both emit carbon emissions when being burnt but remove carbon 
from the air when being cultivated. Biomass, such as wood, can only be consid-
ered sustainable when the waste wood used cannot be used for another more 
sustainable purpose (e.g. building) [75]. The use of biomass as an energy source 
also scores poorly in the area of land use (although solid wood is worse in this 
area than wood pellets which traditionally come from more waste wood) [75]. 
The other issue with the burning of wood pellets is its damage to human health, 
particularly respiratory effects, non/actual carcinogenic effects. A recent study 
highlighted the issue caused with high PM 2.5 and PM 1  in buildings where 
people are using a residential stove [76]. In fact, residential combustion of fuels 
within the UK—from wood burning stoves—contributes a similar amount of par-
ticulate matter to the environment as car use [77]. The World Health Organization 
has calculated that internationally more than 1.6 million deaths and over 38.5 
million disability-adjusted life years can be attributed to indoor smoke from 
solid fuels.
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4.5.1.2  Energy from Incineration
Energy from incineration seems the best from an environmental perspective because 
it is serving a dual function of removing waste and generating energy. It does not 
require land use and has a comparatively low impact across all the other categories 
included in an LCA. However, incineration has its flaws. As well as wasting poten-
tially valuable resources by conversion into energy, incineration does cause pollut-
ants such as acid gases, nitrogen oxides, metals, particulate matter, and sulphur; 
with consequential human health effects [78, 79].

As discussed in our waste chapter, a lot of the energy that comes from incinera-
tion is from waste which should be recycled. The vast majority of plastics, 79% for 
example is not recycled [80].

4.5.1.3  Solar Power
The obvious choices today are energy made from solar panels or wind. Looking 
at Table 4.5 solar panels do have some environmental impact particularly in the 

Fig. 4.1 Solar panels. 
Faculty of Engineering, 
University Javeriana, 
Bogotá
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use of minerals and metals. The main metals used in solar panels include alu-
minium, copper, indium, iron, lead, molybdenum, nickel, silver, and zinc [81]. 
Increasingly common are solar photovoltaic systems. Dental practices would 
generally use a 3–4 kW generation capacity which would cost between £4750 
and £8350 [82, 83]. Some countries continue to provide financial assistance for 
solar panels; without assistance the payback period is around 10–12 years [50]. 
There are some concerns that up to 40% of the UK’s solar farms were built using 
panels manufactured by China’s biggest solar panel companies, including Jinko 
Solar, JA Solar, and Trina Solar using panels linked to Xinjiang forced labour 
(see Fig. 4.1) [84].

4.5.1.4  Wind Energy
Although comparatively less harmful to the environment than solar energy, wind 
energy can have adverse environmental impacts, including the potential to reduce, 
fragment, or degrade habitat for wildlife, fish, and plants. Furthermore, spinning 
turbine blades can pose a threat to flying wildlife such as birds and bats. Wind tur-
bines need a reasonable space, particularly noticeable in large-scale wind farms. It 
is important that it does not limit the availability of land for other purposes, for 
example, growing food, or maintaining, enriching biodiversity [85].

Wind turbines have a high environmental impact especially at the early stages of 
their life cycle, during construction [86]. For wind turbines sited in shallow water, it 
is the material extraction and processing to build the turbine which accounts for 
nearly 60% of the total life cycle impact, with installation requiring around one 
fourth of the environmental impact. For turbines sited in deeper water, there is a lot 
more material needed, with 4/5 of the life cycle impact used to manufacture a suf-
ficiently robust product [86].

4.5.2  Comparison of Fuel Types, Cost, and Carbon Dioxide 
Emissions (CO2e)

Table 4.6 Energy prices (as at 2021) clarifies the different types of fuel which can be 
considered by a dental practice.

4.5.2.1  Heating the Practice with Non-renewable Energy
There are also other systems dental practices could use to heat their practices.

Table 4.6 Energy prices (as at 2021)

Fuel type
Equivalent cost per kWh
(UK pence)

Wood pellets 6.9 [87]
Natural gas 4.16 [87]
LPG 7.55 [87]
Coal 6.88 [87]
Electricity (average mix) 14.4 [88] to 19.88 [87]

4 Reducing the Energy Needs of Your Dental Practice
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4.5.2.2  Heat Pumps
There are two types of heat pumps. Ground source heat pumps (costing between 
£11,000 and £15,000) are an option for larger dental practices with larger back 
yards, or the space to place a bore hole. Working in the opposite way to a refrigera-
tor, a heat pump transfers heat from the ground into the dental practice. This would 
require a practice building which was fairly airtight [89].

Alternatively, air source heat pumps take air from outside and remove the heat 
from it, releasing heat into the dental practice for use with hot water and heating 
[90] Air source heat pumps can cost between £5000 and £8000 [91] and should only 
be considered efficient if the building is insulated to a good standard [92].

4.5.2.3  Solar Thermal Systems
Solar thermal systems, usually running on the roof, use solar energy to heat water, 
and/or contribute to underfloor heating. However, in countries with a climate similar 
to that of the UK, this heating system may prove unreliable due to the lack of sun-
shine, especially during the winter months. In addition, hot water use is not a big 
part of most dental practice’s energy usage.

4.5.2.4  Recycling of Hot Water Systems
These systems extract the heat from the hot water that might be used in the surgery. 
Once it enters the drainage system it is then used to warm new water which is in turn 
used in the clinic. The system often consists of a vertical copper pipe, where the 
water runs alongside the colder mains water to exchange the heat. The costs can be 
£1000, which may be prohibitive for some dental practices, but it all depends on 
how much water they use.

Take Home Points for the Dental Team

• One seventh of the carbon footprint in dentistry comes from the way the profes-
sion uses energy.

• In an ideal world, the team should consider how they can use energy more 
efficiency.

• The dental team should consider renewable energy sources for their electric-
ity supply.

• There are financial and sustainable savings to be made with the use of efficient 
heating systems, lighting, appropriate insulation, and by regulating use of larger 
appliances, for example, computer monitors, autoclaves, washer, and disinfectors.

• Health services should therefore think carefully before undertaking the building 
of a new healthcare structure. It may be environmentally more beneficial to 
upgrade existing building stock instead.

B. Duane et al.
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5
 Prevention: The Sustainable 

Practice Initiative

Alexandra Lyne, Brett Duane, John Crotty, Sheryl Wilmott, 
Agi Tarnowski, and Paul Ashley

5.1  Introduction

Oral diseases are highly prevalent in humans and have significant health and eco-
nomic burdens for society. They impact across all communities with disadvantaged 
groups being affected disproportionately [1]. Oral diseases can be categorised as 
dental caries, periodontal disease, oral cancer, and non-carious tooth tissue loss. 
Strategies to prevent these diseases are well known and well evidenced. Prevention 
of these diseases will greatly reduce their societal impacts and mitigate against the 
inequity of access to care. A preventive approach is fundamental to the development 
of more environmentally sustainable healthcare systems [2].

In this chapter, we will consider the sustainability of key preventive therapies for 
each of the oral diseases described therein. We will focus on preventive approaches 
with good evidence of effectiveness selected from strategies recommended for use 
in England. For each therapy, we will consider its use at an individual level (e.g. 
delivered by a dentist as part of a treatment episode) and interventions that are rec-
ommended for use in communities with high caries risk.
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5.2  Caries

Dental caries is one of the most common communicable diseases in humans affect-
ing children and adults alike [1]. The global burden has remained largely unchanged 
over the last 30 years. Where reductions in prevalence have occurred, they tend to 
be in higher income countries [1]. In common with other oral diseases, increased 
prevalence of dental caries is associated with higher levels of deprivation.

Management of the carious lesion (e.g. restoration or extraction) is expensive to 
deliver. It is often unaffordable in many lower income countries and is not usually 
part of universal health coverage in higher income countries [2]. This condition is 
completely preventable with a range of therapies available supported by a high-
quality evidence base. Each patient appointment for the treatment of caries will 
have an associated environmental burden, i.e. from the patient and staff travel to the 
clinic, the equipment and materials needed, and the energy use and cleaning of 
the clinic.

Delivery of preventive therapies makes economic sense and leads to improved 
outcomes for patients. Public health programmes, such as water fluoridation, will be 
discussed as a key population-level caries prevention used globally.

There are various international documents recommending therapies for caries 
prevention. The Public Health England document is Delivering Better Oral Health 
[3] which provides dentists and associated professionals with evidence-based rec-
ommendations for caries prevention. Evidence supporting these therapies is ranked 
by quality. In this section we will only be considering those interventions supported 
by evidence at level I (strong evidence from at least one systematic review of mul-
tiple well- designed randomised control trial/s). These are:

• Toothbrushing with a fluoride toothpaste
• Fluoride varnish
• Fissure sealants
• Fluoride mouth rinses

Diet advice will also be briefly discussed, despite its low evidence base.

5.2.1  Public Health Measures to Prevent Caries

Dental public health programmes aimed at reducing caries can target an entire pop-
ulation (e.g. adjusting the level of fluoride in the domestic water supply) or can 
target-specific groups of at-risk patients. General dental practices should have a 
working knowledge of the dental public health schemes in their area.

Water fluoridation programmes are commonly used and benefit more than 35% 
of the world’s population [4]. Studies have found that water fluoridation is effective 
and will result in a reduction of caries at a population level [5].

As of 2021, approximately 10% of the UK population live in areas with a water 
fluoridation programme. Professional bodies, such as the Department of Health, 
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recognise the benefits of water fluoridation in not only reducing the decay experience 
in children, but also reducing the number of dental general anaesthetics [6]. Furthermore, 
as it is a population-level intervention, children from both affluent and deprived regions 
benefit.

Recent life cycle assessment (LCA) data found that the process of fluoridating 
water for one person produces the equivalent of just 0.443 kg carbon per year [7–9]. 
This study was based on water fluoridation processes in the Republic of Ireland, it 
is assumed that similar processes would generate comparable results internation-
ally. When compared to LCA data from other forms of community-level pro-
grammes aimed at children’s oral health (fluoride varnish application in schools, 
provision of toothpaste and toothbrush provision to young children, supervised 
toothbrushing in schools), water fluoridation was found to have the lowest environ-
mental impact (see Table 5.1).

Given the benefits of water fluoridation for dental public health, and the associ-
ated low environmental emissions, there are compelling reasons why this interven-
tion should be supported by dental practices, dental professional groups and trade 
organisations. In many countries (e.g. England, Scotland, and Wales), targeted den-
tal public health programmes have been introduced to reach populations who are 
most at risk. This includes supervised toothbrushing and the application of fluoride 

Impact category Water fluoridation
Fluoride varnish

application in schools 

Targeted provision of
toothbrushes and

toothpaste

Supervised
toothbrushing in

schools

climate change (kg CO2 eq) 4.43E-01 3.31E+00 2.89E+00 1.95E+00

acidification (mol H+ eq) 5.83E-03 1.14E-02 1.36E-02 8.11E-03

freshwater ecotoxicity
(CTU) 8.70E-01 7.04E+00 5.28E+00 3.22E+00

freshwater eutrophication
(kg P eq) 9.66E-05 6.70E-04 1.06E-03 5.30E-04

marine eutrophication (kg N
eq) 9.30E-04 3.18E-03 3.70E-03 1.93E-03

terrestrial eutrophication
(mol N eq) 9.84E-03 2.66E-02 2.80E-02 1.75E-02

carcinogenic effects (CTUh) 1.55E-08 2.99E-07 2.59E-07 1.04E-07

ionising radiation (kg U235
eq) 8.32E-02 1.40E-01 2.40E-01 1.41E-01

non-carcinogenic effects
(CTUh) 1.47E-07 3.35E-07 4.51E-07 1.96E-07

ozone layer depletion (kg
CFC-11 eq) 7.24E-08 3.12E-07 3.33E-07 3.92E-07

photochemical ozone
creation (kg NMVOC eq) 2.89E-03 8.14E-03 9.24E-03 5.97E-03

respiratory inorganics
effects (disease inc) 4.58E-08 1.32E-07 2.28E-07 9.02E-08

dissipated water (m3 water
eq) 2.96E-01 1.22E+00 8.37E+00 2.43E+00

fossil use (MJ) 8.32E+00 3.57E+01 5.19E+01 3.19E+01

land use (pts) 4.50E+00 2.01E+01 2.08E+01 1.17E+01

mineral/metal use (kg Sb
eq) 6.62E-06 2.64E-05 1.87E-05 1.79E-05

Table 5.1 LCA data for community dental caries prevention methods
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varnish in schools, and the provision of oral health kits to children at risk. As shown 
in Table 5.1, all these targeted interventions have a higher environmental impact 
than water fluoridation. The provision of toothbrushes and toothpaste for at-risk 
children to use at home had the greatest environmental impact in 11 out of the 16 
impact categories. The same study found the disability adjusted life years (DALY) 
impact was just 20 s for water fluoridation, compared to 57 s for supervised tooth-
brushing in schools, 85 s for provision of toothbrushes and toothpaste, and 97 s for 
fluoride varnish application in schools.

Most dental practices would not provide these community-level programmes in 
schools; however, any staff involved in such a service should look for ways to reduce 
its environmental impact. The notable contributing factors to these targeted public 
health programmes included staff travel to work, plastic toothbrushes, and the use 
of single-use instruments. General dental practitioners should be aware of any 
schemes in their area; in particular, check if young children are part of a fluoride 
varnish application scheme at their school. This may influence the clinician’s deci-
sion on whether to apply fluoride to that child’s teeth.

Table 5.1 illustrates the environmental consequences of the resources used to 
provide different preventive modalities to one 5-year-old child for 1 year.

5.2.2  Diet Advice

Whilst the relationship between diet and dental caries is well evidenced, interven-
tions to modify diet in relation to dental caries are not. Although it is important for 
patients to understand the aetiology of their disease, dental professionals giving diet 
advice is not an evidence-based intervention for caries prevention.

The environmental impact of giving diet advice in dental practice can be assumed 
to be relatively low, providing the patient does not attend solely for this purpose. 
The environmental cost of giving diet advice would come from the time spent in the 
dental chair (the associated energy use of the practice, and a portion of the patient 
and staff travel into the practice), and any physical leaflets or diet sheets given to the 
patient. Finding alternative ways to provide this information, for example, directing 
patients to good online resources, or using tele-dentistry may help make diet advice 
more sustainable (see Chap. 3). However, in terms of evidence-based methods for 
prevention, interventions such as fluoride toothpaste, varnishes, or mouth rinses are 
likely to be more effective.

5.2.3  Toothbrushing with a Fluoride Toothpaste

Toothbrushing with a fluoridated toothpaste is often viewed as one of the most 
effective oral health strategies introduced worldwide in recent years and is consid-
ered to be the cornerstone of prevention. Fluoride is added to toothpaste in a variety 
of different forms (sodium fluoride, sodium monofluorophosphate, amine fluoride, 
stannous fluoride) with formulations containing sodium fluoride or sodium 

A. Lyne et al.



77

monofluorophosphate most widely available. The effect of fluoride in the toothpaste 
is thought to be dose dependent with strengths of 1000 ppm usually recommended 
as a minimum [10]. In common with other fluoride therapies, the main risk associ-
ated with use is dental fluorosis, however evidence of a direct link is weak [11]. 
Current UK caries prevention guidelines recommend prescribing higher dose fluo-
ride toothpaste for children over 10 years of age (2800 ppm sodium fluoride, or 
5000 ppm sodium fluoride for patients 16 years and over) [3].

Fluoride toothpaste is commonly used as a personal care product and is consid-
ered to be part of a ‘normal’ self-care routine. Community-wide interventions using 
fluoride toothpaste usually involve increasing the availability of fluoride toothpastes 
and brushes and/or promoting their use in schools.

The LCA data on fluoride toothpaste suggests that a single 100  mL tube of 
1450 ppm sodium fluoride toothpaste has a relatively low carbon footprint (0.34 kg 
of carbon). For prescription strength toothpastes (e.g. 2800  ppm and 5000  ppm 
sodium fluoride), there is very little change in the environmental impact. In fact, 
assuming the additional weight of sodium fluoride is balanced by reducing the 
weight of sorbitol in the toothpaste, the climate change impact remains the same for 
2800 ppm fluoride toothpaste, and actually decreases by 0.21% for the 5000 ppm 
fluoride toothpaste. Sorbitol (a humectant used in toothpaste to produce its gel-like 
consistency) is responsible for most of the environmental impact of a tube of tooth-
paste—most likely because it is the largest component ingredient in toothpaste 
accounting for between 50 and 70% of toothpaste composition by weight. Sorbitol 
contributed more than any other aspect of fluoride toothpaste in all but five mea-
sures of sustainability.

The DALY impact of different concentrations of toothpaste were similar (all 
within 18.26–18.32 s per tube of toothpaste). Given this data, there is no environ-
mental consideration required when it comes to choosing a dose of toothpaste—
instead the decision should be made based on the patient’s age and risk factors.

Recently, toothpaste tablets have come on the market. Toothpaste tablets are 
often advertised as a ‘zero-waste’ alternative to toothpaste as the toothpaste comes 
packaged in recyclable glass containers and aluminium lids instead of a plastic or 
aluminium tube. Sorbitol (which is the greatest contributing factor to the environ-
mental impact of normal fluoride toothpaste) is not an ingredient of toothpaste tab-
lets as toothpaste tablets do not need the gel consistency. Additionally, tablets are 
lighter than gel toothpaste, which would in turn reduce the impact of product distri-
bution. Although logically it follows that they would, therefore, have a reduced 
environmental impact, this has not been studied or quantified with LCA data. There 
is currently little evidence regarding the clinical effectiveness of toothpaste tablets; 
however, there is some data indicating that fluoride bio-availability in saliva after 
using a fluoridated-toothpaste tablet is comparable to traditional toothpaste. 
Therefore, it is considered likely they will have similar levels of effectiveness [12].

There is no evidence that the type of toothbrush being used to brush teeth has an 
impact on caries prevention. Toothbrushes, with regard to their periodontal benefit, 
are discussed in more detail in Sect. 5.3. Therefore, in the context of caries preven-
tion, the recommendation to patients about what type of toothbrush they should use 
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should be based on sustainable principles. Lyne et al. 2020 and Duane et al. 2020 
found that alternative toothbrushes (e.g. manual toothbrushes with a bamboo han-
dle, or manual plastic toothbrushes with replaceable plastic heads) performed better 
in all measures of sustainability compared to traditional manual and electric tooth-
brushes [13, 14]. We will not consider the effect of toothbrushing with a non-fluo-
ride toothpaste on dental caries as there is no evidence this has any impact [15, 16].

5.2.4  Fluoride Mouth Rinse

The other commonly used method of fluoride delivery at home is fluoride mouth 
rinses (see Fig.  5.1) [17]. Increasingly available in alcohol-free formulations, 
these are commonly available in a strength of 0.05% fluoride and recommended 
for daily use. The active agent most commonly used is sodium fluoride. Stronger 
formulations (0.2%) are also available; however, these are for weekly rather than 
daily use.

Unlike toothpastes or varnishes, mouth rinses are not intended for use by young 
children as correct usage requires the ability to rinse and spit without swallowing 

Fig. 5.1 Person 
dispensing fluoride mouth 
rinse, used in the clinics of 
the Faculty of Dentistry, 
Universidad de Javeriana, 
Bogota
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the formulation. Evidence for both daily and weekly rinses is principally sourced 
from supervised use in a school setting and demonstrates the preventive effect 
against caries in permanent teeth [17]. The authors of this chapter (AL, PA, BD) 
calculated LCA data for an individual 10 mL of sodium fluoride mouth rinse for 
5 years, comparing a 0.05% daily mouth rinse with a 0.2% weekly mouth rinse. 
Both mouth rinses were assumed to be packaged and transported in the same 
500 mL plastic bottle to and from the same location and have the same ingredients 
(water, glycerine, propylene glycol, sorbitol, peppermint oil, sodium fluoride, 
sodium saccharine, and menthol) with only the sodium fluoride and water amounts 
varying between the two formulations. The results showed that the daily mouth 
rinse produced 148 kg of carbon, approximately seven times more than the 21.1 kg 
produced for the weekly mouth rinse (see Table 5.2). Clearly, this is because much 
less mouth rinse and plastic bottles need to be produced for the weekly mouth rinse 
(1/7th of the volume of mouthwash and weight of plastic). Similarly, the DALY 
impact of the daily mouth rinse was approximately seven times greater than that of 
the weekly mouth rinse (the equivalent of 100.3 and 14.3 DALY minutes, 
respectively).

The decision to recommend a fluoride mouth rinse should depend on the patient’s 
caries risk. Clinicians should bear in mind that a daily mouth rinse has a greater 
environmental impact than a weekly rinse and balance this with patient preference. 
Daily mouth rinses are more widely available and may, therefore, be preferable/
more convenient for patients’ oral healthcare routines.

Table 5.2 LCA data for mouth rinse use by an individual over 5 years

Impact category Daily mouth rinse Weekly mouth rinse
Climate change (kg CO2 eq) 1.48E+02 2.11E+01
Acidification (mol H+ eq) 9.80E-01 1.40E-01
Freshwater ecotoxicity (CTU) 1.13E+02 1.61E+01
Freshwater eutrophication (kg P eq) 1.31E-01 1.87E-02
Marine eutrophication (kg N eq) 2.42E-01 3.46E-02
Terrestrial eutrophication (mol N eq) 1.71E+00 2.44E-01
Carcinogenic effects (ctuh) 2.70E-06 3.86E-07
Ionising radiation (kg U235 eq) 6.81E+00 9.73E-01
Non-carcinogenic effects (ctuh) 3.54E-05 5.05E-06
Ozone layer depletion (kg CFC-11 eq) 4.63E-05 6.61E-06
Photochemical ozone creation (kg 
NMVOC eq)

4.11E-01 5.87E-02

Respiratory inorganics effects (disease inc) 4.84E-06 6.92E-07
Dissipated water (m3 water eq) 7.25E+01 1.04E+01
Fossil use (MJ) 2.42E+03 3.45E+02
Land use (pts) 2.56E+03 3.65E+02
Mineral/metal use (kg Sb eq) 1.32E-03 1.90E-04
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5.2.5  Fluoride Varnish Application

Fluoride varnishes (see Fig. 5.2) are a commonly used method for delivery of fluo-
ride by dentists and/or dental care professionals. Unlike toothpastes they are not 
intended for home use. They are designed to be applied to teeth two to four times 
yearly by a dental professional and promote a slower release of fluoride than tooth-
paste. Formulations vary with Duraphat (5% NaF in a resin/alcohol solvent) and 
Fluor Protector (0.9% difluorosilane in a polyurethane-based varnish) most often 
cited or used [18]. It should be noted that fluoride varnish use is not normally asso-
ciated with dental fluorosis [11]. Varnishes are often used as part of a preventive 
regime in dental practices but are also used as a community intervention commonly 
delivered in a school setting.

LCA data shown in Table 5.3 compares fluoride varnish application in schools 
with that in dental practice [7]. The data clearly demonstrates that applying fluoride 
varnish when a patient is already attending an appointment at the dental practice has 
the lowest impact in all measures of environmental sustainability. The reason for 
this is simple, patients already sitting in the dental chair for another appointment 
(e.g. routine recall appointment or an appointment for a specific dental procedure) 

Fig. 5.2 Person 
dispensing fluoride 
varnish, used in the clinics 
of the Faculty of Dentistry, 
Universidad de Javeriana, 
Bogota
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have already travelled to the practice (as have the dental practice staff), the practice 
is already in use, the staff are already wearing PPE, and much of the equipment 
needed is already ready for use. In fact, the only additional resources needed at the 
end of the existing appointment is the fluoride varnish itself, some cotton rolls to dry 
the teeth (alternatively, compressed air could be used), and a dappens pot and micro-
brush to apply the varnish.

Impact category (units) In school

During existing 

practice 

appointment

At separate 

practice 

appointment

climate change (kg CO2 eq) 3.31E+00 1.09E+00 8.12E+00

acidification (mol H+ eq) 1.14E-02 2.51E-03 3.17E-02

freshwater ecotoxicity 

(CTU)
7.04E+00 2.09E+00 1.85E+01

freshwater eutrophication 

(kg P eq)
6.70E-04 2.10E-04 1.41E-03

marine eutrophication (kg N 

eq)
3.18E-03 1.27E-03 8.35E-03

terrestrial eutrophication (mol 

N eq)
2.66E-02 6.94E-03 8.25E-02

carcinogenic effects (CTUh) 2.99E-07 3.98E-08 3.64E-07

ionising radiation (kg U235 

eq)
1.40E-01 3.92E-02 4.99E-01

non-carcinogenic effects 

(CTUh)
3.35E-07 7.33E-08 7.15E-07

ozone layer depletion (kg 

CFC-11 eq)
3.12E-07 1.13E-07 1.23E-06

photochemical ozone 

creation (kg NMVOC eq)
8.14E-03 1.92E-03 2.72E-02

respiratory inorganics 

effects (disease inc)
1.32E-07 2.45E-08 3.27E-07

dissipated water (m3 water 

eq)
1.22E+00 7.17E-01 1.75E+00

fossil use (MJ) 3.57E+01 7.52E+00 1.07E+02

land use (pts) 2.01E+01 5.88E+00 6.15E+01

mineral/metal use (kg Sb eq) 2.64E-05 4.95E-06 8.92E-05

Table 5.3 LCA data for fluoride varnish application in schools, at an existing practice appoint-
ment, and at a separate practice appointment
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This study suggests that sustainable dental practices should, as appropriate, use 
any opportunity where the patient is already sitting in the dental chair to apply fluo-
ride varnish to the teeth. Fluoride varnish can be applied every 3–4  months for 
patients at a high caries risk [3]. The study also suggests that having separate ‘pre-
vention’ appointments (where the patient comes back on another day just to have 
fluoride varnish applied) have a greater environmental impact and therefore are not 
recommended by the authors. Public health programmes, such as fluoride varnish 
application in schools, should still be supported. Dental services that provide fluo-
ride varnish in schools can look at ways to reduce the environmental impact of their 
service, including their methods of travel, and using reusable instruments wherever 
possible.

In recent years, interest has grown in the use of silver diamine fluoride to prevent 
and arrest dental caries. Whilst the evidence base for this therapy is growing, it does 
not currently form part of UK prevention guidelines and therefore did not meet the 
threshold specified for inclusion in this chapter.

5.2.6  Fissure Sealants

Fissure sealants (see Fig. 5.3) are probably the single most effective non-fluoride 
therapy for caries prevention. Classically, the technique involves placement of a 
resin-based sealant material over the occlusal fissures of molar teeth; the rationale 
being that bacterial growth will be limited in these otherwise hard to clean areas. 
Other materials, such as glass ionomer-based sealants, have been used but most of 
the evidence recommends resin-based sealants for permanent teeth [19]. Placement 
of sealants is usually done in a practice-based setting as it is a technique- sensitive 
procedure. Community fissure sealant schemes do exist but can be challenging due 
to the difficulties of placing them correctly outside of a dental setting.

Fissure sealants can also be placed as part of a composite restoration. In a recent 
paper, Martin provided some commentary on the environmental impact of compos-
ites versus amalgams, but there is currently little information on composite type 
restorations including fissure sealants [20].

A carbon footprinting study in England found that a fissure sealant had a carbon 
footprint of 8.58 kg [21]. However, the data cannot be compared to any of the more 
recent LCAs carried out due to the age of the study (2014) and the fact that this 
modelling was carried out using a hybrid input output analysis rather than a more 
detailed life cycle assessment approach. Mulligan et al. (2018) described the poten-
tial environmental pollutants from resin-based composite but also conceded that no 
quantitative data has been collected on their environmental impacts [22].

We would envisage however that a fissure sealant’s environmental footprint 
would be similar to that of the application of fluoride varnish with a large proportion 
of its environmental footprint not coming from the materials needed, but rather from 
the associated patient and staff travel, and from energy use, procurement, and waste.

The decision on whether or not to place fissure sealants for an individual patient 
should be based on the patient’s caries risk. In line with English prevention 
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Fig. 5.3 Person 
dispensing light curing 
sealants, used in the clinics 
of the Faculty of Dentistry, 
Universidad de Javeriana, 
Bogota

guidelines, it is suggested that patients who are at risk of developing dental caries in 
their permanent molars should have them fissure sealed and maintained with resin-
based sealants. The placement of fissure sealants can be planned with environmen-
tal concepts in mind, thus ensuring travel and the number of appointments are 
minimised. For example, apply as many fissure sealants as possible in one visit, 
combine procedures with a general recall appointment, or combine with other pre-
ventative measures (such as fluoride varnish).

5.3  Periodontal Disease

Periodontal disease is a common inflammatory condition that affects approximately 
50% of the adult population [23]. Severe periodontal disease has an increased risk 
of tooth loss and affects approximately 10% of the adult population [24]. Severe 
periodontal disease is a hyper-inflammatory state that increases the risk of systemic 
diseases including diabetes and cardiovascular disease [25]. The prevalence of 
severe disease has remained relatively unchanged since 1990 [26] and is associated 
with local, modifiable, and non-modifiable risk factors, as displayed in Table 5.4. 
Significant non-modifiable risk factors include biological sex, ethnicity, and age 
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Table 5.4 Local, modifiable, and non-modifiable risk factors associated with the development of 
periodontitis

Local Modifiable Non-modifiable
Cemento-enamel projections Diabetic control Age
Open contacts Obesity Biological sex
Root grooves Smoking Ethnicity
Root proximity Socio-economic status Genetic susceptibility
Sub-gingival restorations Stress

[27]. Significant modifiable risk factors include smoking, medical conditions (e.g. 
diabetes), and socio- economic status [28].

Initial management of periodontal disease depends on the extent and severity of 
the disease and includes personalised oral hygiene instructions and smoking cessa-
tion advice. This is followed by extraction of teeth with a poor prognosis and supra- 
and sub-gingival debridement. Following initial therapy, lifelong maintenance 
programmes and surgery or extraction of non-responding teeth is required. 
Periodontal therapy is expensive to undertake, and periodontal disease has been 
ranked as the sixth most prevalent untreated disease in adults [29]. Delivery of ther-
apy involves many patient visits, use of dental consumables and copious use of 
water. This will in turn have a significant environmental impact.

Prevention of periodontal disease is the simplest way to reduce the environmen-
tal impact of periodontal treatment. It is currently not possible to use clinical or 
biochemical markers to predict who will develop periodontal disease. Since peri-
odontitis is always preceded by gingivitis [30], the primary target for prevention of 
periodontitis is the prevention or resolution of gingivitis [31]. Longitudinal studies 
have demonstrated that improvements in oral hygiene have reduced the prevalence 
of plaque, gingivitis, and periodontal pockets in populations [32, 33].

5.3.1  Toothbrushes

Plaque is not removed effectively from teeth by natural means [34]. Toothbrushing 
reduces the level of plaque in the mouth but residual levels of plaque covering up to 
60% of the tooth surfaces have been recorded [35]. It is currently not known what 
level of plaque control is required to prevent the development of periodontitis [36].

To date, toothbrushing techniques have not been shown to directly relate to the 
efficacy of plaque removal [37, 38]; moreover, patients tend to revert to their origi-
nal pattern of brushing following instruction [39]. A certain level of force is required 
to remove plaque but increasing force does not increase efficacy [40]. A brushing 
frequency of less than once a day has been reported to have an increased risk for the 
development of periodontitis [41] but the relationship between higher levels of fre-
quency and the development of periodontitis is unclear. Most patients tend to spend 
between 30 and 60s brushing their teeth [42]. Plaque removal has been reported to 
increase from approximately 27% following 1 min of brushing to 41% following 
2 min of brushing [43] with little improvement in plaque removal reported with 
additional time [43]. Video evidence indicates that the time spent brushing is dis-
tributed unevenly across surfaces and may account for reduced efficacy [44]. Given 
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this, dental care professionals should keep their toothbrushing advice short and not 
waste clinical time attempting to change the patient’s technique unless there is a 
clear clinical need for that individual patient.

A Cochrane Review comparing the efficacy of manual and powered toothbrushes 
has reported that powered toothbrushes may reduce plaque levels by an additional 
11% within 3 months of use and by 21% over a longer period of time with associ-
ated reductions in gingivitis [45]. An 11-year follow-up of patients using powered 
toothbrushes has reported reductions in periodontal parameters and retention of 
more teeth than in the manual toothbrushing group [46].

