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Executive summary
Background

Dental caries is a major public health problem 
affecting all age groups. It often begins in early 
childhood and increases across the life course. 
Although largely preventable and treatable at an 
early stage, dental caries affects 2.7 billion people 
worldwide, with a disproportionate impact on 
marginalized populations that have limited access 
to essential oral health care services (1). Dental 
amalgam has been used for decades to restore 
teeth affected by dental caries. It contains mercury, 
about 50% by weight, chemically bonded to other 
metallic elements such as silver and tin. Mercury is 
a highly toxic heavy metal that poses a global threat 
to human health and the environment. 

The Minamata Convention on Mercury, a global 
treaty in force since 2017, seeks to protect human 
health and the environment from anthropogenic 
emissions and releases of mercury. The World 
Health Organization (WHO), mandated by Member 
States through World Health Assembly resolutions, 
supports countries in implementing the Minamata 
Convention, promoting oral health and mercury-
free dental practices, and ensuring access to 
essential oral health care. In collaboration with the 
United Nations Environment Programme (UNEP), 
WHO is executing a project to phase down  
the use of dental amalgam and to manage 
associated waste in line with the provisions of the 
Minamata Convention.

Rationale and objective 

As mercury is harmful to both human health 
and the environment, there is a need for strong 
evidence-based guidance on the use of alternative 
materials that are free from mercury and effective 
in the management of dental caries. This guideline 
provides recommendations on safe, less invasive 
and environmentally friendly oral health care for 
preventing and managing dental caries using 
mercury-free dental products.

The mandate for WHO to develop such guidance 
comes directly from World Health Assembly 
resolution WHA74.5 on oral health (2). In addition, 
both the Minamata Convention on Mercury and 
the WHO Global Strategy and Action Plan on Oral 

Health 2023–2030 call for phasing down the use of 
dental amalgam, which requires sufficient uptake of 
alternative materials to manage dental caries.

Scope and target audience

The scope of this guideline is to identify and 
promote mercury-free dental products, including 
those that can be considered direct alternatives 
to dental amalgam, for preventing and managing 
dental caries. 

This guideline is intended for governments, 
intergovernmental organizations, non-State actors, 
oral health professional organizations, ministries of 
health and environment, health authorities, public 
health policymakers, health programme managers, 
nongovernmental organizations, industry, oral 
health professionals and health workers. 

Methods

These recommendations in this guideline are based 
on the most current, high-quality scientific evidence. 
They were formulated using processes and methods 
that meet the highest international standards for 
guideline development, as outlined in the WHO 
handbook for guideline development (3). Oversight 
of the development process was provided by the 
WHO Oral Health Programme, with support from a 
dedicated WHO–UNEP Steering Committee.

A Guideline Development Group (GDG), composed 
of independent international experts with diverse 
expertise and perspectives, was convened to identify 
key questions, review the evidence and formulate 
recommendations. The evidence base was drawn 
from systematic reviews, both existing and newly 
commissioned, on the clinical effectiveness, cost-
effectiveness, toxicity and environmental impact of 
mercury-free dental products for preventing and 
managing dental caries. 

The GDG assessed this evidence and developed 
recommendations using the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to determine the 
certainty of the evidence. In addition, the group 
considered other factors, including whether the 
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balance of benefits to harms was sensitive to 
variability in patient values and preferences; the 
relative costs; resource use and cost-effectiveness; 
the acceptability and feasibility of interventions  
in the intended populations and settings;  
and anticipated impacts on equity of access  
and outcomes.

Recommendations and  
best-practice statements
This WHO guideline is grounded in the guiding 
principles of prioritizing preventive strategies, 
promoting minimally invasive interventions, 
fostering open communication between patients 
and oral health care professionals, and the 
precautionary principle.  

This guideline includes eight recommendations 
and two best-practice statements. Clinical 
recommendations are grouped according to their 
primary indication: prevention of dental caries, 
nonrestorative interventions for managing dental 
caries, and direct restorations (excluding indirect 
restorations and advanced caries stages). Two 
additional recommendations and two best-practice 
statements address risk mitigation among clinical 
teams and patients. 

Each recommendation and best-practice 
statement is accompanied by remarks to support 
interpretation. The guideline also summarizes the 
GDG discussions and the rationale behind each 
decision. Finally, it highlights important knowledge 
gaps that require further investigation through 
primary research.
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Summary of recommendations
RECOMMENDATIONS FOR CLINICAL PRACTICE

Clinical interventions 
to prevent dental caries 

Recommendation 1: strong, moderate certainty of evidence. New  
WHO recommends the use of fluoride varnish (5% sodium fluoride) applied twice a year  
as a population-wide preventive intervention against dental caries in both primary and 
permanent teeth.

Recommendation 2: conditional, low certainty of evidence. New 
WHO suggests the use of silver diamine fluoride (38% concentration), applied twice a year,  
as a population-wide preventive intervention against dental caries in both primary and 
permanent teeth. 

Recommendation 3: strong, moderate certainty of evidence. New 
WHO recommends the use of pit and fissure sealants as an intervention to prevent dental 
caries in the first permanent molars of children at high risk of caries.

Clinical interventions to 
manage dental caries: 
nonrestorative treatments

Recommendation 4: strong, moderate certainty of evidence. New  
WHO recommends the use of fluoride varnish (5% sodium fluoride) as a noninvasive 
treatment option for managing initial (non-cavitated) carious lesions in primary and 
permanent teeth.

Recommendation 5: strong, moderate certainty of evidence. New  
WHO recommends the use of silver diamine fluoride (38% concentration), applied twice a 
year as a non-invasive treatment option for managing cavitated carious lesions without pulp 
involvement in primary teeth and cavitated carious lesions without pulp involvement on the 
root surfaces of permanent teeth.

Clinical interventions to 
manage dental caries: 
restorative treatments

Recommendation 6: conditional, low certainty of evidence. New 
WHO suggests the use of glass ionomer cements and resin-based composites as direct 
restorative materials for the treatment of dental caries.

RECOMMENDATIONS AND BEST-PRACTICE STATEMENTS FOR RISK MITIGATION AMONG CLINICAL TEAMS AND PATIENTS

Oral health care for 
vulnerable populations

Recommendation 7: conditional, very low certainty of evidence. New  
WHO suggests limiting the use of resin-based fissure sealants and composites containing 
bisphenol A (BPA) derivatives in children, adolescents, pregnant or breastfeeding women,  
as these groups are more susceptible to potential endocrine effects.

Recommendation 8: conditional, low certainty of evidence. New 
WHO suggests exercising caution when using resin-based composites, including fissure 
sealants and restorations, in individuals with allergic conditions, as the monomers present  
in these products may cause sensitization.

Safe handling and 
application of resin-based 
composites

Best-practice statement 1  
Follow occupational safety protocols for the proper handling of resin-based composites  
to reduce risks for oral health care professionals and patients. 

Best-practice statement 2 
Ensure effective isolation and thorough curing with appropriate light sources, and proper 
surface finishing or polishing techniques to minimize exposure to unpolymerized monomers 
during the application of resin-based composites.
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1. Introduction
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The World Health Organization (WHO) defines oral 
health as the state of the mouth, teeth and orofacial 
structures that enables individuals to perform 
essential functions, such as eating, breathing and 
speaking, and encompasses psychosocial dimensions, 
such as self-confidence, well-being and the ability 
to socialize and work without pain, discomfort and 
embarrassment (4). Dental caries is a major public 
health problem worldwide. The disease affects all age 
groups, with onset in early childhood and increasing 
prevalence across the life course. Although largely 
preventable and treatable in its early stages, dental 
caries contributes substantially to the economic 
burden globally, particularly among underserved and 
vulnerable populations with limited access to essential 
oral health care services (5). For more than 175 years, 
dental amalgam – which contains approximately 50% 
mercury by weight, chemically combined with other 
metallic elements such as silver and tin – has been 
widely used as a restorative material to fill cavities 
caused by dental caries. 

Mercury (Hg) is a highly toxic heavy metal that 
poses a global threat to human health, and more 
broadly, to the health of ecosystems (6, 7). Mercury 
pollution occurs in three main forms: elemental 
(metallic), organic (primarily methylmercury) and 
inorganic compounds (such as those found in 
amalgam restorations). All forms have toxic effects 
on the nervous, digestive and immune systems, 
as well as on the lungs, kidneys, skin and eyes, 
depending on the type of mercury, the dose and 
duration of exposure. Once released into the 
environment, mercury can travel long distances 
through the atmosphere, persist in ecosystems and 
bioaccumulate in the food chain, particularly in fish, 
seafood and humans (8, 9).

Outside occupational settings (such as artisanal and 
small-scale gold mining and oral health care), human 
exposure to mercury occurs primarily through 
the consumption of contaminated seafood and 
through contact with mercury-containing products, 
including dental amalgam, certain pesticides, 
damaged mercury-containing products such as 
thermometers, fluorescent light bulbs, batteries and 
skin-lightening products (10). Dental amalgam is a 
direct restoration material commonly used to restore 
decayed teeth. The placement and removal of dental 
amalgam restorations expose patients and oral 
health care professionals to low levels of mercury 
vapour. Moreover, dental amalgam restorations may 
continuously release very small amounts of mercury 
vapour, especially during toothbrushing, chewing, 
eating hot foods and liquids, and teeth grinding 
(11, 12). Mercury from dental amalgam can enter 
the natural environment through several pathways, 

polluting air (via emissions from dental clinics, 
crematoria and sewage sludge incineration), water 
(through releases from dental clinics and household 
waste), and soil (through disposal in landfills, burials 
and the use of contaminated fertilizer) (13). 

The Minamata Convention on Mercury, a global 
treaty to protect human health and the environment 
from emissions and releases of mercury and 
its compounds resulting from human activity, 
entered into force on 16 August 2017. It initially 
required Parties to phase down the use of dental 
amalgam by implementing at least two of nine 
recommended measures listed in Annex A, Part II, 
of the Minamata Convention on Mercury. In 2022, 
at its fourth meeting (COP4), the Conference of 
the Parties restricted the use of dental amalgam 
in primary teeth, in children under 15 years of 
age and for pregnant or breastfeeding women, 
except when deemed strictly necessary by an oral 
health care professional.  COP4 also prohibited the 
use of mercury in bulk form by oral health care 
professionals. In 2023 at its fifth meeting (COP5), the 
Conference of the Parties adopted a new mandatory 
measure requiring Parties that have not yet phased 
out dental amalgam to submit to the Secretariat, 
every four years, a national action plan or a report, 
based on available information, detailing progress 
achieved or under way in phasing down or phasing 
out dental amalgam (14).

WHO is mandated by its Member States, through two 
World Health Assembly resolutions (WHA67.11 and 
WHA74.5), to support countries in implementing the 
Minamata Convention on Mercury. In accordance 
with the resolution on oral health (WHA74.5), WHO 
was requested to provide technical guidance on 
environment-friendly and less invasive oral health care 
to assist countries in implementing the Convention, 
including supporting prevention programmes (2). 

The Global Oral Health Action Plan 2023–2030 
has set one global oral health target and a range 
of actions to progressively reduce, or, where 
appropriate eliminate, the use of dental amalgam (2). 
Phasing down the use of dental amalgam must be 
supported by creating an enabling environment for 
mercury-free dental products and by ensuring access 
to essential oral health care (15). This is reinforced 
by WHO’s ongoing work to mobilize political action 
towards universal health coverage for oral health. 
This work is based on guiding principles that include 
a public health approach to oral health, focusing 
on the prevention of dental caries and health 
promotion, thereby minimizing the need for dental 
restorations, in line with the first measure of Annex 
A, Part II, of the Minamata Convention (14). 
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In collaboration with the United Nations Environment 
Programme (UNEP), WHO is implementing a Global 
Environment Facility (GEF)-funded project entitled 
Accelerating the implementation of dental amalgam 
provisions and strengthening countries’ capacity for 
the environmentally sound management of associated 
waste under the Minamata Convention (GEF7 Phasing 

Down Dental Amalgam project). The project takes 
advantage of relevant opportunities to disseminate 
the findings and make recommendations to 
phase down dental amalgam use and manage 
the associated waste in an environmentally sound 
manner. This guideline has been developed as a key 
output of the project.

1.1 Rationale
The high prevalence of untreated dental caries 
and the widespread social inequalities in dental 
caries within and between countries highlight 
the need for accessible strategies to prevent and 
treat the disease (1). Reducing the consumption 
of free sugars and toothbrushing with fluoridated 
toothpaste are effective strategies for preventing 
dental caries across the life course in the general 
population. Nonrestorative strategies include the 
application of topical fluorides and fissure sealants, 
while restorative strategies include the placement of 
glass ionomer cements, resin-based composites and 
compomers (4).

Moving away from mercury in oral health care 
supports wider environmental and public health 
objectives by reducing mercury pollution and 
the associated risks. This shift also supports the 

implementation of the Minamata Convention 
on Mercury and the Global Oral Health Action 
Plan 2023–2030, which call for the progressive 
reduction, and, where appropriate, elimination of 
dental amalgam use. To support this transition, 
it is essential to strengthen the evidence on the 
characteristics of mercury-free dental products 
and their selection and use to prevent and manage 
dental caries. In addition, a better understanding 
of their potential risks to human health and the 
environment will help inform decisions on safer and 
more sustainable practices.

Advice is therefore needed to ensure that the 
transition to mercury-free dental products does not 
compromise the quality of essential oral health care 
and that it safeguards the health of humans, animals 
and the environment.

1.2 Purpose
This guideline presents current knowledge and 
offers guidance on safe, minimally invasive oral 
health care that minimizes the impact on the 
natural environment. It focuses on the prevention 
and management of dental caries using mercury-
free dental products. The guideline is aligned 
with the Minamata Convention, which calls for 
the reduction and, where feasible, elimination of 
mercury pollution worldwide. It does not include 
or compare products containing mercury-based 
dental amalgam, as these are not considered 
environmentally sustainable and their use requires 
extensive removal of tooth tissue. The objectives  
of this guideline are to: 

•	 present the best available evidence on the 
clinical effectiveness, cost-effectiveness and 
safety (toxicological and ecotoxicological effects) 
of mercury-free dental products used in the 
prevention and management of dental caries;

•	 provide evidence-based recommendations for the 
selection and use of mercury-free dental products 
for preventing and managing dental caries, with 
emphasis on minimal intervention procedures and 
environmental sustainability;

•	 identify the roles, contributions and responsibilities 
of relevant stakeholders, including industry, in 
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supply chain management (materials sourcing, 
manufacturing and distribution) and in supporting 
oral health care through the use of environmentally 
sustainable materials;

•	 share best practices in the management of dental 
waste, including materials used and replaced in 
oral health care facilities;

•	 share cost-effective interventions to promote oral 
health and prevent dental caries in health care 
facilities and key settings; and

•	 share best practices to reduce the environmental 
impact of mercury-free dental products.

1.3 Scope 
This guideline builds on the 2009 WHO report on 
the future use of materials for dental restoration, 
which recognized the potential of mercury-free 
alternatives such as glass ionomer cements and 
resin-based composites for the treatment of dental 
caries (16). Reflecting continuing progress, fluoride 
toothpaste, glass ionomer cements and 38% silver 
diamine fluoride were added to the WHO Model List 
of Essential Medicines in 2021, followed in 2023 by the 
inclusion of other topical fluorides (varnishes, gels and 
mouthrinses) and resin-based composites for use as 
fissure sealants and restorations  (17, 18). In addition, 
WHO has developed briefing notes on preventing 
and managing dental caries that emphasize mercury-
free products and minimal interventions (4). WHO is 
also preparing its first set of cost-effective oral health 
interventions (19). These developments reflect a 
broader shift towards evidence-based, preventive  
and minimally invasive approaches.

