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ABSTRACT

The carbon footprint of dental practice is usually presented either as a negligible per-visit emission or as the large aggregate burden
of a high-volume service. This narrative review synthesizes the evidence published between 2018 and 2025 on the size, sources, and
reduction strategies of the carbon footprint of dental care. Literature was searched in OpenAlex, Crossref, and PubMed and organized
into four thematic axes: measurement of the footprint, materials and single-use consumables, clinical gases and waste, and interven-
tions. Reported estimates range from 4.3 kg CO2e per patient visit and 4.9 kg CO2e per root canal treatment to 31.8 to 35.1 kg CO2e per
implant-supported prosthesis, and from 285 to 2,170 kg CO2e per person over a lifetime of oral care. Patient and staff travel consistently
dominate practice-level footprints, accounting for 65.2% of clinic emissions in one Egyptian study, while procurement, energy, and
single-use plastics dominate the material side. Reusable instruments outperform disposable kits, and removing unnecessary plastics,
harvesting rainwater, and teledentistry produce measurable reductions, whereas digital fabrication is not automatically lower-carbon.
Nitrous oxide and amalgam remain high-priority targets. The apparent contradiction between a small per-unit footprint and a large ag-
gregate footprint is reconciled by volume, travel, and procurement. Comparability across studies is limited by heterogeneous methods;
standardized functional units and routine measurement are needed to move the field from awareness to verified emission reductions.

Keywords: carbon footprint; dentistry; environmental sustainability; dental waste; greenhouse gases; life cycle assessment.

RESUMEN

La huella de carbono de la practica odontoldgica se presenta como una emision por consulta casi despreciable o como la gran carga
agregada de un servicio de alto volumen. Esta revisidon narrativa sintetiza la evidencia publicada entre 2018 y 2025 sobre la magnitud, las
fuentes y las estrategias de reduccion de esa huella. Se buscé en OpenAlex, Crossref y PubMed y se organizd en cuatro ejes: medicion,
materiales y consumibles de un solo uso, gases clinicos y residuos, e intervenciones. Las estimaciones van de 4,3 kg CO2e por consulta
Yy 4,9 kg CO2e por tratamiento de conductos a 31,8-35,1 kg CO2e por protesis implantosoportada, y de 285 a 2.170 kg CO2e por persona
a lo largo de una vida de atencion bucal. Los desplazamientos de pacientes y personal dominan la huella de las consultas (65,2 % de
las emisiones en un estudio egipcio), mientras que compras, energia y plasticos de un solo uso dominan el componente material. Los
instrumentos reutilizables superan a los desechables; eliminar plasticos innecesarios, captar agua de lluvia y la teleodontologia logran
reducciones medibles, mientras que la fabricaciéon digital no es automaticamente menos contaminante. El 6xido nitroso y la amalgama
siguen siendo objetivos prioritarios. La contradiccion entre huella unitaria pequefia y huella agregada grande se reconcilia por el volu-
men, los desplazamientos y las compras. La comparabilidad esta limitada por métodos heterogéneos; se requieren unidades funcionales
estandarizadas y medicion sistematica para pasar de la concienciacion a reducciones verificadas.

Palabras clave: huella de carbono; odontologia; sostenibilidad ambiental; residuos dentales; gases de efecto invernadero; analisis de
ciclo de vida.
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INTRODUCTION

Health care is responsible for roughly 5% of global greenhouse gas emissions, a share com-
parable to that of the food sector and larger than that of aviation.(1-3)A systematic review of heal-
th-care settings arrives at the same order of magnitude, between 4% and 5% of global emissions,
and attributes them across the three scopes of the Greenhouse Gas Protocol, with the majority
in the purchased goods and services that constitute scope 3.(4)Dentistry sits inside this footprint,
yet the field cannot agree on how to describe its own contribution. One body of evidence presents
dental care as almost negligible at the level of a single appointment: a life cycle analysis of one
dental examination concluded that its environmental burden, compared with one person’s annual
impact, is minimal.(5)A second body of evidence points in the opposite direction, at the scale of a
career of care and of an entire profession. Modeled lifetime oral healthcare for a patient with high
disease experience was estimated at approximately 2,170 kg CO2e, against 285 kg CO2e for a per-
son with very low disease experience,(6)and the air travel of only four global oral health meetings
was estimated at about 47,000 metric tons of CO2e.(7)The same profession is thus described, in
published work, both as a trivial emitter and as a material contributor to the climate crisis.