However, LCA data comparing electric and manual toothbrush types suggests 
that manual toothbrushes in general have a lower environmental impact than electric 
toothbrushes (see Table 5.5). In particular, the bamboo and replaceable head manual 
toothbrushes performed well from an environmental perspective. The 

Impact category
Plastic manual 

toothbrush
Bamboo manual 

toothbrush

Plastic manual 
toothbrush with 

replaceable heads

Electric 
toothbrush with 

replaceable heads

climate change (kg CO2
eq) 2.56E+01 4.26E+00 5.16E+00 4.79E+01

acidification (mol H+ eq) 1.12E-01 4.50E-02 2.26E-02 5.66E-01

freshwater ecotoxicity
(CTU) 1.35E+01 4.53E+00 2.72E+00 1.39E+02

freshwater eutrophication
(kg P eq) 1.42E-03 1.99E-03 2.87E-04 3.05E-02

marine eutrophication (kg
N eq) 1.90E-02 6.60E-03 3.83E-03 8.54E-02

terrestrial eutrophication
(mol N eq) 1.99E-01 7.70E-02 4.02E-02 9.47E-01

carcinogenic effects
(CTUh) 3.69E-07 2.34E-07 7.46E-08 1.27E-06

ionising radiation (kg U235
eq) 3.26E-01 1.13E-01 6.58E-02 3.21E+00

non-carcinogenic effects
(CTUh) 1.18E-06 1.14E-06 2.39E-07 4.15E-05

ozone layer depletion (kg
CFC-11 eq) 1.33E-06 1.82E-07 2.69E-07 9.09E-06

photochemical ozone
creation (kg NMVOC eq) 8.30E-02 1.59E-02 1.68E-02 2.65E-01

respiratory inorganics
effects (disease inc) 9.51E-07 2.93E-07 1.92E-07 4.21E-06

dissipated water (m3
water eq) 2.36E+01 1.18E+01 4.78E+00 2.13E+01

fossil use (MJ) 5.68E+02 4.69E+01 1.15E+02 7.01E+02

land use (pts) 1.25E+02 2.22E+01 2.53E+01 8.14E+02

mineral/metal use (kg Sb
eq) 4.04E-05 1.49E-05 8.16E-06 6.50E-03

Table 5.5 LCA data comparing different types of toothbrushes
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environmental impact of the electric toothbrush originated not only from the addi-
tional components and materials needed for the charger/handle/replaceable heads, 
but also, the additional weight of all these items increased the impact of transporting 
the product from its manufacturing base to the UK.

A further LCA study looked at how to make a toothbrush as sustainable as pos-
sible (Duane et al. 2020) [14]. Several hypothetical toothbrushes were modelled 
based on new ‘eco-friendly’ products advertised in the UK market, including 
manual toothbrush handles made from bioplastic, aluminium, and recycled plas-
tic. The research found that the most sustainable type of toothbrush was a manual 
toothbrush with a replaceable head, where the manufacturer recycles used poly-
propylene handles (the consumer sends the used toothbrush handle back to the 
manufacturer, where it is cleaned, autoclaved, and shredded for use in new tooth-
brush handles). This relies on the consumer and manufacturer reliably recycling 
90% of the plastic. Although there are some schemes in place that recycle tooth-
brush products into other, non-dental-related recycled plastic products, there is no 
current toothbrush manufacturer that collects and recycles their plastic tooth-
brushes into more toothbrushes. It should be noted that, in order to do this effec-
tively, either the consumer or the manufacturer will need to dismantle the 
toothbrush bristles from the toothbrush head; this is time consuming and perhaps 
unrealistic.

Interestingly, using a toothbrush made from ‘bioplastic’ did not have a signifi-
cantly lower carbon footprint compared to normal plastic (climate change impact 
was reduced by only 6%). Bioplastics are produced from oil-producing crops, such 
as corn, and resources are needed to grow, cultivate, fertilise, and process the oil. 
Many products market themselves as ‘eco-friendly’ or ‘sustainable’ because they 
use bioplastic; this type of advertising should be ignored unless it is backed up with 
data. Plastic itself is not necessarily an unsustainable material—in fact, if it is prop-
erly recycled, it is more sustainable than a bioplastic that is thrown away after use. 
Focus should be on reducing the levels of waste materials and recycling materials 
that have been produced.

The recommendation on what type of toothbrush to recommend to a patient will 
therefore depend on the patient’s periodontal disease risk, and what type of tooth-
brush they currently use. Figure 5.4 suggests a pathway for decision-making when 
it comes to recommending a specific toothbrush.

5.3.2  Interdental Cleaning Aids

The interproximal gingival tissue fills the shape afforded by the adjoining teeth 
and forms a papilla with a concave surface, known as a col. [47] These sites more 
readily trap plaque but have a non-keratinised epithelium [48], are more suscep-
tible to disease and tend to respond less well to therapy [49]. The interproximal 
area in molars is relatively large and is harder to access and clean and, as a conse-
quence, molar teeth are at a higher risk of loss through periodontal disease 
[50–52].
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Q1. Would a modest improvement in plaque control have a significant impact on this 
patient's periodontal disease risk?

Q2. Does the patient already
use an electric toothbrush?

Recommend a
MANUAL TOOTHBRUSH

Consider alternative handle
materials over traditional plastic
toothbrushes, for example:
• Bamboo
• Recycled plastic
• Brushes with a reusable handle
  and replaceable heads

Discuss the increased environmental 
impact of electric toothbrushes, and 
consider ways to reduce the impact:
• Sharing toothbrush handle
  between family members (using
  separate heads)
• Using replaceable heads with
  alternative materials (e.g. recycled
  plastic or bamboo)

Recommend an
ELECTRIC TOOTHBRUSH

yes

yes

no

no

Fig. 5.4 Decision-making tool for toothbrush recommendations for patients

Toothbrushing alone cannot remove plaque interproximally [53] and interproxi-
mal aids, when used often enough and correctly, can reduce plaque more than 
brushing alone. US population-level data (NHANES) has reported that low- 
frequency interproximal aid users are significantly more likely to have severe dis-
ease than high-frequency interproximal aid users [54].

A wide variety of interproximal aids are available. All assist to some degree in 
the reduction of periodontal parameters such as bleeding [55]. The quality of evi-
dence to recommend one tool in preference to another is poor, both in terms of the 
reduction of plaque and in the improvement of gingival parameters [56]. Floss has 
long been the mechanism of choice and still has uses where spaces are too small for 
other aids, especially in gingival health [31]. Interdental brushes have been shown 
to remove plaque up to 2 mm below the gingival margin [57] and are favoured over 
floss by European experts [31]. A recent Cochrane Review has also favoured inter-
dental brushes, albeit with a low-quality evidence base [56]. Overall, it is best to 
form a tailored solution for patients based on their oral health status and risk profile.

LCA data suggests that there are differences in environmental impact between 
different types of floss and interdental brushes, as shown in Table 5.6. Some types 
of interdental cleaning aids had a greater environmental impact than others, for 
example, the floss picks (floss tape that is ‘strung up’ on a plastic handle) and the 
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daily interdental brushes (often referred to as toothpicks—a silicone brush head on 
a plastic handle, for single use). All other types of floss/interdental brushes per-
formed better than these two ‘picks’.

For patients who would benefit from using an interdental brush, the LCA data 
suggests that daily interdental brushes (toothpicks) should be avoided in favour of 
the weekly interdental brushes. Interdental brushes with replaceable heads or made 
from bamboo may slightly improve their environmental impact. For patients who 
would clinically benefit from using floss (e.g. in areas too tight for interdental 
brushes, they should be advised to avoid the floss picks where possible and to con-
sider alternative forms of floss, such as bamboo floss, which demonstrate a modest 
improvement in climate change impact compared to regular floss (reduction from 
3.07 kg of carbon to 2.11 kg for use of floss over a 5-year period). There will be a 
small group of patients, for example, those with mobility or dexterity issues, where 
regular floss may not be feasible and floss picks are the only option to achieve their 
interdental cleaning.

When the LCA data in Table 5.6 compared to the LCA data for using a tooth-
brush over the same period of time, the impact of using a toothbrush over a 5-year 
period is significantly higher than that of any interdental cleaning aid. This supports 
the recommendation to tailor the interdental cleaning aid recommendations to the 
individual, based on their risk of periodontal disease and oral anatomy.

5.3.3  Systemic Disease and Periodontal Disease

The evidence for an association between periodontal disease and various systemic 
diseases is robust. In the last 10 years, consensus reports have been published that 
link periodontitis with non-communicable diseases (NCDs) such as cardiovascular 
disease, adverse pregnancy outcomes and diabetes [58–60]. The strongest evidence 
exists for a two-way relationship between diabetes and periodontitis. Periodontitis 
has been associated with raised HBA1C levels in non-diabetic people and a higher 
risk of developing type 2 diabetes. Patients with a diagnosis of type 2 diabetes have 
been shown to have poorer glycaemic control in the presence of periodontal dis-
ease [60].

Periodontitis has also been linked to an increased risk of coronary artery disease, 
cerebrovascular disease, and peripheral artery disease and has a modest association 
with low birth weight, pre-term labour, and pre-eclampsia in pregnant women [59, 
61]. Rheumatoid arthritis and Alzheimer’s disease may also be associated with poor 
oral health [62].

Two mechanisms have been proposed to account for the proposed association. 
The Direct Mechanism theorises that periodontal pathogens pass through the 
inflamed gingival epithelium and enter the systemic circulation causing a bacterae-
mia [63]. Bacteraemia has also been demonstrated after toothbrushing, flossing, 
chewing, and professional mechanical plaque removal. Oral bacteria have been 
identified in atherosclerotic plaques and thrombi, but their precise role is as yet 
unknown [64]. The Indirect Mechanism proposes that systematic disease is a result 
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of cytokines common to periodontitis and systemic disease that are released during 
the inflammatory response to oral bacteria [62].

Globally, NCDs kill approximately 41 million people each year (71% of all 
deaths). Cardiovascular disease and diabetes account for almost half of these deaths. 
They are recognised as a major global challenge in the United Nation’s 2030 agenda 
for sustainable development, and prevention of the four major risk factors are seen 
as a cost-effective method for countries to reduce deaths from NCDs [65]. A patient 
with a chronic systemic NCD requires multiple clinic visits and medications and, in 
the case of uncontrolled or acute disease, may require surgery and inpatient hospital 
stays. All this management comes with significant environmental impact and, there-
fore preventing NCDs is important for any healthcare professional who is interested 
in sustainability.

Dentists have a responsibility not only to encourage behaviours that prevent oral 
disease, but also to promote the importance of systemic health. There is overlap 
between the common risk factors for periodontal disease and systemic disease and 
dentists can encourage patients to eat a healthy, low sugar diet, avoid smoking, and 
limit alcohol intake as well as encourage physical activity [66]. To maximise the 
benefit of a patient appointment, there may also be a role for dentists to screen for 
systemic disease. Research into chairside screening for signs such as raised blood 
glucose or hypertension have been shown to be feasible and acceptable to both the 
public and to dentists [67, 68]. However, barriers to implementation still exist and 
no published data on the additional environmental impact of such programmes 
exists. Questions about how this additional work will be funded, how dentists will 
be appropriately trained and the development of care pathways for the continued 
management of patients who show signs of disease, still need to be answered [69].

5.4  Non-carious Tooth Tissue Loss

Non-carious tooth tissue loss (NCTTL), often referred to simply as tooth surface 
loss (TSL) or tooth wear, is defined as the irreversible loss of hard tooth structure 
caused by factors other than those responsible for dental caries [70] and can be fur-
ther described by cause and clinical appearance observed:

• Erosion: observed as smooth concave lesion on the tooth with preferential loss of 
dentine compared to enamel caused by the dissolution of hard tissues by acid not 
produced by bacteria. The source of the acid can be intrinsic (persistent or pro-
longed vomiting, eating disorders, gastroesophageal reflux disease [GERD]) or 
extrinsic (most commonly dietary acids or acidic medications). Erosion on teeth 
may also be more prolific when saliva function is reduced.

• Attrition: observed as flat occlusal surfaces caused by tooth-to-tooth contact, 
associated with excessive activity such as bruxism.

• Abrasion: observed as localised worn surfaces caused by contact from external 
objects or habits, for example, pen chewing.
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• Abfraction: observed as class five lesions usually on the buccal surfaces of teeth 
caused by tensile stress generated from cyclic non-axial occlusal forces. 
Abfraction is not a common form of TSL and therefore will not be discussed in 
this chapter.

• Combination: observed as lesions which show a combination of the above char-
acteristics from multiple aetiological factors.

According to the last Adult Dental Health survey (2009) [71], TSL in the UK is 
very common, with 77% of adults showing some tooth wear on anterior teeth. 
Although severe tooth wear is rare, a worrying trend from this survey was an 
increased prevalence of moderate tooth surface loss of 10–15% from the previous 
decade, specifically in the younger adult age group. As TSL is a progressive condi-
tion and is becoming more prevalent in younger populations, the environmental cost 
of managing these patients in dental practice is likely to increase. The environmen-
tal burden of managing TSL with restorative dentistry will arise from multiple den-
tal practice visits (patient and staff travel, energy use of the practice, and the 
equipment and materials needed). Therefore, prevention of TSL in the first instance 
is the most obvious way to reduce the environmental impact of this disease.

Recognition and diagnosis of TSL in the early stages, with prompt implementa-
tion of an appropriate preventative regime, could halt or slow progression of the 
condition so that complex restorative intervention is not needed.

5.4.1  Erosion

In the UK, the Department of Health Prevention toolkit offers evidence-based guid-
ance for prevention of erosion [3]. The basic erosive wear examination (BEWE) 
offers guidance to dental professionals on how to monitor and record erosion [72]. 
A summary of preventative recommendations is shown in Table 5.7.

Identifying the aetiological risk factors for erosion should be part of a routine 
medical and dental history taken or updated at every patient recall, as would 
giving tailored advice for patients. Ideally, giving preventative advice for ero-
sion would not require any additional physical resources and therefore would 

Table 5.7 Preventative recommendations for erosion

Advice for patients Professional interventions
    •  Limit frequency of acidic 

food and drink intake
    •  Use non-acidic forms of 

medication where possible

    •  Identify risk factors from medical and dental history 
(including diet and oral hygiene habits) and discuss factors 
with the patient

    •  Record and monitor TSL, for example, using the BEWE 
index [73]

    •  Seek medical advice for management of intrinsic acid 
sources (e.g. eating disorders, gastrointestinal reflux, acidic 
medications)
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have a negligible environmental impact. Using existing resources, such as smart 
phone apps [74] and NHS resources that digitally support promotion of good 
diet [75] could support patients virtually as well as face to face. Rather than 
these being specific to erosion and tooth surface loss, it is more meaningful to 
make sure that advice is given to promote and support principles of good gen-
eral health and diet.

For a diagnosis of erosion of an intrinsic nature, communication with the patient’s 
medical team would equally have a negligible environmental impact. Ideally, an 
electronic method of a two-way relationship between the dental and medical team 
would allow a sustainable and clinically beneficial way for high-risk individuals to 
be identified in either setting and referred for support and increased prevention in 
the other [76].

Similarly, in cases of erosion, clinicians should consider targeting the underlying 
dietary or other factors and provide the relevant preventive interventions, for exam-
ple, fluoride. Although there is no specific environmental impact data or studies on 
different interventions and preventative methods for erosion, it stands to reason that 
the environmental impact of using fluoride therapies to reduce erosion is less than 
the environmental impact of restoring lost dental tissue and maintaining those res-
torations during the patient’s lifetime.

5.4.2  Attrition

Preventing attrition is challenging because parafunction has a psychological com-
ponent for individual patients and their way of dealing with stress on a subcon-
scious level.

Therefore, the best way to prevent this type of TSL and save the environmental 
burden of restoring teeth with attrition, is through early diagnosis, preventative 
advice, prompt liaison with mental health, and/or medical teams and provision of 
protective mouthguards (where appropriate).

Mouthguards and splints address the dental consequences of parafunctional 
activity and may offer some relief of symptoms, but they do not address the cause 
of the behaviour. Giving basic advice to high-risk patients on well-being and relax-
ation, or signposting to online resources, should be routine. Even very brief inter-
ventions have been found to prompt and support positive changes in health [77] and 
aligns with the principle of Making Every Contact Count [78].

Monitoring TSL using study casts has been suggested. The conventional produc-
tion of study casts will have an environmental impact arising from the time and 
materials needed for impressions, transport of the materials to and from a dental 
laboratory, and the construction of the models themselves. Gypsum, used in the 
construction of some study cast models, falls under The Environmental Protection 
Act 1990, Controlled Waste Regulations 2012, and the Hazardous Waste Directive 
2011 and needs to be separated from other dental waste to prevent production of 
hydrogen sulphide gas which could occur if disposed of in normal landfill [79]. To 
reduce this environmental burden, gypsum should be recycled; the derivatives can 
then be used in the textile, agriculture, and pharmaceutical industries among others 
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[80]. Alternatively, using a more modern approach to monitor TSL, such as clinical 
photographs taken digitally and stored in digital patient records, would not require 
these physical resources. Additional benefits of clinical photographs include easier 
storage, they are less prone to damage compared to study casts, and they can be used 
to track the progression of the condition with the patient or other healthcare 
professionals.

For patients who would benefit from a splint to prevent their TSL, consider-
ation should be given to reducing the environmental impact of the splint’s con-
struction and maintenance. Digital scanning instead of conventional impressions 
(with splint construction carried out on three-dimensional plastic-printed mod-
els) may help reduce the environmental impact. Scans and printed models can 
be kept or given to the patient for reuse if repeat splints are needed/required. 
Another consideration could be the life span of the splint itself. A Michigan-
type hard splint may last considerably longer than a soft biteguard; however, its 
initial construction is more costly—both in clinical time and laboratory costs. 
There is no strong clinical evidence that one type of splint is better than another 
and, to date, no studies have quantified the reduction in tooth wear by splint 
use [81].

5.4.3  Abrasion

For abrasion to be prevented, the abrasive factor needs to be identified and then 
advice given to mitigate its impact. A common cause of abrasion is the toothbrush 
being used and the environmental impact of different types of toothbrush has been 
discussed earlier in this chapter. For individual patients at a high risk of abrasion 
because of the way they use their toothbrush, the clinician may want to consider the 
toothbrushing advice being given. Ideally, patients would use a sustainable manual 
toothbrush type (e.g. bamboo or recycled plastic) with some professional tooth-
brushing technique instructions to prevent the abrasion. However, if this does not 
prove effective for individual high-risk patients, the clinician may want to recom-
mend a specific toothbrush—even if this means the environmental impact is greater. 
For example, some electric toothbrushes have a pressure sensor to help the patient’s 
technique. Other ‘habits’ that cause abrasion cannot be stopped, for instance, play-
ing the saxophone/clarinets.

As no additional resources are used, the environmental impact of identifying 
these risk factors and discussing preventative measures with the patient should be 
negligible.

5.5  Oral Cancer

Oral and oropharyngeal cancers (OOPC) are the seventh most frequently occur-
ring cancer and the nineth cause of cancer deaths globally [82]. In the UK, 
OOPC cost the NHS £213 million between 2006/07 and 2010/11; the highest 
cost being associated with inpatient care, and the lowest with chemotherapy and 
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radiotherapy [83]. At the time of writing, there are no published data on the 
environmental impact of treating OOPC in any country. However, it is reason-
able to assume the environmental cost is huge; the management of OOPC can 
involve surgery, inpatient stays, multiple outpatient appointments, dental sur-
gery and implants, and radio- or chemotherapy. Operating theatres are generally 
the most resource-intensive areas of a hospital; with carbon emissions ranging 
from 146 to 232 kg CO2e per operation from the UK, the USA, and Canadian 
hospital data [84, 85]. In the UK, NHS acute care organisations, who are most 
likely to provide treatment for patients with OOPC, have the largest carbon 
footprint when compared to primary care, mental health, or community health-
care organisations [86].

Reducing the incidence of OOPC is the only way to avoid the environmental cost 
of treating this disease. OOPC are strongly associated with tobacco use, alcohol 
consumption, and human papilloma virus (HPV) infection [87]. The preventative 
dentist must therefore focus on the reduction or prevention of these factors in their 
patient population. Earlier diagnosis is embedded into the dental examination 
through routine oral soft tissue screening at every patient appointment.

5.5.1  Tobacco

Tobacco use is a preventable risk factor for various non-communicable diseases, 
including OOPC. A review of national guidelines from 22 countries for the treat-
ment of tobacco dependence showed that all guidelines recommend that smokers 
who wish to stop should be offered assistance/behavioural support (evidence level 
A) and be given or encouraged to use pharmacotherapy such as nicotine replace-
ment therapy (evidence level A) [88]. Twenty of the countries recommended that 
each patient’s smoking status should be identified and recorded, and that brief 
advice be given to all smokers (evidence level A).

One quick intervention (recommended in the UK) that would have a negligible 
environmental impact is the ‘Very Brief Advice Framework’ (ask, advise, act), 
which is designed to be used opportunistically in less than 30s during any healthcare 
contact with a patient. Longer interventions have been shown to have no, or very 
small additional benefit [89].

5.5.2  Alcohol

Misuse of alcohol leads to 3.3 million preventable deaths a year globally, not just 
from OOPC [90].

Similar to tobacco use, guidelines in the UK recommend the Very Brief Advice 
Framework for discussions with patients regarding their alcohol consumption—evi-
dence for this is graded as strong (level I) [3]. This type of opportunistic general 
health promotion is deemed to be feasible, accepted, and welcomed by dentists and 
their patients [91–95].
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5.5.3  HPV Infection

Human papilloma virus (HPV) infection was implicated in 30% of oropharyngeal 
and 2% of oral cancers globally in 2012 [96]. Infection can be prevented through 
safer sex and vaccination [97, 98]. Dental professionals can support their patients 
HPV vaccination by discussing its benefits during routine recall visits. However, 
professionals have expressed reluctance about discussing the vaccine with younger 
patients and their parents, stating barriers such as the discussion being outside of 
their perceived role, confidence in their knowledge, and the possibility of parental 
opposition [99]. The recommended ‘age’ for HPV vaccination is adolescence [98] 
and healthcare professionals have also exhibited some discomfort regarding talking 
about sexual behaviour with patients in this age group [100]. Dental undergraduate 
and postgraduate training could improve understanding of the link between OOPC 
and HPV and help professionals feel more comfortable discussing vaccination with 
adolescents and their families or signposting them to pre-existing resources 
[101, 102].

5.6  Conclusion

Prevention and sustainability go hand in hand and the ability to prevent the burden 
of managing oral diseases will have positive impacts for both patients and the planet. 
The sustainable dental practice will address prevention in two ways:

 1. Ensuring prevention is at the heart of every single patient contact and following 
evidence-based prevention guidelines.

 2. Consider ways to deliver this prevention that will minimise the impact on the 
environment.

It essential to keep all members of the clinical team familiar with current evi-
dence-based guidelines as they evolve and take any new evidence into account. 
However, implementing and following these guidelines is not always instinctual. 
For example, consider the caries prevention methods of diet advice vs applying 
fluoride varnish. The instinct of an ethical dental care professional is to spend clini-
cal time discussing diet with the patient, help them to understand the aetiology of 
the disease, and encourage the individual to take ownership of their oral health. 
However there is very little evidence that this well-intentioned advice translates into 
reduced caries incidence. On the other hand, fluoride varnish has a stronger evi-
dence base for caries reduction; but may not be applied routinely to patients at all 
levels of caries risk at every visit. The sustainable dental care professional will rec-
ognise the need to balance the two; communicating the key diet messages succinctly 
(e.g. following the format of very brief interventions discussed earlier in this chap-
ter—ask, advise, act), whilst also prioritising clinical time for evidence-based inter-
ventions, such as fluoride varnish.
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It is clear that patient travel to a dental practice, for any reason, will have an 
environmental burden. For this reason, every patient contact should be seen as an 
opportunity to screen and deliver prevention. Planning appointment diaries accord-
ingly and using the full scope of the dental team could help facilitate this. Some 
prevention methods will have a greater environmental cost; for example, recom-
mending patients use an electric toothbrush. These ‘costly’ methods of prevention 
should be reserved for patients who are at particularly high risk of developing a 
certain disease, for example, electric toothbrushes only for individuals with specific 
periodontal concerns, or providing mouthguards only for individuals with specific 
risk factors for tooth surface loss.

Beyond the individual dental practice itself, it is important for the dental profes-
sion to support community-level programmes such as water fluoridation and align 
with public health campaigns such as reducing sugar and smoking cessation.

Take Home Points for the Dental Team

• Preventing dental disease will always be more environmentally sustainable than 
treating established disease. A sustainable dental practice will prioritise preven-
tion and continuingly screen patients at appropriate intervals to identify those at 
high risk of dental caries, periodontal disease, tooth surface loss, and oral cancer.

• Prevention should be delivered whilst the patient is already attending the prac-
tice, for example, for routine recall. It is not environmentally defensible for 
patients to travel to dental practices for additional prevention-only appointments.

• In an ideal world, time would be factored into all patient appointments for pre-
vention and the scope of the full dental team would be used to facilitate this.

• If there is limited time available for prevention whilst the patient is sitting in the 
chair, then priority should be given to preventative measures with the greatest 
evidence base, for example, fluoride varnish for caries prevention.

• For prevention methods that involve giving advice to the patient, signposting to 
practice-specific or pre-existing electronic resources is advisable if time is 
limited.

• A sustainable dental practice should openly support community and population- 
level prevention regimes, such as water fluoridation and school-based prevention 
programmes, as well as public health campaigns for general health messages, 
such as reducing sugar intake and smoking cessation.

• Only patients at high risk of developing disease should be given environmentally 
‘costly’ interventions. For example, only recommend electric toothbrushes to 
those at high risk of periodontal disease, or only provide mouthguards to patients 
at high risk of tooth surface loss from attrition.
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6
 A Guide to How to Reduce 

the Impact of PPE in Your Dental Practice

Chantelle Rizan, Darshini Ramasubbu, Sheryl Wilmott, 
Alexandra Lyne, and Brett Duane

6.1  PPE in the Dental Setting

Personal protective equipment (PPE) (see Fig. 6.1) is worn by individuals whilst at 
work to protect them against one or more risks to personal health and safety, which 
may include biological, chemical, or physical hazards. Whilst use of PPE is part of 
standard infection control precautions within dental settings, its use has increased 
since the COVID-19 pandemic. In part, this is due to recommendations such as 
those from the UK Health Security Agency that all members of the dental team 
(including reception and administrative staff) should wear fluid-resistant (type IIR) 
surgical masks and use hand hygiene measures across all dental settings (including 
the waiting room and reception areas), and also that patients are now required to 
wear face coverings/masks [1]. It is estimated that, in England, between April 2020 
and May 2021, around 444 million items of PPE were ordered by dentists and ortho-
dontists, using either an e-portal through which non-acute settings in England, such 
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Fig. 6.1 PPE in the dental 
clinic at Universidad de 
Javeriana, Bogota

as dental practices, are able to order PPE free of charge (406 million), or by whole-
salers serving dentists directly (38 million) [2]. Table 6.1 summarises guidelines 
(current at the time of writing) for the use of PPE when providing dental treatment. 
These were issued by the UK government’s Department of Health and Social Care 
(DHSC), in collaboration with Public Health Wales, Public Health Agency Northern 
Ireland, Health Protection Scotland, Public Health Scotland, Public Health England, 
and NHS England [3].

In light of the COVID-19 pandemic (current at the time of writing), PPE 
requirements are dependent upon whether clinical treatment involves an aero-
sol-generating procedure, defined as procedures likely to be associated with 
release of airborne particles (<5 μm) from the patient’s respiratory tract [3]. 
Common procedures include use of an ultrasonic scaler (including piezoelec-
tric), high speed air/electric rotor (>60,000 rpm), Piezo surgical handpiece, air 
polisher, and 3-in-1 syringe (air and water together) [4]. Treatments unlikely to 
be associated with the generation of such aerosols include examinations (with-
out use of a 3-in-1 syringe), extractions, re-cementation of crowns, hand scal-
ing, impressions, intra-oral radiographs, inhalation sedation, and use of local 
anaesthetic [4].

For non-aerosol-generating dental procedures, current UK guidelines recom-
mend use of hand hygiene, disposable gloves, disposal plastic apron, fluid-resistant 
(type IIR) surgical mask, and eye/face protection across all patients [3]. These same 
pieces of PPE are recommended for aerosol-generating procedures performed on 
patients with low risk of COVID-19 (Table 6.1).

However, for medium- and high-risk patients undergoing an aerosol-generat-
ing procedure PPE guidelines differ and, in this instance, a disposable gown and 
filtering facepiece 3 mask (FFP3) or hood are required in place of the apron and 
surgical mask (alongside hand hygiene, disposable gloves, and eye/face protec-
tion) [3].

C. Rizan et al.
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6.2  Environmental Impact of PPE

The environmental impact of PPE is considerable since PPE is traditionally single- 
use and made of predominantly plastics and petroleum-based synthetic rubbers 
(derived from fossil fuels), with plastics being responsible for around 8% of all 
global oil production [5]. The carbon footprint (estimate of associated direct and 
indirect greenhouse gas emissions) of the three billion items of PPE distributed for 
use by health and social care services (including dental services) in England in the 
first 6 months of the COVID-19 pandemic has previously been estimated at over 

Box 6.1 Covid-19 Patient Risk Category
COVID-19 patient risk category. Adapted from UK Department of Health 
and Social Care guidelines Department of Health and Social Care (DHSC), 
Public Health Agency (PHA) Northern Ireland, Health Protection Scotland 
(HPS), Public Health Scotland, Public Health England, and NHS England. 
COVID-19: infection prevention and control dental appendix. 2020. Available 
at: https://www.gov.uk/government/publications/wuhan- novel- coronavirus- 
infection- prevention- and- control (accessed 16 July 2021).

• High risk
 – Patients with confirmed SARS-CoV-2
 – Patients with symptoms of COVID-19 (either awaiting or who have 

declined a test)
 – Patients who have had contact with a COVID-19 positive case who are 

suspected of having COVID-19 based upon clinical assessment and are 
awaiting test results

 – Untriaged patients with unknown symptoms
• Medium risk

 – Asymptomatic patients but do not have a test result confirming negative 
SARS-CoV-2 status, for example, because they are

awaiting a test result
have declined a test
testing is not required or is unfeasible

 – Patients who have been exposed to a COVID-19 positive case but who 
are clinically determined to be asymptomatic

• Low risk
 – Asymptomatic patients who have had a negative SARS-CoV-2 test 

within 72 h of treatment (and have self-isolated since the test date), have 
had no known recent exposure to a COVID-19 patient, and have no 
other known infection transmitted via droplets or aerosols

 – Patients who have recovered from COVID-19 (≥14 days since onset) 
and are at least 48 h clear of any fever or respiratory symptoms

C. Rizan et al.
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Table 6.2 Estimates of carbon footprint of PPE components

Area of 
protection Options

Carbon footprint 
(g CO2e/use)

Hands Non-sterile nitrile glove (one) 26 [6]
Latex glove (one) 210 [8]
One pair of nonlatex examination gloves 68 [9]
One pair of nonlatex sterile gloves 800 [10]
Hand 
washing

With liquid soap and water 12 [11]
With bar soap and water (note this is not 
recommended in healthcare settings) [12]

6 [13]

Sanitiser 
hand gel

Ethanol based 4 [13]
Isopropanol based 3 [13]

Body Single-use gown 65 [6]
905 [6]
310 [14]
1000 [11]
430 [15]

Reusable gown 295 [6]
218 [14]
510 [11]
210 [15]

Mouth/nose Single-use FFP3 (cup fit) 125 [6]
FFP3 (duckbill) 76 [6]
FFP2 59 [15]
Type IIR fluid-resistant surgical mask 20 [6]

15–32 [16]
Type II surgical mask 13 [6]
‘Surgical mask’ (not otherwise specified) 18 [17]

19 [15]
Reusable Type IR mask 4 [16]

Cotton mask 3–18 [17]
Eye/face 
protection

Single-use face shield 231 [6]
330 [15]

Reusable visor 63 [15]

Please note in some instances figures have been derived from data within papers. FFP = Filtering 
facepiece, CO2e = carbon dioxide equivalents

106,000 tonnes CO2e (carbon dioxide equivalents) [6]. We can therefore estimate 
that of the approximately 400 million items distributed within dental settings over a 
1-year period during the pandemic (assuming similar composition of PPE types) 
[2], this would equate to a carbon footprint of over 14,000 tonnes CO2e. This would 
constitute approximately 2% of the annual total carbon footprint of dental services 
(675,000 tonnes CO2e), as estimated before the pandemic [7].

Table 6.2 summarises estimated carbon footprints for different PPE components. 
Whilst this is not intended to be a comprehensive review, it provides a general sense 
of the carbon footprint associated with different types of PPE, with highest impacts 
for heaviest items (such as gowns), and lower impacts for reusable items when com-
pared to single-use equivalents. Comparing values between different sources should 
be performed with caution due to the differences in products evaluated, assumptions 
in processes along the whole product life cycle, and system boundaries. Carbon 
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footprints provide an estimate of direct and indirect emissions associated with a 
given product or processes, and where other greenhouse gases are included, these 
are equated to carbon dioxide equivalents (CO2e). It is also acknowledged that there 
are many ways in which the use of PPE impact on the environment beyond green-
house gas emissions (carbon footprint) which can be considered using a life cycle 
approach, and these are evaluated in detail within some of the studies referenced. 
For simplicity, in this chapter, we have focused on carbon footprint due to the num-
ber of products evaluated. Individuals seeking to make alternative product compari-
sons should draw upon full life cycle assessments which take into account a range 
of environmental impacts, thus ensuring a holistic approach is taken.

