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Abstract

Aimr To identify the environmental challenges in modern dental practice and propose sustainable strategies that
minimize ecological harm without compromising clinical care.

Background Although dentistry emphasizes prevention and minimally invasive treatments, it significantly
contributes to environmental degradation through high consumption of single-use items, energy, and transportation.
Sustainable dentistry supports WHQO's vision of environmentally responsible healthcare and is guided by four core
principles: disease prevention, patient self-care, lean service delivery, and adoption of low-carbon technologies.
Result Key sustainability opportunities in dentistry include:- ® Preventive care, which reduces disease burden and
the need for resource-intensive treatments., ® Travelrelated emissions, accounting for 65% of dental clinic carbon
footprints, can be mitigated through tele-dentistry and promoting active travel., ® Energy-efficient infrastructure,
including LED lighting and optimized HVAC systems, can reduce emissions by up to 15%., ® Singleuse plastics,
particularly from dental consumables and toothbrushes, contribute significantly to landfill waste and should be
replaced with recyclable or reusable options., ® Nitrous oxide, with high global warming potential, requires improved
delivery and emission control systems., ® Enhanced waste management through proper segregation and adherence to
the 4Rs (Rethink, Reuse, Recycle, Recover) can significantly reduce the environmental load.

Conclusion Eco-conscious changes in dental practice can meaningfully reduce its environmental footprint.
Sustainable approaches offer both environmental and economic advantages.

Clinical significance Integrating sustainability into routine dental care enhances efficiency, reduces operating costs,
and aligns with ethical responsibilities toward community health and environmental stewardship.

Keywords: Sustainable dentistry, Envirvonmental, Eco-friendly dental practices, Dental waste management.

INTRODUCTION

The World Health Organization (WHQO) defines sustainable healthcare as practices that minimize
environmental harm while promoting social responsibility (World Health Organization, 2022)." In
dentistry, adopting this approach is essential to not only reduce environmental damage but also to
enhance patient care and community health. Dentists, who specialize in providing compassionate oral
care to individuals of all ages, have a unique opportunity to lead this shift by integrating sustainable
practices into their work.

Dentistry focuses on preventive care, early detection, and minimally invasive treatments, which in turn
are key to fostering long-term oral health. However, these practices often come with an environmental
cost, including significant waste and resource use. Modern dentistry, particularly in dental settings, heavily
relies on disposable items during procedures. For example, consider common household dental products
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such as toothpaste tubes, floss containers, toothbrush packaging, and whitening strips, which contribute
to waste when discarded. In a dental clinic, a single procedure might involve more than 30 disposable
items, such as plastic barriers, single-use materials, personal protective equipment, and sterilization
pouches, all of which are discarded immediately after use. This waste is multiplied across dental practices,
hospitals, and households, raising important questions for dentists committed to maintaining individual’s
oral health: What is the environmental toll of this care?

Research indicates that healthcare waste is a significant contributor to greenhouse gas emissions, climate
change, air pollution, water and food insecurity, and other environmental issues, all of which have direct
health consequences. These findings highlight the critical need for sustainable practices in dentistry."?
Given the known health risks associated with environmental waste, dental professionals have an ethical
obligation to implement sustainable measures. This responsibility calls for a balanced approach in
dentistry that ensures both patient well-being and environmental protection, encouraging the profession
to evolve toward sustainability in both clinical practice and public health advocacy.

Principles Of Sustainable Healthcare®

The Centre for Sustainable Healthcare has developed four principles of sustainable clinical practice
(Figure 1).
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Figure 1. Four principles of sustainable dentistry

1. Disease Prevention - The most sustainable approach in healthcare is to avert disease onset altogether,
thereby eliminating the environmental impact associated with its treatment.

2. Promoting Patient Self-Care — Encouraging individuals to take an active role in managing their own
health can decrease the dependency on healthcare resources over time.

3. Efficient Service Delivery (Lean Services) - Optimizing healthcare systems by eliminating non-value-
adding activities conserves resources. These resources extend beyond tangible items like paper and
dental supplies to include less visible factors such as staff time, facility operations, and travel. Notably,
research in dentistry highlights that a significant portion of carbon emissions stems from travel to and
from clinics by both patients and staff. Thus, redesigning care pathways to limit in-person visits while
preserving clinical outcomes can significantly reduce environmental impact.

4. Adoption of Low-Carbon Technologies and Treatments - It is critical to assess the environmental
claims of new technologies or procedures against reliable evidence, as terms like "eco-friendly" or
"sustainable" are often used in marketing without substantiating data. Therefore, the integration of
alternative treatments should be guided by robust environmental and clinical data.