This guideline addresses the safe, effective, 
affordable and environmentally sustainable use of 
mercury-free dental products for the prevention and 
management of dental caries. It is relevant to policy-
makers responsible for health promotion, to health 
care workers providing preventive and restorative 

care for dental caries, and to people of all ages 
receiving essential oral health care. 

The key questions that informed the evidence 
synthesis for the guideline recommendations are 
outlined in section 2.1. They are organized under 
three headings, corresponding to the types  
of interventions discussed in section 4 of  
this document:

•	 interventions for the prevention of dental caries;

•	 nonrestorative interventions for the management 
of dental caries; and

•	 direct restorations for the management of  
dental caries.

This guideline excludes interventions for managing 
dental caries through indirect restorations (such as 
inlays, onlays and crowns) and for advanced stages 
of caries with pulp involvement. These exclusions 
are deliberate, as such clinical situations usually 
require specialized approaches and fall beyond the 
practical scope and target population of a primary 
care guideline. 

1.4 Target audience
This document is intended to provide 
recommendations to governments, 
intergovernmental organizations, non-State actors 
and other stakeholders involved in planning and 
delivery of interventions to prevent and manage 
dental caries in individuals and populations. 

Stakeholders include oral health professional 
associations, ministries of health and environment, 
government entities, health authorities, public 
health policy-makers, health programme managers, 
nongovernmental organizations, the private sector, 
oral health professionals and other health workers. 
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The WHO Oral Health Programme led the 
development of this guideline in accordance 
with WHO methodology for the development of 
guidelines and normative products (3, 20). A Steering 
Committee was established with representation 
from WHO staff at headquarters, regional and 
country offices, as well as from the United Nations 
Environment Programme (UNEP), including staff 
from the Secretariat of the Minamata Convention 
on Mercury. The Steering Committee appointed 
the members of the Guideline Development Group 
(GDG) and the External Review Group (ERG). The 
GDG consisted of 10 members, reflecting gender 
and geographical balance, and included expertise 
in clinical practice, biomaterials, public health and 
environmental science. Five chief dental officers 
participated in GDG meetings as special advisers, 
sharing country experience and ensuring that 
recommendations were realistic and implementable 
in diverse contexts. Implementation considerations 

were further enriched by contributions from selected 
experts in relevant fields, who were also appointed 
by the Steering Committee.

The draft guideline was reviewed by the ERG, 
consisting of nine external reviewers with diverse 
backgrounds relevant to the topic. They provided 
feedback on clarity, completeness, scientific 
evidence and practical relevance. Inputs from the 
ERG were incorporated into the draft, which was 
subsequently reviewed by the Steering Committee 
before finalization. 

Full details of the composition of the Steering 
Committee, GDG and ERG are available in annexes 
1–3. Declaration of interest forms were collected 
from all contributors and assessed by the WHO 
Secretariat in accordance with established 
procedures for the management of conflicts of 
interest (see annex 4).

2.1 Research questions 
of interest
The scope of the guideline was established by 
mapping existing systematic reviews and relevant 
reports from national and international organizations 
on the safety of mercury-free dental products for 
preventing and managing dental caries. The GDG 
reviewed the scope and agreed on the following  
five key questions: 

1.	 What is the clinical effectiveness (for example, 
longevity and annual failure rate, or equivalent 
measures) and cost-effectiveness of mercury-free 
dental products for preventing and managing 
dental caries? 

2.	 What is the cytotoxicity and biocompatibility of 
mercury-free dental products or their components 
(such as monomers and nanoparticles)?

3.	 To what extent are the components of 
mercury-free dental products (such as residual 
monomers and nanoparticles) released into the 
oral environment (through residual release or 
intraoral degradation)? 

4.	 What are the health effects (for example, on 
organs, systems, physical and psychosocial 
functions) of mercury-free products on patients 
and health workers? 

5.	 What are the environmental effects (for example, 
on water, air, soil and wildlife) associated with the 
manufacture, distribution, clinical use and waste 
management of mercury-free dental products?

The above key questions addressed four topic areas: 
clinical effectiveness (question 1), cost-effectiveness 
(question 1), toxicological effects (questions 2–4) 
and environmental impact (question 5) of mercury-
free dental products for preventing and managing 
dental caries. Each review focused on the following 
professionally administered dental products: fluoride 
varnish, glass ionomer fissure sealants, resin-based 
fissure sealants, silver diamine fluoride, glass ionomer 
cements, resin-based composites and compomers 
(see Figure 1). 

The use of glass ionomer and resin-based sealants 
for the nonrestorative management of non-cavitated 
carious lesions was not considered in this guideline. 
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The Steering Committee commissioned a systematic 
review team to identify and synthesize the best 
available evidence to address each review question. 
The team registered the five review protocols in the 
International Prospective Register of Systematic 
Reviews (PROSPERO) before the searches were 
carried out. The five review questions in population, 
intervention, control and outcomes (PICO) format are 
presented in annex 5. These five systematic reviews 
(21-25) are currently undergoing journal submission 
and are therefore cited as forthcoming publications 
in the reference list.

The team first identified and assessed existing 
systematic reviews. When these were recent and 
demonstrated a low risk of bias, they were used to 
summarize the evidence for recommendations and 
were cited accordingly. When systematic reviews 
were unavailable, outdated, at high risk of bias 
or presented conflicting evidence, a new review 
of primary studies was conducted. When existing 
systematic reviews were utilized, they were cited 
accordingly. Otherwise, the text indicated that a newly 
commissioned systematic review was conducted. 

Fig. 1. Mercury-free dental products assessed for preventing and managing 
dental caries in this guideline

CARIES PREVENTION CARIES PREVENTION

Silver diamine  
fluoride

Fuoride varnish

Nonrestorative 
materials

Glass ionomer  
cements

Resin-based  
composites

Composites

Restorative  
materials

Fluoride varnish

Silver diamine fluoride

Glass ionomer sealants

Resin-based sealants



8WHO guideline on environmentally friendly and less invasive oral health care for preventing and managing dental caries

2.2 Going from evidence 
to recommendations
The GDG formulated the recommendations based 
on the quality of the available evidence. The overall 
certainty of the evidence for each key question was 
assessed using the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
approach (26). 

Using GRADE, the certainty of evidence was 
categorized into four levels (see Table 1). These 
levels could be downgraded due to risk of bias, 
inconsistency, imprecision, indirectness or 
publication bias, or upgraded when there was a large 
magnitude of effect, a dose–response gradient or 
when plausible residual confounding would reduce 
but not eliminate a demonstrated effect. 

Table 1. The four GRADE levels of quality of evidence

QUALITY OF EVIDENCE DESCRIPTION

High We are very confident that the true effect is likely to be close to the effect estimate.

Moderate We are moderately confident that the true effect is likely to be close to the effect estimate, but 
there is a possibility that it is substantially different.

Low Our confidence in the effect estimate is limited: The true effect may be substantially different 
from the effect estimate.

Very low We have very little confidence in the effect estimate: The true effect is likely to be substantially 
different from the effect estimate.

 

The GDG formulated evidence-informed, practical 
and actionable recommendations by judging 
whether the desirable effects outweighed any 
potential undesirable effects. Other factors 
considered included: 

•	 whether the balance of benefits to harms was 
sensitive to variability in patient values and 
preferences regarding outcomes; 

•	 costs and resource use, including cost-
effectiveness; 

•	 acceptability and feasibility in the intended 
populations and settings; and

•	 anticipated positive impacts on equity of access 
and outcomes (27) (see Table 2). 

The recommendations are presented in section 4 of 
the document. 

The GDG also formulated best practice statements, 
which reflect clinical norms considered self-evident 
and critical for practice. They are supported by high-
certainty indirect evidence or strong consensus and 
are not formally rated for evidence quality (28). 
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Table 2. WHO-INTEGRATE evidence-to-decision framework criteria (22)

CRITERION DEFINITION

Balance of health benefits 
and harms 

Weighs the positive health outcomes of an intervention against any adverse effects or harms.

Human rights and 
sociocultural acceptability

Evaluates the alignment of the intervention with universal human rights standards and 
sociocultural appropriateness.

Health equity, equality and 
non-discrimination 

Assesses how the intervention impacts disparities in access or outcomes.

Societal implications Considers the broader social and environmental consequences of the intervention.

Financial and economic 
considerations 

Reviews the costs of the intervention and its broader economic impact.

Feasibility and health 
system considerations 

Examines the practicality of implementing the intervention within a health system.

* Quality of evidence is a meta-criterion that assesses the quality of the evidence supporting each of the six substantive criteria.

The guideline also provides a range of policy options 
and strategies to support implementation of the 
recommendations. These elements were not drawn 
directly from the systematic reviews but were 
developed through discussions with the GDG and 
expert input from external specialists. These are 
presented in section 5 of the document.

The ERG provided feedback on the draft  
guideline after it had been developed and 
revised by the Steering Committee and the GDG. 
It was not within the ERG’s remit to change the 
recommendations formulated by the GDG. The 
Steering Committee revised the draft guideline 
based on the ERG’s feedback.
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3. Guiding 
principles
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All recommendations and best practice statements in 
this guideline are informed by guiding principles that 
reflect the position of WHO, other United Nations 
agencies and the GDG on promoting mercury-free 
dental products for preventing and managing dental 
caries in accordance with the provisions of the 
Minamata Convention on Mercury. 

These guiding principles are: 

•	 Prevention first. The best way to minimize the 
environmental impact of oral health care is to 
reduce the need for treatment of preventable 
oral diseases. Strategies to promote oral health 
and prevent oral diseases provide greater 
benefits than restorative approaches in terms  
of health, economic and environmental benefits, 
as they reduce the prevalence of dental  
caries and the need for resource-intensive 
restorative treatment. 

•	 Sugar reduction and fluoride use. Reducing 
the consumption of free sugars and ensuring the 
optimal use of fluoride are fundamental pillars 
of caries prevention in the general population. 

Policies and interventions that lower sugar intake 
and promote the optimal delivery of fluoride can 
decrease the incidence of dental caries and reduce 
the future need for dental restorations. 

•	 Early and minimally invasive care. In addition 
to prevention, early detection and non-invasive 
or minimally invasive interventions help preserve 
tooth structure, prevent disease progression  
and substantially reduce the need for more 
complex treatment. 

•	 Shared decision-making. Open communication 
between patients and oral health professionals 
is essential for shared decision-making and 
patient-centred care. This includes discussing the 
advantages and disadvantages of mercury-free 
dental products and ensuring that patients are 
fully informed before giving consent. 

•	 Precautionary principle. The guideline applies 
the precautionary principle to ensure that safety 
and environmental responsibility are prioritized, 
particularly when scientific evidence is uncertain 
or incomplete. 
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4. Recommendations 
and best practice 
statements on the use 
of mercury-free dental 
products to prevent and 
manage dental caries 
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4.1 Recommendations 
for clinical practice
4.1.1 Clinical interventions to prevent dental caries

RECOMMENDATION 1

WHO recommends the use of fluoride varnish (5% sodium fluoride) applied twice a year, 
as a population-wide preventive intervention against dental caries in both primary and 
permanent teeth. 

STRONG RECOMMENDATION, MODERATE CERTAINTY OF EVIDENCE

Remarks

•	 The optimal application frequency of fluoride 
varnish for caries prevention is twice a year. 
A biannual application protocol is the most 
commonly used in studies and is also the 
application frequency specified by manufacturers. 

•	 Fluoride varnish can be routinely used in the 
general population, particularly among children 
and older adults, not only among those at high 
risk of caries. 

Summary of evidence

This recommendation is based on evidence 
concerning the clinical effectiveness, cost-
effectiveness, toxicity and environmental impact of 
fluoride varnish. The commissioned review identified 
10 systematic reviews that addressed its clinical 
effectiveness and cost-effectiveness which were cited 
directly. For toxicity and environmental impact, no 
systematic reviews were available; therefore findings 
from primary studies were synthesized narratively.

Clinical effectiveness of fluoride varnish
Systematic reviews found that compared with no 
intervention, fluoride varnish prevents:

•	 caries in primary teeth (10 studies; preventive 
fraction 37% after 3 years; 95% confidence interval 
[CI]: 24–51%; moderate-certainty evidence) (29); 

•	 coronal caries in permanent teeth (14 studies; 
preventive fraction 43% after 3 years; 95% CI: 
30–57%; moderate-certainty evidence) (29); and 

•	 root caries (one study; mean root caries increment 
per adult was 0.67 surfaces lower after 2–4 
years; 95% CI: –1.22 to –0.12; moderate-certainty 
evidence) (30). 

Regarding application frequency, a systematic review 
found that applying fluoride varnish twice a year was 
more effective than a single annual application in 
preventing early childhood caries (one study; mean 
caries increment per child was 3.57 primary tooth 
surfaces lower after one year; 95% CI: –7.73 to 0.58; 
moderate certainty) (31). Almost all studies applied 
fluoride varnish twice a year (29, 30). 

When compared with other caries-preventive 
interventions, the evidence was uncertain as to 
whether fluoride varnish or silver diamine fluoride 
was more effective in preventing dental caries in 
primary teeth (low certainty) and in preventing 
coronal or root caries in permanent teeth (very low 
certainty) (32). It was also uncertain whether fluoride 



14WHO guideline on environmentally friendly and less invasive oral health care for preventing and managing dental caries

varnish or fissure sealants (resin-based or glass 
ionomer based) were more effective in preventing 
dental caries in permanent teeth (very low certainty) 
(33, 34). No evidence was found comparing fluoride 
varnish with fissure sealants for preventing dental 
caries in primary teeth (35). 

Cost-effectiveness of fluoride varnish
Two systematic reviews reported mixed findings 
on the cost-effectiveness of targeted preschool 
or primary school fluoride varnish programmes 
delivered by oral health professionals or other 
primary health care workers (36, 37).Another review 
suggested that fluoride varnish could be cost-
effective, particularly when targeted to children at 
high risk of dental caries (38). 

When compared with other caries-preventive 
interventions, evidence suggests that fluoride 
varnish may achieve similar outcomes to fissure 
sealants but at lower cost (33). 

Toxicity of fluoride varnish
A systematic review found no treatment-related 
adverse events in fluoride varnish clinical trials, 
although few studies collected information 
concerning possible adverse effects (29). The 
commissioned review reported that fluoride levels 
in urine and plasma increase within six hours of 
application but remain within safe limits (39, 40).  
Reported adverse reactions are rare and generally 
mild, such as swelling, burning, itching, soreness 
or rash (41). Allergic reactions may occur in 
individuals sensitive to ingredients such as 
colophony (42). Mild dental fluorosis (mottling of 
enamel) can result from early, excessive fluoride 
exposure from multiple sources (43).

Environmental impact of fluoride varnish 
The commissioned review found that fluoride 
varnish had a very low carbon footprint, though 

this is context-dependent and largely influenced 
by travel and single-use materials. A life cycle 
assessment (LCA) indicated that the most 
sustainable approach is to apply fluoride varnish 
during an existing dental visit, when the child 
is already in the chair for another appointment. 
Delivery in schools was the next most sustainable 
option. By contrast, scheduling separate dental 
appointments solely for fluoride varnish application 
resulted in higher environmental impact (44, 45). 

Evidence-to-decision 
considerations 
The guideline development group (GDG) concluded 
that there is moderate-certainty evidence that 
fluoride varnish prevents dental caries in both 
primary and permanent teeth compared with no 
intervention. Evidence also supports twice-yearly 
application. However, certainty was low when 
comparing fluoride varnish with other preventive 
interventions such as silver diamine fluoride or 
fissure sealants. Overall, the balance of benefits 
versus harms favoured the use of fluoride varnish, 
particularly among children and older adults. 