6.3  Opportunities to Mitigate Environmental Impact of PPE

6.3.1  Reduce

When considering ways to mitigate environmental impact we must consider oppor-
tunities to reduce consumption as a top priority. In the context of PPE, we must 
ensure that reduction strategies are aligned with maintaining safe levels of protec-
tion—both for dental staff and patients. For example, it is of course necessary for 
healthcare workers to wear gloves where they are likely to come in contact with 
blood, bodily fluids, or hazardous chemicals. Gloves may also play a role also in 
reducing cross-transmission of microorganisms. However, there is an opportunity to 
rationalise glove use where this is no clear indication for their use, given that hand 
hygiene (either using soap and water or hand sanitiser) has been recommended by 
the World Health Organization [18] and Centers for Disease Control and Prevention 
[19] as methods for preventing spread of microorganisms including SARS-CoV-2. 
It is recommended that when hand sanitiser is used it should contain at least 60% 
alcohol and the efficacy of ethanol or isopropyl alcohol-based hand sanitiser against 
SARS-CoV-2 have been demonstrated [20]. It is worth noting that research points 
towards the environmental benefits of using hand gel over washing hands with soap, 
(with isopropanol-based sanitisers marginally more advantageous over ethanol- 
based solutions, and the use of bar soap having lower environmental impact com-
pared with liquid soap) [13]. Most decontamination documents, for example, 
HTM0105 do not however recommend bar soap [21].

In dentistry, most procedures involve contact with mucous membranes or bodily 
fluids so, at a minimum, will require the use of non-sterile gloves. However, glove 
use can be rationalised by adequate planning for each appointment and ensuring 
that all necessary equipment for each patient procedure is easily accessible before 
gloves are donned. Collaborative working between the dental nurse and dentist will 
also reduce the number of times gloves have to be changed during each single 
appointment.

Focusing on gloves is especially important given that these are thought to be 
responsible for just under half of the total carbon footprint of PPE used during the 
first 6  months of the pandemic [6]. This is also aligned with the Gloves Off 

C. Rizan et al.



109

Campaign, initiated by Great Ormand Street Hospital to reduce over-use of gloves, 
and rationalising glove use has been supported by UK government policy [22]. 
These initiatives draw on evidence that the prolonged or inappropriate use of gloves 
results in cross-contamination of microorganisms to staff and patients and is also 
associated with contact dermatitis amongst healthcare staff [23]. Whilst evidence 
points towards the environmental benefits of use of hand hygiene over glove use, it 
should be noted that hand hygiene is recommended in addition to glove use and 
should be considered as part of a risk assessment in both regards.

There may be other opportunities to explore relating to rationalising PPE use, 
including other high impact items such as aprons—especially where members of 
the dental team do not have direct contact with the patient and for procedures with 
low risk of aerosol generation. There are also opportunities for sessional use of 
certain PPE items (continued use across a session of work across multiple patients 
in a given clinical setting). Sessional use of face masks (including type IIR, FFP3/
FFP2/N95 respirators) and eye protection is supported by guidelines from the NHS 
Chief Dental Officer for England [24].

With the considerable costs associated with PPE reduction strategies would also 
hold economic benefits (the UK Government budgeted £15 billion for PPE in 
England during 2020–2021) [25]. We are also aware of risk of labour rights abuses 
within commonly used PPE items, including gloves, surgical masks, and gowns [26]. 
It is likely that reducing consumption of PPE will have associated benefits to the 
triple bottom line (environmental, financial, and social elements of sustainability).

6.3.2  Reusables

Reusable options are currently available for several items of PPE, and comparative 
carbon footprinting studies support the environmental benefits of these over their 
single-use equivalents [6, 11, 14–17]. For example, reusable gowns are common-
place in operating theatres, and a systematic review indicates that opting for reus-
able gowns would be beneficial to our carbon footprint, water footprint, and 
reductions in waste generation [27]. There are opportunities for further reductions 
in the use of reusable gowns within dental settings. For example, by opting for non- 
sterile gowns which are processed using standard healthcare laundering and with 
minimal bulk packaging (in a similar manner to medical scrubs), and reserving 
sterile gowns (requiring additional decontamination processing and additional 
packaging) for where these are clinically required. There are a number of reusable 
face masks currently being used in healthcare settings, including type IIR masks, 
with four- to eightfold carbon benefits over their single-use equivalents, supported 
by life cycle assessment [16]. Use of reusable visors, with use of disinfectant wipes 
in-between uses, has also been associated with carbon benefits [15].

We are aware of the development of reusable aprons, and it may be that reusable 
gloves (likely thicker and more durable) would be appropriate for certain tasks 
(although we are unaware of their current use in clinical settings). Given that most 
evidence indicates significant environmental benefits associated with reusables, 
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their development and use should be encouraged. In the transition to reusables, we 
should encourage active maintenance and repair as part of circular economy prin-
ciples thus extending the products’ lifespan and maximising its material use.

6.3.3  Recycling and Alternative Waste Processing

It is important to choose the lowest carbon safe waste management option when 
disposing of PPE. Guidelines from NHS England indicate that PPE used for treating 
suspected or confirmed COVID-19 patients in dental settings (likely equating to 
high-risk patients—Table 6.1) must be disposed of as infectious waste, which 
involves disposing of PPE in the orange bag infectious waste stream (except where 
the PPE is contaminated with chemicals, in which case, it must be disposed of as 
clinical waste in the yellow bag) [28]. Clinical waste must be treated via high tem-
perature incineration [29] which has the highest carbon footprint (1074 kg Co2e/
tonne waste) of typical healthcare waste streams [30]. Infectious waste can be man-
aged in this manner, but can also be treated via alternative processes before being 
disposed of in a non-hazardous waste stream, which may include recycling, landfill, 
or low temperature incineration (i.e. using autoclave, chemical disinfection, dry 
heat, microwaves—using electromagnetic waves at a frequency between radio 
waves and infrared, macrowaves—using low-frequency radio waves, or dry heat) 
[29]. Since the carbon footprint of using an autoclave followed by low temperature 
incineration with energy from waste equates to around half that of high temperature 
incineration (569 kg CO2e/tonne waste) [30], it is important for dental practices to 
commission/hire infectious waste management services using such alternative treat-
ments for the disposal of their infectious waste.

For non-covid PPE (likely equating to that used to manage low-risk patients—
Table 6.1), this can be disposed of as offensive waste (in yellow and black tiger 
striped bags) [28]. Options here include low temperature incineration with energy 
from waste, landfill, or recycling [29]. The carbon footprint of low temperature 
incineration with energy from waste gives rise to significant reductions compared 
with the waste streams previously discussed due to the use of lower temperatures, 
generation of energy, and also the recovery of some materials (such as scrap metal 
and bottom ash which can be used in road construction), estimated at 172 kg  CO2e/
tonne [30]. It is worth noting that there is conflicting evidence on the relative impact 
of landfill compared with incineration (likely dependent on temperature of incinera-
tion, recovery of energy, and technologies used). This has been estimated at 1185 kg 
CO2e/tonne for landfill of PPE specifically in an Indian setting [31], and at 1190 kg 
CO2e/tonne for landfill of general hospital waste in China [32].

Adoption of recycling (following alternative treatment for infectious waste PPE, 
and as the primary mode for offensive waste PPE) likely holds the greatest environ-
mental benefits. We are aware of initiatives that recycle polypropylene masks and 
gowns converting them into polypropylene blocks which can then be used to manu-
facture bottles, bins, and toolboxes [33]. However, this constitutes downcycling (the 
production of an item of lower grade and specification), and the positive benefit of 
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recycling resulting from reduced need to extract virgin raw materials is also assigned 
to the product made out of recycled materials (e.g. the toolbox). The open loop 
‘recycled content’ method of allocation allocates the environmental impact of trans-
port and processing of recycled waste to the recycled product (e.g. toolbox), rather 
than the original material (e.g. surgical masks). The environmental benefits (i.e. 
reduction in need to extract new virgin raw materials) is also assigned to the recy-
cled product using this allocation method. We will therefore only realise the full 
potential of recycling within the healthcare sector when we increase the proportion 
of recycled materials (i.e. recycled content) of healthcare products. PPE items, 
including plastic aprons, may be good starting candidates for this as these are non- 
critical items which would not typically come into contact with nonintact skin or 
mucous membranes.

It is unclear how best to manage PPE waste generated in treating patients at 
medium risk of COVID-19 (Box 6.1). However, NHS guidelines indicate that for 
PPE waste generated in community pharmacy, primary care optical settings or 
where clinical staff are working in people’s homes, PPE may be double bagged and 
stored for at least 72 h, after which it can be disposed of as domestic waste. It would, 
therefore, seem practical/sensible to isolate waste for 72 h before disposing as per 
standard operating procedures.

6.3.4  Low Carbon Manufacture and Distribution

There are opportunities for manufacturers to reduce the environmental impact of a 
given item of PPE through choices made in the manufacturing and distribution pro-
cess, and opportunities for procurers to purchase from suppliers aligned with these 
principles.

Modelling of alternative transportation methods/systems for PPE distribution 
indicates that use of air freight for overseas transport (from typical countries of 
origin for PPE to the UK) increases the carbon footprint by 50%, compared with 
shipping [6]. Furthermore, where domestic manufacture is adopted, this has the 
potential to reduce the carbon footprint by over 10% (due in part to the removal of 
overseas transportation) and from the use of lower carbon electricity sources found 
in the UK, compared with countries traditionally manufacturing PPE (including 
Malaysia and China) [6].

Using low carbon energy sources in the manufacture of PPE (and any reprocess-
ing involved in reusables) has potential to have a large impact on the carbon foot-
print of a given product, and this is predominantly determined by country of 
manufacture. For example, countries with a high proportion of coal-based electric-
ity, such as Australia, have a carbon footprint per unit of energy usage of over twice 
that of the European average, which in turn is eight times higher than Icelandic 
electricity which is powered predominantly by geothermal and hydropower 
energy [34].

It is also important to eliminate unnecessary packaging wherever possible, which 
can be aligned with opting for non-sterile options where clinically appropriate. For 
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example, whilst sterile gloves are recommended for procedures involving incision 
of mucosa or drilling into bone (most commonly during surgical extractions), it is 
important not to use sterile gloves unless clinically necessary as these are associated 
with additional packaging, and are typically heavier than non-sterile equivalents, 
and also go through additional processes which themselves hold a carbon burden 
(including sterilisation and additional quality checks for any holes and imperfec-
tions). This all translates to a higher carbon footprint, and sterile gloves have been 
associated with over a tenfold higher carbon footprint compared with nitrile non- 
sterile gloves [35]. Further research is required to determine whether changing from 
non-sterile nitrile to sterile gloves is beneficial for unplanned surgical extractions, 
with preliminary evidence indicating that whilst non-sterile gloves have a higher 
bacterial load pre-operatively, this did not reach the threshold load required for an 
infection and can be considered clinically irrelevant [36]. However, since this con-
sideration was taken from a conference abstract, further research would be neces-
sary to inform policy here.

6.4  Challenges and Opportunities for Sustainable PPE

Potential challenges for transitioning towards sustainable PPE which may be 
addressed at a national level include funding schemes currently used in England, 
whereby single-use PPE is centrally funded via an e-portal, whereas dental practices 
would typically need to fund reusable alternatives themselves. This financial disin-
centive needs to be rebalanced, taking into account the true cost of use of reusables 
vs single-use PPE [2]. Furthermore, national guidelines need to be updated in sup-
port of reusable alternatives where their safety and efficacy have been demonstrated. 
Moving towards sustainable use of PPE will also require engagement and education 
of dental staff on the ground, including opportunities to rationalise use where pos-
sible, and on the use of lowest carbon waste streams.

Whilst the COVID-19 pandemic has presented an immediate threat to human 
health globally, climate change has been posed as the greatest threat to population 
health in the twenty-first century [37], and we must do all we can to mitigate the 
harm to planetary health (and therefore human health) through use of PPE. In this 
chapter, we have outlined various mechanisms by which this can be achieved, such as

• reduction strategies (e.g. rationalising glove and apron use, and sessional use of 
PPE where appropriate)

• adopting reusable alternatives, and encouraging innovation where these are not 
available

• using low carbon waste management
• optimising manufacture and distribution (including domestic manufacture, low 

carbon energy sources, and reducing packaging)

This has the potential to have a large impact on the carbon footprint of PPE, 
especially when put together. A study by Rizan et al. found that through a combina-
tion of a) rationalising glove use, b) use of reusable gowns and face shields, c) 
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recycling, and d) domestic manufacture, it was possible to reduce the carbon foot-
print of PPE by 75% [6].

Take Home Points for the Dental Team

• Reduce the use of PPE when possible, through rationalising or sessional use
• Use reusable alternatives where possible
• Improve funding for reusable PPE products
• Select products with minimal packaging
• Choose manufacturers with sustainable processes (especially avoiding air 

freight) where possible
• In the future, choose recycled PPE products where available
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7
 Responsible Decontamination

Brett Duane, Nick Armstrong, Sara Harford, Viviana, 
Allan Pinhas, Hira Ahmed, and Darshini Ramasubbu

7.1  Introduction

Before describing the links between decontamination and sustainability, we will 
briefly define a few terms. Decontamination experts please move to Sect. 7.3.

This chapter focusses on cleaning (using washer disinfectors), disinfection 
(using surface wipes, suction disinfection, and waterline disinfection), and sterilisa-
tion (using autoclaves). This chapter is written by a collection of dentists and people 
with interests in sustainability. It is not meant to be a guide to effective decontami-
nation, more for people to consider the planet as we continue to make use of the 
decontamination process.

Decontamination describes a combination of processes used to render reusable 
items safe for further use and handling, for patients and staff. It is essential to reduce 
the risk of infection transmission between both patients and staff and staff and 
patients. The stages involved in the decontamination or ‘reprocessing’ of instru-
ments are cleaning, disinfection, inspection, and sterilisation include:
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• Cleaning is the process that physically removes soiling including large numbers 
of microorganisms and the organic material on which they thrive [1].

• Disinfection describes a process that eliminates many or all pathogenic microor-
ganisms on inanimate objects, except for bacterial spores [1].

• Inspection refers to the process of inspecting the equipment before sterilising.
• Sterilisation refers to a physical or chemical process that completely kills or 

destroys all forms of viable microorganisms from an object, including spores. 
Sterility is an absolute condition—an item is either sterile or not sterile [2].

7.2  Recommendations for Instrument Decontamination 
and Autoclaving

7.2.1  Washer Disinfector

The emphasis on infection prevention and control has resulted in the emergence of 
the automated washer disinfector into the dental decontamination procedure. Washer 
disinfectors are medical appliances, equipped to clean and disinfect reusable instru-
ments and supplies before sterilisation. The rationale behind the use of this device is 
to minimise the risk of transmission of infectious pathogens and percutaneous inju-
ries to dental staff; prior to the introduction of the washer disinfectors, instruments 
were rinsed by hand. The typical cycle consists of five steps as follows:

Flush: Gross debris, such as blood, bone, bodily fluids, and other solid waste is 
removed by water heated to less than 45 °C.

Wash: Any remaining contaminants (e.g. proteins, microorganisms) are removed 
using chemical (detergents) and mechanically using appropriate equipment.

Rinse: Any remaining detergent from the wash stage is eliminated by rinsing 
with water.

Thermal disinfection: The load is held in the chamber at a pre-set temperature and 
time for disinfection—for example, 90 °C for 1 min.

Dry: The contents of the washer disinfector are introduced to heated air to eliminate 
moisture.

The washer disinfector consumes 15  mL of water per instrument and around 
0.011 KWh (around 0.22 Euro Cent per hour).

7.2.2  Autoclave

To kill microorganisms, the instruments need to be exposed to steam at 134–137 °C at 
2.1–2.25 bar gauge pressure for at least 3 min see Fig. 7.1 [1] instruments may also be 
sterilised at 121–124 °C for 15 min at 1.15 Bar or 126–129 °C for 10 min at 1.50 Bar.

Although the water and electricity use varies between autoclaves, our own 
research shows that an autoclave uses 7 mL of water per instrument, and 0.024 KWh 
(costing within Ireland around €0.5 per h).

B. Duane et al.
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Fig. 7.1 Person using an 
autoclave, Universidad de 
Javeriana, Bogota

7.2.3  Recommendations for Cleaning Waterlines

The biofilm needs to be continually reduced (and monitored) within waterlines. 
Each practice should have a protocol for cleaning waterlines. There are two ele-
ments to this:

 1. Dentists should use high quality water such as that produced by reverse osmosis, 
or sterile water, distilled water. In Ireland, the potable bottled water standard as 
set by the EU is 100 cfu/mL (colony forming unit) of bacteria [3]. In the USA, 
the standard is somewhat higher (500 cfu/mL) [4].

 2. Cleaning the waterlines regularly. There are many systems on the market for this 
purpose. It is crucial that the manufacturers’ instructions are followed.

7.2.4  Recommendations for Suction System Cleaning

It is important to disinfect the suction system tubing and that any adaptors used are 
decontaminated. There are several suction cleaning solutions on the market and the 
cleaning solution should be non-foaming [5]. Suction tip holders should preferably 
be autoclavable.

7 Responsible Decontamination
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7.2.5  Recommendations for Surface Disinfection

Surfaces in a dental surgery may become contaminated with infective material, and 
there is evidence that contaminated surfaces can result in the transmission of patho-
gens in healthcare facilities [6, 7].

Zoning simplifies the decontamination process. Zoning defines particular areas 
which may be contaminated during the treatment of patients; only these surfaces 
need disinfection between patients. This will save time and result in less cleaning 
chemicals being used. There are many surface cleaning products on the market 
including a number of environmentally friendly ones. Difficult-to-clean areas can 
be covered by plastic barriers.

7.2.6  Recommendations for Cleaning Prosthesis

Prior to dental practices forwarding prosthesis and other similar work on to labora-
tories, all items must be disinfected. There are several products on the market for 
cleaning prosthesis—and sodium hypochlorite is frequently used. Stone working 
models should be covered with a barrier to prevent contamination. Laboratory work 
returned from the laboratory should disinfected before fitting.

7.3  An LCA of Hypothetical Products

There is little evidence to suggest what is the most sustainable decontamination 
process in healthcare settings, there has been, however, some research looking at 
reusable instruments versus disposable instruments. In a recent paper by Rizan 
(author of our PPE chapter), the environmental impact of reusable instruments is 
considerably lower than single-use instruments, and this has been evaluated in a 
number of studies [8]. A recent paper also looked at the efficacy of wipes, compar-
ing reusable cotton wipes with microfibre wipes, and also looking at disposable 
wipes [9]. We will discuss this paper alongside our findings in this chapter.

To try and understand the sustainability of various products used within the 
decontamination and sterilisation process, we ‘mocked up’ the different items 
within a selected number of decontamination/sterilisation products.

The astute reader may be able to guess the type of products shown below however, 
for commercial sensitivity, we have anonymised all these products. In addition, the 
LCA database we use, ecoinvent, (one of the most comprehensive databases of prod-
ucts), does not always contain the exact chemical we use. Therefore, the list below 
excludes some products and substitutes others (see Table 7.1).

A life cycle analysis (LCA—see Chap. 1) was performed to understand the rela-
tionship between each of the following products. The reference was one procedure 
performed per patient. The ecoinvent database v3.6.1 was used, with Open LCA 
software 1.10.3 to calculate the environmental impact factors. The results can be 
seen in Table 7.2.
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The most significant resource use from decontamination processes of dentistry 
with respect to human health (carcinogenic/non-carcinogenic effects) comes from 
the surface wipes, followed by the act of disinfecting a prosthesis.

The impact from a climate change perspective for these surface wipes is approxi-
mately 124 g of carbon equivalent emissions (almost the same as the carbon equiva-
lent emissions of a new car travelling for 1  km [11]. Disinfecting a prothesis is 
approximately 30 g.

Table 7.1 Hypothetical decontamination products

Product name Product components Product use
Water 
disinfectant 
tablets twice a 
day

Ammonium chloride, 5.44 mg, benzoic acid, 
9.6 mg, citric acid, 128 mg, EDTA 32 mg, 
and soda ash 22.24 mg
Packaging: individual Al foil wrap 0.054 g 
per tablet, and 50 wrapped tablets packaged 
in cardboard box weighing 18.3 g

Use 2 tablets for 15 patients 
every day dissolved in 700 mL 
water

Liquid shock 
treatment every 
3 months (750 
patients)

Sodium hydrogen sulphate 20 g, citric acid 
20 g, hydrogen peroxide without added water 
in 50% state, 40 g, tap water one litre. 
Container is a plastic bottle weighing 102.2 g

For 750 patients, use 336 mL 
dissolved in 1 L of water

Suction 
disinfectant 
(UK)

Ammonium chloride 115 g, EDTA 4.5 g, 
potassium hydroxide 5 g, sodium 
pyrophosphate 44 g, water 834 g. Container 
is a plastic bottle weighing 85.2 g

Use 20 mL daily in 980 mL 
water, divided by 15 patients 
per day

Suction 
disinfectant 
Colombia

Sodium hydroxide 50%, 40 g, sodium 
hypochlorite 15%, 35 g, water 985 g. 
Container is a plastic bottle weighing 85.2 g

Use 48 mL daily in 452 mL 
water, divided by 15 patients 
per day

Surface wipe 1 Surface wipe contains 11.28 g each of 
ammonium chloride, phenol, benzoic 
compound and ethylene glycol and 15.42 g 
water. Wipe is a non-woven polypropylene 
wipe 5.11 g. Plastic container is a 100 g 
plastic polyethylene bag containing 200 
wipes

Use 4 wipes per patient. 
Dispose of wipes in hazardous 
waste. Recycle plastic bottle

Surface wipe 2 Surface wipe contains 0.0776 g ammonium 
chloride and 3.8 g of water. Wipe is a 
non-woven polypropylene wipe 1.63 g. 
Plastic container is a 100 g PET tub 
containing 200 wipes which is refilled and 
reused three times before disposal

Use 4 wipes per patient. 
Dispose of wipes in hazardous 
waste. Recycle plastic bottle

Surface wipe 3 
spray with 
tissues

Spray contains 20 g of sodium hydroxide in 1 
litre of water. Container is a plastic PET 
bottle weighing 94.2 g. Wipes are tissues 
weighing 3.6 g for 4 tissues
*Note a spray can cause issues with people 
with respiratory problems. This product 
should only be used as a ‘dip’ as a spray 
creates an aerosol [10]

Use 1.08 mL per patient × 4 
tissues per patient. Dispose of 
wipes in hazardous waste. 
Recycle plastic bottle

(continued)
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Table 7.1 (continued)

Product name Product components Product use
Prosthesis 
disinfectant 
(UK)

To make up solution, use 13.33 g sodium 
hypochlorite (15%) and 165 g sodium 
chloride in one litre water. Container is a 
plastic bottle weighing 102.2 g

Soak prosthesis in 50 mL of 
disinfectant and 450 mL of 
water. Use once only

Prothesis 
disinfectant 
(Colombia)

Sodium hydroxide 50%, 40 g, sodium 
hypochlorite 15%, 35 g, water 985 g. 
Container is a PET bottle weighing 85.2 g

Soak prosthesis in 50 mL of 
disinfectant and 450 mL of 
water. Use once only

Autoclave 
process

No chemicals required We assumed 7 instruments per 
patient, and 60 instruments per 
cycle, we used 2.33 KWh per 
patient and 700 mL per water

Washer 
disinfectant 
Methyl pentane

2-methylpentane 0.75 g, benzothiadiazole- 
compound 75 g, 724 g water. Container is a 
plastic bottle weighing 55 g

We assumed 7 instruments per 
patient, and 53 instruments per 
cycle, assuming always fill, 
and not over fill. We used 2.63 
KWh per patient, and 5.35 L 
of water mixed with 1.32 mL 
of washer disinfectant

Washer 
disinfectant 
part A

Citric acid 241 g, tap water 929 g. Container 
is a plastic bottle weighing 70.4 g

We assumed 7 instruments per 
patient, and 53 instruments per 
cycle, assuming always fill, 
and not over fill. We used 2.63 
KWh per patient, and 5.35 
litres of water mixed with 
1.19 mL of washer disinfectant 
A and B

Washer 
disinfectant 
part B

EDTA 50 g, ethanol 100 g, alcohol 10 g, 
potassium hydroxide 20 g, sodium 
cumenesulphonate 100 g in 1 litre water. 
Container is a PET bottle weighing 70.4 g

The use of solutions to disinfectant prosthesis per patient is approximately the 
same as the environmental impact of wiping down clinical surfaces after each patient.

To gauge the effect decontamination might have on average environmental 
impact levels, normalised scores were calculated. The normalised results are dis-
played in Fig. 7.2.

Readers may remember that a normalised result is calculated based on one 
person’s/‘average Joe’s’ share of all emission and resource use in the world for 
1 year (see Fig. 7.2) [12].

The y axis shows the normalised results. To clarify, a score of ‘1’ would mean 
that the decontamination process represents one years’ worth of the environmental 
impact. As depicted, the use of surface wipes therefore creates close to what an 
average person would impact in one day on this planet with respect to carcinogenic 
and non- carcinogenic effects.

The normalised results for our decontamination products again demonstrate that 
‘surface wipe 1’ has the most environmental impact, followed by the disinfection of 
prosthesis, and surface wipe 2 and 3. The reader should however accept these results 
with caution as the LCA process comes with a wide range of assumptions. However, 
the analysis does give the reader some useful points to consider.

B. Duane et al.
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To reduce space, for each process, we will now show the contributing factors of 
four environmental scores: the highest three normalised scores, and the contributing 
factors to carbon equivalent emissions.

As there are many recurring themes, we will exclude the results for water disin-
fectant and suction disinfectant as these have less of an environmental impact from 
an LCA perspective than the other decontamination products.

7.3.1  Surface Wipe 1

In this chapter, we analysed three surface wipes to understand the differences 
between the wipes. For surface wipe 1, the wipe is heavy (I would say lush), for 
surface wipe 2 the wipe is lighter, and for surface wipe 3 the operator provides their 
own tissues.

There are four main reasons surface wipe 1 is less environmentally sustainable. 
The first is the actual wipe (producing it and disposing of it), the second is the con-
tainer that the wipe comes in. Thirdly, from an ozone layer depletion perspective, 
the benzoic compound has some contribution (see Fig. 7.3).

7.3.2  Surface Wipe 2

In surface wipe 2 (see Fig. 7.4) the wipe weighed less than surface wipe one; and 
therefore has comparatively less contribution from a climate change perspective. 
The plastic container and the wipe are significant contributors to ozone layer 

Making the wipe

Climate change; The wipe

49.51%

41.43%

5.23%

Disposing of the wipe

The plastic container

Recycling the plastic container

Making the plastic container

Benzoic-compound

Phenol

Ethylene glycol

Ammonium chloride

Fig. 7.3 Impact factors from surface wipe 1

7  Responsible Decontamination
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Ozone Layer Depletion

The plastic container

Making the wipe

Making the plastic container

Disposing of the wipe

Ammonium Chloride

Recycling the plastic container

93.96%

Fig. 7.4 Impact factors from surface wipe 2

depletion, minerals and metals, cancer effects and climate change, with ammonium 
chloride having much less of an impact. In this case, the relatively small human 
health cancer effects from ammonium chloride were related to the building of the 
chemical factory producing the ammonium chloride, and the production of sodium 
chloride.

The other significant concern with wipes is the packaging they come in. If manu-
facturers could reduce the amount and weight of the packaging, (or provide refills), 
significant environmental savings could be made.

To reduce the weight of packaging manufacturers might consider making the 
decontamination chemicals water soluble, (e.g. in tablet form/or in a condensed 
formula). Such a product would allow the solution to be made up in-house on a daily 
basis (instead of in its current ready-to-use formula). This would reduce the size, 
weight, and amount of packaging required.

7.3.3  Surface Wipe 3

In surface wipe 3, see (Fig. 7.5) where spray is used with tissues, the main concern 
is the production and disposal of the tissue paper rather than the spray itself. In this 
example/scenario, however, the plastic container’s environmental contribution (i.e. 
the container the spray comes in) is greatly reduced because the volume of the spray 
alone is much smaller than the combined volume of the spray and wipes.

From this analysis the actual chemical used does not seem to impact on the high-
est environmental scores.

The advantage of using dry tissues (rather than wet wipes) is that they need less 
robust packaging (as they are less likely to be damaged in transit, are less heavy, and 
there is no risk of liquid evaporation).

B. Duane et al.
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Fresh water eutrophication

67.04%

31.07%

Tissue paper

Disposing of the tissue paper

Cleanline Hard Surface Cleaner

Fig. 7.5 Impact factors from surface wipe 3 with tissues

7.3.4  Sustainable Wipes

Some people have questioned whether cloth towels can be used. From a reduction 
in plastic and packaging perspective, they would be ideal. However, they would 
require laundering at high temperatures and would have a limited lifespan before 
they too would need to be replaced (perhaps—based on similar studies looking at 
gown replacement—after approximately 100 uses) [13]. Life cycle analysis in simi-
lar areas (comparing disposable gowns with reusable gowns) have demonstrated 
environmental superiority for the reusable product [13].

Disposable wipes generally have a consistent wipe-to-cleaning solution ratio 
provided the lid is closed securely after each use [14].

In contrast, cotton and microfibre cloths may not be compatible with some disin-
fectants; it’s difficult to standardise the amount of liquid required on a dry wipe, and 
washed cloth/microfibre wipes could remain contaminated with bacteria even after 
washing [9, 15–18]. There is a potential for more research into this area, possibly 
using an adenosine triphosphate monitor to check the effectiveness of the various 
surface cleaning approaches [19].

To conclude, there are several ways to reduce the amount of waste generated 
when cleaning surfaces:

 1. Use refill packs of wipes rather than replenishing supplies with a new drum 
every time.

 2. Make up your own cleaning solution and use tissue.
 3. Consider the use of reusable cloths and disinfectant solution especially in area 

less exposed to spatter.

There are a number of recommendations relating to the use of surface wipes (see 
Table 7.3).

7  Responsible Decontamination
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7.3.5  Cleaning Prosthesis

Here we demonstrate the impact factors relating to processes involving disinfecting 
prosthesis (see Fig. 7.6).

Within these processes most of the environmental impacts originate from the 
products needed to make a plastic bottle (see Fig. 7.7), the energy (making) the 
plastic bottle and disposing of it. In this case, the chemicals (sodium chloride and 
sodium hypochlorite) do contribute to climate change, human health cancer effects, 
and to a less degree contribute to minerals and metals.

The main reason for the environmental contribution of these products is the envi-
ronmental impact of building the chemical factory which is, in turn, used to produce 
the chemicals. From a climate change perspective, the use of electricity and trans-
port is also a big component in the production of sodium chloride and sodium 
hypochlorite.

In order to reduce the impact of disinfecting prosthesis, companies should con-
sider the use of renewable energy, and either using locally sourced products or sus-
tainable transport systems.

7.3.6  Washer Disinfectant Using Chemicals Part A and B

For the washer disinfector, around 19% of climate change contribution, 17% of non- 
carcinogenic effects, 16% of human health effects, and 13% of the contribution to 
freshwater eutrophication comes from the cleaner used within the washer disinfectant. 
This impact is mostly related to the production of citric acid, sodium cumenesulpho-
nate, the plastic bottle, and the EDTA (ethylenediaminetetraacetic acid). The remainder 
of the environmental emissions comes from treating the wastewater and the compara-
tively large amount of electricity consumed by the washer disinfector (see Fig. 7.8).

Use wipes which have
less plastic (refillable
wipes would be ideal)

Consider more
concentrated
products diluted in
the dental clinic to
reduce plastic use

Use thinner wipes Consider cotton
towels (but keep
abreast of the
evidence surrounding
their efficacy).