The contradiction matters because it changes what the profession does. If the footprint is
trivial per unit, the rational response is to focus on clinical quality and leave emissions alone. If it is
large in aggregate, the response is to redesign travel, procurement, and waste, which requires mea-
surement and intervention data that dentistry largely lacks. The framing also has a moral dimension
that the profession has begun to articulate: oral health professionals have an ethical responsibility
to manage the environmental impact of the care they provide, and the World Dental Federation
has tied good-quality oral healthcare explicitly to environmental sustainability.(8) National health
systems have committed to net-zero targets that include dentistry, and the National Health Service
in England has quantified and tracked its footprint in ways that name dental care as a component
to be decarbonized.(9) Overviews directed at clinical teams now list carbon reduction alongside
plastics, nitrous oxide, and antibiotics as domains for routine action.(10) The gap is not awareness
but quantification: frameworks and toolkits describe what to change, while the evidence on how
much each change saves is only beginning to accumulate. Dentists therefore need a defensible
account of where the emissions of their practices come from and which changes actually reduce
them, rather than a list of aspirational principles.

Areview is timely because the measurement literature has grown rapidly and remains scatte-
red. Most carbon accounting for dental care has appeared since 2020, in the form of process-based
life cycle assessments of individual procedures, calculator-based audits of clinics and laboratories,
and scoping reviews that map the field without reconciling its findings.(11,12) The health-care sector
more broadly has consolidated methods for this task, and narrative reviews of the sector’s climate
role now exist for guidance.(13)What the dental literature still lacks is a synthesis that holds the
per-unit and the aggregate estimates together, separates measurement from intervention, and
identifies which reductions are supported by measured outcomes rather than by assumption.
The methods needed to close that gap already exist elsewhere: health-care systems have establi-
shed hybrid accounting that combines spending and activity data, and hospital-level reviews have
demonstrated that service-level footprints can be produced routinely.(9,14) The objective of this
review is to synthesize the published evidence on the size, main sources, and reduction strategies
of the carbon footprint of dental practice between 2018 and 2025. It is guided by one question: how
large is the footprint, which processes contribute most, and which strategies reduce it measurably
without compromising care?

METHODS

Sources and search strategy

The search was designed to answer the gap identified above, which requires both per-unit life
cycle assessments and studies of whole practices and care pathways. Three bibliographic sources
were queried to the preparation of this manuscript: OpenAlex, Crossref, and PubMed. OpenAlex
and Crossref were used for their broad coverage of journal articles, including items not indexed in
biomedical databases, and PubMed for its coverage of the clinical dental literature. Searches com-
bined terms for the carbon footprint and environmental sustainability of dental care with terms for
specific processes, including single-use plastics, amalgam and mercury waste, nitrous oxide, and
digital dentistry. The core search window was restricted to publications from 2018 through 2025 to
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capture the period in which measurement methods consolidated; older or methodological works
were admitted only when they were needed to contextualize a finding, and none post-dates 2025.

Selection criteria and organization

Studies were selected if they reported a quantified estimate of greenhouse gas emissions or
environmental impact attributable to dental care, compared materials or equipment by environ-
mental impact, or evaluated an intervention intended to reduce that impact. Surveys of aware-
ness and barriers were included when they explained the gap between available evidence and its
adoption in practice. Editorials, commmentaries without data, and studies of environmental topics
outside dental care were excluded. The selection criterion deliberately spans primary life cycle
assessments and audits, comparative studies, and intervention evaluations, because the review
guestion cannot be answered by any single design; a footprint requires measurement studies, and
a reduction strategy requires intervention studies. No claim of exhaustiveness is made, consistent
with the narrative design and the SANRA guidance for such reviews.(15)