Fluoride varnish is widely accepted by patients and 
communities (46) and is included in WHO’s Model 
List of Essential Medicines (18). It can be used across 
diverse settings—including urban, rural and remote 
areas—and among vulnerable populations. Its ease 
of application and minimal training requirements 
support equitable access, including for children with 
special needs and for use in low-resource settings. 
Low cost and minimal resource requirements make 
fluoride varnish feasible for large-scale public health 
programmes. It can also be integrated into existing 
health and school systems and applied by a range 
of trained personnel, including community health 
workers and nurses.

RECOMMENDATION 2

WHO suggests the use of silver diamine fluoride (38% concentration), applied twice 
a year, as a population-wide preventive intervention against dental caries in both 
primary and permanent teeth. 

CONDITIONAL RECOMMENDATION, LOW CERTAINTY OF EVIDENCE
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Remarks

•	 Evidence on the optimal frequency and 
concentration of silver diamine fluoride is limited. 
Most studies, however, have used a biannual 
application of a 38% concentration, consistent with 
current manufacturer specifications. Providers 
should also be aware of contraindications, such as 
allergies to silver or fluoride.

•	 Silver diamine fluoride can be used routinely 
in the general population, particularly among 
children and older adults, and is not restricted to 
individuals at high risk of caries.

Summary of evidence

This recommendation draws on evidence about the 
clinical effectiveness, cost-effectiveness, toxicity and 
environmental impact of silver diamine fluoride. 
The commissioned review identified one systematic 
review addressing clinical effectiveness, which was 
directly cited. For cost-effectiveness, toxicity and 
environmental impact, no systematic reviews were 
available; therefore, findings from primary studies 
were synthesized narratively.

Clinical effectiveness of silver diamine fluoride 
A systematic review found that, compared with no 
intervention, the effect of silver diamine fluoride in 
preventing dental caries in primary and permanent 
teeth is uncertain (very low and low certainty, 
respectively). However, evidence indicates that it 
prevents root caries in adults (three studies; mean 
caries increment was 0.79 surfaces lower after 2–3 
years, 95% CI: –1.40 to –0.17, moderate certainty) (32). 
Given the limited evidence available, no conclusions 
could be drawn about different approaches to 
applying silver diamine fluoride (e.g. frequency or 
interval of application, concentration, or duration) (32).

When compared with other caries-preventive 
interventions, it was uncertain whether silver 
diamine fluoride or fluoride varnish was more 
effective in preventing dental caries in primary teeth 
(low certainty evidence) or in preventing coronal or 
root caries in permanent teeth (very low certainty) 
(32). It was also uncertain whether silver diamine 
fluoride or resin-based fissure sealants were more 
effective in preventing dental caries in permanent 
teeth (very low certainty evidence) (32). No evidence 
was identified comparing silver diamine fluoride with 
resin-based sealants for preventing dental caries 
in primary teeth or comparing with glass ionomer 
sealants for preventing dental caries in either 
primary or permanent teeth (32). 

Cost-effectiveness of silver diamine fluoride 
The commissioned review found no any primary 
studies evaluating the cost-effectiveness of silver 
diamine fluoride for caries prevention. 

Toxicity of silver diamine fluoride
No severe adverse events related to the application 
of silver diamine fluoride have been reported in 
clinical trials (32, 47). Biomonitoring studies showed 
that urinary fluoride and silver ion concentrations 
rose in the first few hours after application but 
returned to baseline within 24 hours. The substantial 
excretion of these ions in urine indicates minimal 
systemic absorption (48–50). Tooth pain or gingival 
irritation (for example, white mucosal lesions, gum 
swelling, or gum bleaching) has rarely been reported, 
and these effects generally resolve within a few 
days. Such reactions are usually linked to insufficient 
compliance with application protocols, for example, 
spill-over from the treated dental cavity (51). 

The most common side effect reported is transient 
black staining of arrested dentine caries lesions (47). 
Application of potassium iodide immediately after 
silver diamine fluoride can reduce staining; however, 
it remains uncertain whether potassium iodide use 
affects the caries-arresting efficacy of silver diamine 
fluoride (52).

Environmental impact of silver diamine fluoride
The commissioned review did not identify any data on 
the environmental impacts of silver diamine fluoride.

Evidence-to-decision 
considerations 
The GDG noted that most evidence on the clinical 
effectiveness of silver diamine fluoride for caries 
prevention was of low certainty. However, the GDG 
judged that, given the moderate-quality evidence 
supporting silver diamine fluoride’s effectiveness 
in preventing root caries (32), it was reasonable to 
anticipate similar preventive effects on coronal caries 
in primary and permanent teeth. The GDG therefore 
issued a conditional recommendation. Although 
most evidence is derived from studies involving 
children and older adults, the GDG considered silver 
diamine fluoride suitable for use across age groups.

Silver diamine fluoride is generally well accepted by 
patients and communities (53). However, the GDG 
noted concerns about its limited availability, as it 
remains inaccessible in many countries. The inclusion 
of silver diamine fluoride in the WHO Model List of 
Essential Medicines can help improve its availability 
worldwide (18).
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Silver diamine fluoride is well suited for use 
in diverse settings, including urban, rural and 
remote communities, as well as among vulnerable 
populations. Its simple application and minimal 
training requirements help promote equitable 
access, making it particularly beneficial for 
children with special needs and for populations 

in low-resource settings. Its low cost and minimal 
resource needs make it a practical option for public 
health programmes. Silver diamine fluoride can be 
readily integrated into existing health and school 
systems and administered by trained personnel, 
including community health workers and nurses.

RECOMMENDATION 3

WHO recommends the use of pit and fissure sealants as an intervention to prevent 
dental caries in the first permanent molars of children at high risk of caries.

STRONG RECOMMENDATION, MODERATE CERTAINTY OF EVIDENCE

Remarks

•	 Both glass ionomer sealants and resin-based 
sealants for pits and fissures are most effective 
when targeted to children at high risk of  
dental caries. 

•	 Identifying children at high risk of caries requires 
oral health professionals to assess the most relevant 
combination of social, behavioural, medical and 
clinical factors that increase the likelihood of 
developing dental caries within a defined period.

Summary of evidence

This recommendation draws on evidence about the 
clinical effectiveness, cost-effectiveness, toxicity 
and environmental impact of fissure sealants (glass 
ionomer-based and resin-based). The commissioned 
review identified seven systematic reviews 
addressing clinical effectiveness, which were directly 
cited. However, for cost-effectiveness, toxicity and 
environmental impact, no existing reviews were 
available; therefore, findings from primary studies 
were synthesized narratively.

This section summarizes evidence on the clinical 
effectiveness and cost-effectiveness of fissure sealants. 
Evidence on their toxicity and environmental impact is 
summarized under recommendation 6 in section 4.1.3. 

Clinical effectiveness of fissure sealants 
A systematic review found that resin-based sealants 
prevent caries in permanent first molars compared 
with no intervention (seven studies). The odds of 

incident caries in first molars were 88% lower after 
two years (95% CI: 81–92%; moderate certainty) (54). 
However, it is uncertain whether resin-based sealants 
prevent caries in primary molars (55). 

For glass ionomer sealants, several systematic 
reviews found the evidence for caries prevention in 
any dentition to be uncertain (low certainty) (54–56). 
It was also uncertain whether glass ionomer sealants 
or resin-based sealants were more effective in 
preventing caries in primary molars (low certainty) 
(57) or in permanent molars (very low certainty) (54). 
Similarly, the evidence was uncertain as to whether 
auto-polymerized (self-cured) or light-polymerized 
(light-cured) resin-based sealants were more 
effective in preventing caries in primary teeth (low 
certainty) or permanent teeth (no evidence) (57). 

Compared with other caries-preventive interventions, 
the evidence was uncertain as to whether fissure 
sealants (resin-based or glass ionomer based) or 
fluoride varnish were more effective in preventing 
dental caries in permanent teeth (very low certainty) 
(33, 34). No evidence was found comparing fissure 
sealants versus fluoride varnish to prevent dental 
caries in primary teeth or root caries. 

Similarly, the evidence was uncertain as to whether 
resin-based sealants or silver diamine fluoride 
were more effective in preventing dental caries 
in permanent teeth (very low certainty) (32). No 
evidence was found comparing resin-based sealants 
with silver diamine fluoride for prevention of caries in 
primary teeth, or comparing glass ionomer sealants 
with silver diamine fluoride for the prevention of 
caries in either primary or permanent teeth (32). 
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RECOMMENDATION 4

WHO recommends the use of fluoride varnish (5% sodium fluoride), as a non-invasive 
treatment option for managing initial (non-cavitated) carious lesions in primary and 
permanent teeth.

STRONG RECOMMENDATION, MODERATE CERTAINTY OF EVIDENCE

Cost-effectiveness of fissure sealants
The commissioned review found inconsistent results 
for the cost-effectiveness of targeted school-based 
fissure sealant programmes, even when comparing 
sealant application based on caries risk with no 
intervention (36). Evidence also suggests that fissure 
sealants may achieve similar outcomes to fluoride 
varnish, but at higher cost (33). 

Evidence-to-decision 
considerations 
The GDG observed moderate-certainty evidence 
supporting the preventive effect of fissure sealants, 
specifically for first permanent molars in children. 
However, evidence comparing different types of 
sealants, as well as their effectiveness relative to other 
caries-preventive interventions, was of low certainty. 

Fissure sealants are generally well accepted by 
patients and communities (45, 58), and they are 
now included in the WHO Model List of Essential 

Medicines (18). The GDG also noted that fluoride 
varnish may achieve similar outcomes to fissure 
sealants but at lower cost (33), likely because:

•	 fluoride varnish can prevent caries on multiple 
tooth surfaces (not only occlusal) with a single 
application; and

•	 it can be applied outside traditional clinic  
settings, such as schools or community 
programmes, and can be administered by  
mid-level oral health professionals and other 
primary health care workers (59). 

The cost-effectiveness of fissure sealants may 
depend on several factors, including the type 
of sealant (resin-based versus glass ionomer-
based), the delivery setting (school versus clinic), 
programme coverage (whole population versus 
targeted population) and the method used to 
identify children at high risk of caries (60). The GDG 
therefore considered fissure sealants to be most 
useful among children at higher risk of caries. 

4.1.2 Clinical interventions to manage dental caries: 
nonrestorative treatments

Remarks

Evidence regarding the optimal frequency of 
fluoride varnish application as a non-invasive 
approach for managing non-cavitated carious 
lesions is limited. Recall intervals may need to be 
tailored to individual patient risk factors, typically 
ranging from 3 to 6 months. 

Summary of evidence

This recommendation was informed by evidence on 
the clinical effectiveness, cost-effectiveness, toxicity 
and environmental impact of fluoride varnish. 
This section summarizes evidence on the clinical 
effectiveness and cost-effectiveness of fluoride 
varnish for the management of non-cavitated carious 
lesions. Evidence on its toxicity and environmental 
impact is presented in section 4.1.1.  
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Clinical effectiveness of fluoride varnish 
A network meta-analysis (61) showed that fluoride 
varnish was effective in reversing non-cavitated 
carious lesions on coronal surfaces compared with 
no intervention. In one study, the incidence of caries 
reversal was 2.15 times higher after 9 to 12 months 
(95% CI: 1.80–2.57; moderate certainty). Effectiveness 
was particularly evident on occlusal surfaces: one 
study reported a 1.97-fold higher incidence of 
reversal after 8 to 12 months (95% CI: 1.63–2.40; 
moderate certainty).

Evidence was weaker for proximal (very low certainty) 
and facial or lingual surfaces (low certainty). The 
effectiveness of fluoride varnish for non-cavitated 
or cavitated root caries in permanent teeth 
remains uncertain (very low certainty) (61). The 
optimal frequency of fluoride varnish application 
for reversing non-cavitated carious lesions is also 
uncertain, although studies have used intervals of 3 
to 6 months (61). 

Compared to other interventions, it is uncertain 
whether fluoride varnish or silver diamine fluoride 
is more effective for arresting cavitated caries in 
primary teeth (low certainty) or cavitated caries in 
permanent teeth (very low certainty) (32, 61).  

Cost-effectiveness of fluoride varnish 
The commissioned review for this guideline found no 
data on the cost-effectiveness of fluoride varnish as a 
nonrestorative treatment for dental caries. 

Evidence-to-decision 
considerations
The GDG acknowledged the moderate-certainty 
evidence supporting the effectiveness of fluoride 
varnish for the management of non-cavitated 
carious lesions. They noted that the evidence is 
particularly robust for occlusal surfaces, while data 
for other tooth surfaces are less conclusive. The 
GDG also highlighted practical considerations, such 
as the potential need for more frequent follow-up 
appointments to monitor progress and reapply 
the varnish, given that the optimal application 
frequency remains uncertain. This requirement for 
regular recall visits may pose challenges for certain 
populations, especially those residing in remote or 
geographically dispersed areas, where access to oral 
health care is limited.

As a result, the GDG concluded that fluoride varnish, 
as a nonrestorative treatment, is better suited for 
clinical settings where consistent follow-up can 
be reliably maintained, rather than as a primary 
intervention in large-scale public health programs. 
They stressed the critical importance of clear and 
open communication with patients and caregivers 
regarding the benefits, limitations, and ongoing 
care requirements of this approach. However, in 
settings where access barriers are minimal and 
follow-up is assured, fluoride varnish is a viable 
option for the nonrestorative management of  
non-cavitated carious lesions.

RECOMMENDATION 5

WHO recommends the use of silver diamine fluoride (38% concentration), applied twice 
a year, as a non-invasive treatment option for managing cavitated carious lesions 
without pulp involvement in primary teeth and cavitated carious lesions without pulp 
involvement on the root surfaces of permanent teeth.

STRONG RECOMMENDATION, MODERATE CERTAINTY OF EVIDENCE
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Remarks

•	 Evidence on the optimal frequency and 
concentration of silver diamine fluoride 
application is limited. Most studies, however, have 
used a biannual application protocol with 38% 
silver diamine fluoride. 

•	 Oral health care professionals should carefully 
select cases, excluding teeth with signs of pulpal 
inflammation, periapical pathology or reported 
spontaneous pain. They should also be aware  
of contraindications, including allergies to silver 
or fluoride. 

Summary of evidence

These recommendations are informed by 
evidence regarding the clinical effectiveness, cost-
effectiveness, toxicity and environmental impact 
of silver diamine fluoride. This section summarizes 
the clinical and cost-effectiveness evidence for the 
management of cavitated carious lesions. Evidence 
on the toxicity and environmental impact of silver 
diamine fluoride is summarized in section 4.1.1.  

Clinical effectiveness of silver diamine fluoride
A systematic review published in 2024 found 
uncertainty about whether silver diamine fluoride 
arrests cavitated caries in primary teeth (two 
studies; mean number of arrested surfaces 0.86 
higher; 95% CI: 0.39–1.33; low certainty) or cavitated 
coronal caries in permanent teeth (one study; mean 
number of arrested surfaces was 0.20 higher; 95% 
CI: 0.00–0.40; very low certainty) compared with no 
intervention (32). Its effect on arresting or reversing 
root caries is also very uncertain (one study, mean 
number of arrested surfaces 0.24 higher; 95% CI: 
0.12–0.36; very low certainty) (32). 

The commissioned review for this guideline found 
moderate certainty of evidence showing that silver 
diamine fluoride had a favourable effect on arresting 
dental caries in primary teeth (one study; probability 
of arrested carious lesions was 24 times higher after 
14–21 days; log risk ratio = 3.18; 95% CI: 1.24–5.13; 
Web Annex B, Table 2.3) and on arresting root caries 
in permanent teeth (two studies; probability of 
arrested carious lesions two times higher after 2.5 
years; log risk ratio = 0.71; 95% CI:  0.36–1.06; Web 
Annex B, Table 2.3). No evidence of caries arrest in 
permanent teeth was identified. 

Evidence was initially rated as high, given reliance 
on data from randomized controlled trials, but 
was downgraded to moderate owing to risk of bias 

in some studies. These results should be treated 
with caution given the small number of studies. 