Table 7.3 Recommendations for surface wipes

B. Duane et al.
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92.05%

Minerals and Metals

The plastic bottle

Sodium Chloride

Sodium hypochlorite

Making the plastic bottle

Tap water

Disposing of the plastic bottle

Waste water management

Fig. 7.6 Impact factors from Prosthesis Disinfectant (UK)

SODIUM CHLORINE
0.3%

SODIUM CHLORINE
7%

SODIUM CHLORINE
20.5%

SODIUM CHLORINE
4%

THE PLASTIC BOTTLE
98.8%

THE PLASTIC BOTTLE
53.5%

THE PLASTIC BOTTLE
92%

MAKING THE 
PLASTIC BOTTLE 

16.4%

MAKING THE 
PLASTIC BOTTLE 

13.6%

SODIUM HYPOCHLORITE 
5.3%

SODIUM HYPOCHLORITE 
6.7%

THE PLASTIC BOTTLE
44.4%

DISPOSING OF THE PLASTIC BOTTLE 
21.7%

TAP 
WATER 

5.1%

TAP WATER 
5.7%

OZONE LAYER DEPLETION

HUMAN HEALTH CANCER EFFECTS MINERALS AND METALS

CLIMATE CHANGE

Fig. 7.7 Impact factors from Prothesis Disinfectant (Colombia)
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TREATING WASTE WATER
10%

TREATING WASTE WATER
10%

TREATING WASTE WATER
55.6%

CLEANER PART A
12%

CLEANER PART A
13%

CLEANER PART B
8%

CLEANER PART B
6.1%

CLEANER PART A
11.1%

CLEANER PART A
8%

ELECTRICITY
70%

ELECTRICITY
71%

ELECTRICITY
80%

ELECTRICITY
26.3%

IMPACT FACTORS; WASHER DISINFECTANT USING CHEMICALS

IMPACT FACTORS; WASHER DISINFECTANT USING CHEMICALS IMPACT FACTORS; WASHER DISINFECTANT USING CHEMICALS

IMPACT FACTORS; WASHER DISINFECTANT USING CHEMICALS
CLIMATE CHANGE

HUMAN HEALTH NON CANCER EFFECTS HUMAN HEALTH CANCER EFFECTS

FRSH WATER EUTROPHICATION

Fig. 7.8 Impact factors: washer disinfectant using chemicals part A and B

7.3.7  Washer Disinfectant Using the Chemical Methyl Pentane

Looking at carbon dioxide equivalent emissions (see Fig. 7.9), and the three worst 
outcomes from a normalised perspective (human health: carcinogenic effects, eco-
sytem quality freshwater eutrophication, and freshwater acidification); the majority 
of environmental emissions do not come from the type of cleaning agent used, but 
instead comes from the amount of energy used. The 2-methylpentane 0.75 g, ben-
zothiadiazole compound 75 g did not contribute significantly to the footprints.

Table 7.4 summarises some recommendations for the use of washer disinfectors.

7.3.8  Sterilisation Using an Autoclave

Similar to the washer disinfector (but with less of an environmental impact), the 
majority of the environmental impact from the autoclave comes from the use of coal-
based energy (see Fig. 7.10). One exception is the contribution wastewater makes to 
human health (cancer effects).

B. Duane et al.



131

Electricity

Climate Change

Waste water

Tap water

86.76%

12.83%

Fig. 7.9 Washer disinfectant using the chemical methyl pentane

We urge readers to
use only renewable
energy sources
within their practice.

Washer disinfectors are
energy intensive and, where
possible, should only be used
when full to reduce the
number of cycles per day. This
may however diminish the
supply of instruments
available for use. There is a
fine line between conserving
energy/water and making
sure there is on adequate
supply of instruments.

The option of a light,
medium, and heavy
setting on the
washer disinfector
will allow for the
optimum amount of
water and detergent
to be used for size of
loads

Efficiency may be
enhanced by
recycling the heat
energy generated at
the thermal
disinfection stage to
heat the water for
the wash stage, so
that further power
will not be needed
to produce more
heat. We found an
example in one
autoclave here

Table 7.4 Recommendations for washer disinfectors

Electricity

Fresh water Eutrophication

Waste water

Tap water

96.98%

Fig. 7.10 Impact factors from autoclave use
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Autoclaves are high energy users. The main environmental harm comes
from the electricity consumed. As the figures from Ecoinvent draw on
an electricity source high in coal, substantial environmental savings
could be made by changing to green energy, for example, wind energy,
installing solar panels, or simply choosing a green energy provider.

When considering the energy use of an autoclave, smaller is not
necessarily better. For example, it takes roughly twice the energy to
boil two litres of water / liquid compared to one litre! Thinking about
this principle it takes the same energy for all sterilisers to get from
temperature A to temperature B and a lesser powered autoclave would
just take longer to reach the required temperature. If you increase the
time the process takes, you risk heat escaping, with the resulting
decrease in efficiency.  The purchaser of an autoclave should consider
energy efficient autoclaves, e.g. ones that have been manufactured to
use less water, and ones that offer economy mode settings (which
only use 50% of its heating capacity as and when needed for many
of its cycles.

McGain   undertook a year's audit of autoclave use and demonstrated
that 40% of the electricity used occurred during standby times. 
This provides incentives for practices, especially larger practices,
to ensure autoclaves are not continuously on standby mode.

McGain F, Moore G, Black J. Hospital steam sterilizer usage: could we switch off to save electricity 
and water? J Health Serv Res Policy. 2016 Jul;21(3):166-71. doi: 10.1177/1355819615625698. Epub 
2016 Jan 13. PMID: 26769573.

Where product design supports this, consider using a heating and
cooling jacket around the autoclave. A jacket can be filled with hot or
cold water to provide better temperature control and reduce fluctuations
below the sterilisation temperature. There is much better heat transfer
to water or any liquid than to air or any gas. A heated jacket would help
keep the temperature inside the autoclave more consistent and there
would be less heat lost during the sterilisation process.

Secondly, ensure the equipment is regularly serviced, calibrated, and
validated to ensure optimal efficiency.

Thirdly, ensure the autoclave is filled to capacity (but, not overfull!).
It might also be possible for practices to have a timetable for sterilising
instruments so as to avoid having autoclaves set unnecessarily on
standby. In a large practice the staff member working in the unit could
ensure that the decontamination equipment is used as efficiently as
possible with an optimal load for each cycle. It may be possible to
recirculate hot water from the autoclave and the final rinse water from
the washer disinfectors instead of simply disposing of it. In practices
that do not have a dedicated LDU operative, other staff members can
agree to process the instruments at designated times throughout the
day, thus avoiding unnecessary cycles, and increasing efficiency.

For all dental specific devices, practices should ensure they purchase
an EU rated product that is certification marked (CE) or relevant
country's current standards?) Practitioners need to ensure that they
purchase the appropriate model for the purpose intended; too small
a product will result in additional machine cycles, too big a machine
will result in low-capacity machine utilisation.

Ensure the dental setting does not use out-dated clinical trays with
too many instruments. Ensure operative trays are laid out fit for purpose.

∗

∗   

Recommendations for autoclaves.
There are several recommendations for the use of autoclaves. See below:

B. Duane et al.



133

7.4  Considerations About Chemicals

As a part of sustainability in dentistry, we need to consider the chemicals we use 
carefully. Safety data sheets (SDS) are available for most chemical products and 
chemicals should not be purchased if there is no SDS readily available [20]. Ideally, 
we should only use products which are readily biodegradable to non-toxic and low 
environmental footprint. However, in reality, environmental sustainability is diffi-
cult to understand. The fact is there isn’t enough evidence relating to the environ-
mental impact of the chemicals we use. We have therefore written a summary of 
chemicals commonly used in dental practice (see Table 7.5).

Table 7.5 Comments on commonly used chemicals in decontamination

Chemical Comment
Avoid/
use

2-methylpentane Toxic to aquatic life and can potentially have a 
long-term impact on the marine environment. 
2-methylpentane consists of volatile organic 
compounds that disperse within the air. Some 
constituents are harmful to the environment and cannot 
be broken down by water treatment plants [21]

Avoid if 
possible

Benzothiadiazole compound 2,1,3-benzothiadiazole-4-acrylic acid is a biocide. Its 
release into the environment should be avoided. This 
chemical is soluble in water and, as a result, is likely to 
be mobile within soil. Currently, information on its 
bioaccumulation is unavailable [22]

Avoid if 
possible

Ammonium chloride Not classified as harmful to the environment Use
Benzoic compound Benzoic compounds (such as benzoic acid and sodium 

benzoate) are primarily eliminated via biotic 
mineralisation and are not volatile. For this reason, 
these compounds are not directly contributory to 
global warming or deterioration of the ozone layer. 
However, benzoic acid is derived from chloroform 
(trichloromethane) and chloroform emissions 
contribute to ozone depletion.
Chloroform contributes to the depletion of the 
stratospheric ozone layer. However, due to its short 
lifespan, and predominantly natural sources, it is not 
included in the Montreal Protocol that regulates the 
production and uses of ozone-depleting substances 
[23, 24]

Use

(continued)
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Table 7.5 (continued)

Chemical Comment
Avoid/
use

Chlorine The release of large amounts of chlorine disinfecting 
agents into the environment can be harmful to aquatic 
organisms. Chlorine can also damage the cell walls 
and proteins of living organisms and combine with 
organic material (such as biofilms) in surface water to 
produce toxic trihalomethane or haloacetic acid 
by-products. Additionally, chlorine can react with 
nitrogen to form carcinogens such as chloramine or 
N-nitrosodimethylamine. Oxidising disinfecting 
agents, especially those containing chlorine, can 
enhance the mobilisation of mercury from amalgam 
which, if not disposed of correctly, can facilitate the 
entry of mercury ions into the environment. 
Furthermore, mercury released into the environment 
can bioaccumulate in organisms such as fish and 
disseminate throughout the food chain [25]

Avoid if 
possible

Citric acid Biodegradable with low ecological footprint [26] Use
Dimethyl dioctadecyl 
ammonium chloride

Associated with low risk of bioaccumulation and toxic 
to aquatic organisms. Adsorbs into sediment in water 
[27]

Use

EDTA 
(ethylenediaminetetraacetic 
acid)

EDTA, a chelating agent, may facilitate the 
mobilisation and bioavailability of heavy metals (such 
as lead) by forming ligand-metal complexes. However, 
when introduced into the natural environment, EDTA 
is poorly biodegradable. Its impact on different living 
organisms is unpredictable and varies depending on 
the associated metal(s) and the concentration of 
EDTA. In addition, it has an inhibitory effect on 
chlorophyll production and cellular division in 
photosynthetic organisms, unless it is chelated with 
micronutrients [28]

Avoid if 
possible

Ethanol 10 g Ethanol is a water soluble, volatile, biodegradable 
compound. Ethanol vapour produces air pollutants 
such as ozone and peroxyacetyl nitrate by reacting 
with other gases such as nitrogen oxides. At high 
concentrations, it may be toxic to aquatic life but is 
associated with low risk of bioaccumulation [29]

Use

Ethylene glycol In general, ethylene glycol has low toxicity to aquatic 
organisms and is spontaneously broken down in the 
natural environment over a period of a few days/weeks 
[30]

Use

(continued)
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Table 7.5 (continued)

Chemical Comment
Avoid/
use

Hydrogen peroxide When used as intended, hydrogen peroxide is not 
classed as a persistent substance due to its spontaneous 
decomposition to oxygen and water. The rate of the 
reaction can depend on the presence of catalysts in the 
environment, such as heat. The use of hydrogen 
peroxide does not pose additional risk of toxicity to 
aquatic life as the compound is already ubiquitous 
within natural waters [31]

Use

Phenol Bacteria assist in the degradation of phenol in aerobic 
environments (such as fresh and saltwater, sewage, and 
soil), whereas photochemical reactions and rainfall 
facilitate decomposition of phenol in the atmosphere. 
Higher concentrations of phenol may allow for 
bacteria to acclimate, potentially resulting in 
diminished decomposition. Although toxic to aquatic 
organisms, growth and metabolism of specific species 
of algae, fish, and crustaceans may be sensitive to 
lower concentrations of phenol [32]

Use 
with 
caution

Phenylalanine An essential amino acid found in foods and 
medication. Phenylalanine enters the environment via 
waste streams. It is water soluble and mobile within 
soil, and it should not be emptied into drains. 
Information of its effect on wildlife is unavailable [33]

Use

Potassium hydroxide Generally toxic to aquatic life, with low risk of 
bioaccumulation. Soluble in water and, as a result, can 
be highly mobile within soil. In water, potassium 
hydroxide dissociates into its ionic components which, 
depending on the system buffering capacity, can raise 
the pH of the system. Additionally, pH monitoring 
allows for disruptions in pH to be rapidly detected and 
corrected and, if potassium hydroxide is used as 
intended, no significant increase in pH or harm to 
aquatic life is expected [34]

Use

Sodium chloride Sodium chloride (table salt) is a naturally occurring 
inorganic complex. It is not of substantial toxicological 
concern, nor is it considered particularly harmful to 
environmental receptors

Use

Sodium cumenesulphonate Primary method of elimination is via biodegradation in 
aerobic environments—thus not a persistent 
compound. No evidence of bioaccumulation or 
terrestrial and sediment toxicity. Low risk of acute 
toxicity towards aquatic organisms. Chronic toxicity 
was seen in invertebrates and algae. Out of all marine 
life tested, green algae is considered most sensitive to 
the compound [35]

Use

Sodium hydrogen sulphate No evidence of either short- or long-term toxicity to 
terrestrial or aquatic life. Readily biodegradable in 
aqueous environment [36]

Use

(continued)
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Chemical Comment
Avoid/
use

Sodium hydroxide Dissociates into sodium and hydroxyl ions in aqueous 
environment and, if not well-buffered, can lead to an 
increase in pH. Elevated pH beyond the tolerance 
range (1–2 pH units) of certain species of fish can be 
lethal and reduce their fertility. Generally, released 
liquid waste no longer contains sodium hydroxide due 
to neutralisation by other substances in water; 
therefore, its effect on aquatic organisms is negligible 
if used as intended [37]

Use

Sodium hypochlorite Toxic to aquatic organisms. An unstable compound 
that usually reacts with organic material in water and 
is eliminated before reaching the natural environment. 
Water soluble, releasing chlorine and oxygen 
gas—neither of which persist in the atmosphere

Use 
with 
caution

Sodium pyrophosphate Hydrolyses into sodium and orthophosphate ions 
which are nutritious for plants and promotes the 
growth of aquatic plants. It has no evidence of 
bioaccumulation or toxic effects on the environment 
[38]

Use

Table 7.5 (continued)

7.5  Conclusion

It is important that the decontamination of dental premises is carried out to the stan-
dard advised by the national authorities. However, there is growing importance to 
also ensure that dentistry’s ecological footprint is kept to a minimum. This chapter 
made a number of recommendations the clinical team might consider to reduce their 
decontamination environmental footprint. The main messages in the chapter relate 
to the need to find less damaging alternatives to the disinfectant wipe; to consider 
the energy we use and, with the support of our manufacturing colleagues, reduce, 
reuse, and recycle the plastic within our products.

Take Home Points for the Dental Team

• Reduce packaging.
• Reduce the thickness of wipes.
• Wherever possible, prioritise the use of reusable rather than disposable products.

B. Duane et al.
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8
 Supporting People and Their 

Behaviour in the Dental Setting 
as Sustainably as Reasonably Achievable

Caoimhin Mac Giola Phadraig, Amarantha Fennell-Wells, 
Andrew Geddis-Regan, and Katherine Wilson

8.1  Introduction

8.1.1  Dental Behaviour Support

Dental behaviour support (DBS) is a term used to describe the group of strategies 
that the wider dental care team practice to help patients receive appropriate dental 
care [1]. Readers may be more familiar with the term behaviour management tech-
niques; a term no longer congruent with current concepts of health, function, and 
participation. DBS is delivered through a range of environmental, communication- 
mediated, pharmacological and physical interventions, which are sometimes classi-
fied as “pharmacological or non-pharmacological”, “accepted or controversial”, 
and “basic or advanced” techniques [2–4].

8.1.2  Populations Covered

Dental behaviour support is most pertinent for the population who need or prefer 
support due to anxiety, age-related issues, certain impairments related to 
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disabilities, and those receiving dental procedures that are inherently unpleasant. 
For many patients in these groups, the type of support defines care delivery and 
resource usage—think dental general anaesthesia, for example. For most people 
though, to a greater or lesser degree, DBS is applied inherent in their dental care. 
For many, this support can be imperceivable—seen by the patient as the dentist 
simply giving information or building rapport.

The vast majority of care is delivered in a primary care setting, typically local to 
patients in countries where services are developed. When patients require further sup-
port/specialist services, these change the process of care delivery which, subsequently, 
may then limit access, involve greater travel and involve differential use of resources.

8.2  Choices for Behaviour Support in Dentistry

There are probably as many techniques to support patients to receive dental treat-
ment as there are patient visits. While there is considerable variation internationally, 
in this chapter we consider four commonly used modalities in western Europe: 
communication-mediated techniques, inhalation sedation (IS), single drug 

Table 8.1 Comparison of behaviour support modalities

Indications 
(relative and 
absolute)

Contraindications 
(relative and 
absolute) Advantages Disadvantages

Communication- 
mediated

Mild to 
severe anxiety. 
Low to high 
levels 
of support need

Need for 
additional support. 

Range of 
techniques.
Non-invasive.
Limited potential 
physiological side 
effects.
Promotes skill 
building and 
internalised coping 
strategies

Often poorly 
defined. Many 
techniques lack 
evidence base

Inhalation 
sedation

Mild to 
moderate 
anxiety. Gag 
reflex.
Specific fear of 
needles.
Low to medium 
levels of 
support need

Claustrophobia. 
Pregnancy. Nasal 
obstruction. 
Chronic 
obstructive 
airways disease 
(COAD)

Non-invasive. No 
biotransformation. 
Rapid onset. Rapid 
recovery. Few 
drug–drug 
interactions. Easily 
titratable. Minimal 
cardiovascular and 
respiratory effects

Nasal hood may 
impede access. 
Patient 
acceptance of 
nasal hood. 
Reliance on 
correct 
respiration. 
Specialised 
equipment and 
training needed. 
Potential for 
staff health 
risks. Release of 
unconverted gas 
into atmosphere
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Table 8.1 (continued)

Indications 
(relative and 
absolute)

Contraindications 
(relative and 
absolute) Advantages Disadvantages

Intravenous 
sedation (in 
primary care)

Moderate to 
severe anxiety. 
Gag reflex. 
Traumatic 
surgical 
procedure. Mild 
medical 
conditions 
which may be 
aggravated by 
stress.
Moderate to 
high levels of 
support need

Unstable medical 
conditions.
Hepatic or renal 
impairment. 
COAD. Where 
venous access is 
not possible. 
Severe mental 
health conditions. 
BMI >40 kg/m2

Allergy to sedative 
agents. Pregnancy

Titratable. 
Reversible. Rapid 
onset and recovery 
within one hour. 
Wide margin of 
safety

Care support 
required 
post- 
procedurally. 
Unpredictable in 
some instances. 
May cause 
respiratory 
depression. 
Potential for 
disinhibition

General 
anaesthesia

Severe anxiety 
or phobia.
Extensive 
treatment needs 
or complex 
procedures.
Sedation 
unsuitable. 
Where a secure 
airway is 
essential to 
facilitate safe 
care. 
Co-delivery 
with other 
specialties. 
High levels of 
support need.

Simple procedures 
in patients who do 
not need 
GA. Where 
anaesthetic risks 
outweigh dental 
procedural 
benefits

Facilitated by a 
dedicated 
anaesthetist (UK 
and Ireland). Near 
guarantee of 
treatment 
completion. 
Behavioural 
challenges 
mitigated once 
anaesthetised

Extensive cost. 
Highly resource 
intensive. 
Limited access 
to appropriate 
hospital 
facilities. 
Intimidating 
environment

intravenous sedation (IVS), and general anaesthesia (GA). Table 8.1 gives a basic 
summary of their features. In doing so, we accept loss of detail and descriptive 
accuracy to benefit from meaningful comparison. Each of these four techniques 
dictates its own training requirements, staffing levels, equipment, infrastructure, 
governance, and environmental impact. In practice, the features of these modalities 
differ so much that they often hold separate points in the patients’ continuum of 
care. While these techniques are often applied in combination, for example, the use 
of a sedative to enable induction or the use of hypnotic suggestion for efficacious IS; 
in this chapter, we will consider them individually. Often, the selection of one 
approach can be seen as the decision not to adopt an alternative. We do not consider 
local anaesthesia as a separate modality since it is crucial to appropriate use across 
all modalities, even GA.  We introduce the indications, contraindications, advan-
tages, and disadvantages for behaviour support techniques in Table 8.1.
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8.2.1  Communication-Mediated Dental Behaviour 
Support Techniques

The term communication-mediated DBS covers a wide array of DBS techniques that 
are practised through communication with the patient in the dental setting and is 
synonymous with the term non-pharmacological behaviour management. 
Techniques included in this category vary greatly. Some relate to basic universal 
approaches like distraction or purposive communication through our words, expres-
sion, behaviour, and environment, or like establishing a relationship based on 
mutual trust and even by applying alternative communication methods like picture 
stories. This category also includes specific theory-driven interventions such as 
applied behaviour analysis, where principles of behaviourism are applied to support 
behaviour and exposure-oriented therapies such as systematic desensitisation or 
Cognitive Behaviour Therapy (CBT), which normally involve elements of repeated 
exposure to dental stimuli. A broad range of techniques lie in between.

8.2.2  Inhalation Sedation

Inhalation sedation (IS) is a form of conscious sedation where the administration 
of a variable mixture of nitrous oxide and oxygen is used to induce a state of 
psycho- pharmacological sedation. It is widely accepted as a safe and effective 
technique due mainly to the favourable pharmacological properties of nitrous 
oxide. Its most common application is in paediatric dentistry, where it has a very 
high success rate. Inhalation sedation is increasingly used among adult patients, 
particularly those with comorbidities that contraindicate the use of intravenous 
techniques. Since it undergoes no biotransformation when circulating around the 
body, once exhaled its analgesic and sedative effects cease to affect patients 
directly [5]. However, this form of sedation does affect patients and populations 
indirectly due to the release of nitrous oxide into the environment, as discussed 
later. See Sect. 8.3.3.

8.2.3  Intravenous Sedation

Intravenous sedation (IVS) is a form of conscious sedation where sedative agents 
are administered intravenously. While there is significant variation internationally, 
in the UK intravenous sedation with the single drug midazolam is considered a 
standard conscious sedation technique in primary care for adults and young people 
over the age of 12 years [6, 7]. Midazolam is a short acting benzodiazepine, stored 
in vials and administered IV through cannulae. IV sedation is often delivered by a 
single operator sedationist, with a trained team, in general dental practice. In addi-
tion to the use of midazolam, a combination of drugs such as fentanyl and mid-
azolam is used in hospital settings, typically administered by an anaesthetist. Other 
combinations of drugs are routinely used in other parts of the world.
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8.2.4  General Anaesthesia

For some patients, general anaesthesia (GA) is the only approach by which compre-
hensive dental care can be facilitated. For other patients, GA is a preference (or an 
approach perceived to be preferable) to the use of local anaesthesia or conscious 
sedation alone. GA leads to a of loss of consciousness and insensibility to painful 
stimuli [8]. In a hospital setting, it is generally administered by an anaesthetist. The 
use of a managed airway and the full remit of drugs available mean anaesthetists 
have a significant degree of control over physiological systems. Once a patient is 
anaesthetised, treatment is generally easily facilitated. For some patients, however, 
communication-mediated DBS, sedation or clinical holding is required to prepare 
them for entering the theatre environment. Pre-, intra-, and postoperatively, GA can 
be associated with significant risk, especially when systemic health is poor or a 
patient has a compromised airway. The use of GA, therefore, is carefully considered 
and often reserved for those with the greatest potential to benefit from such an 
approach [9].

8.3  Factors Influencing Selection and Application 
of Behaviour Supports

The clinical judgement involved in selecting an appropriate behaviour support tech-
nique is determined by the clinician and patient balancing the risks and benefits of 
alternative options; occasionally, other people are also consulted, for example, a 
family member or anaesthetist. This process is underpinned by the ethical principles 
of least restriction, duty of care, reasonableness and proportionality in efforts to 
select the ‘correct’ approach. Patient assessment is the foundation of appropriate 
behaviour support selection, and it should be framed within the patients’ expressed 
need and preference. The patients’ physical health also needs to be considered 
because knowledge of such conditions will inform the choices available. For exam-
ple, severe liver disease may contraindicate IV sedation with midazolam, whereas 
some cyanotic congenital heart defects will contraindicate the use of general anaes-
thesia. While an in-depth discussion on adjunct selection is outside the scope of this 
publication, factors usually considered when selecting behaviour supports are listed 
in Table  8.2. Traditionally, environmental factors have not been central in this 
decision- making process. We elaborate further on this aspect in the next section.

8.3.1  Sustainability of Different Techniques

So far, in this chapter, we have introduced the topic of behaviour support in den-
tistry. As demonstrated therein, there are various established criteria to consider 
before selecting the most appropriate technique(s). In the next section, we will 
explore the sustainability of these alternatives and introduce a novel factor to con-
sider when selecting adjuncts: environmental sustainability.
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Table 8.2 Factors considered in selecting behaviour supports

Ethical    • Duty of care
   • Right to health
   • Right to access of healthcare
   • Right to autonomy
   • Right to minimal restriction

Patient    • Preference
   • Physical health
   • Psychological health
   • Dental anxiety
   • Social circumstance
   • Age
   • Behaviour
   • Communication preference

Operator    • Skills
   • Training
   • Preference
   • Cognitive bias

Procedure    • Urgency
   • Extent
   • Complexity
   • Suitability
   • Cost
   • Logistics

Service    • Availability of pharmacological and psychological services
   • Care pathways
   • Supports
   • Acceptability
   • Appropriateness

Sustainability 1. Environmental resources (consumed by each behavioural support method)
 • Travel fuel (patients and staff)
 •  Procurement: (1) plastics, (2) paper, (3) pharmaceuticals, (4) other 

resources
 •  Human resources and associated environmental impact (including 

administration)
 • Water, electricity, gas
2. Environmental waste (produced by each behavioural support method)
 •  Traditional materials and equipment waste as listed above, which links 

with procurement
 • Emissions to air and water
 • Travel-associated particulate matter
 • Pharmaceutical waste

8.3.2  Communication-Mediated DBS

Given that each visit on average involves 24 km of return travel and the emission of 
3  kg  CO2e, at scale, the need for repeat attendance increases the environmental 
impact of dental care. Where support need is minimal, it is reasonable to assume 
that communication-mediated DBS does not drive additional environmental impact. 
However, as the need for support increases, it is likely the dental team will need to 
lengthen the procedure time to some degree which, in turn, will increase the length 
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of appointment. Relative to alternative options, communication-mediated behaviour 
support does not allow for multiple treatments per session. The length of a single 
session in general practice is limited by a patient’s psychological and physical 
fatigue. Put simply, it is hard to accept a long session of dental care, so treatment 
plans tend to be divided into manageable sessions of repeated attendance. The envi-
ronmental impact is exacerbated when communication-mediated behaviour support 
is delivered as a separate, additional appointment to the actual operative appoint-
ment or where care is fragmented to accommodate support need. Examples include 
graded exposure, CBT, acclimatisation, and systematic desensitisation. All of these 
techniques traditionally involve repeated exposure to dental stimuli meaning that 
they work through repeated visits. All involve a patient engaging with an explicit or 
implicit hierarchy of fear-evoking stimuli, practice or rehearsal, to greater or lesser 
degrees. CBT and systematic desensitisation, for example, may take up to 10 addi-
tional visits, whereas acclimatisation and desensitisation visits typically involve 
only a couple. Whenever possible, environmentally more sustainable approaches 
should be considered in this area. One session therapy (OST—an exposure therapy 
based on a single, therapist-guided, visit), online CBT, virtual reality based expo-
sure, or introductions to clinics and team members via tele-dentistry could all be 
options. Prevention and early intervention of dental disease, dental anxiety, and 
behavioural problems offer obvious environmental returns.

In summary, the environmental impact of communication-mediated behaviour 
support can be mitigated through prevention, early intervention, and maximising the 
treatments provided per session, limiting physical attendance for exposure-related 
approaches, and considering reasonable alternative approaches when multiple visits 
are needed and this is suitable to the patients' needs and preferences.

8.3.3  Inhalation Sedation

The use of nitrous oxide for inhalation sedation (IS) introduces a unique set of envi-
ronmental challenges regarding clinical attendance, infrastructure, and pharmaceu-
tical disposal.

To carry out treatment using inhalation sedation, a minimum of two staff with 
accredited training will be required. Both will need to wear appropriate PPE for 
each individual case. Children will need to have an adult present and travel to and 
from the clinic can be in a variety of ways: e.g. on foot, public transport, car, or taxi. 
Adults can attend on their own, or with an escort who can travel as above. The num-
ber of visits the patient will require depends on the plan, patient preference and cop-
ing capacity.

Children can generally tolerate treatment with IS for 30–40 min. If attending for 
extractions, treatment can usually be completed in one to two visits. However, 
where complex restorative treatment is required, the amount of work that can be 
completed may be more limited, necessitating repeat visits, and therefore increasing 
travel-associated emissions. The response to IS among children can be unpredict-
able, and this may result in mouth breathing and increased exhalation into the dental 
environment rather than through the active scavenging system, which is present as 
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part of double-layered mask. Careful assessment of nitrous oxide products must be 
taken because nitrous oxide is a powerful climate pollutant, and one of the major 
long-lived greenhouse gases targeted by the first UNFCCC climate change accord 
or Kyoto Protocol [10]. It is estimated that nitrous oxide is 298 times more potent 
than carbon dioxide and can remain in the atmosphere for up to 150 years. Some 
scientists also describe the gas as the dominant ozone-depleting substance of the 
twenty-first century. It is estimated that an equivalent of 6% of global carbon diox-
ide emissions result from nitrous oxide, out of this, 1% originates from medical use 
in the healthcare sector [11]. This estimation demonstrates that healthcare nitrous 
oxide emissions have a global impact.

The first step in reducing the environmental impact of nitrous oxide relates to the 
nature of the delivery system. Dedicated IS units are used to administer a variable 
mixture of nitrous oxide and oxygen. These units may be stand alone, using portable 
gas cylinders, or piped systems. Recent investigations of acute hospital sites have 
shown that vast quantities of piped nitrous oxide products are wasted as a result of 
antiquated infrastructure, poor product management, and departmental disconnect; 
this loss is before the nitrous oxide even reaches patients [12]. This evidence has led 
to quality improvement projects successfully decommissioning obsolete piped sys-
tems and has also encouraged further consideration around the use of nitrous oxide 
products.

Efforts are being made to limit the uncontrolled release of nitrous oxide within 
clinical settings due to its acute and physiological effects as regulated in working 
environments by COSHH. Risk reduction is obtained through: selective administra-
tion, reducing the length and frequency of use, using minimal flow rate of gases, 
minimising the concentration of nitrous oxide, appropriate titration, and compul-
sory scavenging equipment. All active dental breathing systems are designed to a) 
generate enough flow to scavenge at the recommended 40–45 L/min for the dura-
tion of the procedure, and b) carry away the waste gases exhaled by the patient dur-
ing the procedure to the outside of the surgery and building [13, 14].

However, concern regarding nitrous oxide release should not stop at the surgery 
door. Typically, nitrous oxide scavenging prevents accumulation in the clinical set-
ting, but anything collected is vented directly into the local environment as there is 
no provision for its collection and molecular reconfiguration, known as gas capture 
technology. Nitrous oxide is not metabolised in the body, and its constant molecular 
state means that all release counts towards Scope 1 emissions.

To mitigate nitrous oxide emissions and use scavenging effectively, services in 
Sweden have progressed beyond double-layer masks, i.e. nasal hoods currently 
used in dental settings. Gas capture technology, known as capture and cracking, has 
been developed: a suction system evacuates exhaled nitrous oxide gas through a full 
coverage facemask, transporting it through to a nitrous oxide destructor. The 
destructor purifies the nitrous oxide by breaking it down into oxygen and nitrogen, 
forming a closed circuit. This is already being used in the equivalent of three large 
Swedish health boards, with one region installing nitrous oxide destruction systems 
in all of their emergency hospitals [11].

Measures such as these in areas where nitrous oxide is used often (e.g. maternity 
wards) can significantly reduce the emissions of nitrous oxide from the health 
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sector. In dentistry, it is not so easy to control nitrous oxide due to the nature of treat-
ing the oral cavity—a full facemask covering both the nose and mouth would pre-
vent dental treatment. Therefore, environmental scavenging, capture, and cracking 
of nitrous oxide is imperative for the dental setting at the present moment in time; 
we must also be open to novel efficacious inhalation sedation options with a much 
smaller planetary impact. There is a lot of potential for reducing the climate impact 
from hospitals and other healthcare facilities by targeting the emissions of 
nitrous oxide.

8.3.4  Intravenous Sedation

The use of intravenous (IV) sedation introduces a unique set of environmental chal-
lenges mainly incorporating dental attendance and equipment. IV sedation has many 
nuances that increase travel and its associated environmental considerations. Firstly, 
robust patient assessment is an essential pre-requisite for safe and effective treatment 
under intravenous sedation and must take place on a separate day to the actual treat-
ment visit. Secondly, access to intravenous sedation may be limited to specific gen-
eral dental practices, community clinics, and secondary care units. In some areas, the 
structure of service provision means local facilities may be limited with reliance on 
patient referral to distant centres thus having an additional environmental impact. 
Thirdly, patients are advised, where possible, to travel home post- treatment in private 
transport. They should not use low carbon travel options, such as walking or cycling, 
owing to the postoperative effects of the sedative agent. Finally, chaperones are nec-
essary for IV sedation, with the resulting need for transport to accompany the patient 
to the clinic and/or to the patient’s residence if they live alone.