Spheres Of Influence (Figure 2)

1530



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 20s, 2025
https://theaspd.com/index.php

e OF INFLy
WeR En,
<® Ce

REDUCE TRAVEL-
PREVENTION OF RELATED
ORAL DISEASES CARBON
FOOTPRINT

ENERGY- SUSTAINABLE
PROCUREMENT OF

EFFICIENT a
ARCHITECTURE DENTAL
MATERIALS

RLDUC’ING : REDUCE NITROUS
SINGLE-USE OXIDE USE
PLASTICS

F 4
USE ECO- SUSTAINABLE
FRIENDLY WASTE
TOOTHBRUSHES MANAGEMENT

Figure 2. Sustainable Dentistry-Spheres of Influence

= Prevention: Oral diseases, such as caries, periodontal disease, and oral cancers, are highly preventable
but affect nearly half of the global population, making them the most prevalent non-communicable
diseases (NCDs).®® Given that these conditions cannot always be cured, evidence-based prevention
strategies are essential for improving oral health.” Preventing oral diseases not only reduces their
prevalence but also lessens environmental impacts by decreasing the need for dental treatments, which
reduces waste, energy use, and plastic consumption.® Studies show that dental care for individuals with
high disease levels has eight times the environmental impact compared to those with minimal disease.®”
Key preventive measures include proper oral hygiene, fluoride use, and reducing risk factors such as
excessive sugar, tobacco, and alcohol consumption. Social determinants like universal health coverage
and policies on sugary drinks, tobacco, and alcohol can further reduce disease burden and environmental
impact."? Oral health professionals can promote prevention at individual, community, and policy levels
to improve health and sustainability in dentistry.

= Travel-Related Carbon Footprint: The term "carbon footprint" refers to the total GHG emissions
directly or indirectly associated with a person, organization, event, or product."'” To facilitate comparison,
the global warming potentials of various gases are expressed in terms of carbon dioxide equivalents (CO,e
or CO,eq), using CO; as the reference."” Not all greenhouse gases (GHGs) have the same environmental
impact. Major contributors include carbon dioxide (CO,), methane (CH,), fluorocarbons (FCs), and
nitrous oxide (N,0), with fluorocarbons being the most powerful and enduring. Healthcare systems
globally are responsible for about 4% of total GHG emissions.""” In dental practices, transportation—the
travel of patients, staff, and deliveries—constitutes the largest portion of their carbon footprint, with 65%
of the total emissions being related to travel." Reducing travel is therefore a key strategy to lower the
sector's carbon footprint. Encouraging staff and patients to use active travel options, such as walking,
cycling, or running, can cut CO, emissions while also promoting physical activity, which is a critical factor
in preventing non-communicable diseases.” Strategies to encourage active travel could include providing
secure bike parking, sharing public transport options on the practice’s website, offering local maps for
walking and biking, or organizing friendly step challenges. Additionally, scheduling appointments for
families together and making the most of each visit can reduce the number of trips needed. Another
effective measure is expanding the use of tele-dentistry, which has proven to be safe, cost-effective, and
well-received by patients, further minimizing unnecessary travel.”

= Energy-Efficient Architecture: Dental clinics can significantly reduce their environmental impact by
adopting energy-efficient practices, such as using LED and motion-sensitive lighting, energy-efficient
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HVAC (Heating, Ventilation, and Air Conditioning) systems, and incorporating natural lighting. New
constructions can benefit from sustainable designs, including solar panels, energy-efficient insulation, and
green spaces, which not only enhance biodiversity but also offer psychological and physical health benefits
like stress reduction and mood improvement."” Since energy use in buildings contributes 15% of the
carbon footprint of dental care?, retrofitting clinics with energy-efficient solutions, such as improved
water and appliance use, can greatly enhance sustainability. Despite challenges like upfront costs and
limited expertise, these measures provide long-term benefits for both cost savings and environmental
health.

= Reducing Single-Use Plastics: The use of single-use plastics (SUPs) in dentistry has risen significantly,
especially after the COVID-19 pandemic, with approximately twenty-one SUP items used per
procedure."” While most healthcare waste (85%) is not hazardous, improper classification and disposal
often result in unnecessary incineration or sterilization, leading to environmental harm.®® Barriers such
as limited recycling options, unclear guidelines, and insufficient staff education further complicate waste
management. To mitigate SUP waste, clinics can adopt sterilizable instruments, classify waste accurately,
and provide staff training on sustainable practices. These measures reduce environmental impact and
lower the costs associated with managing biomedical waste."