The commissioned review also found low certainty 
evidence indicating that higher concentrations (38% 
versus 12%) and more frequent applications (twice 
or four times a year versus once a year) of silver 
diamine fluoride were more effective in arresting 
carious lesions (Web Annex B, Table 2.1). 

It is uncertain whether silver diamine fluoride 
or fluoride varnish is more effective in arresting 
cavitated caries in primary teeth (low certainty) 
or cavitated caries or permanent teeth (very low 
certainty) (32, 61). The commissioned review also 
found low certainty evidence when comparing the 
effectiveness of silver diamine fluoride and fluoride 
varnish for caries arrest (Web Annex B, Table 2.2). 

Cost-effectiveness of silver diamine fluoride
The commissioned review found evidence from 
simulation studies suggesting that silver diamine 
fluoride may be cost-effective for managing dental 
caries in young children (62), in children (63) and 
for root caries in older adults (64), particularly in 
resource-limited settings. Studies highlighted its 
simplicity, low cost and ability to reduce the need for 
more invasive treatments (65). 

In addition, the application of 38% silver diamine 
fluoride twice a year has been included in the 
forthcoming WHO menu of cost-effective interventions 
for oral health for the prevention and management 
of dental caries. A recent model-based economic 
evaluation showed that silver diamine fluoride was 
cost-effective in most situations, except for caries 
control in children with low caries activity (66). 

Evidence-to-decision 
considerations 
The GDG acknowledged that the overall certainty 
of evidence on the clinical effectiveness of silver 
diamine fluoride was low and moderate, as reflected 
in the existing commissioned systematic review (low 
certainty) and in the newly commissioned review 
(moderate certainty). Both reviews indicated that 
the quality of evidence was relatively stronger in 
specific contexts, namely for arresting dental caries 
in primary teeth and for managing root caries lesions 
in older adults. 

The GDG considered this gradient in evidence 
certainty when formulating the recommendation. 
Although the certainty of evidence was low 
to moderate, the GDG agreed on a strong 
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recommendation because the balance of benefits 
and harms, as well as equity considerations, 
feasibility and acceptability, clearly favoured the use 
of silver diamine fluoride.

The GDG concluded that the potential harms of 
not intervening, such as increased risk of caries 
progression and the need for more complex 
treatment, far outweigh the uncertain risks associated 
with silver diamine fluoride. By arresting dental caries 
lesions early and preventing further deterioration, 
silver diamine fluoride can reduce the need for 
invasive procedures and extensive restorative care, 
thereby optimizing the use of health resources.

In addition, silver diamine fluoride is likely to offer 
significant equity gains, particularly in resource-
limited settings where the burden of dental caries 
is high. It may be especially beneficial in community 
health settings and for individuals with limited 
access to oral health care services, such as those in 
rural, remote or in socioeconomically disadvantaged 
populations. Silver diamine fluoride can be applied 
by health workers after appropriate training, thereby 
increasing access to care.

Silver diamine fluoride is feasible to implement 
in most settings. Its application does not 
require removal of sound tooth tissue, drilling 

or anaesthesia, making it minimally invasive 
and suitable for patients who may not tolerate 
conventional dental procedures. Its simplicity and 
speed of application make it particularly useful 
for young children, older adults and people with 
behavioural or medical management challenges. 
The GDG judged that its practical advantages 
and potential to improve access to care present 
a compelling case for its use, especially when 
conventional treatments are not feasible or available.

Silver diamine fluoride can stain carious lesions after 
application, which may be a concern, particularly for 
visible front teeth. This could reduce its acceptability 
among patients and clinical teams. However, silver 
diamine fluoride is generally well accepted among 
patients (53) and concerns about the staining of 
carious lesions and oral mucosa do not appear to 
affect quality of life (51). 

The GDG emphasized the importance of patient-
centred care and shared decision-making. Patients 
should be informed about the potential for black 
staining of treated lesions with silver diamine 
fluoride, and informed consent should be obtained 
before its application. Oral health professionals 
should follow a standardized application protocol, 
including isolation, plaque removal and protection of 
surrounding tissues (67, 68). 

4.1.3 Clinical interventions to manage dental caries: 
restorative treatments

RECOMMENDATION 6

WHO suggests the use of glass ionomer cements and resin-based composites as direct 
restorative materials for the treatment of dental caries.

CONDITIONAL RECOMMENDATION, LOW CERTAINTY EVIDENCE
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Remarks

•	 The choice of restorative material should be based 
on a detailed assessment of dental, oral and 
patient-related factors. 

•	 Compomers were included in the evidence 
synthesis for these recommendations, but 
evidence on their clinical effectiveness was limited. 

•	 Alkasites, a relatively new subcategory of resin-
based composites, were also included in the 
evidence synthesis, however, no studies have 
directly evaluated the clinical effectiveness  
of this material.

Summary of evidence

This recommendation is based on evidence 
regarding the clinical effectiveness, cost-
effectiveness, toxicity and environmental 
impact of glass ionomer cements, resin-based 
composites and compomers. The commissioned 
review identified four systematic reviews on the 
clinical effectiveness of these mercury-free dental 
products, which were cited. 

For cost-effectiveness and environmental impact, no 
relevant reviews were available: therefore, findings 
from primary studies were synthesized narratively. In 
the case of toxicity, existing reviews did not address 
all required outcomes, so additional findings from 
primary studies were also synthesized narratively.

Clinical effectiveness of glass ionomer cements, 
resin-based composites and compomers
For anterior permanent teeth, a systematic review 
reported that the median success rate of resin-based 
composites was 95% after 10 years for Class III 
restorations and 90% for Class IV restorations (low 
certainty). In addition, hybrid composites performed 
better than microfilled composites and glass 
ionomer cements (low certainty) (69). 

For posterior permanent teeth, a systematic review 
found that the mean survival rate of resin-based 
composites was 95–97% after four years, decreasing 
to 85–90% after 10 years, with no differences 
between hybrid, microhybrid and nanohybrid 
composites (low certainty) (70). Another systematic 
review found that bulk-fill composites performed 
as well as incrementally placed resin-based 
composites for at least five years (very low certainty) 
(71). No evidence was available on the long-term 
effectiveness of bulk-fill composites (71). 

A further systematic review reported that the 
longevity of compomers and glass ionomer cements 
was inferior to that of resin-based composites. The 
mean survival rate was 87% after four years for both 
compomers and glass ionomer cements, and 80% 
after six years for glass ionomer cements (very  
low certainty) (70).

Another systematic review compared absolute risk 
differences in restoration failure, secondary caries 
and restoration loss between different mercury-
free dental products used as direct restorations, 
according to dentition and restoration class (72). 

In primary teeth, it was uncertain whether using 
conventional glass ionomer cements for Class I 
restorations was more effective than macrofilled 
resin-based composites or compomers (low certainty 
evidence). No evidence was found for other mercury-
free dental products. 

For Class II restorations, conventional glass ionomer 
cements were less effective than hybrid resin-
modified glass ionomer cements (two studies; 
absolute risk of restoration loss 9% higher in the 
glass ionomer cement group; 95% CI: 2–16% after 
12–24 months; moderate certainty) and hybrid 
resin-based composites (one study;  absolute risk 
of restoration loss 14% higher in the glass ionomer 
cement group; 95% CI: 3–25% after 36 months; 
moderate certainty). Beyond this, it was uncertain 
whether glass ionomer cements were more effective 
than compomers, hybrid resin-based composites, 
macrofilled resin-based composites or nanofilled 
resin-based composites (low certainty). 

It was also very uncertain whether resin-modified 
glass ionomer cements or hybrid resin-based 
composites were more effective for Class II 
restorations in primary teeth (72). Of note, 
macrofilled resin-based composites are no longer 
used in clinical practice.

In permanent teeth, it was uncertain whether 
conventional glass ionomer cements, hybrid resin-
based composites, resin-modified glass ionomer 
cements, nanofilled resin-based composites 
or compomers was more effective for Class I 
restorations (low certainty). 

For Class II restorations, it was uncertain whether 
conventional glass ionomer cements, resin-modified 
glass ionomer cements or hybrid resin-based 
composites were more effective (low certainty). No 
evidence was available comparing other mercury-
free dental products. 
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When considering Class I and II restorations 
together, it was uncertain whether hybrid  
resin-based composites were more effective than 
macrofilled resin-based composites (very low 
certainty) or whether resin-modified glass ionomer 
cements were more effective than conventional 
glass ionomer cements (low certainty).  
No evidence was found comparing other  
mercury-free dental products. 

For Class V restorations, it was very uncertain 
whether glass ionomer cements or hybrid resin-
based composites were more effective (very low 
certainty). It was also uncertain which of resin-
modified glass ionomer cements, hybrid resin-
based composites or conventional glass ionomer 
cements was more effective for root surface 
restorations (72). 

Cost-effectiveness of glass ionomer cements, 
resin-based composites and compomers
The commissioned review identified modelling 
studies indicating that glass ionomer cements 
had lower upfront costs. However, these savings 
were sometimes offset by their lower longevity. 
Similarly, the initial savings from bulk-fill resin-based 
composites and glass ionomer cements compared 
with incrementally placed resin-based composites 
are likely to be outweighed by their lower longevity 
and the associated costs of retreatment (73). 

In addition, both glass ionomer cements and 
resin-based composites can be repaired, which 
can increase the longevity of the restoration 
and the tooth, and potentially reduce costs (74). 
Repairing partially defective restorations, rather 
than replacing them, is also likely to preserve teeth 
longer than full replacement. Evidence indicates 
that repairing resin-based composite restorations  
is a cost-effective method (75).

Toxicity of glass ionomer cements, resin-
based composites and compomers
For glass ionomer cements, evidence from clinical 
trials is limited, as none have specifically measured 
adverse events (55, 76). Although intraoral fluoride 
release from glass ionomer cements has been well-
studied (77), clinical studies have not monitored 
possible systemic exposure to other constituents 
(e.g. aluminium, polyacrylic acid) through biological 
sample analysis. 

Glass ionomer cements may cause mild, localized 
side effects such as pulp irritation (particularly in 
deep cavities with little remaining dentine due to 
acidic setting reactions) and transient postoperative 
sensitivity. Allergic reactions are very rare but have 

been reported, mainly with resin-modified glass 
ionomer cements containing methacrylates (11, 12). 

The potential toxicity of resin-based composites 
is associated with the release of unreacted 
monomers or polymer degradation over time, 
which can release leachable components (78, 79). 
The monomer systems of most current resin-
based composites contain bisphenol-A-glycidyl 
methacrylate (Bis-GMA) or derivatives (Bis-DMA, 
Bis-EMA, BADGE, PBPA). 

Bisphenol A (BPA) is recognized by the European 
Chemicals Agency as a substance of very high 
concern because of its endocrine-disrupting and 
reproductive toxic properties (80). Although BPA is 
not directly used in the production of resin-based 
composites, it is used in the synthesis of monomers 
commonly found in these materials, such as Bis-
GMA, Bis-EMA, Bis-DMA, and BADGE. Residual 
BPA from the synthesis process may remain as a 
contaminant in resin-based products, including resin-
based composites, resin-based fissure sealants and 
resin-modified glass ionomer cements. 

Trace levels of residual BPA may also leach from 
freshly polymerized resin-based composites (sealants 
and restorations) and from degradation of the 
polymer matrix over time (81-85). 

The monomers in resin-based composites, whether 
BPA derivatives or non-BPA derivatives, can cause 
rare adverse events among oral health professionals 
and patients. Reported allergic reactions can range 
from contact dermatitis and conjunctivitis to burning 
mouth syndrome and persistent oral lesions (79, 86). 
Respiratory conditions, including nasal irritation, 
cough, asthma, dyspnoea and chronic bronchitis, have 
also been reported, particularly among those handling 
methacrylate-based materials on a daily basis (86). 

Extended patch testing has revealed delayed allergic 
responses, especially to monomers in resin-based 
composites. The risk increases with prolonged 
exposure, suggesting a  dose–response relationship. 
Atopic individuals appear to be more vulnerable to 
respiratory and dermatological effects (79, 86). 

In addition to the monomers present in resin-
based composites, micro- and nanoparticles 
are generated during the grinding, polishing or 
removal of restorations (87). There are growing 
concerns on the health harms of micro- and 
nanoparticles, particularly plastic particles  
(88, 89). In oral health care settings, micro- 
and nanoparticles can enter the body through 
inhalation or ingestion.  
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Risk assessment based on worst-case mass calculations 
indicates that the additional risk of exposure to 
nanoparticles for patients and oral health professionals 
is low (90). However, there are few studies on the 
long-term health effects of nanoparticles. Research is 
ongoing to understand the body’s ability to eliminate 
nanoparticles and prevent their accumulation in tissues 
(91). The available evidence is limited, particularly on 
the effects of nanoparticles in dental materials on 
vulnerable patient groups, such as people with asthma 
or chronic obstructive pulmonary disease (90).

Environmental impact of glass ionomer cements, 
resin-based composites and compomers
Life cycle assessments have shown that glass 
ionomer cements are more sustainable than resin-
based composites, as indicated by their lower carbon 
footprint from the extraction of natural resources to 
the factory gate (before distribution to the customer) 
(92) and from procurement to use on patients (93). 

One consideration is that glass ionomer cements 
have lower durability and may require more 
frequent replacement. This could partially offset 
their environmental advantages if improvements in 
material longevity are not achieved.

The potential environmental pollution caused by 
resin-based composites reflects the life cycle of 
these mercury-free dental products. Resin-based 
composites are produced industrially, and the waste 
from the manufacturing process is typically sent 
to landfill. Landfill leachate can react with resin-
based composites, allowing the release of their 
components, including BPA. However, the evidence 
for this release pathway is not clear (94). 

The release of chemicals into the environment 
can also occur during clinical application (95). This 
includes the constituent monomers and micro- and 
nanoparticles from resin-based composites (96). 
When these products are polished after light curing 
or removed from teeth, micro- and nanoparticles are 
released into wastewater (97). Leached monomers 
are also released into wastewater and sewage via 
human excreta after dental procedures involving 
resin-based composites (96). These waste products 
eventually reach the natural environment. Studies 
have shown harmful effects of wastewater streams 
from dental practices on marine life (98).

Expired resin-based composites from oral health 
services, together with unused excess material in 
discarded capsules and syringes, are managed 
differently across countries. There are no institutional 
guidelines on this matter, and it remains unclear 
how countries are handling this type of waste. 

Uncontrolled disposal of hazardous waste carries a 
greater risk for environmental harm. 

Incineration of resin-based composites results in 
the release of significantly lower concentrations of 
monomers, elements and ions than landfill disposal 
(94). Degradation products are also likely to be 
released into the air and groundwater following 
cremation or burial of cadavers with resin-based 
composite restorations (96).

Evidence-to-decision 
considerations 
The GDG noted that mercury-free direct restorative 
materials have improved over time in terms of 
biocompatibility, durability, tooth colour matching 
and ease of handling. However, no single material 
is suitable for all clinical situations. It is therefore 
necessary to have a range of materials, with different 
options indicated in different circumstances. 

Both glass ionomer cements and resin-based 
composites are now included in the WHO Model 
List of Essential Medicines for use as fissure 
sealants or restorations (18). Despite numerous 
reviews on the clinical performance of mercury-
free restorative materials, the GDG noted that the 
overall quality of evidence remains low, supporting 
a conditional recommendation only.

The selection of restorative materials requires 
a comprehensive evaluation of dental, oral and 
patient-related factors. Dental factors include the 
type of tooth, cavity classification and extent of 
restoration required. Oral factors involve patients’ 
caries risk and related risk factors. Patient-related 
factors include systemic conditions and likely 
adherence to post-treatment care instructions (99). 

