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Abstract

The world is on the brink of environmental crises, making the role of the healthcare sector increasingly critical.
Dentistry is in a position to be a pioneer in this transformation with both its impact on the global environment and its
potential to shape the future of sustainable healthcare. Efforts in the sector embody green dentistry, including eco-
friendly practices.. In this context, green dentistry is an innovative approach that minimises environmental damage
and prioritises patient safety by using resources in the most efficient way. Elements such as waste management,
energy efficiency and digitalisation are key components of this approach. It is not only an environmental requirement,
but also an opportunity that increases patient satisfaction, provides efficient clinical management and economic
benefits in the long term. Starting from the historical development of green dentistry, this study comprehensively
addresses the methods that can be applied for sustainability. It also emphasises the importance of training programs
and international collaborations to raise the awareness of dentists and healthcare professionals. The dissemination of
environmentally friendly practices can transform the entire healthcare system, not just the dental practices or
polyclinics. Raising awareness of green transformation in the sector, developing sustainable policies and adopting
feasible solutions at the individual level are critical to the success of the idea. Future studies should focus on
innovative methods that will increase the applicability of this framework. In the future, thanks to innovation and
conscious policies, more sustainable and effective dental practices with minimised environmental impact will be at the
forefront.

Review (HRU Int J Dent Oral Res 2025; 5(2): 51-58)
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Introduction

Our world and its inhabitants confront numerous It is paradoxical that healthcare services, whose

challenges, such as climate change, biodiversity loss, air
and water contamination, and the depletion of the ozone
layer. The World Health Organization (WHO) declares
that protecting public health through ecologically
responsible actions is an ethical duty of every state(1).
While one of the greatest challenges of the twenty-first
century is the contamination of natural resources due to
increased waste production, the global shift toward
ecological sustainability has become imperative(2).
Recently, rising environmental awareness, often termed
“eco-consciousness”, has evolved into a gradual global
movement aimed at reducing environmental harm,
ultimately paving the way for “green” transformations(3).

fundamental principle is to support and protect health and
life, contribute to climate change through unsustainable
practices, leading to increased mortality and diminished
quality of life(4). Eco-friendly dentistry is a dental
practice that simultaneously embraces sustainability,
prevention, caution, minimally invasive patient-centered
care, and a globally focused treatment philosophy. It is an
emerging concept that benefits the environment, patients,
clinical staff, and dentists alike(5). Not only does it help
control waste pollution in dental clinics, but it also
conserves water, energy, and other resources.
Sustainability; one of the core principles of eco-friendly
dentistry, refers to meeting the needs of the present
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without compromising the ability of future generations to
meet their own(5) The field of dentistry is encouraged to
integrate sustainable development goals into daily
practice and promote the shift toward a green economy.
Dental professionals have a duty to minimize their
environmental footprint while advancing oral health for
everyone and maintaining patient safety. (6).
Advancements in eco-friendly dentistry may be achieved
via two main avenues: developing and implementing
customized policies, and leveraging the authority held by
dentists themselves(7).

History of Green Dentistry

The concept of “green dentistry” was first
discussed during the 5th European Dental Students’
Association Congress in Belgrade, Serbia, in March
2003, when the delegation outlined the idea and proposed
its acceptance by the assembly. The first international
reference to eco-friendly dentistry was published on
April 3, 2007, by Dr. Ali Farahani and Mittale Suchak(8).
In 2008, Dr. Fred Pockrass and Ina Pockrass founded the
Eco-Dentistry Association (EDA) to minimize waste and
pollution, conserve energy, water, and financial
resources, utilize cutting-edge technology, and integrate
holistic approaches that emphasize healthy living(9).
EDA provides education, standards, and networking for
patients and dentists practicing green dentistry(7). On
December 22, 2009, Dr. Steven Koos, Goran Kralj, and
Mladen Kralj trademarked eco-friendly dentistry and
officially defined it(8,9). In August 2017, the FDI World
Dental Federation released a document titled
“Sustainability in Dentistry,” based on the United
Nations report “Transforming Our World”(10).

The 5R Principle

Green dentistry is built upon the five-R model:
Rethink, Reduce, Reuse, Recycle, and “Energy
Recovery/Molecular Redesign”(11,12). When
determining which materials are truly needed, healthcare
teams can select suppliers that explicitly list raw
materials and chemical contents, have a sustainable
supply chain, and operate under eco-friendly, ethical
working conditions. Reducing the purchase of packaged
materials and maximizing the use of reusable products
can help “reduce” waste(9). Single-use items should be
replaced with reusable wversions. Existing recycling
programs—capable of recycling paper, metal, plastic, and
gypsum—should be identified.(5,12) However, the large-
scale reuse of retail packaging is limited by transport
distances and conditions when returning empty cartons to
suppliers. Some portion of the energy content in plastics
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can be recovered via incineration, achieving reasonable
energy efficiency when co-firing in furnaces. Because
part of the energy content is recovered, incineration is
more advantageous than landfilling. Nonetheless, energy
recovery does not reduce the demand for raw materials in
plastic production and is thus considered less energy-
efficient than recycling (12).