= Toothbrushes: Each year, billions of toothbrushes are discarded into landfills worldwide, where
traditional plastic toothbrushes can take up to 500 years to decompose.*” With recommendations to
replace them every three months, an individual can use approximately 300 toothbrushes over a lifetime.*?
Recycling toothbrushes is particularly difficult due to the combination of plastics, metal, and other
materials requiring complex separation processes.”” While there is no universally agreed-upon sustainable
toothbrush solution, life cycle analyses suggest that bamboo toothbrushes and plastic toothbrushes with
replaceable heads have lower environmental impacts compared to non-replaceable plastic or electric
toothbrushes.*? Further studies, which also account for factors like biodiversity loss, ecotoxicity, and air
pollution, highlight that toothbrushes made from recycled plastic have the least environmental and
human health impact, making them the most sustainable choice currently available.*”

= Nitrous Oxide Use: Nitrous oxide (N,O) has been a trusted tool for managing dental pain and anxiety
since the 1800s.“” However, N,O is a potent greenhouse gas, with a global warming potential about 270
times that of carbon dioxide.*” Waste N,O can be released through system leaks, unused gas, or patients'
exhaled air, with the largest source of waste occurring in central piping systems. To mitigate this, portable
nitrous units are recommended as they have a lower risk of leaks.?® Exhaled N,O can also contribute to
environmental pollution, particularly if nasal hoods do not fit properly or if patients speak or cry during
administration. Prolonged exposure to nitrous oxide can pose health risks, such as interfering with B,
metabolism, causing infertility, and leading to neurological disorders.”’
environmental impact, combined with limited alternatives, often prevents efforts to reduce nitrous use.
Strategies to minimize N,O waste include careful case selection, efficient use of time during procedures,
limiting the duration of nitrous use, and regular monitoring for system leaks. Additionally, installing
catalytic processors to break down N,O into nitrogen and oxygen has proven effective in reducing ambient

levels of exhaled nitrous oxide, with a 2022 clinical trial showing a reduction of more than 70% in labour
(3031)

) A lack of awareness about its

wards.
Sustainable Waste Management In Dentistry

= Waste Management: The provision of oral healthcare generates waste beyond plastics. Many are
familiar with the concept of the "4Rs" of sustainability (Rethink, Reuse, Recycle, and Recover).®? The goal
is to establish a "circular economy," where materials used throughout the dental supply chain are not
disposed of through burial or incineration. Instead, this approach emphasizes applying the 4Rs to
significantly minimize waste production and reduce the reliance on extracting new raw materials.

* Dental Equipment and Materials: Due to the complex composition of certain dental materials and
the strict requirements for cross-infection control, many dental materials cannot be recycled. Items such
as sharps (e.g., needles and blades), hazardous materials (e.g., dental amalgam, lead foils, and silver from
Xeray processing solutions),”” and infectious medical waste (e.g., blood-soaked gauze and visibly
contaminated PPE) must be disposed of following specific protocols.®? Since the disposal of hazardous
and medical waste often involves extended transportation and carbon-intensive processes, it is essential
to restrict these waste streams to only those materials classified as hazardous.®” This requires dental teams
to be well-versed in proper waste categorization and management.
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= Domestic Waste: Dental clinics generate various forms of waste similar to household waste, though it
may not always be managed as effectively in the office. Research has shown that non-infectious waste such
as paper, cardboard, plastic bags, and packaging accounts for 48% of the total waste produced in dental
offices, while domestic-type waste like food scraps, glass, metals, and plastics contributes another 24%.°%
Proper waste separation can significantly reduce landfill contributions, as it is estimated that 75% of
landfill material consists of recyclable items like plastics, paper, glass, and metals. Additionally, food waste,
which makes up 24% of landfill waste, can be diverted through composting programs, providing an
effective solution for disposing of biodegradable materials.”” Reducing paper waste is another key strategy,
achievable by using electronic patient records and digital communication methods such as calls, texts,
and emails. Encouraging recycling and waste reduction among the dental team can be achieved through
training, motivating staff, and strategically placing accessible recycling bins.”® Minimizing waste
production in the first place is crucial and can be facilitated by conducting waste audits, which help
identify sources of unnecessary waste and improper disposal.®” This process not only highlights areas for
improvement but also reduces costs associated with purchases and waste management.

CONCLUSION

The field of sustainable dentistry is evolving, with ongoing research focusing on developing eco-friendly
materials and optimizing energy-efficient technologies for clinical use. Studies on biocompatible materials,
bio-based sealants, and alternative sterilization techniques are underway to further reduce the
environmental impact of dental care. Collaborative efforts between dental organizations, environmental
scientists, and policymakers are essential in creating guidelines that support sustainable dental practices
globally. Initiatives such as the FDI World Dental Federation's “Sustainability in Dentistry Code of
Practice” aim to guide the industry toward sustainable procurement and waste management strategies.*”
Efforts like incentivizing efficient treatment planning, reducing waste through better product design, and
committing to eco-conscious supply chains are critical steps forward. Education and awareness are equally
important, with courses like the Sustainable Dentistry Program from the Centre for Sustainable
Healthcare which will help in empowering dental professionals to adopt environmentally friendly
practices. By prioritizing sustainable dentistry, the profession can meet its ethical responsibility to patients,
the community, and the environment, contributing to a healthier and more sustainable future.
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