The main issues relating to sustainability at the treatment visit relate to equipment 
and drugs, together with their associated packaging and sterilisation where appropri-
ate. All of these require energy to develop, produce, and transport. Unlike other phar-
macological approaches, there are no gaseous emissions, apart from oxygen in some 
instances. Figure 8.1 illustrates a typical set up for single drug IV sedation.

Fig. 8.1 IV sedation setup
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Typical setup for IV sedation with midazolam without oxygen 
supplementation.

Each episode of intravenous sedation typically requires the following single use 
items, all of which will be presented in their own disposable packaging:
• Cannulation: disposable tourniquet, cannula, surgical wipe, tape.
• Drugs: midazolam, saline, flumazenil.
• Drug administration: 3 5 mL syringes, 3 drawing up needles, 3 labels, plasters, 

cotton wool swabs.

8.3.5  General Anaesthesia

Once a patient is anaesthetised, operating conditions are typically favourable and 
the opportunity arises to complete all the necessary dental treatment required as per 
applicable guidance [9]. There are few instances where it is necessary to use repeated 
episodes of GA to deliver a single course of dental treatment, meaning that only one 
episode of GA is typically required. While this may seem to minimise the environ-
mental impact of care by reducing a) the need for patient transport, b) repeated 
visits, and c) multi-stage procedures, the need to complete all treatment in a single 
episode of GA means extensive and cautious planning is required.

In the UK and Ireland, GA is limited to hospital settings [15] meaning primary 
care services typically refer a patient to a specific service when GA is being consid-
ered. Typically, a patient will receive one initial primary care dental visit, one visit 
to a specialist service, the general anaesthesia itself and, a follow up appointment. 
UK guidelines detail the requirements for pre-operative assessment [16]. For 
patients with no significant comorbidities, these assessments may be minimal, how-
ever, pre-assessment might identify further investigations needed, e.g. ECG or 
blood tests, at separate appointments. If local anaesthesia alone is possible, many 
(but not all) of these investigations might not be indicated.

Once a GA is planned, a new set of resources are required to facilitate treatment. 
Patients are admitted to a hospital setting and discharged from theatre to a ward for 
a period of postoperative monitoring. Day-case procedures are suitable for the 
majority of patients [17] meaning overnight stays and the associated resources for 
this are not routinely required. In addition to ward staff who admit a patient and 
monitor their recovery, the theatre environment may, at least, include an anaesthe-
tist, an anaesthetic assistant or operating department practitioner, a scrub nurse, a 
dental nurse, and a minimum of one dentist. Each of these staff members will have 
an essential and unique role in promoting patient safety, and each one will require 
protective equipment at all or some parts of the care process. This PPE is in addition 
to the vast amount of single-use equipment that is specifically used for the patient 
themselves.

The process of delivering anaesthesia is itself resource intensive. A far more 
substantial volume of anaesthetic drugs and gases are required than with any other 
treatment modality. Anaesthesia can be induced either by intravenous or gaseous 
routes, but either route precedes intubation. A wide variety of drugs may be required 
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to deliver general anaesthesia. These include, but are not limited to, drugs for anx-
iolysis, induction of anaesthesia, neuromuscular blockage, analgesia, and anti- 
sickness drugs. Anaesthesia is often maintained by a range of gases that have 
substantial environment impacts [18]. An alternative is the use of TIVA (total intra-
venous anaesthesia) where a drug (such a remifentanil) is continuously delivered to 
maintain anaesthesia instead of using a gas. This mitigates the use of anaesthetic 
gases but is not routinely used or viewed as suitable by all anaesthetists and such an 
approach is not appropriate in every situation [19]. Discussing anaesthetists’ choices 
and simply starting dialogue over GA practices can change professional behaviour 
without creating conflict. Considering how routine IV sedation uses a single agent, 
even one episode of GA is clearly less sustainable in terms of drug usage, even if 
multiple sedation episodes are required.

An additional environmental cost arises in a theatre setting from the routine use 
of drapes, gowns and sterile covers. It is typical to see multiple full clinical waste 
bags after each patient in theatre which, as per infection control protocols, are then 
replaced in readiness for the next patient.

Following a GA and discharge from hospital a patient is expected to be sup-
ported for 24 h. Also, from a safety perspective, travel home by public transport is 
far from ideal—taxi or private car is preferable. Though, ideally, a person should be 
dentally fit by the end of a single GA, this does not mean that the environmental 
impact of such an approach is minimal. The preparation required may mean more 
visits to a clinical environment are needed than would be required with even a multi- 
visit treatment plan using conscious sedation or local anaesthesia. In addition to the 
anaesthetic risks and cost of GA, its environmental impact should also induce a 
sense of caution and ensure this approach is not used routinely. Figure 8.2 illustrates 
a typical anaesthetic gases. Figure  8.3 illustrates a typical setup for anaesthetic 
equipment used for induction or maintenance of anaesthesia.

Fig. 8.2 Anaesthetic gases
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Fig. 8.3  Anaesthetist set 
up for IV drug delivery

Fig. 8.4 Differential impact of behaviour support techniques on environment

8.4  Comparing Sustainability of Alternative Modalities

For many patients, there is a choice to be made regarding behaviour support tech-
niques, each with their own advantages and disadvantages. Where this choice pres-
ents, we argue that clinicians  and patients must consider the differential 
environmental impact of each technique so the behaviour support is as sustainable 
as reasonably achievable. Variables, such as travel, resources, number of episodes, 
staff numbers, waste produced, and time required must also be considered. The dif-
ferential impact of alternatives is further illustrated in Fig. 8.4.
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8.5  Sustainability of Dental Behaviour Support (DBS): 
As Sustainable as Reasonably Acceptable (ASARA)

The above illustrates the need to consider sustainability when selecting and practising 
all DBS techniques. In this section, we summarise a range of practical steps to miti-
gate environmental impact of DBS. We do not discuss the benefits of prevention of 
both oral disease and triggering events that increase the need for behaviour support. 
Adapting the radiation safety principles of ALARA (as low as reasonably achiev-
able—see Sect. 1.1), we suggest that clinicians operate according to the principles of 
ASARA (as sustainable as reasonably acceptable). That is, to select and apply DBS 
techniques in a way that is patient-centred and minimises environmental impact.

8.6  Policy

Policies should be written and based on balanced consideration of all factors rele-
vant to providing DBS; environmental analysis, and planetary impact should be 
recognised as relevant factors [20]. ‘Sustainability’ is not simply about offering the 
least ‘carbon intense’ option; ‘sustainability’ means factors pertinent to the indi-
vidual patient, the population (i.e. as a minimum carbon emission calculation), and 
overall planetary impact have been considered.

Policy-makers should:
• Ensure person centred DBS is provided as sustainably as reasonably acceptable.
• Develop care pathways that enable sustainable DBS choices for patients and 

dental teams.
• Ensure a range of local DBS supports, considering travel optimisation in loca-

tions with good public transport that minimises both patient and staff travel as 
well as local contracts, procurements, and supply chains.

• Encourage tele-dentistry as a medium for DBS.
• Incorporate service requirements for the presence and use of environmental tech-

nology to capture, neutralise, and/or reuse waste gases.
• Develop low intensity preventive services and health promotion activities, mini-

mising the need for intervention in the first place.

8.7  Leadership

Leadership is required within DBS and the wider dental community to address, sup-
port, and establish the changes necessary to reduce the environmental impact of 
DBS. DBS providers and commissioners need to be guided and informed about how 
best to decarbonise the delivery of DBS and mitigate its carbon footprint. Leaders 
in DBS should encourage the profession to:
• Consider patients as partners in their treatment pathways extending understand-

ing of DBS options to include the planetary impact.
• Become carbon literate by embedding planetary health into the context of DBS.
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• Innovate in sustainable alternatives to traditional modes of delivering DBS.
• Develop effective methods of preventing and minimising the use of environmen-

tally impactful DBS techniques in dentistry.
• Measure and monitor the environmental sustainability of DBS options using 

contemporary metrics [21].
• Mediate on behalf of sustainable processes in the recycling and manufacture of 

equipment and packaging.

8.8  Research and Education

There is a need to educate patients and professionals regarding the environmental 
impact of DBS options. Many colleges, associations, and postgraduate faculties for 
medical specialties have declared climate emergencies and formulated subsequent 
strategies to address and manage individual healthcare groups—similar action is 
needed specifically relating to dentistry.

Researchers should:
• Develop evidence regarding sustainable DBS using environmental analyses.
• Create and champion specific planet-friendly products and processes for DBS 

dental professionals and consumers.
• Identify carbon emission “hotspots” within DBS services and clearly illustrate 

the planetary impact of alternatives.
• Investigate the complex internal drivers and external forces that influence sus-

tainability within DBS.

8.8.1  Dental Education Should

• Embed the concept of sustainability in DBS into undergraduate and postgraduate 
education.

• Develop the decision-making skills of dental professionals to select and apply 
DBS adjuncts adopting the principles of ASARA.

8.9  Clinical Practice

Clinically, sustainability within DBS implies selecting care and applying principles 
prudently to help minimise transport-related emissions, the number of clinical 
attendances and attendees, as well as emissions and waste [22] to prevent oral dis-
ease and conditions requiring resource-intense DBS.  Where reasonable, DBS 
should be practised as follows:
• Plan courses of treatment using sustainable principles, frameworks, and path-

ways to achieve correct resource use.
• Minimise transport-related emissions.
• Avoid non-essential travel (e.g. by running joint dental/anaesthetic pre-GA 

assessment clinics).
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• Use teledentistry and e-health options where appropriate (e.g. for information 
gathering and review appointments and, remote communication-mediated tech-
niques such as e-CBT or tele-desensitisation).

• Where reasonable, reduce the number of staff in attendance.
• Where reasonable, maximise treatments undertaken per session.
• Select effective agents.
• Administer medical gases selectively.
• Seek out alternative modalities or alternative drugs.
• Use minimal effective flow rate of gases.
• Minimise the concentration of medical gases.
• Apply appropriate titration where possible with suitable scavenging equipment.
• Ensure there is appropriate infrastructure to minimise emissions and capture 

gases where possible.

8.10  Conclusion

Patients can be supported in many ways to receive effective and acceptable dental 
care. The choice of adjunct and the way that adjunct is applied has a modifiable envi-
ronmental impact. While we cannot disregard the personal responsibilities that we all 
bear to minimise our need for environmentally costly interventions, the dental team 
must bear responsibility for the impact that our practices and decisions regarding 
behaviour support do have. Dental teams should adopt the principles of ASARA 
when selecting and applying behaviour supports, which implies finding a balance 
between what is safe, effective, acceptable, and also environmentally sustainable.

Take Home Points for the Dental Team
• Dental behaviour support (DBS) is an essential and valuable aspect of dental care 

for all patients.
• Different modes of delivery for DBS present different environmental challenges 

and impacts.
• DBS practitioners should select and apply techniques in a way that is person- 

centred, safe, effective, and acceptable to the patient.
• DBS should be selected and applied in a way that is as sustainable as reasonably 

acceptable.
• There are many policy, leadership, educational, research, and clinical opportuni-

ties to enhance the sustainability of how dental care is provided to patients.
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9
 Buying Sustainably and Ethically 

for the Dental Practice (Procurement)

Eleni Pasdeki-Clewer, Sheryl Wilmott, and Brett Duane

9.1  Sustainable Procurement

Improving oral health requires resources and products that may have significant 
environmental impacts. The way in which dental practices source these (resources 
and products), and the types of materials and products that they choose (where 
choice is possible), can help reduce the environmental impacts of dentistry.

9.2  Type of Product

When one looks across Europe, the healthcare sector currently has 2.8 million beds 
in approximately 13,000 hospitals. In providing this care, the different healthcare 
sectors purchase, use and dispose of a considerable number of single-use products, 
building materials, pharmaceuticals, and medical devices. Many of these products 
have components and/or by-products that can be toxic to staff and patients and can 
also have serious environmental impacts (e.g., drugs, chemicals, radiation, infec-
tious hazards, air and water pollution). Dentistry forms part of the greater healthcare 
sector and, as such, has a responsibility to manage and reduce its share of these 
impacts.

To get a scale of the challenge, within the English NHS Dentistry system, the 
purchasing of dental goods and services accounts for 19% of the overall carbon 
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impacts of dentistry [1]. Whilst carbon is not the only environmental impact, it is by 
far the most pressing one and, as such, serves as a good proxy for sustainability.

The English NHS dentistry system calculation was based on analysis carried out 
using a spend-based model with data from the financial year 2014/15. Whilst the 
spend-based carbon accounting methodology is imperfect and sensitive to price 
changes, it offers the authors an acceptable estimation of where the biggest impacts 
lie which helps us move on from identifying problems to solving them.

There are, of course, alternative ways to estimate the contribution of purchased 
dental goods and services towards the overall carbon footprint. A life cycle assess-
ment (LCA) (see Chap. 1) provides more accurate results; however, it is resource 
intensive and costly to undertake.

Analysing and reducing the impacts of our procurement decisions (what we buy) 
is an integral part of any environmental strategy. When embarking on carbon foot 
printing, it is advisable to bear in mind that the ultimate goal is to identify ways of 
reducing emissions and focus action on where it is most likely to bring about the 
biggest benefits. Striving for analytical accuracy can become a distraction. Deciding 
on the most effective carbon accounting methodology should be informed by the 
balance between accuracy and cost.

Dentists and oral healthcare professionals may influence, and ultimately reduce, 
these impacts through the following interventions:

 1. Buy less (buy smarter, be more efficient, improve stock control, review expiry 
dates) (see Sect. 9.3).

 2. Buy better (products with improved impacts, from sustainable suppliers, with 
minimal or least impactful packaging) (see Sect. 9.4).

 3. Educate patients (on effective use of products, preventative care) (see Chap. 5).
 4. Collaborate to accelerate the pace of change (work with suppliers, industry 

groups, and health systems to make this happen) (see Sect. 9.5).

These four interventions will form the basis of this chapter.

9.3  Buy Less

It is often said that the most sustainable purchasing decision is the product you 
didn’t buy. One of the easiest ways to rethink your need and buy less is to opt for 
reusable devices over disposable, or single-use ones.

Many healthcare practitioners now choose, or are compelled to use, single-use 
devices. Some of these are mandatory, for example, endodontic files, others are 
chosen for convenience, for example, disposable gowns. Whilst the former are med-
ically necessary to reduce infection risks, the latter are potentially not.
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On the face of it, single-use instruments, and the need to produce, package, 
transport, and then dispose of them, appears to be less ecologically sound. This 
may often be true; however, such decisions should be based on analysis of the pros 
and cons of each approach using an LCA or equivalent (i.e. how much energy, 
carbon and resources each product uses). Until environmental guidance in this area 
is available, dentists need to consider the appropriate cross-infection and de-con-
tamination guidance (e.g. HTMO5—Health Technical Memoranda) when choos-
ing instruments [2].

In Byrne’s paper [3], we looked at the environmental impact of a disposable 
dental kit compared with a recycled kit. As anticipated, the disposable kits had a 
significantly higher environmental impact across all categories including minerals 
and metals, climate change, freshwater use, etc. (see Fig. 9.1).

Fig. 9.1 Contribution analysis for reusable versus disposable examination kits
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From this analysis, it is clear manufacturing/production is the largest contribu-
tor to the environmental impacts of a kit. It contributes between 18 and 69% 
towards the disposable kit, and less in the reusable kit, Unger and Landis’ study 
of single-use versus reusable dental burs aligns with Byrne’s study, demonstrating 
a 40% larger CO2 emission-total associated with disposable burs [4].

On the other hand, from a decontamination perspective, we understand that 
the evidence behind using reusable versus disposable wipes is less robust [5]. 
Single- use disposable wipes offer a more consistent approach to decontamina-
tion, but they do have a significant life cycle impact (see Chap. 7). We suspect 
reusable wipes have a lower environmental footprint, but the quality of the wipe 
and the ability for decontamination (with a potential for cross-contamination) 
may be less. Currently, there is no definitive evidence that one is better than 
the other.

9.3.1  Stock Control

Appropriate stock management should be considered a requirement by the den-
tal team. One hospital in Australia, for example, implemented a stock manage-
ment system to provide staff with efficient access to products to deliver safe 
patient care in the right place, at the right time. For financial and environmental 
reasons, the dental team needs to ensure supplies are used in date order and not 
available for use beyond their expiry date and, to that end, only order the num-
ber of supplies needed. Consideration should also be given to the environmental 
consequences of transporting the goods to the practice together with the packag-
ing they come in.

There are several ways to reduce the need to buy, including:

• Focussing on the most used items the most expensive items, or ones with short 
shelf lives.

• Having a system or a designated person to oversee stock management.
• Minimising orders.
• Checking items routinely and having a well-organised stock room.
• Auditing what you use yearly; this may make you consider your most frequently 

purchased products, and to analyse their sustainability.
• Establishing supplier partnerships with companies who support your sustainabil-

ity ideals—ask questions about shelf-life extension, for example, what could go 
wrong if shelf life is exceeded (see Table 9.1).
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9.4  Buy Better

In this section, we explore the concept of the ideal product; its characteristics, phys-
ical performance, and/or attributes (see Box 9.1).

Nos Sustainability question Score = 0 Score = 1 Score = 2
1a Does the supplier have an approach to 

manage their environmental impact?
No In progress Yes*

1b If no, are they willing to put one in place? No Unsure Yes
2a Can the supplier trace the product back to 

the original country of origin?
No Yes

2b If yes, please state the country of origin

3 Are substantial amounts of activity in the 
supply chain undertaken where no 
effective labour standards legislation (or 
enforcement of these standards) exists?

Yes or no, and 
the product is 
produced in a 
country which 
ranks poorly on 
the ITUS list 
(see notes)

No. The product is 
produced in the following 
country_________, a 
country which ranks 
moderately on the ITUC 
list (see notes).

No. The product is 
produced in the following 
country_________, a 
country which ranks 
highly on the ITUC list 
(see notes below)

4a Is the product content: (please tick all that 
apply)

None of this 
content

Biodegradable
Recyclable
Contains recycled content
Reusable
Remanufactured

4b If no, is the supplier/manufacturer willing 
to change their product content?

No Yes

5 Is the delivery of the product undertaken 
in an efficient manner to reduce 
emissions to the local environment?

No Sometimes Yes

6a Is the product's packaging: (please tick all 
that apply) 
content/reusable/remanufactured?

No, this does 
not apply to this 
product's 
packaging

Biodegradable
Recyclable
Contains recycled content
Reusable
Remanufactured

6b If no, is the supplier/manufacturer willing 
to change their packaging?

No Yes

7 Would the supplier be prepared to collect 
all packaging from their products?

No Yes

1 Generally, it is useful for a supplier to have a policy with a robust implementation plan supported by a 
measurement and public reporting structure. A dental practice should consider whether it has its own policy and plan 
first in order that it can 'practice what it preaches' (see Duane for advice.)
2 This question can be useful for dental practices to help them understand the environmental and social requirements 
within the country. There are a number of ways dental practices can consider different countries. The Environmental 
Performance Index ranks a country's performance in sustainability related matters. 48 Within this index Switzerland 
ranks highest, with the UK having a score of 6 and China a score of 120. Although this index is a broad-brush 
approach to determining the sustainability of products, countries who score highly exhibit excellent commitment to 
public health protection, the preservation of natural resources and reductions in greenhouse gases.
3 Similar to other areas of healthcare, information relating to ethical manufacturers of dental products is hard to 
find. 49 There is, however, a useful index of countries produced by the International Trade Union Confederation 
(2018) which ranks countries for worker's rights. This may assist dental practices when considering where they 
purchase products from.
4 The terms reduce, reuse and recycle all help to cut down on the amount of waste that is produced. The ideal 
product/packaging would conserve as much as possible natural resources, landfill, space and energy. 50 The 
manufacturing/packaging sector can be innovative and materials, such as biological based materials, may partially 
replace crude oil as an input material for plastics in the future.
5 The SDU's (Sustainable Development Unit) Health Outcomes of Travel Tool (HOTT) will assist organisations to 
measure the impact their travel has on environmental indices, including air and noise pollutions. 51 This can assist 
suppliers in helping reduce the NHS impact on the environment from travel associated emissions.
6 See 4
7 In some French supermarkets recycling bins are placed at exits with a view to encouraging consumers to remove 
packaging from items purchased before they leave the supermarket. 52 Increasingly some companies are taking back 
their own products to recycle or repurpose and this can include their packaging. 53

Table 9.1 Suggested questionnaire for manufacturers
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Let’s consider some of the principles mentioned above in more detail.

9.4.1  Safe for the Patient and the Dental Team

The product must be safe for the patient. In reality, insufficient research has been 
undertaken to know the exact safety of each product we use. From a restorative 
perspective, we are aware that there is potential health harm when mercury is 
released from amalgams [6].

A review of the literature comparing the use of amalgam versus composite resto-
rations showed only some differences between amalgam and composite resin in 
terms of renal, neuropsychological, and psychosocial function; however, no consis-
tent or clinically important harms were found [7].

Concerns have been raised regarding the materials in composites—such as 
bisphenol A diglycidyl methacrylate (bis-GMA)—however, the amount of bis-
GMA released is probably less than that released from plastic food and drink con-
tainers [7].

Box 9.1 The Ideal Product
The ideal product will be optimally balanced across the following 
considerations:

 1. Safe for the patient
 2. Fit for purpose
 3. Not fossil fuel based
 4. Grown—but able to be reused repeatedly, or able to be reused with local 

processing
 5. Supplied in sustainable or minimal packaging
 6. Biodegradable into harmless natural environmental elements
 7. Easy to clean and reuse, where possible
 8. Simple, i.e. not a complex product difficult to recycle
 9. Transported with clean vehicles or ‘made’ at the point of care
 10. Produced with renewable energy
 11. Manufactured in ways that do not involve abuse of labour
 12. Involving suppliers and supply chains that espouse good environmental 

management and protection
 13. Inexpensive
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Of course, the safety of a restoration is not the only consideration within dental 
practices. We also know that the use of chemicals can cause global deaths and addi-
tional disability-adjusted life years (DALYs). A review of cleaners showed a dete-
rioration in lung function in people who cleaned domestically and identified a need 
to prevent exposure of cleaning agents to reduce this deterioration. Significantly 
more research is needed to help healthcare professionals understand which products 
are safe and which less so. Until this happens, dental teams should reduce the 
amount of chemicals being used and consider training staff about the chemicals that 
are purchased. There are often alternatives to the cleaning products being used in 
the non-clinical areas of dental practices. ‘Healthcare Without Harm’ provides a 
good description of alternatives to many household products online, with govern-
ment buying standards available for cleaning products [8]. Alternatives include the 
use of vinegar, baking soda, lemon juice, and ordinary household soap.

9.4.2  Fit for Purpose

Products used within the dental practice need to be fit for purpose. Ideally, any res-
toration placed lasts a considerable amount of time; however, we know this isn’t 
always the case. Low-certainty evidence suggests that composite resin restorations 
have almost double the failure rate of amalgam restorations. The risk of restoration 
fracture does not appear to be higher with composite resin restorations, but there is 
a much higher risk of developing secondary caries [9]. As a profession, we need to 
be advocating low frequency sugar diets and optimising the use of fluorides to 
reduce the need for any restoration, and then do all we can to ensure restorations last.

We need to also ensure that if we opt for more sustainable preventive options. 
One example is to ensure that any non-nylon bristles in a toothbrush are as effective 
at removing plaque as nylon bristles. We urgently need more research in this area.

9.4.3  Not Fossil Fuel Based

In recent years, healthcare practices have increasingly gravitated towards single-
use or single-patient solutions for patient safety and efficiency purposes. Plastic 
has served the health sector well in providing inexpensive and customisable prod-
ucts for patients. However, single-use plastics have significant environmental 
impacts not only because they pollute but also from an embedded carbon perspec-
tive, as they are the product of an energy-intensive process [10]. Whilst the evi-
dence in support of a shift away from fossil-based to bio-based plastics is still 
developing, bio- based solutions are increasingly being considered as viable alter-
natives [11, 12].
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Bio-based polymers are a fast-developing sector [13]. They have great potential 
for bringing about added benefits when compared to conventional plastics; not only 
are they decoupled from fossil fuels but also they can have improved properties [13, 
14]. Feedstocks for bio-based plastics do not compete with or displace food-crops—
but rather act as part of the broader industrial symbiotic relationships that can sup-
port our transition to a more circular economy [15–17].

An example of a waste-based bio-plastic is MarinaTex. MarinaTex is a bioplastic 
of equal strength to low-density polyethylene (LDPE) and is made using waste 
products from the fishing industry [18].

Our ideal situation is a process where a product can be used, then recycled in- 
house, or shredded, autoclaved and then reconstituted into a new product. In our 
toothbrush study [19], we demonstrated that a toothbrush recycling scheme (not 
currently available) produced only 10.3% of the carbon footprint of a conventional 
toothbrush which is not recycled [19]. Even though bamboo brushes seem better 
from a carbon perspective, imagine the amount of land that would be required to 
grow sufficient bamboo to manufacture enough brushes for the whole planet!

The thinking we would like to encourage with this analysis is that of a conscious 
consumer; one who considers the impact of the product they are buying on a whole- 
life basis before making a purchasing decision.

9.4.4  Grown: But Able to Be Reused Repeatedly, or Able 
to Be Reused with Local Processing

Ultimately, in the manufacturing of dental products, our objective should be to 
move towards renewable materials and resources. This means, wherever possible, 
opting for products that are a) made from materials that are grown rather than being 
fossil-based, b) that require minimal land-use, or c) can be grown on non-arable 
land (so as not to displace food crops).

In our example of dental products, alternatives to plastic toothbrushes could be 
sold and/or promoted, for example, bamboo toothbrushes or toothbrushes with 
replaceable heads.

In order to make a more informed product choice, the reader needs to consider 
the different definitions of products. According to European Bioplastics, a plastic 
material is defined as a bioplastic if it is either biobased, biodegradable, or features 
both properties [20]. The term ‘biobased’ means that the material or product is 
(partly) derived from biomass (plants). Biomass used for bioplastics stems from, for 
example, corn, sugarcane, or cellulose. A product is able to be called biobased even 
if it only has, for example, 1% of its mass from a grown product.

Care should be taken to avoid unintended consequences, for example, bio-based 
materials may be mistaken for virgin plastics in waste management processes and 
therefore compromise segregation and recycling rates.
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9.4.5  Supplied in Sustainable Packaging

9.4.5.1  Recycling and Packaging
The dental team should also consider how manufacturers manage both packaging 
and recycling, i.e. they need to consider the fundamental principles of ‘reduce, re- 
use, and recycle’. This might include, for example, consolidation of delivery, reus-
ing packaging, and the size, type of material and quality of the packaging itself. 
Packaging should be minimal, recyclable without marketing and promotional 
impact. There are examples of manufacturers who are beginning to promote their 
‘greener’ products in packaging that ‘sells’ the greener idea, for example, unbleached 
paper, no plastic coating, minimal design, and inking [21].

In Duane’s paper, we showed the benefits of recycling, in this instance, a toothbrush 
[22]. The power of recycling can be seen from both a climate change perspective and a 
disability-adjusted life year perspective. Based on a leading European factory that pro-
duces 28 million toothbrushes per year, a potential 374 tonnes of carbon equivalent 
emissions can be removed by simply replacing plastic blister packaging with a printed, 
recycled cardboard—as well as reducing the DALY harm by 25 years.

If we could overcome, the decontamination issues with recycling toothbrushes as 
part of a circular economy, we could reduce the environmental footprint of a plastic 
toothbrush to just 10% of its current impact [22].

Ideally, manufacturers should provide recycling information for their products in 
user manuals and/or offer to recycle the equipment they produce. Requesting such 
information might encourage manufacturers to make products that are easily recy-
clable, can be upcycled, or re-purposed. Some companies have programmes that 
take back and recycle their own equipment to ensure the disposal of all electronic 
products and materials are managed appropriately. Recycling could in turn generate 
cost savings for dental practices: for more information, see Waste within the dental 
practice, in this series (Chap. 10).

Box 9.2 Circular Economy
A circular economy is an alternative to a traditional linear economy (make, 
use, dispose) in which we keep resources in use for as long as possible, extract 
the maximum value from them whilst in use, then recover and regenerate 
products and materials at the end of each service life.

As part of the European Union’s Circular economy action plan, the EU is 
introducing measures such as making sustainable products the norm, empow-
ering consumers, and focussing on areas where the potential for circularity is 
high, such as in dentistry, batteries, packaging, and plastics. The plan would 
ensure also less waste is produced.
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9.4.6  Biodegradable into Harmless Natural 
Environmental Elements

First, we would like to discuss the difference between biobased, bioplastic, and 
biodegradable.

The reader should ensure they are familiar with this definition.
A biobased plastic doesn’t necessarily biodegrade. A biodegradable plastic isn’t 

necessarily biobased. In Fig.  9.2, we can see that there are bioplastics that are 
derived from fossil fuels and bioplastics which are derived from plant material (but 
doesn’t need to be 100% plant, i.e. it could include some fossil fuel plastic). From a 
biodegradable perspective, bioplastics don’t necessarily biodegrade, and even when 
they do they may not biodegrade into harmless materials.

To summarise the term ‘Biobased’ does not equal ‘biodegradable’.
The property of biodegradation does not depend on the resource basis of a mate-

rial but is rather linked to its chemical structure. In other words, 100% biobased 
plastics may be non-biodegradable, and 100% fossil-based plastics can biodegrade 
(but not necessarily into harmless matter).

With this in mind, we advocate that any product used in dentistry should be 
100% biodegradable into harmless natural environmental elements. To do this, it 
needs to be 100% of plant matter.

9.4.7  Easy to Clean and Reuse, Where Possible Without Causing 
More Harm Than Good

Single-use plastics are used both in medical settings and everyday life. Convenience, 
sterility and relatively low purchasing cost make their use widespread. Using the 
‘reduce, reuse, and recycle’, model can help in the reduction of overall plastic use. 
Opting for products that follow this model will help promote a change in the market 

Bioplastics are a whole family of materials with different properties and 
applications. According to European Bioplastics, a plastic material is 
defined as a bioplastic if it is either biobased, biodegradable, or both [20].

Biobased: The term ‘biobased’ means that the material or product is (partly) 
derived from biomass (plants). Biomass is used for bioplastics stems from, 
for example, corn sugarcane or cellulose.

Biodegradation is a chemical process during which microorganisms that are 
available in the environment convert materials into natural substances such 
as water carbon dioxide and compost (artificial additives are not needed). 
The process of biodegradation depends on the surrounding environmental 
conditions (e.g. location or temperature) on the material and on the appli-
cation [20].
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COMPLEXITY OF THE TERM BIOPLASTICS 
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Fig. 9.2 Complexity of the term bioplastics

and drive an increase in the supply and availability of such products. For example, 
some suppliers offer disposable wipe refills for their plastic containers, thus allow-
ing the containers to be reused time and time again. Opting for such products will 
not only establish them in the market but also encourage their growth.

9.4.8  Simple, i.e. Not a Complex Product That’s Difficult 
to Recycle

The problem with a number of oral hygiene products is their complexity (see Chap. 
11 for more detail). We need to ensure, wherever possible, that products can be eas-
ily broken down into recyclable parts.
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The amount of plastic being recycled varies from country to country and also 
relates to the actual type of plastic. In Europe, the amount varies from 4.5% (furni-
ture) to 39.9% (packaging) [23]. This variation stems from issues around contami-
nation and the sheer diversity of the products being disposed of. To assist in the 
recycling process, oral health products need to be clearly marked with recycling 
codes to add in this process. Future technology might help with chemical recycling 
processes, such as pyrolysis which are able to convert plastic waste that is not easily 
recyclable through mechanical means into monomers that can subsequently be built 
up into polymers [24, 25].

One example of a difficult-to-recycle product is an electric toothbrush. This is 
because, for example, it has multiple components, nylon bristles are difficult to 
remove, and toothbrushes are considered to be contaminated, thus resulting in them 
presumably being placed in landfill waste. We are aware that the company Terracycle 
[26] takes a wide variety of spent oral health products and uses chemical and 
mechanical recycling processes to convert them into a variety of serviceable prod-
ucts, such as outdoor furniture and decking, plastic shipping pallets, watering cans, 
and storage containers.

In some French supermarkets, recycling bins have been placed at exits with a 
view to encouraging consumers to remove the packaging from the items they have 
bought before they leave the supermarket. Increasingly some companies are actively 
taking back their own spent products to recycle or repurpose, including the packag-
ing. In Lynes’ toothbrushing paper, we hypothesised the creation of supermarket 
recycling bins for toothbrushes and calculated the environmental savings inherent in 
this process [22].

9.4.9  Transported with Clean Vehicles or Locally

Although not factored directly into our dental carbon footprint [27], dental practices 
should consider the carbon emissions and the air pollution impact associated with 
the way they purchase goods. Carbon emissions and air pollution impact will be 
reduced if the products purchased came from one logistics centre in a single deliv-
ery and, ideally, were produced locally. Products that are transported in bulk have 
surprisingly low travel-associated carbon emissions, for example, bananas [28]. 
Products that are air freighted, or express transported separately, have much higher 
footprints [29].