Concerns about emissions from incineration plants
further reduce the appeal of this disposal method (13).

The 4A Management Protocol

Adapted from smoking cessation strategies, this
protocol has been proposed as a method for achieving
sustainability. “Ask”- Gather detailed information about
all routine dental practices from the healthcare team.
“Assess”- Evaluate which practices can be modified and
encourage eco-friendly dentistry. “Advise”- Propose a
guideline to follow. “Assist”- Help develop a framework
suited to the conditions of the dental clinic or hospital
(14).

Green Healthcare Approaches Worldwide and
in Turkey

In 2022, Dentsply Sirona conducted a global
survey involving more than 1,300 dentists from the USA,
Europe, Asia, and Latin America to gain in-depth
insights into sustainability in the dental sector, as part of
their “BEYOND: Taking Action for a Brighter World”
initiative (15). In collaboration with the FDI World
Dental Federation, they also published a “Consensus
Statement on Environmentally Responsible Oral Health,”
proposing strategies to reduce the environmental impact
of the sector. They established a new online toolkit
(MOOC) to provide global guidance and practical
support to dentists on environmental issues, as part of the
“Sustainability in Dentistry” initiative(16). In the United
Kingdom, the National Health Service (NHS) uses
carbon footprint analysis(17), and life cycle assessment
(LCA), which examine broader environmental impacts,
to understand the ecological impact of products and
services(18). A carbon footprint is a measure that
assesses how human activities affect the environment and
demonstrates sustainable resource management(9). It
comprises total emissions produced by supply chain
participants, with its magnitude directly proportional to
its impact on climate change(4,19). Global healthcare
contributes significantly to national CO: emissions,
accounting for around 5% on average(20). LCA, referred
to as “cradle to grave,” encompasses all aspects of a
product’s lifecycle, from raw materials to production,
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use, transportation, and disposal. Alongside other
healthcare organizations, NHS established the Coalition
for Sustainable Pharmaceuticals and Medical Devices
(CSPM), which recommends LCA for comparing
services and aiding policymakers in making informed
decisions. Another relevant measure is the human health
burden, or DALY (Disability-Adjusted Life Years),
reflecting the years of life lost due to both morbidity
(disease and disability) and mortality

(premature death) within a population(18). DALYSs can
be calculated via LCA modeling based on the
environmental impact of producing, using, and disposing
of a product. The European Union recently adopted the
Product Environmental Footprint (PEF) to standardize
and compare environmental impacts(21). In Germany
and Austria, there is a quality label called “DIE GRUNE
PRAXIS” (the green practice), which recognizes eco-
friendly clinics(22). Currently, Turkey does not have
organizations, projects, or associations capable of
evaluating these criteria. However, dentists can
individually refer to the “Sustainability in Dentistry”
project established by the FDI World Dental Federation,
use the Eco-Dentistry Association’s GreenDOC Dental
Office Certification Program for guidance, or utilize the
University of Michigan’s “Greening the Dental Clinic”
assessment survey to form their own green teams(22).

Methods for Achieving Green Dentistry
- Education

For Dentists; Dental schools can integrate green
dentistry into their curricula. The Sustainability in
Dentistry Resource Kit, developed by Dentsply Sirona as
part of the DS Academy Clinical Education Program,
offers Continuing Education credits for completed
courses taught by experienced dentists and sustainability
experts, providing valuable insights into sustainable
dental practices (16,23). ProDental CPD offers the “P300
Essentials of Sustainability in Dentistry” course,
designed to educate dentists and support staff about
dentistry’s impact on climate change and ecological
degradation(24).

For Patients; Posters can be displayed in waiting areas
or shared electronically(25). Patients may be advised to
use bamboo or, alternatively, recycled plastic-handled
toothbrushes. Although some evidence suggests electric
toothbrushes reduce plaque and gingivitis more than
manual toothbrushes, no clinical data indicate that any
particular toothbrush is more effective at preventing
dental caries or periodontal disease(26). According to
Lyne et al., the climate change impact of an electric

toothbrush is 11 times higher and its effect on
biodiversity and habitat loss is more than 36 times higher
than that of a bamboo toothbrush(17). One study
calculated the DALYs associated with manual plastic,
manual bamboo, replaceable-head recycled plastic, and
electric toothbrushes, finding that electric toothbrushes
had the highest impact(27). Some companies have started
labeling toothpaste tubes with #2 high-density
polyethylene (HDPE) recycling codes. Patients can be
informed about these codes and instructed on proper
recycling procedures(28).