It is therefore essential that the choice of dental 
material is based on shared decision-making between 
oral health professionals and patients, as well as 
on local guidelines and protocols. The availability of 
direct restorative materials should also be considered, 
particularly in resource-limited settings. 

Dental restorative materials are classified as medical 
devices and, like medicines, are intended to alleviate, 
prevent or cure health conditions. Consequently, 
some risk of adverse effects is inherent and 
should be considered acceptable. However, unlike 
medicines, the full composition of dental restorative 
materials is not always disclosed, which warrants a 
slightly lower tolerance for risk than that accepted 
for pharmaceuticals.
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Resin-based composites more closely match the 
natural colour of teeth and offer greater durability 
than glass ionomer cements. However, they are 
technique-sensitive, require additional equipment, 
and involve longer application times. 

Glass ionomer cements, by contrast, release 
fluoride (reducing caries risk) and are less sensitive 
to moisture conditions (100). However, they are 
more prone to fracture in high load-bearing areas 
(posterior teeth) and wear down faster over time 
than resin-based composites. 

Glass ionomer cements may therefore be suitable for 
non-load-bearing restorations and for children and 
older adults, while resin-based composites might 
be preferred when tooth-coloured appearance and 
high mechanical properties are critical, provided that 
meticulous technique is applied. 

Resin-based composites require qualified staff, such 
as dentists or dental therapists, working with a fully 
equipped dental clinic. This involves considerable 
financial investment and a long lead time. In 
addition, they often require light-curing units for 
polymerization, which depend on electricity either 
directly or indirectly. 

Conventional glass ionomer cements may offer cost 
savings, as they can be placed by trained non-oral 
health professionals after removal of decayed tooth 
tissue with hand instruments. However, resin-
modified glass ionomer cements also require a light-
curing unit. Because conventional glass ionomer 
cements do not require fixed facilities or electricity, 
they make restorative care accessible to many people 
who might otherwise lack access.

The GDG also discussed the potential value of the 
sandwich restoration technique, in which glass 
ionomer cement is used to replace lost dentine, 
followed by placement of resin-based composite to 
replace lost enamel (101). The technique can reduce 
material costs, shrinkage stress and increase the 
marginal seal. 

However, disadvantages include that the procedure 
is more time-consuming than single-material 
restorations, and its success depends on appropriate 
material handling and placement (102, 103).

Clinical evidence on the longevity of direct 
restorations in vulnerable groups is limited. For 
individuals who are unable to cooperate during 
dental procedures or maintain adequate oral 
hygiene, treatments that require longer clinical  
time and strict moisture control may be difficult  
to implement. 

Glass ionomer cements are simpler and quicker 
to apply than other restorative materials, as 
they do not require extensive tooth preparation, 
specialized equipment or strict moisture control. 
This makes them particularly suitable for patients 
who may have difficulty cooperating during  
dental procedures. 

Glass ionomer cements are generally considered 
less technique-sensitive than resin-based 
composites (104). However, they still require proper 
handling for optimal results. Fluoride release from 
glass ionomer cements can prevent new dental 
caries more effectively than other mercury-free 
dental products for direct restoration of carious 
lesions (105, 106). However, whether this preventive 
effect provides additional clinical benefit beyond 
that achieved through the regular use of 
topical fluoride, such as fluoride-containing 
toothpastes, remains uncertain given the 
widespread availability of these fluoride sources.

The safety profile of glass ionomer cements and 
lower need for complex procedures make them 
a preferred option for children and older adults, 
as they minimize stress and reduce exposure to 
potentially harmful substances during oral health 
care. This recommendation may also apply to 
individuals with high caries risk, behavioural or 
medical complexities, multiple cavitated carious 
lesions or limited access to oral health care.
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4.2 Recommendations and 
best-practice statements 
for risk mitigation among 
clinical teams and patients
4.2.1 Oral health care for vulnerable populations

RECOMMENDATION 7

WHO suggests limiting the use of resin-based fissure sealants and composites containing 
bisphenol A (BPA) derivatives in children, adolescents, pregnant or breastfeeding women, 
as these groups are more susceptible to potential endocrine effects.

CONDITIONAL RECOMMENDATION, VERY LOW CERTAINTY EVIDENCE

Remarks

•	 Clinical teams may consider other mercury-free 
dental products, such as silver diamine fluoride, 
glass ionomer cements or resin-based fissure 
sealants and composites without BPA derivatives, 
as suitable alternatives for these patients.

•	 Dental amalgam should not be considered  
an alternative.

Summary of evidence

This recommendation is based on evidence 
concerning the health effects (toxicity) of resin-
based composites, which was presented under 
recommendation 6 in section 4.1.3. This section 
summarizes evidence from published reviews on 
the release of BPA from resin-based composites 
containing BPA derivatives.

BPA-derived monomers are released into the 
oral environment after placement of resin-based 
composite restorations (82, 83). They may also be 
present in adhesive systems, resin-modified glass 
ionomer cements and resin-based sealants, which 

are commonly used in young children, who are 
particularly susceptible to BPA exposure (84).

BPA is primarily released from resin-based 
composites due to degradation of the polymer 
matrix over time or the presence of BPA as a trace 
contaminant from the synthesis of BPA-derived 
monomers (84). Biomonitoring studies have 
consistently confirmed transient increases in BPA 
concentrations in saliva and other body fluids, 
such as urine, after the application of resin-based 
composites (sealants and restorations). However, 
BPA levels typically return to baseline within  
a few days (81–84). 

There is a lack of studies investigating the 
association between BPA exposure from resin-based 
composites and adverse effects on human health 
(82). Establishing such a link is difficult because of 
confounding factors, such as dietary BPA, which is the 
main source of human exposure in some age groups. 

The amount of BPA released from resin-based 
composites is much lower than that from average 
daily dietary intake in the general population, making 
it difficult to detect any additional effect. However, 
potential risks cannot be completely ruled out (84). 
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The overall certainty of the evidence on the leaching 
of BPA from resin-based composites was rated as 
very low. This rating reflected several factors: most 
of the included studies were non-randomized, 
introducing a high risk of bias; there was considerable 
heterogeneity in study designs and outcomes, 
reducing consistency; and the evidence was indirect, 
as no studies directly assessed health effects. 

Evidence-to-decision 
considerations 
BPA can harm human health because it disrupts the 
endocrine system and alters hormone function. It 
may also have harmful effects on the reproductive 
and immune systems (107, 108). Most human 
exposure to BPA occurs through diet, as it is present 
in a range of materials commonly used in food 
and beverage packaging (109, 110). BPA has been 
detected in urine samples of children and adults in 
multinational surveys across Europe (111, 112). 

It remains a subject of debate whether a threshold 
dose exists below which exposure to endocrine 
disruptors poses no risk (113-115). Even exposure to 
very small doses can alter hormonal responses. This is 
a particularly important consideration for patients at 
vulnerable stages, notably the perinatal period (from 
preconception to the child’s second birthday), including 
breastfeeding, infancy and adolescence (113, 116). 

The endocrine system is considered fully developed 
at the end of puberty, generally between the ages 

of 18 and 20 years as hormone levels stabilize and 
most endocrine glands reach their mature function. 
Significant changes occur during the large perinatal 
period and adolescence, owing to the onset of sex 
hormone production (117). 

About one third of resin-based composites available 
on the market in 2023 contained no BPA-derivative 
monomers (e.g. HEMA, TEGDMA, UDMA) (118). The 
United States Environmental Protection Agency (EPA) 
and the Food and Drug Administration (FDA) have 
established an acceptable daily intake of 50 µg/kg of 
body weight (119). By contrast, the European Food 
Safety Authority (EFSA) has recently lowered the 
tolerable daily intake (TDI) from 4 µg/kg to 0.2 ng/kg 
of body weight (120, 121). The revised TDI has faced 
some criticism (122, 123). 

Although BPA exposure from resin-based composites 
appears to be low, the long-term health implications 
remain unclear. This is important as international 
agencies implement increasingly strict controls on 
products containing BPA because of continuing 
concerns about its potential health effects. 

Given this evidence, the GDG considered it 
advisable to exercise caution in the use of 
resin-based composites, whether as sealants or 
restorations, in groups at high risk of endocrine 
dysfunction. The GDG also noted that this 
recommendation is important to raise awareness 
among oral health professionals and patients 
about the potential risks associated with BPA  
in resin-based composites.

RECOMMENDATION 8

WHO suggests exercising caution when using resin-based composites, including fissure 
sealants and restorations, in individuals with allergic conditions, as the monomers 
present in these products may cause sensitization.

CONDITIONAL RECOMMENDATION, LOW-CERTAINTY EVIDENCE
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Remarks

•	 Given the potential sensitizing effects of 
monomers, individuals with allergic conditions 
should preferably receive alternative mercury-free 
dental products to resin-based composites, such 
as conventional glass ionomer cements, when 
clinically feasible. 

•	 Dental amalgam should not be considered  
an alternative.

Summary of evidence

This recommendation is based on evidence 
regarding the health effects (toxicity) of resin-based 
composites and compomers, as presented under 
recommendation 6 in section 4.1.3. This section 
summarizes evidence from published reviews on 
allergic reactions to resin-based composites.

Resin-based dental composites can cause allergic 
reactions in both oral health professionals and 
patients, but the risk is higher for professionals 
because they handle the uncured material, which 
contains more reactive components. In patients, the 
material is usually in a cured state, reducing the risk 
of sensitization (79, 86). The methacrylate groups 
present in the monomers of resin-based composites, 
sealants and resin-modified glass ionomer cements 
are well-known sensitizers, as confirmed by positive 
patch tests. Exposure can lead to contact dermatitis, 
irritation of the oral mucosa, and allergic stomatitis. 
Respiratory conditions, including nasal irritation, 
cough, asthma, dyspnoea and chronic bronchitis, 
have also been reported, particularly among those 
handling methacrylate-based materials daily (86). 

Patients who develop allergic contact dermatitis 
from these monomers often react to several different 
methacrylate-based monomers during patch testing, 
even if they have not been exposed to all of them. 
This suggests that methacrylate-based monomers 
can cross-react, meaning that sensitization to one 
acrylic compound can result in allergic responses 
to others. As a result, individuals who are sensitized 
are often allergic to multiple related compounds and 
should avoid exposure to any acrylic monomers (79). 

Most of the evidence in this area comes from 
observational studies, including post-marketing 
surveillance and questionnaire surveys among oral 
health professionals and patients. The certainty of 
the evidence was therefore rated as low.

Evidence-to-decision 
considerations 
Elution of the constituent monomers of resin-
based composites, sealants and resin-modified 
glass ionomer cements occurs through diffusion 
of unpolymerized monomers out of the material. 
This is of particular concern for individuals with 
a predisposition to respond immunologically to 
diverse antigens or allergens.

The GDG recognized that, although the certainty 
of the available evidence is low, there remains a 
potential, albeit small, risk of adverse reactions in 
certain individuals, particularly those with known 
hypersensitivity or a history of allergic conditions. 
The recommendation could raise awareness among 
oral health professionals and patients, potentially 
reducing the incidence of adverse reactions and 
associated health care costs.

The GDG emphasized the importance of proactive 
risk management strategies to safeguard these 
vulnerable populations. A key aspect of such 
risk management is the thorough collection of 
patient history. Oral health care professionals 
should consistently inquire about previous 
allergic reactions or sensitivities during clinical 
assessment. This enables the early identification 
of individuals who may be at higher risk of 
sensitization or allergic responses to specific 
mercury-free dental products. By integrating 
detailed history-taking into routine practice, 
oral health professionals can make more 
informed decisions regarding product use, tailor 
recommendations to individual patient risk 
profiles, and reduce the likelihood of adverse 
outcomes (124, 125). 

Implementing this recommendation is feasible in 
most settings, as it primarily requires oral health 
care professionals’ awareness and patient history-
taking. However, access to alternative mercury-free 
restorative materials may vary by setting. It is also 
important to inform patients about the potential 
dental consequences of replacing restorations (to 
remove the cause of the allergic reaction) when 
discussing treatment options.
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4.2.2 Safe handling and application of resin-based composites

BEST PRACTICE STATEMENT 1

Follow occupational safety protocols for the proper handling of resin-based composites 
to reduce risks for oral health care professionals and patients.

Remarks

•	 Good ventilation and high-volume suction, together 
with the use of personal protective equipment 
(including blue light–attenuating eye protection) 
and the no-touch technique, can reduce exposure 
to unpolymerized monomers and other potentially 
harmful substances released during the handling 
of mercury-free dental products.

Summary of evidence

This best-practice statement is based on indirect 
evidence concerning the toxicity, biocompatibility, 
release of chemical components and health 
effects on patients and oral health professionals 
of glass ionomer cements, resin-based composites 
and compomers, as well as current occupational 
safety protocols for handling mercury-free dental 
products. Evidence on the toxicity of these mercury-
free dental restorative materials was summarized 
for recommendation 6 in section 4.1.3. This section 
summarizes evidence on current occupational 
safety protocols, which was not suitable for  
GRADE assessment. 

Oral health care facilities with improved ventilation, 
dental units with water coolants and high-
volume suction can reduce the risks of exposure 
to potentially harmful aerosols and chemical 
substances for both patients and clinical teams (126).

Because of regular exposure to resin-based 
composites, oral health professionals are considered 
a risk group. They are advised to use resin-
based composites only with adequate protective 
measures to minimize exposure. Personal protective 
equipment includes allergen-free gloves, FFP3 masks 
and blue light-attenuating eye protection (11, 126). 

Unpolymerized monomers from resin-based 
composites can penetrate conventional latex 
or vinyl gloves. For this reason, oral health 
professionals should avoid any contact with resin-

based composites and adhesives, even when 
wearing gloves. The no-touch technique consists of 
manipulating resin-based composites using clean, 
uncontaminated instruments to place and shape the 
material (90). This approach minimizes exposure to 
unbound monomers and potential allergens, which 
can diffuse through standard latex gloves and cause 
allergic reactions such as contact dermatitis among 
dental personnel. 

Resin-based composites require curing, and the 
light sources used for this purpose may pose an 
additional risk of adverse effects for both patients 
and oral health professionals. The risk is low 
for patients and moderate for oral health care 
professionals, but the use of appropriate blue  
light-attenuating eye protection can eliminate  
the risk (11).

Evidence-to-decision 
considerations 
The GDG noted that most of the evidence in this area 
was indirect and not suitable for GRADE assessment. 
They therefore agreed that this statement would 
be more appropriately classified as a best-practice 
statement rather than a recommendation. The GDG 
also considered the statement necessary to help 
minimize potential occupational exposure among 
oral health professionals while addressing the 
possible, albeit low, risks to patients.

The GDG noted that mercury-free dental products 
are chemically complex. They contain a variety of 
organic substances that can undergo chemical 
reactions in the dental cavity and adjacent soft 
tissues during insertion, releasing newly formed 
compounds (87). It should not be assumed that 
mercury-free dental products cannot cause adverse 
effects simply because they are available in the 
market or have some form of certification (11). 
Furthermore, the composition of mercury-free dental 
products continues to evolve as new formulations 
are introduced.
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BEST PRACTICE STATEMENT 2

Ensure effective isolation, thorough curing with appropriate light sources, and proper 
surface finishing or polishing techniques to limit exposure to unpolymerized monomers 
during the application of resin-based composites.

Regarding available evidence on health effects, 
the GDG observed that assessment of mercury-
free dental products for biocompatibility has relied 
heavily on in vitro testing. These tests measure 
outcomes such as reduced cell viability or altered 
cell morphology following exposure to mercury-free 
dental products or their chemical components. While 
such studies indicate possible biological effects, their 
applicability to real-world clinical scenarios remains 
uncertain (78). Most in vitro endpoint assays provide 
limited insight into actual patient risks. 