The dental team should ensure that someone is always available to accept deliv-
eries, thus avoiding the need for a repeat journey by the delivery company.

From a dental laboratory perspective, the closest laboratory will have the lowest 
travel-associated carbon emissions and is therefore assumed to have a lower air pol-
lution impact. Larger practices may be able to influence their dental laboratory to 
bulk-deliver their products. They might also be able to influence their laboratory to 
become more sustainable, perhaps utilising similar sustainable initiatives as dis-
cussed in the BDJ series [30–36].
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It may also be possible for a practice to reduce its overall travel-associated car-
bon footprint and air pollution impact by combining a staff members’ commute 
with the laboratory drop off and/or pick up.

We know that air pollution is a significant cause of both population and planetary 
harm [37]. We also know that locally made products can significantly reduce overall 
environmental emissions. Within the toothbrush study by Lyne [19], transport 
accounted for more than half of the contribution of nearly all environmental factors.

9.4.10  Produced with Renewable Energy

Products manufactured using renewable energy have a much lower environmental 
impact than products produced from an energy source which is predominantly high 
in fossil fuels. The use of renewable energy can be facilitated by supplier engage-
ment and a push towards renewable energy use throughout the manufacturing sup-
ply chain. Both buyers/consumers and legislators have a role to play in driving 
this change.

In our toothpaste study [19], we noted that the electricity used for manufacturing 
contributed 10% to the overall climate change impact of 1 tube of 1450 ppm sodium 
fluoride toothpaste. If the manufacturing process was undertaken using renewable 
energy (see our chapter on renewable energy, Chap. 4), these impacts would be 
significantly reduced (perhaps almost negligible) across most areas.

Although the origin of a fuel source might be complicated for the dental team to 
understand, there are two points than can be considered, i.e. the products country of 
origin and asking the manufacturer whether reusable energy was used in making the 
product. In 2020, 36.6% of world-wide energy was generated from renewable 
sources. Some common areas where dental products are manufactured include 
Europe (renewable energy 49.2%), Germany (renewable energy 56.3%), China 
(renewable energy 40.6%), the United Kingdom (renewable energy 45.2%), and the 
United States (renewable energy 25.4%). It is therefore more likely that, for exam-
ple, if a product is made in Germany, that the manufacturing process would use 
renewable energy compared with a similar product being produced in the United 
States [38].

9.4.11  Manufactured in Ways That Do Not Involve Abuse 
of Labour

Mahmood provides a useful outline of the many concerns associated with the pro-
duction of healthcare goods and the abuse of labour rights in countries with low 
wage costs, a high prevalence of unskilled workforce, and poor governance prac-
tices [39]. As Mahmood suggests poor labour conditions should concern all those in 
health care. These labour conditions include inadequate wages, long exhausting 
working hours, bullying, harassment violence, and even imprisonment.
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The BMA has produced a workbook to help identify and protect labour rights in 
healthcare supply chains [40]. It contains both policy-driven interventions and prac-
tical steps that can be taken by procurement teams. Today’s globalised, and largely 
opaque, supply chains add to the challenge of ensuring these rights are observed 
throughout the supply base. Off-the-shelf, due diligence IT products abound and 
may be a useful investment for procurement teams to consider. Collaboration is 
crucial in effecting change; often buyers have limited influence over suppliers when 
acting independently of each other. Collaboration amongst the procurement profes-
sion (supporting and driving industry-specific approaches for high-risk sectors, and 
engaging with pressure groups and government organisations), will help edge closer 
to more transparent and cruelty-free supply chains. However, it is important to 
maintain perspective and be realistic about expectations and anticipated outcomes 
from such approaches—progress is generally slow and new labour exploitative 
approaches may emerge in the meantime.

9.4.12  Involving Suppliers and Supply Chains That Espouse Good 
Environmental Management Protection

The high environmental impact of dental products and services is not solely because 
of the manufacturing processes that were involved in their making. Ultimately, we 
should be aiming to buy and use sustainable products from sustainable suppliers. 
There are several ways in which a procurer may explore a supplier’s environmental 
credentials, and equally many ways for a supplier to showcase their progressive 
work in this area. So as to avoid engaging with suppliers that have a lack of commit-
ment or poor governance practices, corporate-level environmental credentials could 
be an area for consideration during the supplier selection process. This is an effec-
tive yet relatively high-risk approach, which is dependent on sector maturity, criti-
cality of the supplier and can also lead to delays in sourcing; setting the environmental 
bar too high may exclude suppliers whose products are a good solution but who may 
lack corporate environmental credentials. Environmental credentially also be 
included within the terms and conditions of thus binding the supplier to certain 
expectations (note: whether the supplier is adhering to these would need to be 
explored directly with the supplier) [41]. The most realistic intervention is likely to 
come in the shape of ‘supplier-relationship-management’ programmes, involving 
collaboration with contracted suppliers to create transparency and improvement 
programmes. The questionnaire (see Table 9.1) includes suggested questions that 
could be used to frame this requirement to a dental practice’s suppliers.

However, because the levels of spend are so high in health care, the medical com-
munity also has the capacity to influence and impact global trade, and consequently 
global health.
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Buying better example: Grocery items when purchasing supermarket-type 
items, such as tea and coffee, the dental team should consider the purchasing 
of items with social or environmental accreditation such as Fairtrade or 
Rainforest Alliance items. As one example, Fairtrade is a governance system 
designed to deliver sustainable livelihoods and development opportunities to 
small-scale independent farmers, who often struggle to gain fair access to 
markets. The Fairtrade system guarantees a fair price to farmers and includes 
participatory governance, capacity building, and long-term performance goals 
for buyers.

9.4.13  Inexpensive

Clearly the issue of practice expenses is pivotal to any well-managed business, and 
any product needs to be affordable!

Box 9.3 Stationery Suggestions
Buying better example: Stationery

• Print in black and white—not colour
• Print using both sides of the paper (double-sided)
• Ensure printer default settings are on environmentally friendly printing
• Print in a smaller font size
• Reuse non-identifiable paperwork a second time, for example, for writing 

notes/appointments down
• Use recycled paper or, if not appropriate/acceptable, use sustainably pro-

duced paper, for example, FSC (Forest Stewardship Council) certi-
fied paper

• Don’t buy glossy, coloured, or plastic-coated paper
• Prioritise electronic communication, invoicing, etc.
• Send emails with links to appropriate educational videos rather than hand-

ing out leaflets/paper information (e.g. YouTube)
• Make use of reusable or refillable products, or products made from post- 

consumer production (e.g. the household waste we all produce)
• Use stationery with recycle symbols to facilitate appropriate waste 

management
• Purchase wooden furniture from forestry certification programmes. 

Examples of these are the Forest Stewardship Council (FSC), DEFRA’s 
timber and procurement policy, and the Programme for the Endorsement 
of Forest Certification (PEFC).
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9.5  Collaborating to Accelerate the Pace of Change

Globally, the dental profession needs to consider how they can influence manufac-
turers to become more environmentally sustainable. Activism may be a way for 
the dental team to influence procurement. Activism has been successful in a num-
ber of campaigns seeking to improve working conditions; one example being the 
successful pressure put on Nike to change its employees’ working conditions. 
Other successful campaigns by Greenpeace have encouraged companies such as 
Nike to stop dumping toxic chemical waste into waterways [42].

The dental team needs to question the industry regarding the sustainability of 
their products. The Green Impact Tool encourages the dental team to engage directly 
with manufacturers and to communicate their practices’ sustainability, ethical, and 
labour commitment [43]. In larger NHS healthcare settings, healthcare profession-
als are bound by procurement regulations; however, most dental teams are free to 
source items from whichever supplier they choose.

9.5.1  Sustainability and Ethical Procurement Questionnaire

In our BDJ paper, we discussed the use of the sustainability and ethical procurement 
questionnaire which we developed. This questionnaire is similar to those used 
within other areas, for example, at Kaiser Permanente [44]. If dental practices con-
sider using only companies who provide sustainable and ethical products, a signifi-
cant environmental change could result. Practices could also establish buying 
cooperatives with other practices to increase their influence in the marketplace. The 
questionnaire we have inserted (see Table 9.1) has been reproduced with permission 
from our BDJ procurement paper [35].

The questionnaire should be considered a checklist to encourage dental practices 
to consider various factors when purchasing products. A scoring system is also sug-
gested to rank viable alternatives. Products which score more highly on this table 
could be prioritised against others (see Table 9.1).

Procurement consists of a series of stages, including planning, supplier sourcing, 
preparation of documents, invitation to tender, evaluation, and contract manage-
ment. At each stage, there are a number of opportunities to make the process more 
sustainable. To avoid ‘greenwashing’, a procurement tender should include detailed 
environmental specifications (these can be sourced from Table 9.1). Each specifica-
tion should use an evaluation criterion.

Take Home Points for the Dental Team

• Around one fifth (19%) of the dental footprint is embedded within the goods and 
services that the dental team buys.
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• The dental team should not consider single-use goods unless mandated through 
patient safety and/or legislation.

• The dental profession needs to influence suppliers to become more environmen-
tally sustainable in manufacture, packaging, travel, recycling, and reuse.
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10
 Responsible Waste Management: 

Using Resources Efficiently

Sheryl Wilmott, Eleni Pasdeki-Clewer, and Brett Duane

10.1  Introduction

Sustainability is about the sensible and responsible use of natural resources in order to 
avoid depletion and to maintain an ecological balance [1]. The current linear produc-
tion model of manufacturing goods from raw materials, selling them, utilising them, 
and then disposing of them is unsustainable. Goods production also creates pollutants 
and green house gases that damage the environment and are harmful to human health 
[2]. Products used in dentistry are no different. Dentistry must move towards a circular 
economy. This will reduce its dependence on non- renewable natural resources, and 
reduce waste production through the development of products which become raw 
materials for other industries at the end of their useful life [3]. Dentistry must also 
embrace zero-waste, zero carbon, and low environmental impact concepts.

A responsible waste management strategy provides an action plan for the con-
servation of energy and resources. This could include making changes to the pur-
chasing and procurement of goods, and making the decision to only purchase from 
manufacturers who produce responsibly, who reuse and recover their products, 
and whose packaging and materials can be recycled without unnecessary discharge 
to the land, water, or air. By doing this, we reduce our negative impact both on the 
planet and human health [4]. It could also include making changes to waste man-
agement behaviours within the dental practice; mininising clinical waste through 
reusing and recycling helps reduce natural resource use and depletion  and is 
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generally associated with lower environmental emissions than landfill. Managing 
food waste in an appropriate food waste management system generates lower envi-
ronmental emissions and ensures that beneficial nutrients are returned to the 
soil [5]. 

10.2  Types of Dental Waste

Dental practices produce significant amounts of waste. Table 10.1 segregates this waste 
into streams including recycling waste, food waste, landfill waste, hygiene waste, 
infectious waste, and chemically contaminated infectious waste. These waste streams 
are categorised as hazardous (e.g. contaminated clinical waste, sharps, and amalgam) 
and non-hazardous (e.g. office waste such as paper, landfill/landfill waste, and food 
waste) [6]. The colours of these waste streams were referred to in our previous BDJ 
papers; however, here the colours have been removed as there is no international con-
sistency in colour coding. We all need to consider our legal, ethical, and professional 
duties to ensure waste is appropriately segregated, stored, transported, and disposed of 
in a way that minimises environmental pollution and damage to human health [7–12].

10.3  Costs and Environmental Emissions

As can be seen in Table 10.1, managing waste effectively has both environmen-
tal and financial benefits [21, 22]. An audit undertaken by Plymouth University 
demonstrated that the two most common waste products within a dental prac-
tice were paper (tissues and sterile packaging) and nitrile gloves. The audit 
demonstrated both financial and environmental savings resulted from appropri-
ate waste segregation [23].

Table 10.1 Types of dental waste and the financial cost of their disposal [13]

Waste type Cost/credit
Recycling Glass waste £32 (cost)–£18 (credit) [14]

Plastic waste £140–£330 credit [15]
Paper waste £0–£35 credit [16]
Cardboard £25–£60 credit [16]

Other disposal methods Food waste/organic waste £18–£40 per tonne [17]
Domestic waste £80–£123 per tonne [18]
Hygiene waste £241 per tonne [19]
Infectious waste contaminated 
with chemicals

£457 per tonne [19]

Infectious waste not 
contaminated with chemicals

£337 per tonne [19]

Medicines waste for 
incineration

Cost not available

Dental amalgam waste Cost not available
Plaster waste Cost not available
X ray fixer and developer Cost not available

Euros were converted into British pounds sterling at £1 = €1.13, correct 4th May 2018 [20]
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In general, as waste streams become more complex, waste treatment costs increase 
accordingly. For example, incineration of contaminated waste is more costly than 
non-contaminated waste, and landfill is more costly than recycled waste. According 
to Letsrecycle (a website with current waste management costs), the costs associated 
with recycling depend on the product; glass, for example, can incur a charge or a 
credit depending on market conditions, good quality plastic bottles, paper, and card-
board generate income for the person managing these waste streams. However, more 
complex waste (e.g. healthcare waste) and landfill is expensive to manage.

10.4  Environmental Comparison of Different Waste Streams

An LCA has been used to explore the impact of seven waste streams produced in 
dental practice. The waste streams are defined in Table 10.2. For information regard-
ing LCA terminology, please see Sect. 1.2.

Table 10.3 shows how 1000 kg of waste produced in dental practice contributes 
to 16 environmental impact categories. A traffic light system identifies the contami-
nated waste stream as the biggest contributor to all but four of the impact categories. 
This waste is usually incinerated, resulting in the production of greenhouse gases, 
particulate matter, and other pollutant materials. The overall impact of the landfill, 
plastic, and cardboard waste streams are moderate. However, the plastic waste 
stream is the principal pollutant of the marine environment, has the most respiratory 
effects on human health, and is the second highest contributor to freshwater ecotox-
icity. Food, plaster, and water waste have the lowest environmental impact in most 
categories; however, food waste is the largest contributor to photochemical ozone 
creation, and plaster waste contributes to freshwater and terrestrial acidification.

Measuring environmental impact using an LCA can appear abstract. However, 
the impact factors can be converted into disability-adjusted life years (DALYs) [25]. 
For more information on DALYs, the reader is referred to Chap. 1. Measuring the 
impact of dental waste streams using DALYs shows how disposal of this waste 
affects human health (see Table 10.4). The traffic light system shows that the con-
taminated waste stream has the largest impact on human health. This means that for 
every 1000 kg of contaminated dental waste disposed of, the population loses 0.93 h 
of healthy life. Compare this to the cardboard stream which contributes to just 
0.22 h of DALYs.

Table 10.2 Definitions of the seven waste streams produced in dental practice

Contaminated waste 
stream

Disposal of 1000 kg of 100% hazardous waste—usually incinerated 
[24]

Plaster waste stream Disposal of 1000 kg of 100% natural gypsum waste
Plastic waste stream Disposal of 1000 kg of mixed various plastics
Cardboard waste stream Disposal of 1000 kg of mixed waste paperboard using country- 

specific data (the United Kingdom)
Municipal/landfill waste 
stream

Disposal of 1000 kg of landfill solid waste using country-specific 
data (the United Kingdom)

Food waste stream Processing of 1000 kg of biowaste, kitchen, and garden waste in a 
home composting process

10 Responsible Waste Management: Using Resources Efficiently
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Food waste
stream

Contaminated
waste stream

Plaster waste
stream

Plastic waste
stream

Cardboard
waste stream

Municipal / landfill
waste stream

Hours 0.45 0.93 0 0.48 0.24 0.22

Table 10.4 Impact of dental waste streams on human health (DALYs per 1000 kg dental waste)

10.5  Improving Waste Management Using 
the Waste Hierarchy

The waste hierarchy [26] identifies opportunities for dental practices to manage 
their waste by preventing the generation of future waste; initially through reducing 
the need for a product, and then by managing the waste through four steps:
 1. Preparing for reuse
 2. Recycling
 3. Recovering
 4. Disposal

In the United Kingdom, the NHS alone generates 1 in every 100 tonnes of landfill 
waste and if all of that waste goes to landfill or incineration, around 600–2500 kg of 
carbon dioxide can be released into the atmosphere [27]. The waste hierarchy (see 
Fig. 10.1) was developed to provide alternatives to waste disposal therefore reducing 
the raw material extraction and the greenhouse gases produced by these processes.

10.5.1  Preventing the Generation of Waste

10.5.1.1  Influencing Manufacturers and Suppliers to Produce 
Less Waste

To consider how we can buy smarter, reduce our waste, and lower our environmen-
tal impact, the Procurement chapter (Chap. 9) is a useful resource to turn to.

10.5.1.2  Reducing Paper Use
Within the dental setting, the amount of paper being used can be reduced by making 
optimum use of telephone calls, text messaging, and electronic patient records. This 
reduction will save money, resource use, and unnecessary environmental emissions 
[28]. In 2019, when 200 NHS Trusts switched from virgin to recycled copier paper, 
£256,000 and the CO2 equivalent of ten around-the-world flights was saved [29]. 
Practices would need to ensure that when using such technology, that they are compli-
ant with General Data Protection Regulations (GDPR) [30]. Where the use of paper (or 
‘documentation’) is necessary, and where it does not adversely affect patients with 
visual impairment, consider changing the default printer settings to double-sided print-
ing and reducing font size or spacing within documents. Aim to use only recycled, 
non-bleached paper. Use of video conferencing for staff meetings has the potential to 
reduce the need to print documents. As with any system change, practices should audit 
the amount of paper they use, as well how they are using it. The results of the audit can 
be linked to an emission calculator to show the impact on the environment [31].

10 Responsible Waste Management: Using Resources Efficiently
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Fig. 10.1 The Waste Hierarchy

10.5.1.3  Reducing Medicines Waste
Dentists in England prescribed 13,235,561 items between 2017 and 2020 [32] and are 
estimated to be responsible for 10% of antimicrobial prescriptions [33]. There is, 
therefore, a responsibility to ensure that these medications are disposed of in a way 
that minimises their environmental impact. Drug metabolites from medications that 
are disposed of in household waste can leach into ground and surface water from 
landfill, or enter water systems if they are flushed down the toilet or washed down the 
drain [34]. These metabolites are not fully removed by water treatment facilities, 
resulting in contaminated drinking water, genetic changes in aquatic species and bac-
terial resistance to antibiotics—a significant health impact [35]. Unfortunately, such 
changes have the biggest impact on low socio-economic status groups, who are more 
likely to live in areas where medicines waste is disposed of inappropriately [34].

Education is key to the appropriate disposal of medications. Patients who are 
advised of the correct methods of disposal are more likely to discard medications 
appropriately [36]. Dentists can reduce the number of medications they prescribe by 
focusing on preventative care (see Prevention Chap. 6) and prescribing in line with 
up-to-date guidance. For example, the standard of care for irreversible pulpitis is 
immediate pulpectomy however, antibiotics continue to be prescribed (in part due to 
appointment time constraints, procedural challenges such as difficulty achieving 
anaesthesia, and maintaining a positive clinician–patient relationship) [37, 38].

Take-back schemes (the return of unwanted medications to pharmacies or tem-
porary drop off points), have had some success, although in most countries dentists 
cannot yet participate in these programmes.
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Incineration of medicines waste oxidises the active ingredients and deactivates 
them. This results in reduced water systems contamination but increases harmful 
gas emissions [39]. Active ingredients can also be deactivated using non- incineration- 
based oxidation and hydrolysis processes. For example, activated carbon can deac-
tivate amoxicillin in 7  days. This process, still in development, protects the 
environment and does not produce harmful emissions [40].

10.5.2  Preparing for Reuse

10.5.2.1  Use of Reusable Instruments
Within dentistry, there is growing evidence of the superiority of reusable instru-
ments compared with disposable instruments with respect to their environmental 
impact. Bryne et al. [41] carried out an LCA of a reusable examination kit com-
pared with a disposable kit. The environmental impacts identified were mostly 
from the processing of materials and the type of energy used in their production. 
The production and use of the disposable kit resulted in around 300 g of CO2 per 
use, three times that of the reusable kit. The amount of smog causing atmo-
spheric ozone creation attributed to the disposable kit is around four times that of 
the reusable kit, with ionising radiation resulting from the disposable kit being 
3.5-times larger. Water consumption is four times higher with a disposable exami-
nation kit [41].

To  truly compare the environmental impact of reusable and disposable instru-
ments, studies need to ensure all environmental costs are taken into consideration 
including sterilisation, water use, etc. in the life cycle assessment [42].

In essence, dental practices need to consider not just the financial cost, but the 
overall cost to the planet before purchasing supplies. Eco labels would be very help-
ful to assist the healthcare team in this regard.

10.5.2.2  Durable Equipment
When dental practices invest in new or replacement equipment, they should research 
various aspects of the product to ensure that it will have a good lifespan, for exam-
ple, durability, the length of the warranty, and the cost of replacement parts. 
Checking product reviews might also help identify common problems other users 
have had with the item.

All equipment within the practice should be checked regularly and repaired as 
necessary. Staff should feel comfortable about reporting faults, breakages, or con-
cerns so repairs can be undertaken in a timely manner, and an equipment log and 
policy document could aid this process.

10.5.2.3  Reuse and Up-Cycle
To help reduce environmental damage created by landfill waste, thought should be 
given to whether an item (e.g. furniture, computers, printers) could be mended, re- 
purposed, up-cycled, or re-homed. Rather than impulsively disposing of surplus 
equipment into the various waste streams, practices should devise systems that iden-
tify possible avenues for repurposing items. This suggestion would benefit from 

10 Responsible Waste Management: Using Resources Efficiently
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being written into practice policy [43]. Equipment which no longer meets the prac-
tice’s needs but is still functional could be donated to local community groups or 
charities. Alternatively, money could be generated by advertising surplus items for 
sale on community websites such as Gumtree, Freecycle, or Dentaid (a site for 
dental-specific items). The NHS uses ‘Warp It’, a site for functional but unwanted 
equipment which is also used by schools, universities, charities, and the private sec-
tor [44–47].

10.5.3  Recycling 

Not only is it a legal requirement in most countries to segregate waste appropriately, 
it is important for environmental and safety reasons and can also generate financial 
benefits [48].

10.5.3.1  Recyclable Waste
In the dental surgery, materials such as cardboard, paper, and plastic should be 
placed in the appropriate recycling bin before operative procedures commence. 
This avoids cross-contamination of recyclable waste with clinical waste. 
Positioning recycling bins inside the dental surgery could help facilitate this pro-
cess. As an example of the possible benefits of well-thought-out waste processes, 
since Oxford University Hospitals Trust placed recycling bins in one of their oper-
ating suites, they now recycle 22% of theatre waste with an annual financial sav-
ing of £1300 [49].

10.5.3.2  Food Waste
The Irish Green Healthcare Programme (GHCP) estimates that between 4400 and 
5800 tonnes of segregated food waste are produced per annum in Irish healthcare 
facilities at a cost of 11.6 million euros. In addition, 15–17% of general landfill 
waste is also comprised of food waste [50]. Disposal of food waste to landfill has a 
significant environment impact because, as it decomposes, it produces methane gas 
which is 25 times more potent than CO2 over a 100-year period [51]. Even when the 
methane is recaptured, disposal to landfill is the worst available disposal option [52].

To reduce the amount of food waste being sent to landfill, dental practices have 
three options [53, 54]:

 1. Commercial food waste collection—responsible for converting food waste into 
energy via anaerobic digestion—and use the  residual digestate as a  soil 
conditioner.

 2. Composting—thus reducing costs associated with food disposal and improving 
soil quality. Revenue could also be generated by selling the compost produced.

 3. Worm farms (vermiculture)—the process of using earthworms to convert organic 
waste into the world’s most nutrient-rich fertiliser.

S. Wilmott et al.
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10.5.4  Recovering Energy from Waste (Waste to Energy)

The term waste to energy describes a waste disposal method of generating energy 
from incinerated waste, with the end result being that there is no actual waste. The 
practice is controversial because it is more energy efficient to recycle used materi-
als, than to create new products from extracted virgin material. Furthermore, recy-
cling is cost-effective. There is also evidence that incineration programmes have 
been prioritised at the expense of investing in recycling [55]. In healthcare environ-
ments, the main concern is the public health consequences of burning of solid and 
regulated waste. Medical waste incinerators release toxic air pollutants and toxic 
ash, both of which are major contributors of dioxins in the environment [56]. Older 
incinerator technology and infrequent maintenance schedules have been strongly 
linked with adverse health effects. Modern incinerators have fewer reported ill 
effects, perhaps because of inadequate time for adverse effects to emerge. The lit-
erature provides conflicting evidence of how problematic this is. A French study 
(2012) showed all incinerators operating within EU tolerable air quality limits [57], 
another 2011 paper however showed an increased risk of non-Hodgkin lymphoma 
and serum organochlorine concentrations in populations living close to solid waste 
incinerators [58]. As highlighted in the travel chapter in this book, air pollution has 
become a key public health issue to solve [59].

A cautious approach is required by the dental team when considering waste-to- 
energy systems, and waste minimisation is essential [60].

10.5.5  Clinical Waste and Landfill

Despite the higher disposal costs for complex waste streams, in many healthcare 
facilities waste is not managed as well as it could be. In an audit of Irish healthcare 
settings, researchers found that nappies/incontinence wear was incorrectly identi-
fied as landfill waste (29%) rather than their correct waste stream of hygiene waste. 
In this specific audit, the total landfill waste consisted of 29% nappies/incontinence 
wear, 18% tissues, 17% food, 16% waste recyclables, and 4% non-risk clinical-type 
materials. A separate audit of clinical waste identified 66% of waste was disposed 
of appropriately with the remaining 34% being disposed of incorrectly, i.e. being 
placed in either the recycled or landfill waste streams [63].

Incorrectly separated waste sent to landfill can be expensive and often contains 
an assortment of items that should be allocated to recyclable waste, for example, 
hard plastics and food waste. The correct segregation of food waste items would be 
more cost-effective and more environmentally sustainable.

Great care must be taken when separating infectious and non-infectious waste; any 
cross-contamination between the two will necessitate all being classified as infec-
tious. Staff need to be made familiar with the correct disposal route of each instru-
ment used during any procedure, i.e. contaminated and non-contaminated.
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Fig. 10.2 Importance of a 
non-contaminated and 
contaminated waste zone

Figure 10.2 depicts the importance of maintaining non-contaminated and con-
taminated waste zones.

Staff should be familiar with the waste stream bin colour-coding system in use in 
their country. Bins should be labelled, giving clear guidance on the specific 
waste that should be placed in each bin.

The World Health Organization considers waste management training to be ‘crit-
ical’ for healthcare staff and recommends periodic refresher courses [55]. This pro-
cess will help ensure correct waste segregation behaviour in practice staff.

10.5.5.1  Location, Availability, and Type of Bins
Within the dental surgery, consideration needs to be given to the availability, type, 
size, and appropriate location of bins required. Bin location and size is an opportu-
nity to use ‘nudge theory’ to great effect, i.e. by placing appropriate bins in the areas 
where they are most likely to be used, staff are encouraged to dispose of waste cor-
rectly without the need for conscious decision-making. It is, however, important to 
ensure that unconscious actions do not lead to incorrect items contaminating the 
recycling waste. For example, in an office/reception setting—where there is likely 
to be a higher volume of wastepaper—a recycling bin should be placed closer to the 
source of the waste than a landfill waste bin.

The need for waste bins in sterilisation and decontamination rooms must be care-
fully considered. To ensure staff commitment to the practice waste management 
policies, ideally practice managers, and staff should work together to think about 
which specific waste bins are required in specific areas.

Along with a clinical waste bin, a landfill waste bin should be conveniently posi-
tioned in the decontamination area, thus simplifying the correct management of 
waste at source. Handwashing sinks in clinical areas should have both a landfill and 
a clinical waste bin. Best practice in patient waiting areas would be to have a clearly 
labelled general waste bin and a recycling bin. In areas accessible to the public, 
clinical waste bins should be kept to a minimum as the public are unlikely to be 
familiar with the implications of using the bins inappropriately.
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The size of the waste bin provided should be appropriate for the expected volume of 
waste. Office staff might benefit from having a larger recycling bin for their office waste 
and a smaller bin for their landfill waste. To help save waste storage space, larger dental 
practices might consider the purchase of a waste compactor for their cardboard waste.

In short, the dental team must consider the size and location of their recycling 
and landfill waste bins. These bins must be clearly labelled, and staff must receive 
regular training to ensure that waste is disposed of correctly.

10.6  Performing a Waste Audit

Waste audits, even when they are not a legal requirement, are considered to be one 
aspect of good working practice for healthcare providers [61]. Along with the man-
datory audit (in the United Kingdom), dental practices can undertake an in-house 
comprehensive waste audit or a less onerous bin placement survey. Both processes 
will help identify how appropriately waste is being categorised in the practice.

To conduct a comprehensive waste audit practices will need appropriate PPE/
clothing, weighing scales, filled waste bins, paperwork to record the survey find-
ings, a table, and a camera.

Step 1: Each filled sample waste bin should be weighed and the weight recorded.
Step 2: Carefully empty each individual sample waste bin. Allocate the contents 

into their correct waste stream container, for example, clinical, non-clinical, 
food, or recycling waste.

Step 3: Repeat weighing of each waste bin [21].
From this process, the practice will be able to gauge how effectively their waste 
management systems are being adhered to and consider whether any staff familiari-
sation ortraining is required.

To conduct a basic bin placement survey:

Step 1: Identify the activities that take place in the area being surveyed.
Step 2: Consider which waste bins that specific area needs, for example, clinical, 

landfill, and recycling.
Step 3: Decide on the most appropriate size of each bin required.
Step 4: Devise clear, concise labelling for each bin [63].

10.7  The Impact on Human Health of a Single 
Dental Appointment

Tables 10.3 and 10.4 showed the environmental and human health impacts of 
processing 1000 kg of various dental waste streams, but how does this translate to 
the waste that is produced by a dental practice each day? Kahatab (2020) [63] 
conducted a waste audit (with thanks to A/Prof Alison Dougal) of dental clinics in 
an Irish dental setting. Waste was collected from central sterilisation, two dental 
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Table 10.5 Human health impact of dental waste management per patient appointment in DALYs 
(audit from National Coagulation Centre dental units) [63]

Food waste 
stream

Contaminated 
waste stream

Municipal/landfill 
waste stream

Cardboard 
waste 
stream

DALYs 
totals

Total DALYs per 
patient appointment 
(in hours 2sf) 
(Cycle 1)

0.000051 0.00019 0.000075 – 0.00031

Total DALYs per 
patient appointment 
(in hours 2sf) 
(Cycle 2)

0.00000059 0.00017 0.000012 0.000021 0.00021

surgeries and a consultation room over a period of 3 days. The audit focused on 
contaminated waste (healthcare risk waste or HCRW) and landfill waste (health-
care non-risk waste or HCNRW), but other potential waste streams were identified 
during the audit, such as recyclable waste and food waste. Kahatab et al. found 
that in the first cycle of the audit an average of 342.75 g of landfill waste and an 
average of 201.75 g of contaminated waste was produced per patient. This audit 
allows us to calculate the DALYs lost per patient appointment for each waste 
stream. Table 10.5 shows that the processing of the contaminated waste stream 
contributed to a loss of 0.00019 healthy hours per patient (about 7/10ths of a sec-
ond) whereas landfill waste only contributed to loss 0.000075 healthy hours per 
patient (less than 3/10th of a second).

Kahatab et al.’s audit highlights the importance of correctly segregating clinical 
waste. Cycle 2 of the audit occurred following staff training and changes being 
made to signage in the clinical areas. A recycling bin was also added to clinical 
areas. Cycle 2 showed improved waste segregation and a reduction of 0.0001 
healthy hours (approximately 4/10th of a second) per dental patient seen (Table 10.5).

Richardson et al. (2016) [61] conducted a similar audit in a mixed NHS/
private dental practice in North Devon. Waste was collected over four (session 
1) and five (session 2) days. The waste collected in session 1 was multiplied 
by 25% to estimate waste collection over 2 full weeks. The purpose of the 
audit was to investigate how much non-clinical waste was being disposed of in 
the contaminated waste stream. Richardson et al. did not specify how many 
patients were seen during their week of data collection; it has therefore been 
estimated that 15 patients were seen per day [64]. Table 10.6 shows that the 
waste from both sessions contributed 0.000042 h of DALYs (approximately 
2/10th of a second) if it is all disposed of in the contaminated waste stream. 
However, by correctly separating the waste (in this case, disposing of sterile 
paper and plastic instrument packaging separately), 1/100th of a second of 
DALYs is saved per patient appointment.