- Recycling

Healthcare waste is broadly categorized into general and
hazardous waste(29). Traditional disposal methods
(incineration or landfill), contribute to pollution and
resource depletion. Recycling, by contrast, reduces the
need for raw materials and minimizes waste(30). In a
multi-stakeholder statement by Martin et al. regarding
“Environmentally Sustainable Oral Health,” the top
(most preferred) tier of the waste pyramid is resource
reduction, followed by repurposing, energy recovery,
and, least preferred, disposal or direct release into the
environment(31). According to EPA, the most effective
way to manage waste is to avoid creating it in the first
place. Reducing and reusing products are the best
strategies for conserving natural resources, protecting the
environment, and saving money(32).

Materials that can be recycled in dental clinic and
laboratory;

Gypsum: Dental stone, plaster of Paris, investment
plaster, and dental plaster can be recycled effectively
without extensive chemical or physical modifications.
Methods include using a 20% ammonium bicarbonate
solution, semi-dry pressing, and calcination. Recycling
one metric ton (1,000 kg) of gypsum can save 28 kWh of
energy and 1.8 kg of aluminum (33).Recycled gypsum
can be used as fertilizer, or in cement and specialized
ready-mix concrete, as well as in plastics, adhesives, and
insulation materials(30). Dental clinics should establish
procedures for identifying and separating gypsum waste
to facilitate proper disposal(34). They must also review
and comply with national waste management policies;
failure to do so may result in inspections by local
authorities responsible for supervising various waste
streams(30).

Broken or Unused Instruments: Dentists can recycle old
hand instruments via Hu-Friedy’s “Envirodent” program,
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initiated 31 years ago, which allows them to exchange
these instruments for new ones free of charge (35).

Contaminated Waste: Infectious waste constitutes 10—
25% of total healthcare facility waste, emphasizing the
importance of proper waste management(36). Items such
as IV tubing, catheters, syringes, and gloves are
recyclable but must be placed in red bags. Specific solid
wastes including anatomical waste (human or animal
origin), body fluids, cotton swabs, expired medications,
liquid waste, and laboratory waste go into yellow bags.
General solid waste is disposed of in black bags.
Infectious sharps (needles) go into white bags, while
implants, glassware, vials, and ampoules go into blue
bags, thus pre-sorting them for recycling(37). Artificial
intelligence—based technologies (smart bins, sorting
robots, wireless sensors) enable real-time monitoring of
waste bins, predictive waste collection, and optimization
of waste processing(38). Traditional bins simply collect
waste, requiring manual checks by healthcare workers.
This process is inefficient for routine waste management,
and frequently filled bins can encourage the proliferation
of pathogens and insects. Researchers are currently
exploring methods to integrate waste-sorting robots into
existing systems, enabling automated separation before it
reaches landfills(39). To further enhance these robots,
optical(40) and olfactory sensors(41), as well as
microwaves(42), infrared, and gas sensors, are being
investigated. Such robots could significantly boost
efficiency, cut labor costs, and improve waste
classification, making them highly relevant for the
healthcare sector(38).

- Green Building

A green building emphasizes the use of locally available
natural materials(43).

Flooring: Linoleum flooring is recommended for
designing an eco-friendly dental clinic(7,44).

Paint: One of the most harmful chemicals in commonly
used paints for clinic walls are volatile organic
compounds (VOCs), which easily vaporize into the air
and contain carbon. As paint dries, it releases these
hazardous compounds(7). Recent technological advances

in the paint industry have made it possible to reduce
VOCs; therefore, ultra-low or zero-VOC paint is
recommended(7,44-46).

Lighting: Compact fluorescent bulbs should be used, as
they last 8-12 times longer than incandescent bulbs and
cost only about one-quarter as much per hour(5).

Construction Materials: Concrete can replace brick to
reduce heating and cooling demands and increase thermal
efficiency. Double-glazed windows can maximize natural
light while minimizing direct heat gain(47).

- Electricity Consumption

Nearly 90% of the energy consumed by washing
machines is spent heating the water, so washing clinic
gowns in cold water conserves energy. Set the washing
temperature to cold or warm, with a cold rinse cycle(48).
Additionally, “vampire power” refers to devices plugged
in but not in active use; unplugging them after hours
saves energy. Turn off unnecessary transformers,
equipment, surge protectors, TVs, monitors, and
computers when the clinic is closed(44).

- Water Consumption

Dental vacuum systems are essential in any practice, but
their high water usage can lead to waste and water
pollution(49). There are three types of dental vacuum
pumps: water-consuming, water-recycling, and dry
pumps. A “green” approach is the dry vacuum system,
which can save approximately 1,400 liters of water daily
compared to a wet vacuum in a typical clinic. This
equates to around 12,000 half-liter bottles of drinkable
water(47,48). Sensor-operated faucets, starting the
autoclave only when fully loaded, and even rainwater
harvesting can further reduce water consumption(50).