More direct evidence on the health effects of 
mercury-free dental products comes from clinical 
trials (reporting adverse events), biomonitoring 
studies (measuring chemical exposure levels in 
human tissues or fluids after dental procedures) 
and post-marketing surveillance (reporting harmful 

effects after the dental product has reached the 
market). In all these studies, an adverse event is 
recorded where there is a reasonable possibility that 
it was caused by the intervention. 

Finally, the GDG acknowledged potential 
implementation challenges related to this best-
practice statement. Implementing comprehensive 
safety protocols may require investment in training, 
equipment (such as advanced ventilation systems 
or protective barriers) and additional staff time, 
which could be burdensome, particularly for smaller 
or resource-limited practices. In low- and middle-
income countries, the cost and availability of safety 
equipment may hinder practical implementation. 
Additional safety measures may slow down clinical 
procedures, potentially increasing appointment 
times and reducing patient flow.

Remarks

•	 Current evidence indicates that the greatest risk 
of BPA exposure from resin-based composites 
(sealants and restorations) occurs during and 
immediately after their application. Specific clinical 
procedures can therefore be implemented to 
minimize exposure to unpolymerized resin-based 
composites.

•	 Maximizing the degree of conversion in resin-
based composites can help reduce the leaching of 
unreacted monomers and potential BPA exposure 
in the long-term. This can be achieved by following 
manufacturers’ instructions, ensuring proper 
curing light function to obtain thorough curing 
of the material, minimizing the distance between 
the curing light and the restoration, and applying 
glycerine gel on the final resin layer. 

•	 Additional strategies for dental patients include 
using rubber dam isolation, cleaning the 
restoration surface with mild abrasives or pumice, 
thoroughly washing the surface with an air–water 
syringe, and asking patients to rinse with water 
after the procedure.

Summary of evidence

This best-practice statement is based on indirect 
evidence regarding the toxicity of resin-modified 
glass ionomer cements, resin-based composites 
and compomers, as well as on current clinical 
protocols for risk mitigation. Evidence on toxicity 
was presented under recommendation 6 in section 
4.1.3. The present section summarizes evidence on 
current clinical protocols for minimizing exposure to 
unpolymerized resin-based composites, which was 
not suitable for GRADE assessment.

Because exposure to BPA-derived monomers 
from resin-based composites is highest during 
and immediately after placement, several clinical 
protocols have been suggested in the literature to 
reduce contact with unpolymerized resin-based 
composites (81, 118, 127). Most of these strategies 
are already routinely implemented in oral health  
care settings:

•	 The use of rubber dam isolation during 
placement of resin-based composites and fissure 
sealants can minimize patients’ ingestion of 
unpolymerized monomers.
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•	 The use of curing lights with irradiances of 
about ≥1,000 mW/cm² together with curing 
times recommended by the manufacturer, 
contributes to maximizing the degree of 
conversion and reducing unreacted monomers. 
The emitted light must also have wavelengths 
that match those absorbed by the material to 
initiate polymerization. Bringing the curing light 
guide tip close to the restoration, and curing 
from different sides when applicable, will also 
contribute to curing optimization. There is no 
need to prolong curing times beyond material 
manufacturers’ recommendations if the required 
total energy has been delivered.

•	 Applying the incremental technique, limiting 
layer thickness to ≤2 mm per increment for 
conventional resin-based composites and up 
to 4 mm per increment for bulk-fill resin-based 
composites, helps ensure complete curing and 
reduces residual monomer release. 

•	 Unpolymerized BPA-derived monomers are 
present on the surface of the material due 
to oxygen inhibition of polymerization. This 
superficial, non-polymerized layer should be 
removed during finishing. Using mild abrasives, 
or pumice with a cotton applicator or prophylaxis 
cup can reduce the presence of residual 
unpolymerized BPA-derived monomers remaining 
on the surface (81, 127). An alternative is to apply 
glycerine gel for the polimerization of the final 
resin layer, followed by a second curing step, after 
covering the restoration with a glycerine film. 
Glycerine acts as an oxygen barrier, maximizing 
monomer-to-polymer conversion. Brushing the 
restoration surface with pumice or using the 
water/air spray can also eliminate most residual 
monomers (81).

•	 Washing the surface of the resin-based 
composites or fissure sealants with a water/air 
spray with suction, or alternatively asking patients 
to rinse with water after curing, can further reduce 
residual monomer levels (118).

Evidence-to-decision 
considerations 
The GDG noted that trace amounts of residual BPA-
derived monomers may leach from freshly placed or 
incompletely polymerized resin-based composites. 
Given this potential risk, limiting exposure to 
unpolymerized monomers is considered a prudent 
strategy to safeguard both patients and oral health 
professionals. This approach not only improves the 
quality and longevity of dental restorations but also 
aligns with current safety recommendations, even 
though the certainty of evidence on long-term health 
effects remains low. 

Current research indicates that the highest risk of 
exposure to unpolymerized BPA-derived monomers 
from resin-based composites (sealants and 
restorations) occurs during and immediately after 
placement. The GDG therefore recommends the 
adoption of specific clinical procedures to minimize 
exposure to unpolymerized resin-based composites 
(81, 127). These include thorough polymerization 
techniques, immediate removal of the oxygen-
inhibited layer and the use of rubber dams or high-
volume suction during application.

The GDG issued a best-practice statement endorsing 
these safety measures to raise awareness and clarify 
expectations among oral health professionals and 
patients, thereby emphasizing their importance in 
routine dental care. However, the GDG also recognized 
that implementing these protocols may require 
additional resources, training and equipment. 

Oral health care facilities in high-income countries 
are more likely to already adhere to these protocols, 
whereas resource-limited settings may face significant 
challenges, including increased costs and logistical 
complexities. This disparity could exacerbate existing 
inequalities in access to safe oral health care. 

Finally, the GDG also highlighted the importance of 
ongoing education and training for oral health care 
professionals, ensuring they remain informed about 
best practices for minimizing exposure to potentially 
harmful substances like BPA.
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5. Implementation 
considerations 
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5.1 Supply chain and 
market availability 
5.1.1 Policies and regulatory 
frameworks 
As of 16 June 2025, 149 Member States had 
already ratified the Minamata Convention on 
Mercury. In addition to ratifying and implementing 
the Minamata Convention to reinforce their 
commitment to mercury reduction, Member 
States are encouraged to establish clear national 
objectives for oral health promotion and oral 
disease prevention aligned with the Global oral 
health action plan 2023-2030. Integrating carbon 
reduction strategies—such as tracking emissions in 
the oral health sector—could help align mercury-
free transitions with broader sustainability goals. 
The UN Global Plastics Treaty, currently under 
negotiation, is expected to address the full life 
cycle of plastics—from extraction to disposal—
and to help establish international standards for 
control and accountability. This treaty complements 
the Minamata Convention by promoting 
environmentally responsible practices across the 
health sector, including oral health care.

Engagement with international suppliers and 
local distributors could strengthen supply chains. 
Encouraging sea rather than air shipment could 
help reduce emissions. Including mercury-free 
dental products in national formularies and essential 
medicines lists would likely improve access and 
affordability. 

Public and private insurance and reimbursement 
schemes should be revised to incentivize the use of 
mercury-free dental products and support progress 
towards universal health coverage. To facilitate this 
transition, public health systems may need to update 
procurement policies and clinical guidelines to 
reflect current best practices. Governments can also 
introduce policy incentives—such as subsidies, tax 
reductions or preferential procurement criteria—to 
offset transition costs, reduce material expenses and 
encourage the adoption of mercury-free products 
and sustainable practices across both public and 
private sectors.

Oral health care facilities may require investment 
in new equipment and supplies, including curing 

lights, eye protection and specialized instruments 
tailored to mercury-free procedures. A phased 
implementation strategy—beginning with the use of 
glass ionomer cements in community-based settings 
and expanding to resin-based composites in more 
advanced facilities—can support gradual capacity 
building while ensuring continuity of care.

Supply chain robustness and resilience could be 
strengthened by diversifying suppliers, fostering 
strong partnerships and investing in inventory 
systems with real-time tracking and forecasting. 
Contingency planning and sustainability measures, 
such as eco-friendly packaging, could further support 
both resilience and environmental goals. 

Finally, investing in research and development can 
support the creation of cost-effective and clinically 
effective mercury-free alternatives. Promoting local 
production could also reduce emissions, enhance 
self-sufficiency and support the development of 
climate-resilient products.

5.1.2 Fiscal measures and 
market-driven demand 
Dental manufacturers could be incentivized to 
develop and supply mercury-free, environmentally 
friendly products through tax breaks, grants, 
streamlined approvals and public procurement 
policies favouring sustainable options. Insurance 
and reimbursement systems may also be adjusted 
to support oral health promotion, preventive care, 
minimally invasive dentistry and mercury-free 
dental products, thereby stimulating demand. 
Manufacturers may need to adapt production 
lines and supply chains to meet rising demand 
for mercury-free products efficiently. Priorities 
could include improving and testing mercury-free 
alternatives while minimizing the environmental 
impact of sourcing and manufacturing. 

To support informed decision-making and regulatory 
compliance, manufacturers are encouraged 
to provide comprehensive information on the 
composition of mercury-free dental products and 
associated medical devices (e.g., capsules). This 
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includes clear product labelling and easy access to 
simplified safety data sheets for all commonly used 
chemicals in oral health care facilities, ideally made 
freely available on manufacturers’ websites.

In line with practices in the pharmaceutical industry, 
manufacturers should also be required to disclose 
the exact composition of their dental products. This 
transparency enables oral health professionals to 
communicate effectively with patients, supporting 
informed consent, and ensures compliance with 
traceability requirements.

Market dynamics such as economies of scale, 
supportive insurance policies and reduced import 
duties could help lower costs and increase uptake. 
Raising awareness among oral health professionals 
and patients might further drive acceptance. 

Governments, either independently or through 
public–private partnerships, could support this shift 
through targeted training, education and updated 
professional guidelines. As collective demand grows, 
suppliers are likely to strengthen supply chains and 
improve product availability.

5.2 Training for oral and 
other health professionals
5.2.1 Updating oral health 
educational curricula
At a time when planetary boundaries are being 
crossed due to industrial human activities (128), 
it is important that all health professionals are 
trained in planetary health, the consequences of 
global environmental change on human health, and 
strategies to reduce the ecological impact of health 
care. Such training ensures they are prepared to 
act in an increasingly volatile context shaped by the 
triple planetary crisis of climate change, biodiversity 
loss and pollution. 

Oral health educational curricula could include 
the health impacts of ecological degradation and 
strategies to reduce the environmental footprint 
of oral health services. In this way, future oral 
health professionals can understand the broader 
environmental consequences of providing oral health 
care, including biodiversity loss caused by pollution 
and resource extraction (129). 

Dental education can also support new skill 
mixes by incorporating relevant public health 
competencies, such as integrating climate resilience 
and environmental sustainability. This would help 
strengthen the implementation of human health-
centred, environmentally sustainable and less 
invasive oral health care (130).

Dental schools could emphasize preventive and 
minimally invasive approaches, accelerating  

phase-out of dental amalgam training. They could 
also prepare new cadres to deliver essential oral 
health care through a primary health approach. 
Training should also cover the proper handling and 
disposal of mercury-free materials. 

In addition, professionals could be trained to 
communicate with patients about the benefits, 
limitations, safety, durability and cost of mercury-free 
options. Encouraging shared decision-making can 
empower patients and build trust in the health system.

5.2.2 Address potential training 
and retraining needs 
Oral health professionals in both public and private 
sectors may benefit from additional training to 
optimize the use of mercury-free dental products, 
particularly for the prevention and nonrestorative 
management of dental caries. This would support a 
smooth transition while maintaining patient safety 
and quality of care.

Health systems may need to invest in training oral 
health professionals on mercury-free products 
and minimal intervention techniques to ensure 
affordable, high-quality care. Training should also 
cover safety protocols such as no-touch placement of 
resin-based composites and the use of appropriate 
eye protection. Ongoing professional development 
should be planned as materials and techniques 
continue to evolve. 
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The development of national and local guidelines 
could help standardize material selection and reduce 
variability across providers. Safety protocols may 
also be needed to manage exposure risks during the 
placement and removal of mercury-free restorations, 
protecting both health workers and patients while 
minimizing environmental impact.

5.2.3 Strengthening 
communication and collaboration 
Collaboration across sectors and health disciplines 
could help ensure a well-distributed, skilled 

and motivated oral health workforce within 
interprofessional primary care teams. The basics of 
oral health promotion and oral disease prevention 
could be integrated as core competencies for other 
health professionals such as doctors, nurses and 
pharmacists.

Health care professionals, particularly in rural or 
underserved areas, may need to broaden their skills 
to deliver essential oral health care in low-resource 
settings. Training should also cover the recognition 
of clinical signs requiring referral to oral health care 
professionals, protocols for communication about 
shared patients and clarity on scope of practice. 

5.3 Waste management 
of dental products (dental 
amalgam and mercury-
free alternatives) used in 
oral health care facilities 
5.3.1 Reducing the environmental 
impact of waste from dental 
amalgam and mercury-
free dental products 

The environmental impact of dental products can 
be addressed across the entire supply chain—from 
resource extraction to clinical use and end-of-life 
disposal. Each stage contributes to waste, including 
resource extraction, synthesis of constituents, 
product manufacturing, packaging and clinical use 
(92). Stakeholders and regulators may need to share 
responsibility for waste generation and implement 
mitigation strategies to reduce it sustainably, starting 
at the point of creation.

Significant reductions could be achieved by 
minimizing packaging, redesigning it for recyclability 
and improving recovery systems. Dental materials 
such as dental amalgam, resin-based composites 
and glass ionomer cements are often packaged  

 
in single-use plastic containers, which are difficult 
to recycle and are typically discarded with 
residual material. These are further wrapped in 
secondary and tertiary packaging, adding to the 
waste burden. The containers and packaging 
are composed of heteropolymers assembled as 
complex compound structures, making them 
difficult to recycle. Residual unused material 
may also remain in the containers and is likewise 
disposed of in the waste streams.

Sustainability in oral health care must be addressed 
as a supply chain challenge, requiring collaboration 
among manufacturers, distributors and clinical 
users. Mitigating strategies can target key waste-
generation stages in the supply chain, namely:

•	 manufacturing (including extraction of natural 
resources, synthesis or refinement of constituents, 
and product creation); 

•	 packaging (types and quantities); and
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•	 clinical use (optimized for predictability and 
durability) (131). 

Efforts should focus on reducing packaging and 
increasing recycling in both clinical and preclinical 
settings. In addition, collaboration in research 
and development between dental manufacturers 
and plastic suppliers could lead to recyclable, safe 
and durable materials. Downstream, partnerships 
with recyclers might help to develop technologies 
for efficient material recovery (131). It should 
be noted, however, that recycling itself has an 
environmental impact.

5.3.2 Sound management 
of dental amalgam waste 
Adequate dental amalgam waste management 
in oral health care services involves installing 
chairside traps and, where feasible and appropriate, 
certified dental amalgam separators, in accordance 
with national regulations, with regular inspection 
and cleaning (132). Non-contact amalgam waste 
(materials that have not been in contact with a 
patient’s mouth) and contact amalgam waste should 
be stored in sealed plastic containers clearly labelled 
‘amalgam waste (hazardous)’. These containers must 
then be collected and transported to a designated 
hazardous waste disposal facility.

Health facilities should maintain accurate records 
of waste transfer notes for audit purposes. Regular 
training for health personnel on proper waste 
segregation, handling, storage, and emergency spill 
protocols is crucial for maintaining compliance and 
minimizing risks. 