These small numbers of DALYs rapidly become significant when you con-
sider the millions of dental appointments that occur each year.
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Table 10.6 Human health impact of dental waste management per patient appointment in DALYs 
(calculated using ‘What’s in a bin’ waste audit) [61]

Contaminated 
waste stream

Plastic waste 
stream

Cardboard 
waste stream

DALYs 
totals

Total DALYs per patient 
appointment in hours (2sf) 
(using only contaminated waste 
bin)

0.000042 – – 0.000042

Total DALYs per patient 
appointment in hours (2sf) 
(when waste is correctly 
segregated)

0.000038 0.00000085 0.00000042 0.000040

10.8  Changing Waste Disposal Behaviours 
in the Dental Setting

10.8.1 Barriers to pro-environmental behaviour

Barriers to staff adopting sustainable waste management procedures can be grouped 
into three separate categories: lack of personal understanding, too much trouble and 
lack of commitment/accountability [65].

10.8.1.1  Lack of Understanding
When appropriate waste disposal facilities and processes are in place, if staff do 
not understand the importance of waste management or the processes involved, 
they may dispose of waste incorrectly or disengage from the process entirely. 
Abstract knowledge of environmental issues may motivate improved recycling and 
waste segregation behaviours, but concrete knowledge, such as which items belong 
in which bins, and which items can be recycled, has been shown to be a much bet-
ter predictor of behaviour [65]. Dental teams should be aware of the financial and 
planetary costs associated with waste streams, and the actions they can take to 
reduce these. Staff training resources relating to waste management should be 
made available to the practice’s lead person on waste management. University stu-
dents (undergraduate and postgraduate) would also benefit from waste manage-
ment instruction being part of their curriculum and work with curriculum change 
is underway [66–68].

10.8.1.2  Too Much Trouble
Even staff with the knowledge and motivation to dispose of waste correctly are less 
likely to do so if it is perceived to be too much trouble [69]. If recycling facilities are 
not readily available in surgery, the additional effort of remembering, saving, and 
transporting recyclable material to a different location in the practice may be pro-
hibitive for a busy associate or dental nurse. Where there is limited space to store 
waste, mixed dry recycling (where various dry recyclable materials are allocated to 
the same waste stream.) could be considered. Stackable recycling bins would also 
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reduce the amount of floor space required for waste containers. Vermiculture (worm 
farms) for the disposal of food waste can be very space efficient.

10.8.1.3  Lack of Commitment/Accountability
Individual values are as important as external infrastructure to promote recycling 
behaviours. In additional to intrinsic motivation, staff must feel that any behaviour 
change is a collective action with the involvement of the whole team. Grose sug-
gests that changes in waste management policy should not be seen as just a top- 
down approach and that staff should feel motivated to report practice waste 
management concerns/issues [70]. They should also be able to be proactive/innova-
tive in line with current guidance.

To assist in this process, one identified staff member should:
• Act as the main point of contact for practice waste management improvement 

suggestions.
• Implement relevant changes to current procedures.
• Ensure practice waste management processes are communicated effectively to 

all members of staff [21, 22].
In line with relevant legislation, practices should formulate a policy on the manage-
ment of waste detailing all practice procedures. The policy should encompass, for 
example, staff guidance/training on each waste category, waste bin placement within 
the practice, instruction on how waste should be separated, along with a reduce, 
reuse, and recycle element explaining the practice’s approach to waste reduction.

10.8.2  Enablers of pro-environmental behaviour

External drivers for improving waste management have been categorised by 
Pietzsch [71].

10.8.2.1  Discussions with Industry
There is a need for discussions between the dental profession, the waste manage-
ment industry, and product manufacturers to identify possible routes to encouraging 
consumer waste behaviour change. Numerous environmental benefits could be 
achieved if manufacturers redesigned their products to increase use of renewable 
materials, minimise the level of toxic components, reduce unnecessary packaging, 
and enhance the products' useful life. See Chap. 9.

10.8.2.2  Incentives and Disincentives
Waste management financial incentives (e.g. subsidies) and disincentives (e.g. pen-
alties/taxes) have proven to be effective in some areas [71].

10.8.2.3 Legislation
Internationally, most countries have legislation to ensure waste is managed appropri-
ately. In England, for example, it is an offence to dispose of waste without an 
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environmental permit. Hazardous waste must be appropriately segregated, packaged, 
and labelled [72]. Currently, European directives exist relating to the treatment of 
various waste materials; packaging, electronic/electrical items, and spent batteries 
[73]. Dental practices in Scotland have a legal requirement to recycle as much of 
their waste as possible and dispose of their waste safely. Local authorities and waste 
contractors must also adhere to high recycling standards—paper, card, metal, plastic, 
and glass waste must be separated appropriately for waste collection. If weekly food 
waste levels exceed 5 kg, this must also be separately presented for collection [74].

Box 10.1 provides some useful considerations regarding waste disposal practices.

Box 10.1 Encouraging Positive Waste Disposal Behaviours in the Dental Practice
There are many opportunities to encourage pro-environmental behaviour 
which can be applied to the dental practice, and they have been shown to have 
high levels of effectiveness ranging from 66% to over 80% [75].

Education and Awareness involves providing information materials for 
staff and patients in the form of leaflets, posters, and other reading materials. 
This is a popular approach since it is easy and does not require significant 
resource [75]. In practice, this could mean placing a poster above the recy-
cling bins depicting which items can be disposed of in each receptacle. 
Education and Awareness is more effective in people who are already moti-
vated to behave in sustainable ways but lack the required knowledge.

Social Influence relies on the influence that people have on their peers. It 
can be effectively implemented in practice through the identification of moti-
vated volunteers or ‘Champions’ who can demonstrate correct waste disposal 
behaviour and promote sustainability in the practice. Social influence has 
been shown to positively impact household garden waste disposal behaviours 
that were sustained for up to a year! [76].

Nudges gently suggest a particular choice by making it easier, or the default 
option. Nudges are often very successful as they require little conscious 
thought or intrinsic motivation [75]. Plastic cup recycling by university stu-
dents increased when the recycling bins were made larger and more visible 
compared to general waste bins [77]. This could work particularly well in an 
office or administrative environment in the dental practice.

Incentives—evidence on the success of this approach is contradictory. 
Incentives can be monetary or non-monetary and are used to reward people 
for carrying out a desired behaviour. However, since Incentives don’t improve 
the intrinsic motivation to carry out sustainable behaviours, the behaviours 
may cease when the incentives do. Further research is needed to identify 
which incentives are most likely to encourage pro-environmental behaviour 
and how long those incentives should be provided for [78].
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Take Home Points for the Dental Team

• Practices produce significant amounts of recycling, landfill, offensive hygiene, 
clinical, hazardous, and food waste.

• Disposal of dental waste can have significant impact on population health as well 
as the environment—correct segregation of waste can reduce these impacts.

• The dental profession needs to: (a) reduce the amount of waste generated, (b) 
categorise and segregate waste appropriately, and (c) make staff/individuals aware 
of the financial and sustainability benefits of appropriate waste management.

• The dental team can encourage positive waste disposal behaviour through educa-
tion, waste champions, subtle environmental changes, and incentives.
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11
 The Future of Dentistry Products: 

How Can We Redesign the Products 
We Create

Willmar Ricardo Rugeles Joya, Eleni Pasdeki-Clewer, 
Brett Duane, and Laura Alejandra Peñuela

11.1  Innovating to Improve Sustainability

Dental product manufacturing and disposal contributes significantly to environmen-
tal damage. Current practices in ‘sustainable’ dental products and waste manage-
ment fall short of meeting the sector’s responsibility for sustainability. Innovation 
will play a major role in enabling meaningful sustainable solutions to enter the 
dental marketplace.

Sustainability needs to become the main driver for evolving manufacturing pro-
cesses. It needs to drive change and not be the unintended co-beneficiary of 
efficiency- driven changes. Sustainability needs to become the new north star of 
manufacturing. These changes will not only impact on manufacturers but also on 
consumers and their established patterns of consumption, often based on conve-
nience and habit. Consumers need to accept their share of responsibility in support-
ing sustainable change and their role in co-producing sustainable solutions.

This chapter provides examples of how companies (but also consumers) can 
embrace the concepts of innovation to drive sustainable outcomes. It also provides 
examples of innovation, how the process of innovation came about and, 
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consequently, the products that were developed. The processes used to drive innova-
tion are shared with the intention to inspire and ignite imagination and creativity 
amongst our readers.

In this chapter, we challenge all industry to move away from a risk-averse men-
tality [resistance to change] to an opportunity-driven mentality [constructive chal-
lenge]. Through this change of behaviour and practice, manufacturers can work 
with consumers to realise/bring about both tangible and intangible benefits to their 
companies.

The innovations described are not listed in any order of priority and can be scaled 
up or down as appropriate. They range from small changes (e.g. using a new mate-
rial) to radical changes that fundamentally alter the way in which consumers view, 
select, use, or dispose of a product.

11.1.1  Starting with Something Simple

Innovation does not always need to radically change the components that go into 
the manufacture of a product. Sometimes, small steps can create big impacts. 
Incremental innovation [1] looks at a process step by step and analyses the life 
cycle of the product from cradle to grave. Ideally, each constituent/stage of a prod-
uct’s manufacture would be measured using a life cycle assessment process (see 
Chap. 1) which will help identify objectively where environmental contributions 
originate. Such detailed analysis is not always necessary; for example, if we swap 
coal-based energy for solar or wind power we can assume that environmental gains 
will be made (see Chap. 4).

Small changes may involve substituting a material with a more easily recycla-
ble alternative. For example, replacing the primary packaging of hand gel from 
PVC (a complex polymeric material) to PE (a mono-polymeric material) makes 
the product packaging much easier to recycle. Alternatively, and even better, sub-
stitute the complex polymeric packaging with compostable polymers. Such mate-
rial substitutions may benefit with the addition of education, i.e. manufacturers 
proactively informing users how to dispose of the products/packaging. Small 
changes could even include gradual reductions in energy use or switching to a 
greener form of energy.

To summarise companies can start by introducing small changes and improve-
ments that are focused on specific parts of the production process. Cost-driven quick 
wins can act as a stepping-stone towards a larger scale, more sustainable change.

11.1.2  Simplifying Forms, Materials, and Processes

Although this seems like the first step of incremental innovation, the principle is 
really about finding the simplest way to solve a problem. The process of simplifica-
tion is the opposite of the well-trodden, set ways that people generally use to solve 
a problem [2]. Simplification of processes can be at (1) a political level {e.g. to 
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enforce public policies or promote change in the entire sector}, (2) a social level {to 
influence change in consumer behaviour}, (3) a productive level {e.g. to reduce 
process inputs or change the energy used in production}, or (4) a technical level 
{e.g. to change the aesthetics of the products or the type of energy used}—see 
Fig. 11.1.

Generally, in industrial processes, the path of least resistance is to seek substi-
tutes or find shortcuts/quick solutions to satisfy customer demand and other external 
factors. As a matter of course, pre-consumer waste, by-products, and other unwanted 
resources are seen as useless material only fit for landfill. By comparison, in nature, 
all components have value and purpose and are used as a resource (e.g. food or 
energy). This brings us to the third principle:
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Fig. 11.1 Impact levels in changes introduced in the company
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Fig. 11.2 Application of biomimicry in the company

11.1.3  Copying Nature: Biomimicry [3]

For millions of years, evolution has allowed planet earth as an entity to value, verify, 
and find the best ways in which resources are produced, used, and reused.

In nature, there is no waste (see Fig. 11.2). Each element of the biosystem pro-
vides resources for another element of the same system—a perfect closed-loop sys-
tem. This third mechanism is about applying the principles of biomimicry in 
industrial settings and processes to identify different ways to generate value, for 
example, by diversifying the product base or managing it to better integrate resource 
efficiency.

This principle relates to considering and analysing the more complex opportuni-
ties in the production process. There is no longer talk of small changes, or reduc-
tions, or even testing what has already worked before. The company moves away 
from incremental innovation and instead focuses on introducing disruptive and radi-
cal changes, using processes from other areas or industries, making unique adjust-
ments or changing routes—or fundamentally challenging conventional processes. 
This will require some moderate resource without necessarily being an extraordi-
nary drain in terms of money or numbers of people. The only thing that is needed is 
an open mind to test and validate new processes without saying an outright ‘no’.

11.1.4  Industrial Ecology

Up to now, we have explored individual, not necessarily interconnected changes. 
The fourth opportunity/mechanism/principle is to consider the company as part of 
an open system (systemic design) [4], as if the company were a living being (indus-
trial ecology). In this scenario, the product is part of a complete ecosystem 
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Fig. 11.3 The company as part of a system within the territory

surrounded by every element impacting on and influencing the others. Instead of 
the ‘tree’, we are looking at the forest (see Fig. 11.3).

When thinking of a product-specific incremental change (such as the ones 
described in step one), these they are likely to have only limited impact on resource 
consumption and waste generation. However, when thinking of a product as part of 
an industrial ecosystem, we can consider drastic changes to influence the way the 
product interacts with the industrial ecosystem as a whole.

Process changes can be applicable to a whole sector, inviting new companies to 
be part of the model, and generating a rapid transition to more system-wide sustain-
able ways of working.

11.1.5  Develop Sustainable Product-Service Systems (SPSS)

The last mechanism/principle seeks to move away from processes focused on the 
sale of products to offer solutions that are not necessarily material based. A sustain-
able product-service system (SPSS) [5], is one where dematerialisation (the elimi-
nation of the need for products) is a clear option, moving to servitisation [6] or 
service design processes. Consider tooth cleaning products (e.g. toothbrushes, floss) 
whose main purpose is to eliminate the accumulation of plaque—any other way in 
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Fig. 11.4 Payment 
methods and service 
opportunities in SPSS

which we might achieve an oral cavity free from bacterial build up/accumulation of 
bacteria is a dematerialised solution, e.g. a specialist (yet to be invented) chewing 
gum could serve this purpose. Such a solution would then remove the need for 
toothbrushes (materiality of the brush) to be manufactured, packaged, transported, 
sold, and disposed of. Unfortunately—one step at a time—the chewing gum itself 
will still need to be manufactured, packaged, etc.!

As can be seen in Fig. 11.4, there are also other payment models for outcomes 
received possibilities. In this case, payment is no longer equivalent to physical 
exchange (pay per things), but it corresponds to the value of the alternative service 
received or result obtained. We could pay a company to provide us with a gown 
service (instead of paying gown by gown); this would then encourage (with appro-
priate sustainability incentives) manufacturers to provide the most durable gowns, 
washed, or recycled in the most environmentally sustainable way. The contract of 
care could include sustainable upgrades (as part of a robust circular economy), 
maintenance, remanufacturing, etc.

This moves us away from ownership of products to receipt of services of equiva-
lent or superior planetary health outcomes. Consider, for example, replacing a fami-
ly’s set of toothbrushes to a model where a family pays for instruction/software for a 
3 D printer. The family could then use the 3-D printer ad infinitum to print their own 
toothbrushes at home using existing, appropriate, household waste products—there-
fore cutting out the need for factory production costs, packaging, and shipping. 
Effective procurement of solutions together with contract management of the corre-
sponding services are critical in ensuring effective delivery and maintenance of stan-
dards of care.
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The SPSS model is a supply model that provides an integrated mix of products 
and services. These can meet a particular consumer need in order to deliver a ‘satis-
faction unit’, measured by the interactions between the various elements of the sup-
ply system. In this scenario, the economic and competitive interest of suppliers is to 
continuously seek beneficial solutions.

11.2  Case Studies in Innovative Sustainability

Applying innovation to product development processes can be done in different 
ways, all of which open opportunities to influence and improve the company and 
create lasting changes in the environment that surrounds it. The goal is to have a 
positive impact on the environment, ideally without additional life-time costs.

The following case studies demonstrate how sustainable innovation can be 
applied in different projects.

11.2.1  Case Study 1: A Company Makes Small or Rapid Changes

In the first case study, a company has a typical situation that is faced by many. The 
company carries out a materiality assessment into sustainability, market analysis on 
others’ successful approaches, and decides on small and/or rapid changes to improve 
its impact.

This approach can bring about several challenges. Firstly, from a sustainability 
perspective, it is necessary to carry out comprehensive research into the feasibility 
of changing manufacturing processes within the industry.

This could be as simple as analysing the environmental emissions of resource 
use (e.g. the energy source of electricity coal/natural gas/renewable, etc.) but may 
require more complicated holistic analysis—e.g. conducting LCA (life cycle assess-
ment)—see Chap. 1. The company then needs to ensure that it communicates the 
change and its impacts effectively and factually with its stakeholders. Companies 
must avoid making sustainability claims that they cannot substantiate see Box 11.1 
and Fig. 11.5:

Box 11.1 Greenwashing
Greenwashing is the term used to describe a communication and or marketing 
process where ecological arguments are used to project an environmentally 
responsible image—though a detailed analysis would provide a different 
image [7].
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Fig. 11.5 Superficial vs. real engagement

Greenwashing claims may include superficial engagement, i.e. where companies 
make changes with little environmental impact, e.g. they change the colour of their 
packaging, or replace current materials with similar ones that generate little envi-
ronmental improvement, or simply add environmental labels with limited informa-
tion or unmeasured impacts. In extreme cases, companies knowingly claim 
environmental benefits which cannot be backed up with evidence. Companies need 
to ensure that they express appropriate ASARA (as sustainable as reasonably 
acceptable) commitment with measurable SMART (specific, measurable, achiev-
able, realistic, and timely) indicators that allow for monitoring the improvements 
implemented; this should be reflected in a transparent communication strategy. 
Over time, this drive to become more sustainable may need companies to strike a 
balance between internal and external drivers [8], identifying what elements should 
be considered in the preparation of strategies to manage sustainability. Examples of 
these that can be seen in Box 11.2.

Box 11.2 Internal and External Drivers

Internal drivers External drivers
Reach new consumers
Reduce costs
Increase brand reputation
Opportunities to create value
A true and strong environmental concern
Generate improved opportunities at a social 
level for staff, for population health, etc.

Public opinion
Pressure from community groups
Pressure from other organisations
Requirements of local legislation
Ecological credit, for example, ecolabel
Subsidy schemes
Competition in the market
Pressure from external suppliers
Pressure from customers
Pressure from wholesalers
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Once the drivers that promote actions for change have been identified, adjust-
ments in the process can take on a greater weight at a strategic level. In this way 
(based on consumers’ perception of increased company value), the drivers can 
become a key incentive for the company’s continued improvement.

Companies such as Curaprox use recyclable materials for a particular brush. In 
Slovakia, they have put a recovery process for these toothbrushes to the test, with col-
lection bins strategically located in stores to encourage appropriate recycling. 
Toothbrush bristles are removed (these are usually complicated for recycling) and the 
heads are separated from their handles which are subsequently recycled into small 
litter bins that are sent to selected schools across the country for environmental educa-
tion purposes [9]. These recovery processes are accompanied in some cases by incen-
tives that promote repurchase, with discounts for new brushes also accompanied by a 
podcast on the importance of dental care and the planet. This is a clear example of a 
well-managed process that creates value for the company in the long term.

11.2.2  Simplification, Reduction, and Maximising the Lifespan 
of the Toothbrush

In a world increasingly focused on the aesthetics of products, style has become a key 
differentiator for companies. Style should not be just about aesthetics; simplicity, pur-
posefulness and resource efficiency are key considerations in optimising product 
design. This is about redefining aesthetics, with environmental impact minimisation 
being seen as part of a product’s appeal. An ideal product has fewer components which 
are easily disassembled and recycled and fewer parts that can fail (see Fig. 11.6).

Material
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life cycle
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Fig. 11.6 Life cycle possibilities of materials and components
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Components of products that of necessity need to be short-lived (e.g. for hygiene 
or effectiveness of care purposes) should be designed using minimal resources to 
manufacture and dispose of (e.g. be biodegradable). Parts that are intended for 
extended use should be designed with robustness and reliability in mind thus reduc-
ing the need for premature replacement. Toothbrush-bristle recycling is currently 
not considered to be a viable option because of the extensive cleaning requirement 
prior to being recycled. Toothbrush bristles, for example, should then be biodegrad-
able/compostable. Any production of short-term products—such as bristles—needs 
to have a low overall environmental impact.

Medium lifespan components need to be part of a repair/reuse/recycle pattern, 
thus maximising the products useful lifespan. For example, an aluminium tooth-
brush handle would be expected to last much longer than a normal plastic brush 
handle, be reused countless times, thus reducing the number of products that end up 
in waste.

Manufacturers must also consider product packaging which is, by definition, 
short-lived. Packaging design should be purpose-driven, minimise unnecessary 
marketing or promotional aspects, and avoid bonded or complex materials. There 
are clear opportunities for companies to promote the reduced environmental 
impact of their products through minimalist packaging design, educating users in 
the process [e.g. ‘sustainable’ toothbrush packaging which avoids excessive 
packaging, bleached products, and bright colours]. Resource-intensive packag-
ing should be the producer’s responsibility to manage (e.g. through take-back 
schemes).

11.2.3  Case Study 2: Producing an Alternative 
to Non-recyclable Gloves

For the third case, we use nature as the main element, understanding the ways in 
which we can use a natural planetary resource to guide us.

Within the University of Javeriana (Bogotá, Columbia) design centre, the dental 
team works with industrial architects and designers to develop a system more 
aligned to one seen in a planetary system. This biomimicry initiative encourages 
students to consider the range of anticipated impacts generated by any new product 
being developed, specifically the financial (the cost of a potential new product 
including its waste), political (whether the new product would comply with exist-
ing, or future, potentially modifiable policy), and social (whether it fits with peo-
ple’s considerations) impacts.

Students must understand the functional requirements of a potential product. In 
this example, gloves must be able to provide an effective barrier for the user, be 
elastic, cost-effective, and prevent cross-infection between patients and staff.

Students identify how nature solves similar problems (e.g. how water is purified, 
how a toxic or dangerous material is degraded) and take this into account.

In this case, students identified the high use of PPE within dental healthcare set-
tings (as recently published by Almutairi) [10].
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Fig. 11.7 Natural characteristics used in the product

Latex or nitrile gloves are de facto single-use products with low environmental 
impact recovery rates. In order to understand potential replacements, the team of 
students studied two natural compounds whose properties included elasticity and 
could be used as hand protection, i.e. snake skin and banana fibre (see Fig. 11.7).

Both products are natural and biodegradable. However, snakeskin when shed 
loses elasticity, discounting its use, but banana fibres remain flexible and resistant. 
Analysing both these products demonstrated that elastic compounds could be devel-
oped that could be applied in liquid form, drying fast, and allowing the dentist’s 
hands to be coated and that, after drying, could be removed from the hand as if it 
were a glove. Once used however this substance would need to be collected in a 
separate waste stream, treated for pathogens (shredded, autoclaved), and then dis-
posed of at a point where it is biodegraded, just as in nature these elements end up 
in an environment that helps facilitate its decomposition.

11.2.4  Case Study 3

The last scenario refers to the development of a sustainable product and services 
systems (SPSS) that develops sustainable products and associated services using a 
system approach.

In this case study, we propose a teledentistry model and personalised treatment 
is hard to access geographically remote regions. Teledentistry tools are used to carry 
out a pre-examination/treatment analysis of a patient. This approach helps reduce 
the number of visits needed to the dental practice by offering the level of care 
required remotely, including behavioural counselling, conditioning, etc.
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This model seeks to:

• Provide better access to care for people in rural isolated regions far from special-
ised care centres.

• Reduce the resources required for the provision of surgical dentistry services.
• Reduce the processes and resources necessary for the provision of sustainable 

preventive care.

Many rural Colombian communities (some with a high indigenous population 
who in turn generally have high caries rates) have significant difficulties in 
accessing health services with cost and distance being the main barriers. The 
country has a model of rural practice supported by health students in the last 
semester of their university qualification, in which students must relocate to 
these remote areas. However, students find resources lacking (equipment and 
consumables) and, therefore, cannot provide specialised care. The people being 
targeted in these remote areas are often at high risk of caries and require consid-
erable preventive care.

The model is unsustainable because, due to lack of on-site resources and special-
ist knowledge, treatments that could be carried out rurally are, of necessity, being 
carried out in big urban centres, creating financial and environmental 
repercussions.

This rural location model can also generate additional expenses for the commu-
nities themselves because sometimes it is necessary to move equipment from loca-
tion to location, staff are needed elsewhere, and patients need to travel far to seek 
care. This travel can take several days depending on location of clinics, resources, 
etc. In Colombia, these additional costs significantly reduce the funds available for 
preventive care and treatment. If care is limited to several infrequently performed 
types of care, this increases the chances that low value disposable instruments are 
used, with the related large amounts of packaging and other materials associated 
with non-reusable equipment. Purchasing such products then transfers the waste 
problem to rural areas with less controls and processes to dispose of complex 
materials.

To solve this problem, the proposed SPSS model would focus on improving the 
production of local renewable supplies from local producers, taking advantage of 
the region’s resources, and couple this with adequate digital tools that can connect 
patients with health professionals, or health professionals with colleagues. An elec-
tronic follow-up system will allow appropriate follow-up care. Teledentistry would 
allow more complicated care/advice to be provided to some patients to reduce travel.

In this example of SPSS (Fig. 11.8), small companies would provide local care 
and support health students in their final year of training and include:

• Local sustainable equipment
• Equipment needed could be produced simply and made out of local resources 

(e.g. a portable collapsible wooden/recyclable plastic dental chair). Where 
appropriate, at the end of life, products could be shredded, autoclaved, recycled, 
and reconstituted locally.

• High sugar foods would be disincentivised
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• Accompanying this model would be policies designed to reduce the consump-
tion of high sugar foods (e.g. via sugar taxes) and, in turn, supporting the con-
sumption of local, low-sugar and unprocessed foods.

• These sugar taxes can be used to subsidise the entire model, taking care of health 
and allowing good oral health as was recently suggested in England [11].

• Environmental waste would be penalised
• Within this system producers of dental products could be financially penalised 

depending on the environmental impact of their waste. For products which are 
actively recycled into reusable products, no charges would be incurred. Additional 
environmental taxes would be included in transport costs (at the cost of 258 USD 
ton of carbon dioxide emissions) [12].

• This model, using a system of financial incentives or penalties, can improve sus-
tainability in a local area; those who generate waste pay the penalties, local pro-
ducers (with less travel needs) are prioritised, and low sugar healthy production 
is promoted, thus supporting the diversity of the local economy.
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The locally made payment model not only covers this aspect of oral health but 
could cover the creation of subsidised preventive products (subsidies based on their 
preventive element—see Chap. 5), with local production incentivised by realistic 
carbon charges.

Essentially, this model allows healthcare systems in the main cities to offer spe-
cialised services in the regions.

11.2.5  Case Studies: Summary

The cases presented here demonstrate that there is no single way that sustainability 
can be incorporated into system design. Neither is there a single way to face the 
problems faced in sustainability. Taking small steps is good at the beginning—but 
we must commit ourselves, as businesses, to grow and develop strategies with 
greater impact and engagement with the consumer and the planet.

Take Home Points for the Dental Team

• Sustainability needs to be one of the key principles for all product reforms.
• Greenwashing exists—critique any products claim that it’s sustainable.
• Often the simplest approach/process is the most sustainable.
• We should look to nature for ideas to become more sustainable.
• A sustainable product-service systems (SPSS) where we eliminate the need for 

products should be considered.
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12
 Sustainability: The Need 

to Transform Oral Health Systems

Brett Duane, James Couglan, Carlos Quintonez, 
Bridget Johnston, Julian Fisher, Eleni Pasdeki-Clewer, 
and Paul Ashley

12.1  Introduction

This chapter provides information on how a sustainable (profession-wide) oral 
healthcare system might be created for populations. It also includes a consideration 
of social accountability and dentistry’s social contract in the context of 
sustainability.

The chapter will be relevant to dental organisations and policy makers who are 
considering how they might provide dental and oral health care in a more sustain-
able and equitable way—now and into the future. It positions sustainability in its 
broadest sense, meaning environmental, economic, and social sustainability that 
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goes beyond not only maintaining or conserving an ecological balance (such as 
through the appropriate and wise use of resources), but as something that can be 
upheld, defended, and/or justified.

Dentistry like much of health care is at an inflection point in its history. Firstly, it 
is finally being recognised as an important component of good general health. The 
United Nations has recognised oral diseases—among other important non- 
communicable diseases—as pivotal to the universal health coverage agenda. Similar 
recognition to the importance of good oral health has been given by the World 
Health Organization’s Executive Board and World Health Assembly [2, 3]. The 
Lancet has published a series of articles on oral health care as an often historically 
neglected part of health and healthcare policy internationally. There is evidence that 
oral diseases reduce quality of life, and affect employment and social mobility, thus 
highlighting the need for the creation of universal health care to reduce inequality. 
Oral diseases are a risk factor for non-communicable diseases (such as cardiovascu-
lar diseases and diabetes see Peres [4]) and excluding dentistry from universal 
health systems reduces long-term population health outcomes.

Unfortunately, current models to deliver dentistry are inherently flawed. In a 
number of countries, the business of dentistry is predicated on an uncomfortable 
tension between dentistry as health care and dentistry as a small business enterprise. 
Dentistry can meet both individual and population health threats but is also needed 
for wellness desires and/or aesthetics.

Despite evidence behind the effectiveness of both community and clinical pre-
ventive care, the focus for many oral healthcare systems (e.g. the NHS dental sys-
tem in England) is on providing treatment only with little incentive to reduce caries. 
As we said, we believe the model of dentistry is flawed, with no evidence behind 
6-monthly check-ups [5] and with items that help prevent disease (such as fluoride) 
often not being funded.

The current COVID-19 pandemic has also created new infection prevention and 
control requirements for the safe delivery of oral health care which arguably makes 
it even less sustainable from an environmental perspective. To some extent, and 
within this area, dentistry was already unsustainable given the considerable quanti-
ties of waste we produce. With Covid measures in place, the large volumes of unit 
dose packaging and sterilisation bags have been further burdened by additional 
volumes of personal protective equipment. Given this, leaders in dentistry are now 
slowly turning to how we can practice dentistry more environmentally 
sustainably.

At no other time have calls for reform been so active, both within and outside of 
dentistry globally. Even organisations like the FDI World Dental Federation, the 
Australian Dental Association, and Canadian Dental Association—traditionally 
conservative bastions of dentistry—have become more progressive in their suite of 
policy statements and activities, suggesting/explicitly noting concern over the social 
and commercial determinants of health, the need to rethink dentistry as a profession 
and system of care, and consider how to incorporate environmental sustainabil-
ity [6–8].
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This chapter presents this broad vision of sustainability in dentistry by coupling 
sustainability with dentistry’s social contract, or the mutual commitments and recip-
rocal obligations that dentistry shares with society by virtue of being a regulated 
health profession. A number of system characteristics need to be considered from an 
environmental, fiscal, and social perspective.

Healthcare systems need to be more focussed on efficient, appropriate treatment 
(based on evidence) to not only become more efficient but also to reduce their over-
all environmental impact [1].

12.2  Six Health Systems Framework Building Blocks

The WHO developed the six main building blocks (see Fig.  12.1) that describe 
health systems. Sustainability of oral health services and care—the ability to be 
maintained at a certain rate or level—can be viewed through the lens of these six 
building blocks for health systems strengthening [9].

 1. Service delivery
 2. Health workforce
 3. Health information systems
 4. Access to essential medicines
 5. Financing
 6. Leadership/governance

Sustainable Dental Building Blocks
(adapted from WHO)
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Fig. 12.1 Sustainable dental building blocks
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12.3  Building Block: Service Delivery

A universal health system is one which is broadly defined as all individuals having 
access to high quality health services without financial hardship [10].

A universal healthcare system means no healthcare unit can specifically target or 
cater to the wealthy, meaning that the scarce healthcare resources (including, in 
many cases, healthcare staff who have been trained with at least some public money) 
can be fully utilised to provide an equitable service to all. Exactly what constitutes 
a universal healthcare service is widely debated. The evidence suggests that when 
people have a universal healthcare service it increases their life expectancy and 
reduces societal inequality [11].

We know from the work of Stockton that a successful service delivery model 
includes the following headings [12]:

12.3.1  Integrated Service Delivery Models and Packages

In dentistry, this would ensure we have integration between sustainable preventive 
programmes offered in the community and less sustainable preventive/operative 
programmes offered within the clinic.

12.3.2  Consumer Engagement Influencing Demand for Care

Stockton’s review highlights the need for any new system to have extensive consul-
tation and engagement (including engagement with vulnerable groups, who are in 
most need of a universal healthcare system).

12.3.3  Infrastructure and Logistics

We need smart IT systems that encourage sustainable, efficient referral pathways 
achieved with minimal travel requirements (an IT system which normalises telecon-
sultation for patients who live far from the care centre).

12.3.4  Patient Safety and Quality of Care

We need to highlight that patient safety is not just about adding layers of question-
able low evidence-based decontamination and PPE, but also about the impact that 
this care has on planetary health and, indirectly, on patient health.