- Hazardous Waste Management

Amalgam and Composite Resins: Dental amalgam is an
alloy containing elemental mercury. Mercury is a
bioaccumulative toxicant, and evidence shows that dental
amalgam is a primary source of mercury in the human
brain and kidneys(51). The most toxic form of mercury is
organic  methylmercury, which, even at low
concentrations, is highly damaging to water and soil
quality(52,53). Elemental mercury can transform into
methylmercury upon contact with aquatic organisms(37).
Mercury in dental amalgam can contaminate the
environment via spills or the extraction of amalgam-filled
teeth. Amalgam waste, classified as mercury-
contaminated, should be stored in designated containers
with mercury-suppressing agents to prevent vapor
exposure. Installing amalgam separators in units
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facilitates the removal of amalgam particles from
wastewater, ensuring that amalgam waste is properly
collected and disposed of as hazardous(37). Likewise,
microparticle pollutants that can contaminate the waste
system are generated during placement and removal of
resin-based  composites(54).  Commonly  termed
microplastics, these particles pose a significant
environmental threat, potentially affecting aquatic life,
soil, and food webs due to bioaccumulation(55).
Microplastic pollution is defined as the release of
synthetic plastic particles(56). In 2015, an estimated 800
million direct composite restorations were applied(57),
and about 6% are expected to fail within 10 years,
equating to 48 million restorations that must be removed
or replaced, releasing composite resin particles into
municipal landfills, incinerators, and wastewater(58).
Assuming an average weight of 0.3 g per composite
restoration, extrapolations suggest as much as 14.4 tons
of particulate waste could enter wastewater annually.
One meta-analysis indicates that 32 million posterior
restorations placed in 2015 will require replacement or
repair by 2025, underscoring the potential for resin
microparticles in the waste stream(59). Still, composite
resins are indispensable in restorative and esthetic
dentistry(9).

- Gloves and Rubber

Incineration of chlorine-containing materials such as
gloves and rubber can release dioxins, which have been
linked to cancer and reproductive disorders(60). Non-
chlorinated latex gloves are a viable alternative(32).

- Integrating Quality of Life into Dentistry

Aromatherapy and the use of greenery in the clinic can
help patients relax naturally. A HEPA UV germicidal air
purifier can remove airborne particles(61). Establishing a
green area with native, insect-friendly plants, avoiding
herbicides, and providing bird feeders and natural
habitats (leaving branches, leaves) further supports local
ecosystems. A green wall in the waiting area not only
reduces patient anxiety but also promotes smoking
cessation(25).

- Digitalization

Radiographic waste poses an environmental challenge.
Popa D and colleagues found that dental clinics generate
approximately 4.8 million lead foils and 28 million units
of toxic radiographic material(62). Computer-Aided
Design and Computer-Aided Manufacturing

(CAD/CAM) systems eliminate the need for radiographic
waste and the disposal of silicone or alginate impression
materials.

- Reducing the Greenhouse Effect

Using nitrous oxide with oxygen as a dental anesthetic
raises environmental concerns because nitrous oxide is
estimated to contribute about 5% to the greenhouse
effect(63,64). Consequently, sevoflurane has been
recognized as a safe and effective alternative that can
contribute to making dental procedures more
environmentally friendly(65). Travel-related emissions
can be minimized by utilizing technology for
communication and  professional interactions(66),
scheduling appointments for multiple family members on
the same date, or combining multiple treatments in one
visit. Likewise, it is advisable to consolidate deliveries
with technicians and suppliers to reduce shipping
frequence(25).

- Green Dentistry in Treatments

Another sustainability concern is the pharmaceutical
regimens that support dental care. Antibiotic overuse and
the subsequent rise in antibiotic resistance exemplify this
issue(67). Research on novel components like Camellia
sinensis extract and ozonated natural olive oils in
toothpaste and mouthwash arises from the understanding
that the composition and balance of the oral microbiome
play a crucial role in overall health. Probiotics have also
been shown to benefit oral health(68,69).

Discussion

Studies investigating awareness of biomedical
waste management among dentists report high levels of
awareness. However, more education is needed to
achieve comprehensive understanding, particularly
regarding color-coded waste disposal(70). Inappropriate
disposal of single-use items (syringes, gloves, masks)
pollutes soil and groundwater, posing threats to terrestrial
and aquatic ecosystems. Inadequate waste management
systems and weak regulations exacerbate these
environmental risks(2). Seven out of ten dentists want to
adopt more sustainable practices but do not know how to
begin, and six out of ten believe that creating a positive
impact on the environment and society is the top priority
for the dental sector. Nevertheless, in many markets,
sustainability triggers positive emotions in fewer than
half of dentists. Although most dentists wish to play a
role in making dentistry more sustainable, 69% admit
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