Functional dental amalgam restorations should 
not be removed from any patient, including 
pregnant women and children, unless restoration 
replacement is necessary. If removal is required, 
a safe protocol should be followed to minimize 
mercury exposure through inhalation, ingestion or 
mucosal absorption. One recognized protocol is the 
Safe Mercury Amalgam Removal Technique (SMART), 
developed by the International Academy of Oral 
Medicine and Toxicology, which outlines detailed 
safety measures and equipment for safe removal 
(133, 134). In settings where such protocols cannot 
be implemented, oral health care professionals may 
consider the repair of the restoration with resin-
based composites (135, 136). 

Oral health care professionals, together with other 
health professionals, should encourage the use 

of mercury-free restorative materials for caries 
management in order to reduce reliance on  
dental amalgam.

5.3.3 Adapting waste 
management systems 
Health care systems could adopt green purchasing 
policies by prioritizing biodegradable items, BPA-free 
plastics and paper in place of plastic, for both clinical 
and administrative use. Integrating sustainability 
criteria into supplier contracts could encourage 
environmentally friendly manufacturing and 
reduce hazardous and non-recyclable waste, on the 
understanding that the best waste is no waste. 

Strategic planning and budgeting could support the 
development of comprehensive waste management 
systems. Once resources are secured, a safe and 
comprehensive waste management system can 
be established. This should include the proper 
segregation of recyclables, non-hazardous non-
recyclable waste, infectious waste, sharps (such as 
needles), chemical waste (such as mercury waste, 
expired or unused resin-based composites or 
radiography solutions), and pharmaceutical waste 
(such as anaesthetics or medications). This process 
should also ensure that all waste is treated and 
disposed of by licensed companies. 

To reduce chemical waste, health facilities could 
also switch to light-emitting diode (LED) lighting and 
adopt digital radiography. Recycling programmes for 
paper, plastic and glass, together with safe reuse of 
sterilizable instruments, could further reduce non-
hazardous waste.

5.3.4 Improving health care 
waste management systems 
Improving waste management systems in health 
care facilities can be integrated into broader 
infection prevention and control (IPC) and water, 
sanitation and hygiene (WASH) strategies. Such 
integration not only helps to prevent infections but 
also contributes to climate resilience and public 
health by minimizing environmental hazards. 
Alternatively, waste management can be pursued 
as a standalone strategy. Regardless of the 
approach, all waste types should be addressed, with 
clear procedures and monitoring in place. Where 
separate strategies are developed, they must be 
aligned and streamlined to ensure coherence and 
maximize effectiveness.
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A waste management strategy must be developed 
within the cultural and socioeconomic context 
of the region where it will be implemented 
(131). The suitability, effectiveness and impact of 
recommendations and solutions will differ greatly 
depending on the country and its capacity for 
change. Conducting a local assessment is therefore 
essential to determine what is feasible and what will 
have the greatest impact (137).

A robust health care waste management strategy – 
whether as an independent plan or as a component 
of broader strategies – must establish clear 
procedures for every stage of waste handling, 
including segregation, collection, internal transport, 
storage, treatment and final disposal. All categories 
of waste, ranging from general non-hazardous 
to infectious, sharps and chemicals should be 
comprehensively addressed. Equally important are 
provisions for training staff in these procedures, 
defining responsibilities, maintaining documentation 
and implementing regular monitoring.

In oral health care settings, strategies could 
include proper disposal of mercury waste (as 
described in the previous section), expired or 
unused resin-based composites, curing light 
components (including LED chips, disposable 
sleeves, filters and batteries) and packaging. 
Quality control processes could further support 
effective implementation. 

Ministries of Health and Environment are 
encouraged to monitor the status of their waste 
management practices and policies. The WHO/
UNICEF Joint Monitoring Programme provides 
an international framework for tracking national 
policies on safe waste management, including 
waste segregation and treatment, as part of 
Sustainable Development Goal 6 (clean water and 
sanitation). This tracker also supports reporting 
in line with the 2023 United Nations General 
Assembly resolution on sustainable, safe and 
universal water, sanitation, hygiene, waste and 
electricity services in health care facilities.

5.4 Preservation of ecosystems 
and sustainable development 
5.4.1 Adopting  
sustainable practices
Emphasizing health promotion and preventive 
care improves patient oral health outcomes and 
reduces the overall demand for dental treatments 
and associated resources, thereby supporting 
environmental sustainability. Transitioning to 
products with less environmental impact, such as 
mercury-free dental materials, and minimizing the 
use of hazardous chemicals further contribute to 
safer, more sustainable practices. In addition, careful 
prescribing practices – such as avoiding the over-
prescription of antibiotics or anaesthetics – can 
help to reduce pharmaceutical waste and limit the 
environmental impact of unused medicines. 

By adopting sustainable practices, oral health care 
facilities can enhance the quality and safety of care 
while sustaining and expanding access to services. 
Reducing operational costs through environmental 
initiatives can also make care more affordable. 

These efforts support the broader goal of achieving 
universal coverage for oral health care (138, 139). To 
successfully implement these changes, oral health 
care facilities should be supported with appropriate 
programmes that facilitate the adoption of new, 
sustainable practices (140).

Oral health care facilities can reduce reliance on 
single-use products by autoclaving and sterilizing 
dental instruments rather than relying on disposable 
options. They can also reduce the use of products 
packaged in single-use plastics or with excessive 
packaging. When reduction is not feasible, facilities 
should opt for products with less environmentally 
impactful packaging alternatives. 

Strategic communication can help health care 
systems, together with both public and private 
providers, to promote a shared vision of human and 
planetary health. Framing oral health care within 
the context of the nine planetary boundaries may 
encourage more sustainable practices (128).
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5.4.2 Strengthening the 
robustness and resilience of 
oral health care facilities to 
environmental hazards

Collective measures to promote oral health and 
prevent oral diseases should be supported in 
conjunction with the eco-design of care and the 
right-care approach. The provision of mercury-
free oral health care is a fundamental component 
of environmentally sustainable practice. Oral 
health and the implementation of the Minamata 
Convention on Mercury can be integrated into 
national health policy and strategies to preserve 
biodiversity and reduce environmental pollution, 
designating the national oral health unit as one 
focal point within the Ministry of Health.

Complementary measures should be integrated and 
developed, including: 

•	 controlling energy consumption through the 
elimination of energy waste;

•	 adopting infrastructure policies that promote less 
energy-intensive cooling and heating systems 
that do not rely on ozone-depleting substances or 
carbon-intensive gases;

•	 increasing the use of LED lighting, natural 
ventilation and passive heating and cooling 
solutions; and

•	 supporting the development of renewable  
energy sources. 

Measures should also address the use of chemicals 
in oral health care and treatment, as well as in 
maintenance and disinfection procedures. Materials 
should be selected that do not present risks to 
aquatic organisms or human health, including 
carcinogenic, mutagenic and reprotoxic substances, 
nanomaterials and mercury-free dental products 
without controversial compounds. Measures 
may also include replacing chemical radiological 
developers with digital radiology, while reducing 
the environmental impact of digital activities. 
Procurement policies can promote the use of low-
carbon and environmentally sustainable products 
within oral health care facilities. Engaging suppliers 
can help reduce carbon emissions across the 
supply chain while promoting transparency and 
accountability. This can be supported by reducing 

energy consumption, encouraging local production 
and fostering innovation. Ordering products in 
large batches and sourcing from nearby providers 
can further minimize the environmental impact 
associated with the distribution of mercury-free 
dental products, provided this is balanced against 
product shelf-life and utilization rates. In addition, 
providing oral health care in the nearest clinical 
facility and minimizing the number of dental 
appointments can reduce the environmental impact, 
particularly that associated with patient travel.

Health care systems and private providers could:

•	 undertake assessments to evaluate how pollution 
of natural environments, biodiversity loss and 
climate change currently affect, and may continue 
to impact, oral health programmes, with particular 
attention to the availability of essential dental 
medicines and the resilience of their supply 
chains; and

•	 design and implement oral health programmes 
and operations that incorporate findings from 
these assessments, ensuring that both current 
and projected effects of global environmental 
changes (such as climate change, biodiversity 
loss and pollution) – especially in low-resource 
settings – are addressed to maintain continuity 
and quality of care.

Health systems and private providers could adopt 
sustainability reporting on climate resilience and 
environmental sustainability for oral health care 
delivery. This should include integrated quality, 
safety and environmental measures, as well as the 
procurement, use, disposal and waste management 
of mercury-free dental products. Health systems can 
measure, document and report on these activities, 
advancing oral health metrics to enhance the 
usability of information within the context of the 
Sustainable Development Goals (SDGs) and other key 
global health agendas. 

To strengthen governance, essential dental 
medicines for oral disease prevention and control 
can be integrated into health security, pandemic 
and emergency preparedness, and humanitarian 
response frameworks. This will help to build resilient 
oral health systems capable of effective emergency 
response. Adopting a whole-of-government and 
whole-of-society approach through the “Health in 
All Policies” framework is key for health security and 
emergency preparedness. 
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5.4.3 Ensuring a reliable, 
affordable, and sustainable supply 
of mercury-free dental products

Transitioning away from mercury-based 
dental amalgam is a critical step towards more 
environmentally sustainable oral health care. To 
ensure this transition is equitable, effective, and 
scalable – particularly in low-resource settings– 
countries must adopt a comprehensive approach 
that includes strengthening the robustness and 
resilience of supply chains for dual-use  
mercury-free dental products. These include 
essential dental materials and techniques that can 

be applied with hand instruments when  
traditional restorative treatments are impractical 
or suboptimal, and can also be used in 
conventional restorative procedures with modern 
dental equipment. 

Promoting local production of mercury-free 
restorative materials can significantly reduce 
emissions, enhance affordability and improve 
supply chain security, particularly in low-resource 
settings. Active engagement with suppliers is also 
essential to drive innovation in sustainable product 
design and packaging, reduce carbon footprints 
and promote transparency and accountability 
across the supply chain.
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6. Guideline relevant 
research needs 
and limitations 
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6.1 Important evidence 
gaps remain on the clinical 
effectiveness and cost-
effectiveness of mercury-
free dental products 
The long-term clinical performance of most 
mercury-free dental products remains uncertain, 
compounded by the rapid pace of product 
development. Findings from earlier clinical trials 
may no longer be relevant, as the products 
evaluated have since been improved. Key gaps in 
knowledge include identifying which interventions 
are most effective for caries prevention and the 
nonrestorative management of carious lesions, as 
well as establishing optimal delivery protocols, such 
as application frequency and concentration. For 
silver diamine fluoride in particular, modifications 
to reduce tooth discoloration or improve stability 
should be evaluated for clinical effectiveness. 
In addition, for the restorative management of 
dental caries, long-term evaluations (more than 10 
years) are needed, especially to assess the clinical 
performance of mercury-free dental products that 
have remained on the market. 

Pragmatic clinical trials in primary care settings 
are ideal for evaluating the longevity of different 
mercury-free dental products. These can be 
complemented by observational studies that 

follow cohorts of patients receiving various 
dental treatments. Together, these primary 
studies provide valuable information on clinical 
effectiveness for specific clinical situations 
(such as load-bearing teeth and multi-surface 
restorations) and population subgroups (including 
older adults and children). 

Comprehensive, real-world economic evaluations 
that are realistic and free from conflicts of interest, 
integrating clinical outcomes and environmental 
costs, are needed to identify truly cost-effective 
interventions for preventing and managing 
dental caries. Achieving this will likely require a 
mix of methodologies, including both within-trial 
evaluations and modelling studies, to ensure results 
are as generalizable as possible. Such evaluations 
should fully incorporate potential health risks 
and the environmental impact associated with 
mercury-free dental products. Long-term economic 
evaluations should be conducted in diverse 
populations and health care systems, particularly in 
low- and middle-income countries where cost and 
access to oral health care are critical factors.
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6.2 Continued monitoring 
of occupational exposure to 
mercury-free dental products 
Continued monitoring of occupational exposure to 
mercury-free dental products in public and private 
oral health care facilities is recommended, as their 
components continue to evolve in tandem with 
regulatory factors and clinician and patient demands. 
With increasing interest in endocrine-disrupting 
chemicals and microplastics found in everyday 
products, ongoing monitoring is essential to evaluate 
the long-term safety of both existing and future 
mercury-free dental products, particularly resin-
based composites. The potential toxicity of dental 
adhesives with resin-based composites also warrants 
thorough evaluation. 

Sodium fluoride was recently proposed to the 
European Chemicals Agency (ECHA) for classification 
as an endocrine-disrupting chemical. At the time 
of guideline development, the scientific evaluation 
process to determine the classification was still 
underway. Given sodium fluoride’s well-established 
role in preventing dental caries, this assessment 
warrants close attention. The findings from this 
evaluation will be reviewed and incorporated into 
future updates of the guideline.

Regular reassessments should be conducted 
as new evidence emerges, ensuring that these 
alternatives do not introduce additional risks to 
human health. The potential toxicological risks 
associated with mercury-free dental products should 
be monitored on an ongoing basis. Post-marketing 
surveillance can be carried out through adverse 

event monitoring, whereby health professionals, 
patients and manufacturers report any suspected 
side effects or unexpected reactions. These reports 
are collected in national and international databases 
and analysed for patterns that might indicate new 
risks. Manufacturers may also be required to submit 
periodic safety update reports to regulatory agencies, 
communicating findings to health care providers and 
patients. However, the limitations of post-marketing 
surveillance must be recognized, particularly in 
relation to measuring risks associated with exposure 
to endocrine disruptors (such as non-linear dose–
response relationships or delayed effects).

Pharmacokinetic studies can also play a role in 
monitoring the safety of mercury-free dental 
products. They can measure the levels of specific 
components, such as bisphenol A (BPA), in biological 
fluids (for example, urine) before (baseline level) 
and after dental procedures in the absence of other 
sources of BPA. Longer evaluations (more than 1 
week) are needed to confirm whether effects are 
transient. By modelling these concentrations and 
their progression over time, researchers can assess 
the extent of systemic exposure and compare it with 
established safety thresholds. This approach can 
help determine whether the release of components 
from mercury-free dental products poses any 
adverse health effects in the short or long term. 
Future research studies should find appropriate 
methods for evaluating combined effects and 
transgenerational risks.
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6.3 Further research and 
continued monitoring 
on environmental risks 
and sustainability 
The environmental impact of mercury-free dental 
products is not well known. This lack of information 
does not mean that there is no effect; rather, it 
suggests that sufficient evidence is not yet available 
and that ongoing monitoring and surveillance are 
essential. Evaluation of best practices for caries 
prevention and management should be balanced 
with a thorough assessment of their environmental 
impact. This includes consideration of substance 
and plastic release, resource depletion and waste 
management challenges. Integrating both clinical 
effectiveness and sustainability into decision-making 
will help ensure that oral health care delivers optimal 
patient outcomes while minimizing negative effects 
on the environment.

Mercury-free dental products continue to evolve, with 
improved formulations and new products regularly 
entering the market. To meet the growing demand 
for a wider range of mercury-free options that offer 
enhanced tooth-colour matching, reduced costs and 
greater durability, manufacturers are increasingly 
incorporating nanoscale particles and fillers, often 
without comprehensive prior risk assessment. 
Nanoscale particles and fillers associated with 

mercury-free dental products can pass through 
dental chair and dental amalgam separator filters, 
ultimately entering the dental wastewater system. 
This is particularly relevant in the context of emerging 
contaminants such as microplastics, nanoparticulate 
waste and small particles in the environment (98). 
With the widespread adoption of mercury-free dental 
products, further research is needed to investigate 
methods for improving the capture and management 
of micro- and nanoparticulate waste. There is also 
a need to assess the sustainability of mercury-free 
dental products by evaluating whether current  
and emerging disposal methods affect water, air  
and soil quality. 