B. Duane et al.



217

12.3.5  Leadership and Management

We need strong leadership and management. See also leadership/governance.
Within the heading of service delivery, we also need to ensure that dental prac-

tices have systems, rehearsed in order that they can cope with planetary event. For 
example, we need to be able to cope with rising temperatures, more frequent heat 
waves, potential flooding, and supply changes, i.e. where we source our dental prod-
ucts from.

Resource usage matters, therefore we also need to consider the environmental 
impact of services. The United States produces far more sulphur dioxide, more par-
ticulate matter, more greenhouse gases, and more nitrogen than the UK. The UK 
only surpasses the USA in its use of water. This is despite spending twice as much 
per capita compared with Canada and the UK [13], while having similar life expec-
tancies and worse access, quality, and amenable rates of mortality [14, 15].

According to Bressler [16], the amount of carbon equivalent emissions released 
by the international health system corresponds to 141,000 excess deaths per year.

The climate change impact of the international healthcare system is 1.3 billion 
DALYS or, in simple terms, the healthcare system takes 2 months off all our lives.1 
As such, the environmental impact of services must be weighed equally to the finan-
cial and conventional health impacts.

Recent studies have highlighted low value care which is routinely carried out, 
such as routine 6-month examinations (as opposed to risk-adjusted intervals) [17] 
and scale and polish for healthy patients [18]. Notably, while these interventions can 
be considered low value in their contribution to oral health outcomes, patients val-
ued the interventions and were willing to pay for them [19]. Some countries have 
taken steps to ensure only evidence based high value care is funded. Denmark, for 
instance, introduced a new dental contract which required risk assessed recall inter-
vals [20]. Wales has acted similarly [21].

In a publicly funded system with scarce resources, there is a compelling argu-
ment that care which does not improve health should not be prioritised ahead of 
more cost-effective interventions which do have health benefits; especially when 
they provide societal benefits and have a reduced carbon footprint. Prioritising cost- 
effective interventions can increase value (and potentially decrease costs, for exam-
ple, by reducing referrals to secondary or tertiary care centres), thus helping to 
create sustainable health systems for the future [22].

12.4  Building Block: Health Workforce

The core elements of this block are knowledge, skills, workforce planning, and 
research capacity.

1 1,420,220,285 kilotonnes of carbon. Multiplying this by 3.07136E-06 using the RECIPE formula.
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12.4.1  Knowledge

A well-performing health workforce is one that works in responsive ways, that is 
fair and efficient to achieve the best health outcomes possible given available 
resources and circumstances. In order to advance sustainability within the oral 
healthcare system, there is a core knowledge required from the wider oral health 
workforce. Duane (2021) proposed a dental curriculum that encompassed eight key 
areas [23]. While this curriculum was intended for dentists, many of the competen-
cies are applicable to the wider team:

 1. Energy use
 2. Pedagogy
 3. Waste
 4. Prevention
 5. Biodiversity
 6. Procurement
 7. Decontamination
 8. Travel.

Some of these key areas, such as prevention and decontamination, are cross- 
cutting issues that are generally incorporated into the education of oral health pro-
fessionals, while others are more sustainability specific. Teaching in these areas 
should be incorporated into undergraduate and postgraduate curricula, and also in 
continuing professional development learning outcomes.

Figure 12.2 shows how universities and educational providers can begin to 
implement such education on sustainability into the curriculum of oral health 
professionals.
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experts and from available
online resources.
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staff - principles of
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Champions

 Early Co-education Maturation Stage Advanced competence

Fig. 12.2 Implementation process of a sustainable oral health curriculum. With thanks to 
Coughlan, Hegenauer, and Volkmann (2021)
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12.4.2  Skills

To provide suitable health care, we need a diverse dental team. Staff need to be 
appropriately trained, motivated, and willing to deliver the best possible care for 
their patients, and this includes having training in sustainability [24]. While there is 
a core knowledge requirement, the workforce must be able to apply this knowledge 
in practical situations to reduce their footprint. Examples from previous chapters are 
abundant, but include the inclusion of key skills, such as audit or quality improve-
ment exercises, application of sustainability principles to treatment planning and 
effective waste disposal practices.

12.4.2.1  Scope of Practice
In the UK, the General Dental Council’s ‘scope of practice’ describes the areas 
in which dental professionals have the knowledge, skills, and experience to 
practice dentistry. This includes the provision of fluoride varnish by suitably 
trained dental professionals. As fluoride varnish application is regulated by the 
GDC, there is no scope for other practitioners, such as suitably qualified health 
visitors, to apply this product. A clinic which could provide a number of evi-
dence-based products/examinations for vulnerable people, could be estab-
lished. However, to facilitate such common risk approach clinics, other 
competent healthcare providers—with appropriate training—need to be able to 
apply fluoride varnish.

A sustainable healthcare system would ensure that holistic prevention could be 
carried out by a diverse community health work force, for example, by multi-skilled 
health visitors, or community health workers in LMICs.

In addition, a sustainable healthcare system needs to encompass oral health skills 
to be better integrated into areas where traditionally oral health is not taught, nor 
preventive programmes integrated into systemic health care.

12.4.2.2  Oral Health Care Integrated into Allied Health Training
From a western perspective, and from our anecdotal experience oral health is 
rarely integrated into the training programmes of community health workers, 
medical school students, or allied health providers. Currently, GPs (general prac-
titioners) receive no oral health training; therefore, patients are often moved from 
one healthcare provider to another before receiving the care they need. This is not 
sustainable! Knowledge and understanding of oral health for non-dental health-
care workers would help facilitate efficient signposting to appropriate services 
and alert health staff to the symptoms of dental emergencies, avoiding duplication 
of care.

12.4.3  Workforce Planning

The WHO strategy in oral health argues that in most countries insufficient attention 
is given to planning the oral health workforce to address population oral health 
needs. Previous models of workforce planning (which have focussed on a ratio of 
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dentists to population) are unsustainable in low- and middle-income countries expe-
riencing rapid population growth. They are also inefficient in high-income countries 
because existing inequities in access based on the availability of services, ability to 
pay, and geography are not being addressed (i.e. the epidemiological transition has 
resulted in a large group of younger, healthier patients and a smaller group of older, 
high-needs patients) [25]. Instead, sustainable workforce planning must be adapt-
able to changes in demography, developments in the epidemiology of oral diseases, 
as well as to the reality of labour markets in each country which vary considerably.

Birch et al. proposed four key considerations for workforce planning [25].

 1. The population that is covered—who is eligible for cover.
 2. The epidemiology—the burden of oral diseases.
 3. Service provision—what evidenced-based services are covered.
 4. Productivity—how the services are provided.

This provides a framework around which policy makers can assess the needs of 
the current and future workforce.

12.4.4  Research Capacity

There are various actions which could be taken by appropriate agencies to build 
research capacity (see Table 12.1).

Table 12.1 Organisations which could build research capacity

Agency Role
Infection control agency/
Department of Health

Financial support (public and private sector) for priority areas of 
research, including seed funding to support innovation

Universities Development of centres of excellence for sustainable health care to 
bring public health, health practitioners, and sustainability/data 
analysis/industrial ecology experts together. Ideally, such centres 
would have close ties to teaching and research establishments.

Developers of guidance, 
for example, SDCEP 
(Scottish Dental Clinical 
Effectiveness Programme)

Ensuring that dental-based research or evidence-based guidelines 
include an environmental analysis with appropriate expertise

Research agencies Financial support (public and private sector) for priority areas of 
research, including seed funding to support innovation

Professional Associations Financial support (public and private sector) for priority areas of 
research, including seed funding to support innovation

Researchers Investigating the complex internal drivers and external forces that 
influence sustainability. Undertaking broad and specific LCA or 
equivalent assessments for dental products and procedures to 
identify and address ‘hot spots’. This analysis should include the 
provision of evidence for deciding between single- and multiple- 
use instruments
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12.5  Building Block: Health Information Systems

12.5.1  Health Determinants, Health System Performance, 
and Health Status

A well-functioning health information system is one that ensures the production, 
analysis, dissemination, and use of reliable and timely information on health deter-
minants, health system performance, and health status. These can be collected at a 
local level to enable practices to assess their energy use, as well as at the system 
level to enable policy learning and guide oral health system improvements.

Within dentistry and the broader public health system, we are accustomed to 
measuring oral health status (e.g. caries, periodontal health, oral cancer), as well as 
conducting a parallel process of measuring some health determinants such as sugar 
consumption, deprivation, child poverty, and tobacco consumption. With the current 
environmental crisis, we also need to measure the sustainability process (processes 
which cause reduced sustainability). A dental team familiar with quality improve-
ment processes will be aware that an integral part of quality improvement is the use 
of measurement (you cannot manage what you do not measure) [26].

12.5.2  Environmental Measures

Generally, the most straightforward things to measure are energy levels and type. 
Dental practices should be encouraged to collect information on electricity and gas 
use (kWh), a sample of patient and staff travel details, and procurement.

The carbon footprint can be calculated by converting these data into emissions 
using the DEFRA (Department for Environment, Food and Rural Affairs) or SDU 
figs [27, 28]. This methodology is used within the Scottish and English carbon foot-
print studies and discussed in various publications [29–31].

From a patient perspective, measurable and simple to understand elements of 
sustainability could be presented on patient information boards within the dental 
practice. Such displays simultaneously educate staff and patients [32]. Waiting 
room posters have proved to be effective in helping people remember health promo-
tion messages, they might also be used to teach sustainability.

12.5.3  Quality Improvement

Embedding sustainability into a healthcare setting is an aspect of quality improve-
ment [33, 34]. There are various indicators that can be recorded in order to measure 
sustainability within the dental practice. Like any other quality improvement indica-
tor, these should be SMART:
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The Greener NHS has developed a series of integrated metrics for use in both 
primary and secondary care which are applicable within the dental setting [35]. 
SMART indicators that dental practices could consider are:

12.5.4  Big Data

At the system level, there is a vast amount of data produced by oral healthcare sys-
tems, from electronic health records, insurance claims, mobile devices [36], and 
even social media. Known as ‘big data’, these offer insight that can be used to guide 
need-based workforce planning, the location of new services (or the relocation of 
current services), and economic analysis of oral health services among many others. 
This is crucial from a sustainability point of view. Making use of routinely collected 
data effectively at a system level can help ensure that the services provided (and the 
financial, physical, and human resources used to do so) are being deployed effi-
ciently to maximise oral health at minimal cost to purchaser and the environment.

12.5.5  Travel Metrics

Given that travel is a key consideration in the sustainability of oral health services, 
the geospatial quality of provider level data can help those setting up or 

• Energy use per unit activity (e.g. unit of dental activity [UDA] or patient 
appointment).

• Travel per unit activity.
• Procurement (purchases) per unit activity.
• Organisation water use per unit activity or patient appointment.
• Organisation waste in kg or bags to landfill per unit activity or patient 

appointment.

SMART objectives courtesy of the BDJ

• Specific: the measure should quantify an important result (e.g. kWh of 
electricity used).

• Measurable: the indicator can be measured (using an actual unit, such 
as kWh).

• Achievable: this should be a realistic target, otherwise people may get dis-
incentivised by failure (e.g., aim for a 10% reduction in energy use, as this 
is achievable in most cases).

• Relevant: that is, related to sustainability (energy use is related to 
sustainability).

• Time specific: for example, over 1 year (the target of a 10% reduction will 
take place over a 1-year period).
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commissioning services to locate them in areas which require least travel for the 
maximum number of people, or ideally in locations close to public transport links.

12.6  Building Block: Access to Essential Medicines 
and Technologies

12.6.1  Essential Medical Products

A well-functioning health system ensures equitable access to essential medical 
products, vaccines, and technologies of assured quality, safety, efficacy, and cost- 
effectiveness, based on the evidence. Dentistry in common with medicine will need 
access to analgesics and antibiotics.

12.6.2  Access to Fluorides and Toothbrush

We also believe, however, that in a society where the consumption of high sugary 
foods is a norm, there should be guaranteed access to fluoride (either water, varnish 
or as a dentifrice) and a toothbrush as they are fundamental to prevention and man-
agement of dental caries and gum disease. At a global level, this has been advanced 
by the World Health Organization, where fluoride toothpaste, sodium diamine fluo-
ride, and glass ionomer cement have been added in a new dental section to the list 
of essential medicines [37, 38], which is used as a guide for medicines which should 
be available to all in the population.

12.6.3  Access to Prevention

We know how expensive caries oral diseases can be, both individually and across 
the wider healthcare system [4]. We know from public health care that prevention is 
cost-effective, provides value for money, and produces financial/health gains in the 
longer term. In broader health care, community-type prevention programmes can be 
managed at five times less cost than individual interventions.

In Chap. 5, we highlighted the comparatively low environmental footprint of one 
of the most successful cariostatic preventive programmes in dentistry, i.e. water 
fluoridation (WF). We also discussed other preventive programmes such as fluoride 
varnish (FV), both in the community and practice setting, and programmes which 
facilitated increased access to fluoride toothpaste and toothbrushes. Scotland has 
operated a successful oral health improvement programme like this for 15 years [39].

12.6.4  Access to Fluoride Varnish

We would advocate a system where the provision of professional fluoride such as 
fluoride varnish was available in community centres, thus allowing FV to be applied 
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within a community setting (and reducing travel). We would take this principle a 
step further and advocate that health workers should receive training to be able to 
apply FV in vulnerable populations.

12.6.5  Considering the Environmental Risk/Benefit 
of Dental Care

Currently, the true cost of producing one ton of carbon is $258. When considering 
the environmental footprint of preventive programmes against the much higher 
footprints of an examination or a crown preparation, you can understand the confu-
sion/controversy/conundrum when you consider that the relatively low environmen-
tal footprint procedures are the ones which seem to be less prioritised by most 
funding bodies (water fluoridation = 443 g, community fluoride varnish = 3331 g, 
examination = 5500 g, a restoration = 14,750). Please note that an exact comparison 
of these carbon dioxide emissions is difficult to gauge as the more recent figs. (WF, 
CFV) use LCA modelling, whereas the exam, fissure sealant, and restorative proce-
dures use a less accurate financial input-output approach.

In order to underpin this process, we argue that without any additional total cost, 
dentistry could be funded quite differently if it was based on a sustainable model 
which also took into account the true environmental costs. The establishment of a new 
system of preventive-focussed dentistry demands an emphasis on how a low transport, 
preventive programme would work. Dental team leaders would require participants to 
bring together their explicit local knowledge to ensure a system is created which is 
appropriate [40].

12.7  Building Block: Financing

Globally, the financing of dental care varies significantly, but it is a fundamental 
consideration in the advancement of oral health as a universal right. When consider-
ing the funding of oral healthcare, significant emphasis has been placed on total 
expenditure, yet relatively less has focussed on other functions or goals integral to 
efficient and equitable financing, and sustainable outputs and outcomes of the sys-
tem. The historic split between medicine and dentistry is strongly apparent, with 
most dental care being both privately funded and delivered by private providers.

Financing functions in health care can be split into three main areas, (1) revenue 
collection, the process of raising funds for health, (2) pooling, the process of equi-
tably sharing financial risk across the population, and (3) purchasing, the procure-
ment of health services [41]. The functioning of these is heavily influenced by the 
political economy of the health system.

12.7.1  Revenue Collection

The source of funding for dental care varies significantly, but is widely character-
ised by high private expenditure, either through private health insurance (PHI) or 
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out of pocket (OOP), and low public spending from general taxation and social 
health insurance (SHI). This is in sharp contrast to the prevailing consensus among 
health economists that funding for health should predominately come from public 
sources, specifically general taxation [42]. General taxation consists of a variety of 
tax instruments, each with different equity and efficiency considerations.

Even in traditional welfare states, such as the UK, private expenditure (either in 
the form of co-payments or full private payments) comprised 51% of total dental 
expenditure. Germany had the lowest private expenditure, with 17% of contribu-
tions coming from PHI and 24% OOP [43].

Some authors have highlighted the potential for revenue from ‘health taxes’ (or 
‘sin taxes’) to fund preventative dental services, such as those targeting tobacco and 
sugar, noting that funding from SSB (sugar sweetened beverage) taxes across the 
world have already been earmarked for physical education, water, and healthy eat-
ing programmes [44]. The intrinsic appeal of this is clear. While earmarked taxes for 
health can provide an injection of funds for dental services, especially in the short 
term, experience of other areas of health suggest that this can sometimes result in 
reductions from other sources of revenue [45]. This an acute risk given the low 
political priority that oral health is given globally [46]. Furthermore, if consumers 
and producers alter their behaviour away from sugary drinks (which is the primary 
goal of the policy), then there will also be reductions in revenues. As such, while 
health taxes are strongly encouraged as a public health intervention, care must be 
taken to protect existing sources of funding for dental care.

12.7.2  Pooling

The risks of poor oral health are not equal across society; there is greater need 
among the old, as well as disadvantaged and vulnerable groups [47]. Pooling of 
funds involves taking the revenue from different sources and combining it so that 
the financial risk is distributed away from those with high health needs and low abil-
ity to pay. As such, the ideal pool is large (ideally 1) and combines high- and low- 
risk members with high- and low-income contributors, namely a single payer 
system. Consequently, systems relying on PHI and OOP are the most inefficient and 
inequitable, with small, fragmented pools and poor protection from impoverishing 
or catastrophic health spending [48].

Impoverishing health spending is where families spend a significant amount of 
their disposable income on health care to the extent that they are foregoing spending 
on other necessities. Impoverishing spending is when households are pushed below, 
or further below, the poverty threshold [49]. A recent report from the WHO European 
Region found dental care is a main driver of Catastrophic Health Expenditure (CHE) 
[50], while an analysis of out-of-pocket dental expenditure in Low-to-Middle- 
Income Country (LMIC)s found that costs of dental care from OOP prevented 
expenditure on necessities and forced families below the poverty line although not 
as much as medications, hospitalisations, and outpatient care [51]. The financial 
burden associated with dental care across the WHO European Region is driven to a 
large extent by low levels of public funding for such services.
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12.7.3  Purchasing

Purchasing is the process by which healthcare services, including dental services, 
are paid for. This includes the payment mechanisms by which healthcare workers 
and institutions are remunerated. In the context of sustainability, strategic purchas-
ing provides a tangible opportunity to align the goals of the system (e.g. improved 
oral health, need-based procurement, and sustainable practice), with the incentives 
of those delivering the service.

There is a clear mismatch between the oral healthcare purchased (based around 
a restorative, high travel and high carbon paradigm, and funded by wealthier patients 
paying privately) and that which is required—namely a preventative, community- 
based approach funded by public sources. Such preventative programmes are effec-
tively carbon neutral, while having good evidence of return on investment.

For example, Public Health England found water fluoridation to have a return on 
investment of £21.98 for every £1 spent, targeted toothbrushing programmes had 
£3.66 return and fluoride varnish £2.74. In Scotland, the Childsmile programme, 
which incorporated brushing in schools and targeted prevention of high needs chil-
dren, led to national savings of around £4,000,000 per year after introduction, with 
the figure rising each year [52]. These are all low travel, low carbon options, which 
maximise investment by governments.

There are also opportunities for remuneration targeting quality (known as Pay 
For Performance), where high value, low carbon interventions are monitored 
through health information systems, and where practices that carry these out regu-
larly are paid part of their contract value on the basis these are carried out. As noted 
in the workforce section, this could feasibly be routinely carried out by trained 
dental nurses in practice, as well as community health workers or health visitors in 
community settings, or where numbers of dentists are low.

Recent focus on purchasing has emphasised value-based care as a model [53], 
which at its crux is ‘patient-based outcomes per dollar spent’ [54], with global inter-
est in health technology assessments which explicitly consider cost-effectiveness 
and patient value. This principle has also been advanced in relation to dental care 
[55], but while patient value and cost have driven has the recent discourse and anal-
ysis, there is a compelling argument that environmental costs should also be 
included [20].

There are difficulties in assessing notions of value in oral health, with the most 
commonly used outcome measure that explicitly incorporates patient values 
(QALYs), being difficult to relate to oral health conditions [56]. Early efforts at 
economic evaluations of dental interventions have generally been of low quality 
[57]. Recent evaluations, however, have been of a higher standard and do provide 
information about the cost and/or benefits of dental interventions [58].

When developing health reforms and deciding on entitlements, a package of care 
which explicitly considers value should be a part of the process. In order to do so, 
more high-quality economic evaluations using a cost-utility analysis or cost-benefit 
analysis are required, as these are generally required by health technology assess-
ment organisations [59].
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12.8  Leadership/Governance

Leadership and governance involves ensuring the existence of policy frameworks 
combined with effective oversight, coalition building, regulation, attention to sys-
tem design, and accountability.

12.8.1  Governance

We argue that a dental system needs to be appropriately funded to enhance sustain-
ability, with appropriate sustainability-informed guidelines and a quality manage-
ment system to ensure patients receive optimal health care at the least cost to 
planetary health.

12.8.2  Coalition Building

Appropriate oral health care requires appropriate coalition. Coalitions should be 
multi-sectoral, include actors working at different health system levels and their 
actions could include surveillance, the coordination of a wide range of diverse but 
supporting health improvement activities, and monitoring health and wellness [60].

In the Childsmile programme, for example, there is both formal and informal 
coalition between health visitors (delivering oral health improvement advice), edu-
cation providers (providing advice but also a setting for oral health interventions), 
with NHS Scotland Trusts monitoring oral health, and with ISD Scotland collecting 
and reporting on data. Within NHS England, managed clinical networks bring 
together a coalition of workers to ensure representation from a wide range of clini-
cians supports appropriate care. Integrated care systems have been set up in England 
to focus on collaboration with emphasis on places and local populations as the driv-
ing forces for improvement [61].

12.8.3  Inclusion of Public in Decision-Making

We referred to the need for a new system to have extensive consultation and engage-
ment with vulnerable groups, see Sect. 12.3.2.

12.8.4  Appropriate Sustainability Informed Guidelines

In health care, an evidence-based approach is considered to be the most desirable 
option to select when choosing between different therapies. Moving from evidence 
to implementation is a complex multi-step process which is governed by a range of 
different frameworks and organisations around the world. As well as efficacy, other 
measures such as patient preference, economic impact, and resource impact are 
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considered and factored in when recommending a healthcare intervention. 
Sustainability is not yet routinely considered.

With growing evidence of the potential harm of healthcare systems and pro-
cesses, this is a time to debate the need for an environmental impact assessment to 
accompany evidence-based guidelines. In industry, the responsibility to give equal 
consideration to profit, environment and social impact is often referred to as the 
‘triple bottom line’. We advocate that healthcare policy should consider their own 
‘triple bottom line’ to ensure they produce evidence-based guidelines that are not 
only clinically effective, but also make economic and environmental sense.

12.8.5  Monitoring

Monitoring the effectiveness of interventions on health outcomes is important to 
ensure a system is both equitable and efficient (in terms of quality, cost, and sustain-
ability). This, however, makes it difficult to compare the effectiveness of one inter-
vention against another. Within the oral health system there can still be considerable 
improvement made on how we understand the effectiveness of both public health 
and health system interventions [62].

12.9  How Do We Influence Dentistry?

Influencing dentistry, like any system, comes under the heading of service delivery, 
we need to ensure that dental practices have plans, rehearsed in order that they can 
cope with planetary event. For example, we need to be able to cope with rising tem-
peratures, more frequent heat waves, potential flooding, and supply changes, for 
example, where we source our dental products from.

In order to influence health systems effectively, advocates must consider specifi-
cally what they want to achieve, who has the power to implement such a change, 
and plan strategies to achieve this. Theoretical models of policy change can provide 
a framework for enacting change. Kingdon’s 3 streams model stipulates that for 
effective policy change there should be an alignment of the problem, policy (solu-
tion), and political will to implement change [63]. Meanwhile Sabatier’s Advocacy 
Coalition Framework pits opposing coalitions against each other based on long- 
term beliefs rather than short-term interests, with an emphasis on the importance of 
policy coalitions [64]. Beliefs are shaped by policy learning, which are said to 
change over a timespan of 10 years or longer. The importance of framing, the means 
by which an issue is presented, was proposed by Shiffman, who specified the impor-
tance of the internal frame—the level to which different actors agree on the problem 
definition and the solution, as well as the external frame—the way in which the 
issue is presented to those who control resources [65].

These theories and frameworks emphasise that simply generating evidence of 
effective intervention is not enough, and that attention must be paid to how issues 
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and ideas climb the policy agenda, how they are framed by different political actors, 
the power dynamics between these political actors, the temporal sequences of 
events, and the relevant resources used by these groups.

Previous chapters have outlined the content of policy changes that need to be 
made, from sustainable financing of oral health care to the reduction of waste and 
the shift towards walking and public transport. We will therefore focus on policy 
context and process, as well as the actors involved.

Actors are people and groups involved in policy processes. Different actors have 
varying intrinsic motivations, resources, decision-making power or influence, and 
strategies. The table below sets out many of the actors and actions they can take, but 
these can also be used by advocates to identify policy actors with which they can 
engage to advocate for such change.

Once advocates have identified the actors involved in policy change, they should 
investigate how and where policy change occurs. It is important that when the so- 
called policy windows, or periods when the issue gains the attention of decision- 
makers, occur, that advocates are prepared to engage with these decision-makers, 
and have credible and politically astute arguments, as there is limited time with 
which to engage to try to enact policy change before another issue comes to the 
political fore [65]. This might be identifying open consultations by the ministry of 
health, professional associations, or other devolved governmental organisations.

As mentioned, simply presenting evidence of a problem is unlikely to lead to 
policy change, so researchers should proactively engage with policy makers. 
Evidence finds that structured engagement between policy and academia helps to 
facilitate the increased and better use of research findings [66]. This is an area where 
effective policy and entrepreneurs and advocacy coalitions can facilitate forums 
within which policy makers and researchers can align.

Framing is also important; practising sustainable dentistry in the context of the 
climate crisis is a professional obligation and should be discussed as such. Framings 
should convey the sense of urgency, as well as the fact that unsustainable practices 
can and should be changed.

We all need to influence education providers, healthcare system administrators, 
legislators, commissioners, dental team members, professions, specialists, industry, 
and waste management systems. Increasingly, it is the younger dentists who are 
demonstrating the need for widespread change. Some authors have been involved 
with and are watching with interest the development of the Youth for Sustainable 
Oral Health manifesto which asks people to pledge these actions (see Fig. 12.3).

Considering this picture gives an understanding of how complex a system of 
change in dentistry might be; but what if we broke it down; what if we all took 
actions which made change more simple.

Within the following tables, we suggest options for different organisations to 
become leaders within sustainability. Although there is considerable overlap 
between people delivering dentistry, and those involved in education, and research 
there is a role for all of us (Table 12.2).

The point being is that what we need in sustainability is leaders.
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Fig. 12.3 Youth for Sustainable Oral Health manifesto
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Table 12.2 People involved in dentistry

Organisation Leadership action
Academic Journals Support high quality new research in this area. The British Dental 

Journal has been publishing in this area for a number of years 
(Nature 2019)

Commissioner of 
Dentistry

Drive change within dentistry by requiring sustainable metrics 
within contractual agreements and quality domains

Dental Associations The dental associations across the world pledge to be sustainable, 
influencing their industry-based journals and publications, their 
members, etc.

Dental Councils/
Education Authorities

Support the development of peer-to-peer networks that work with 
other health areas in this field

Dental Councils/
Education Authorities

Mandate the inclusion of sustainability within the undergraduate and 
postgraduate curriculum. For example, the UK General Medical 
Council has introduced a sustainability component into its 
curriculum (Sustainable Healthcare Education 2019)

Dental Schools Dental students write letters to their head of school demanding for 
sustainable change; asking the school to educate them, and asking 
the hospital that trains them to make a pledge to be the most 
sustainable

Dental Team Member The dental team member pledges to be educated, to be informed, and 
that by 2022 (s) he will only work for a dental practice that does 
everything in their power to be sustainable

Dentist Pledge to do all he/she can make his/her practice the most 
sustainable dental practice ASARP

Developers of guidance, 
for example, SDCEP 
(Scottish Dental Clinical 
Effectiveness 
Programme)

Ensure that dental-based research or evidence-based guidelines 
includes an environmental analysis with appropriate expertise

Education Agency Fund sustainability scholars. For example, Health Education 
England has supported the funding of sustainability scholars (Centre 
for Sustainable Healthcare 2019)
Ensure sustainability is embedded in learning outcomes at all levels 
of dental education

Everyone Ensure sustainability is included in governance of the dental team
Everyone Have an internal sustainability policy
Government Involve dental professionals in developing sustainable dentistry 

policy to increase its relevance
Government Offer regulatory or policy incentives for manufacturers to develop 

sustainable healthcare goods or require manufacturers to provide 
information on energy use
Provide subsidies and energy buy-back schemes for solar-generated 
electricity

Government Bodies/
Education Sectors

Develop joint cross-cutting professional guidance for dental teams. 
For example, https://sustainablehealthcare.org.uk/dental- guide

Head of the Dental 
School/Hospital

Pledge to make the school the most environmentally friendly across 
both education and hospital services

Infection Control 
Agency/Department of 
Health

Financial support (public and private sector) for priority areas of 
research, including seed funding to support innovation

(continued)
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Table 12.2 (continued)

Organisation Leadership action
Infection Control 
Agency/Department of 
Health

Revise all infection control policies ensuring sustainability, 
environmental emissions, and indirect patient harm (e.g. DALYs) are 
published with recommendations

Manufacturers Dental manufacturers agree to be the most sustainable ever and form 
cooperatives to understand the life cycle analysis of their products, 
and swiftly form working groups, to amend, innovate, consider their 
waste products and to truly evolve into an industrial ecological 
system that rapidly removes inefficiencies in their systems and 
works with their consumers to revolutionise their product base
Embed into policy developing the evidence base for sustainable 
products
Encourage transparency or standardisation of measurement or 
reporting of the environmental credentials of a product

Professional 
Associations

Financially support (public and private sector) for priority areas of 
research, including seed funding to support innovation
Support and incentivise practitioners to become more sustainable, 
for example, the FDI is developing consensus statements to help lead 
within this area
Increase the knowledge of dental teams in sustainability (British 
Dental Association 2019) through the association journal (Nature 
2019) [67]

Research Agency Financially support (public and private sector) for priority areas of 
research, including seed funding to support innovation
Prioritise sustainability/planetary health

Researchers Investigate the complex internal drivers and external forces that 
influence sustainability. Undertaking broad and specific LCA or 
equivalent assessments for dental products and procedures to 
identify and address ‘hot spots’. This analysis should include the 
provision of evidence for deciding between single- and multiple-use 
instruments

Specialists Pledge to analyse their own areas of dentistry. For example, within 
endodontics the authors have already started this work, analysing 
ways of making endodontics less environmentally harmful by 
measuring the environmental footprint of the processes but also by 
looking at the ways of avoiding carrying out traditional RCT [68]

University Develop centres of excellence for sustainable health care to bring 
public health, health practitioners, and sustainability/data analysis/
industrial ecology experts together. Ideally, such centres would have 
close ties to teaching and research establishments
Create an internal sustainable policy. For example, https://www.tcd.
ie/about/policies/assets/pdf/sustainability- policy- 15112017.pdf
Declare a climate emergency. For example, https://www.irishtimes.
com/news/environment/
irish- academics- among- 11- 000- scientists- declaring- climate- 
emergency- 1.4073664
Divest in fossil fuels
Drive sustainable changes across all internal schools
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Take Home Points for the Dental Team

• In order to make a sustainable healthcare system, we need a transformation.
• We need an appropriate service delivery model, workforce, health information 

system, preventive care, financing, and leadership.
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13Conclusion

Brett Duane

This textbook, has taken you through a diverse number of topics. The subject matter 
is rapidly changing, and I would expect a plethora of new material to continue to be 
published in this area. This is a good thing as it means we will rapidly be able to do 
much more than we suggest here.

The greatest change I’ve seen in the last 12 years since my journey in sustainable 
dentistry began is the normalisation. We all broadly recognise the need to become 
more sustainable in everything we do, and all around us the damaged planet is let-
ting us know how we are failing it. And it’s acceptable to speak on sustainability and 
fine to research on it.

To summarise this book, I will use principles first outlined by Mortimer in 
2010 [1].

We need to radically redesign the system of care of dentistry to be better at pre-
venting illness. We envisage therefore a system focussed on prevention, with vul-
nerable groups supported by delivery within the community (e.g. a Childsmile 
approach) and finally embedded in everything we do clinically. We should give 
greater responsibility to patients in managing their health; aligning ourselves with 
public health principles of patient empowerment (making access to dental care easy, 
making home-based prevention easy and affordable), patient involvement (service 
co-design) community engagement (encouraging active participation in our com-
munities to improve oral care systems). Everything we do has to be based on lean 
principles of maximising customer value while reducing, eliminating waste. Lean 
means creating high quality care for our population with as little resource as possi-
ble [1]. Finally, we need to use technology with the lowest environmental resources. 
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This wording of this has been changed from Mortimer’s original paper, as we should 
not just be (unfortunately) focussed on just zero carbon; to be truly sustainable, we 
need to focus on the overall environmental impact.
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