Increased monitoring and further research are also 
needed on the environmental impact of mercury-
free dental products across their full life cycle, 
from production to disposal (the cradle-to-grave 
journey of these materials). Comprehensive life cycle 
assessments (LCAs) could help to determine which 
mercury-free dental products, waste management 
strategies and types of dental waste (such as empty 
composite capsules and associated packaging) have 
the most favourable environmental impact (141).
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Dissemination, monitoring 
and updating
The guideline is available online, including all 
evidence reviewed by the Guideline Development 
Group (GDG), both within the main text and web 
annexes. A series of brief technical notes on the 
different mercury-free dental products included in 
the guideline web annex – namely fluoride varnish, 
silver diamine fluoride, fissure sealants, glass 
ionomer cements and resin-based composites 
– have been developed to complement the 
recommendations and serve as supporting material, 
not as standalone sources of guidance. The guideline 
will be translated into the United Nations official 
languages and disseminated via the WHO website, 
including the WHO guideline library, the WHO oral 
health page, the WHO initiative page on oral health 
care and the environment and the UNEP Global 
Mercury Partnership project knowledge hub.

The guideline will be presented to the 158th 
Executive Board and the Seventy-ninth World Health 
Assembly as part of the consolidated report on 
noncommunicable diseases (NCDs), in alignment 
with the mandate outlined in the resolution on oral 
health (WHA74.5). The dissemination strategy will 
include a series of webinars across all WHO regions 
and a targeted social media campaign. The launch 
will be promoted through WHO regional and country 
offices, global and regional websites, UNEP and 
other relevant United Nations agencies and partners. 

The implementation of this guideline can be 
monitored at country level. Globally, implementation 
will be monitored as part of the WHO Global Oral 
Health Action Plan 2023–2030, with a focus on 
global target 1.2 for environmentally sound oral 
health care. Implementation and monitoring will be 
supported through a coordinated effort between 
Member States, international partners, civil society 
organizations, the private sector and WHO.

The guideline recommendations will remain in 
effect for five years. During this period, the Steering 
Committee will review emerging scientific evidence 
and user feedback to determine whether updates 
are necessary, following the formal procedure 
described in the WHO Handbook for Guideline 
Development. The Committee will also monitor 
research developments in dental caries prevention 
and management, as well as in the sustainability 
of oral health care. Particular attention will be 
given to areas where systematic reviews identified 
evidence gaps, low-certainty findings or evolving 
formulations of mercury-free dental products, as 
new substances are introduced. These insights 
will guide decisions on whether new or revised 
recommendations are required.
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Glossary
Caries arrest: Stage at which dental caries (tooth 
decay) stop progressing and become inactive; the 
lesion has halted and is no longer causing further 
damage to the tooth structure.

Caries reversal: Process of halting and potentially 
reversing the early stages of tooth decay through 
remineralization of the tooth enamel, when 
the balance between demineralization and 
remineralization shifts in favour of remineralization, 
allowing the tooth to repair itself without invasive 
dental procedures.

Class I restoration: Restoration of cavities in pits 
and fissures on the occlusal surfaces of molars and 
premolars, the buccal or lingual pits of molars, and 
the lingual surfaces of maxillary incisors.

Class II restoration: Restoration of cavities on the 
proximal surfaces (mesial or distal) of premolars  
and molars.

Class III restoration: Restoration of cavities on the 
proximal surfaces of anterior teeth (incisors and 
canines) that do not involve the incisal edge.

Class IV restoration: Restoration of cavities on the 
proximal surfaces of anterior teeth that involve the 
incisal edge.

Class V restoration: Restoration of cavities on  
the cervical third of the facial or lingual surfaces  
of any tooth.

Health workers: The term used to refer to all 
types of health professionals, including oral health 
professionals and other health professionals. 

Life cycle assessment (LCA): Systematic method for 
evaluating the environmental impact of a chemical 
product, process or service across its entire life cycle, 
from raw material extraction, manufacturing and use 
to disposal or recycling.

•	 Cradle-to-grave LCA: includes all life-cycle stages, 
from raw material extraction to disposal or recycling.

•	 Cradle-to-gate LCA: evaluates impact from raw 
material extraction through manufacturing,  
up to the point where the product leaves  
the factory gate; excludes use phase and  
end-of-life processes.

Mercury-free dental products: All professionally 
applied products used for preventing and managing 
dental caries; broader than “mercury-free dental 
materials”, which are most often associated only with 
direct restorations (fillings).

Non-invasive intervention in oral health care: 
Methods and treatments that prevent or arrest 
dental caries without drilling or removal of healthy 
tooth structure. This aligns with WHO’s broader 
goals of integrating oral health into universal health 
coverage, phasing out the use of dental amalgam 
and reducing reliance on complex, costly, and 
invasive dental procedures.

Minimal intervention restoration/minimally 
invasive intervention in oral health care: 
Methods and treatments that restore tooth 
structure, oral health function and aesthetics 
without extensive drilling, or removal of healthy 
tooth structure. The intervention aims to preserve 
as much of the natural tooth as possible, avoiding 
actions that result in unnecessary pain, infection 
and permanent damage to teeth, while preventing 
and treating dental caries. This aligns with WHO’s 
broader goals of integrating oral health into 
universal health coverage, phasing out the use of 
dental amalgam, and reducing reliance on complex, 
costly, and invasive dental procedures.

Oral health professionals: Group of health workers 
whose skills align with oral health occupations, 
including dentists, dental therapists, dental 
hygienists and dental assistants.

Vulnerable populations: Groups at increased 
risk of adverse health outcomes, examples 
include children and adolescents, pregnant and 
breastfeeding women, older adults and individuals 
with atopic conditions.
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Annex 4. Summary and 
management of confidentiality 
of undertaking and 
declarations of interests
To ensure a robust and inclusive development 
process, several expert groups were established.

GDG

Composed of 10 international, independent experts 
serving in their personal capacities, the GDG 
provided technical input on the recommendations 
based on the best available scientific evidence. They 
also supported the drafting of various sections 
of the technical guidance. All members of the 
Guideline Development Group (GDG) completed the 
Confidentiality of Undertaking (CoU) and Declaration 
of Interest (DoI) forms. Following an internal review, 
three members declared interests, however, these 
were assessed as minimal due to the interest 
ceasing prior to their involvement in the guideline 
development or were deemed not to constitute a 
conflict of interest. 

Additionally, five Chief Dental Officers (national 
oral health leads) at the Ministry of Health level 
from different WHO regions participated as special 
advisers to the group. Their role was to provide 
contextual insights from country-level experiences 
to help ensure the recommendations are practical 
and implementable across diverse settings. Special 
advisers were not members of the GDG and did not 
participate in the formulation or decision-making 
process regarding the recommendations. All special 
advisers also completed CoU and DoI forms. No 
interests were declared.

Expert Contributions

Three experts were invited to contribute to the 
“implementation considerations” section of 
the guideline. Their role was to reflect on the 
recommendations and provide complementary 
perspectives and practical insights that may not have 
been fully captured through the systematic reviews 
but were relevant to the scope and application of the 
guideline. All three experts completed the CoU and 
DoI forms. Following an internal review, one expert 
declared interests, however, these were classified 
as minimal, as they had ceased prior to the expert’s 
involvement in the guideline.

ERG

Composed of nine experts, this group was tasked 
with reviewing the advanced draft of the guideline. 
Their role was to ensure clarity, completeness, 
scientific accuracy and practical relevance. They 
provided critical feedback to refine the final version 
and enhance its usability for a global audience. All 
nine external reviewers completed CoU and DoI 
forms. Following an internal review, two experts 
declared interests; however, these were assessed 
as minimal due to their limited relevance to the 
scope of the guideline or because they had ceased 
prior to involvement.
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Annex 5. Key questions 
in PICO format 
A series of five systematic reviews provided  
the evidence base to inform the content of this 
technical guidance.

Systematic review 1:  
clinical effectiveness and cost-
effectiveness of mercury-free 
dental materials used for caries 
prevention and control
Prospero registration: https://www.crd.york.ac.uk/
PROSPERO/view/CRD42024569615 

PICO question: What is the clinical effectiveness 
(longevity and annual failure rate, or equivalent 
outcome measure) and cost-effectiveness of 
mercury-free dental materials used for caries 
prevention and control?

Population
Patients receiving a dental preventive or restorative 
treatment approach

Intervention(s) or exposure(s)
Dental prevention or treatment using mercury-
free dental materials (composite/adhesive resin, 
compomer, glass ionomer cement, resin-modified 
glass ionomer cement, tricalcium silicate, topical 
fluoride, amorphous calcium phosphate, dental 
sealant, amorphous calcium phosphate, monomer, 
methacrylate, indirect restoration)

Comparator(s) or control(s)
Control without intervention (prevention). 
Comparison with different dental materials 
(restorative treatment).

Main outcomes
Clinical outcomes
•	 Prevention: occurrence of new carious lesions, 

prevalence of caries
•	 Restorative treatment: failure rate (FDI/USPHS 

criteria), secondary lesions, marginal integrity, 
fractures, loss of retention and restoration quality

Economic outcomes
•	 Cost-effectiveness
•	 Cost per application/restoration

Additional outcomes
Secondary outcomes 
1.	 Time until restoration failure or re-treatment
2.	 Discomfort during restorative treatment or within 

24 hours after treatment 
3.	 Patient’s/carer’s perceptions of the  

restorative treatment
4.	 Factors influencing the clinical effectiveness of the 

restorative treatment: type of tooth, affected tooth 
surface(s), preoperative radiograph, caries lesion 
depth, extent of carious tissue removal, isolation 
technique, type of adhesive and restorative material

Systematic review 2:  
cytotoxicity and biocompatibility 
of mercury-free dental materials 
or their chemical compounds

Prospero registration: https://www.crd.york.ac.uk/
PROSPERO/view/CRD42024571363

PICO question: What is the cytotoxicity and 
biocompatibility of mercury-free dental materials  
or their chemical compounds?

Population
Human cells, animals, human subjects exposed to 
resin-based dental materials, glass ionomer based 
materials and their singular components.

Intervention(s) or exposure(s)
Exposure to resin-based dental caries restorative and 
preventive materials and their singular components.

Comparator(s) or control(s)
Human cells, animals, human subjects exposed to 
controls materials and placebo.

Main outcomes
Cytotoxicity and biocompatibility of mercury-free 
dental materials used for caries prevention and 

https://www.crd.york.ac.uk/PROSPERO/view/CRD42024569615
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024569615
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571363
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571363
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control such as change in viability of treated cells, 
apoptosis rates, inflammatory responses, tissue 
integration, adverse events, allergic reactions, tissue 
toxicity, mucosa toxicity, genotoxicity and skin toxicity.

Additional outcomes
Additional outcomes to be measured and assessed 
include the release of inflammatory cytokines and 
chemokines, oxidative stress markers, and changes 
in gene expression related to cytotoxic and immune 
responses. Evaluation of cell morphology and 
ultrastructural changes using microscopy techniques, 
the potential for genotoxic effects, such as DNA 
damage and mutagenesis.

Systematic review 3: release 
of substances from mercury-
free dental materials into 
the oral environment

Prospero registration: https://www.crd.york.ac.uk/
PROSPERO/view/CRD42024571374

PICO question: To what extent are substances 
released from mercury-free dental materials into the 
oral environment?

Population
Patients of any age undergoing routine dental 
restorative or preventive procedures 
For in vitro or pre-clinical research, any type of 
procedure simulating in vivo practice

Intervention(s) or exposure(s)
Measurement of monomer or other substance levels 
in body fluids after dental procedures in vivo or in 
artificial liquids in vitro

Comparator(s) or control(s)
Patients without any dental treatments or no 
comparison

Main outcomes
Monomers, nanoparticles or by-products release 
from mercury-free dental materials

Additional outcomes
Not applicable

Systematic review 4: health 
effects of mercury-free dental 
materials on patients and 
dental health personnel

Prospero registration: https://www.crd.york.ac.uk/
PROSPERO/view/CRD42024571590

PICO question: What are the health effects of 
mercury-free dental materials on patients and health 
personnel?

Population
Inclusion criteria
•	 Patients of any age or gender who are following a 

professional protocol for caries prevention using 
mercury-free dental materials

•	 Patients with long-term or from recent dental 
restorations for treatment of caries with mercury-
free dental materials

•	 Dental professionals, including dentists, dental 
assistants, dental nurses and dental hygienists 
(without any limitation of age, gender, experience 
or seniority) who use mercury-free dental 
materials daily

Exclusion criteria
Patients who have dental materials outside of the 
context of preventive and restorative dentistry

Intervention(s) or exposure(s)
•	 Professional protocols for dental caries prevention 

with mercury-free dental materials
•	 Treatment of dental caries with mercury-free 

dental materials

Comparator(s) or control(s)
Absence of dental caries prevention or absence of 
dental caries treatment or treatment of caries with 
amalgam

Main outcomes
Health effects on any organ or system or physical or 
psychosocial function

Additional outcomes
Not applicable

https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571374
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571374
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571590
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571590


Annex 51

Systematic review 5: 
environmental effects associated 
with the manufacturing, 
distribution, clinical care use 
and waste management of 
mercury-free dental materials

Prospero registration: https://www.crd.york.ac.uk/
PROSPERO/view/CRD42024571615

PICO question: What are the environmental effects 
(e.g. on water, air, land and wildlife) associated with 
the manufacturing, distribution, clinical care use and 
waste management of mercury-free dental materials?

Population
The review will include studies examining 
environmental systems, including ecosystems, 
wildlife, and human populations affected by the 
lifecycle of mercury-free dental materials. Inclusion 
criteria are studies that assess the environmental 
impacts related to manufacturing, distribution, clinical 
use, and waste management of these materials. 
Exclusion criteria are studies focused solely on the 
clinical efficacy or health outcomes of the materials 
without addressing environmental effects.

Intervention(s) or exposure(s)
The interventions/exposures to be reviewed 
encompass all stages of the lifecycle of mercury-free 
dental materials. This includes the environmental 
impacts arising from the manufacturing processes, 
the logistics of distribution, the clinical use in dental 
practices, and the subsequent waste management 
practices, including disposal and recycling. 
The review will focus on identifying pollutants, 
emissions, resource use, and ecological disturbances 
associated with each of these stages to assess their 
comprehensive environmental footprint.

Comparator(s) or control(s)
The comparators/control for this review will include the 
environmental impacts associated with the lifecycle 
of mercury-containing dental materials, as well as 
other non-mercury dental materials, if applicable. 
Additionally, baseline environmental conditions with 
no exposure to dental materials will serve as a control 
to evaluate the relative impact. This comparison will 
help to contextualize the environmental footprint of 
mercury-free dental materials against traditional and 
other alternative materials.

Main outcomes
The primary outcomes of the review are the 
quantified environmental impacts associated with 
the lifecycle of mercury-free dental materials.  
These include changes in:
•	 water quality (e.g., contamination levels of  

specific pollutants);
•	 air quality (e.g., emission levels of greenhouse 

gases and other pollutants); soil quality (e.g., 
presence of contaminants and land degradation); 
and 

•	 wildlife health (e.g., biodiversity loss and  
toxicity effects). 

These outcomes will be measured using various 
environmental assessment tools and indicators, 
such as pollutant concentration levels, emission 
inventories, and ecological health indices.

Additional outcomes
The secondary outcomes of the review will include: 
1.	 Resource consumption: quantification of energy 

and water usage during the manufacturing, 
distribution, clinical use, and waste management 
of mercury-free dental materials

2.	 Carbon footprint: measurement of greenhouse 
gas emissions associated with the entire lifecycle 
of mercury-free dental materials

3.	 Waste generation: assessment of the volume 
and type of waste produced at each stage of the 
lifecycle, including potential recyclability

4.	 Ecotoxicity: evaluation of the toxic effects of 
mercury-free dental materials on aquatic and 
terrestrial organisms

5.	 Human health indirect effects: investigation of any 
indirect effects on human health resulting from 
environmental contamination linked to mercury-
free dental materials

https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571615
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024571615
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