Synthesis approach

The selected evidence was organized into a matrix of four thematic axes, each linking specific
claims to the studies that support or contradict them and to the quality of their designs. The four
axes are the size and measurement of the footprint, materials and single-use consumables, clinical
gases and waste streams, and interventions. Because the review seeks to move from description
to action, intervention studies were kept distinct from descriptive measurement studies so that
reductions could be separated from baselines. Quantitative values reported in the text are taken
from the primary studies cited; no estimate was generated for this review. The matrix format was
chosen over a study-by-study account because the review question is comparative: the same sour-
ce, whether travel, procurement, or nitrous oxide, recurs across studies, and grouping claims by
source makes convergence and divergence visible. Divergent findings were retained rather than
resolved by majority, so the synthesis reflects the range of the evidence rather than its average.
Cross-sector studies from surgery and anaesthesia were retained where they quantified a me-
chanism that dental care shares, such as single-use plastics or nitrous oxide, and are identified as
such in the synthesis. Selection and synthesis were performed by one reviewer against the stated
criteria, and this limitation is addressed in the discussion.

DEVELOPMENT

Size and measurement of the footprint

The evidence that speaks most directly to the opening contradiction shows that both fra-
mings are correct, because they measure different things. Process-based life cycle assessments
find small footprints for single episodes of care. A two-visit root canal treatment was estimated at
4.9 kg CO2e,(16)and a carbon audit of private clinics in Egypt placed an average patient visit at 4.3
kg CO2e.(17)These per-unit values are small in absolute terms and easy to dismiss. The aggregate
values are not. The same Egyptian audit estimated an average clinic at 14,426.8 kg CO2e per year,
and a companion study of dental laboratories estimated 20,820 kg CO2e per laboratory-year, equi-
valent to 2.9 kg CO2e per prosthesis or appliance.(17,18) Lifetime modeling in the United Kingdom
reported between 285 and 2,170 kg CO2e per person depending on disease and treatment expe-
rience.(6)The gap between the per-unit and the aggregate scale is therefore not a disagreement
about method but a difference in the functional unit chosen (Figure 1).

The dominant sources are more consistent. Travel, procurement, and energy explain most
of the emissions in every study that decomposes them. In the Egyptian clinic audit, patient travel
contributed 45.6% and staff travel 19.6%, together 65.2% of the footprint, followed by energy at 18%
and procurement at 12.4%.(17)Energy ranked below travel in both audits, a reminder that the di-
rect energy of the building is a smaller lever than the movement and manufacture that surround
it. In the laboratory audit, staff travel contributed 43.6%, procurement 27.8%, and energy 25%.(18)
The same ordering appears in life cycle analyses of a United Kingdom practice, which repeatedly
identified travel as the largest contributor.(19,20) The pattern also matches health care at large,
where purchased goods and services and patient travel dominate national footprints rather than
the energy of care facilities themselves.(9)This convergence is the clearest quantitative finding of
the literature: a dental practice’s climate impact is driven less by the clinical procedure itself than
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by how people reach it and how its supplies are made and moved. The attribution across scopes
explains why procurement looms large: the emissions embedded in purchased instruments, mate-
rials, and consumables sit in scope 3, outside the practice’s direct control but inside its purchasing
decisions.(2,9) Table 1summarizes the principal estimates (Table 1).

Table 1. Reported carbon footprint estimates of dental care.

Study (year) Setting and scope Method Main estimate

United Kingdom; two-visit root

Duane et al. (2020)(16) canal treatment

Process-based LCA 4.9 kg CO2e per procedure

14,426.8 kg CO2e per clinic-year;

Elwan et al. (2025)(17) Egypt; private dental clinic, 1 year Carbon footprint calculator 43 kg CO2e per patient visit

Egypt; private dental laboratory, 20,820 kg CO2e per laboratory-

Elwan et al. (2025)(18) Carbon footprint calculator

1year year; 2.9 kg CO2e per prosthesis
Martin et al. (2024)(6) United Kingdom; lifetime oral Modeled from peer-reviewed 285 to 2,170 kg CO2e per person
care to age 50 data
Noodaeng et al. Thailand; implant-supported . .
(2025)(21) prosthesis Comparative LCA 31.8 to 35.1 kg CO2e per unit
Lalloo et al. (2025)(7) Global; air travel tc_J four oral Public attendance data and Approximately 47,000 t CO2e
health meetings calculators total

Note: CO2e = carbon dioxide equivalent. Values are reported as published by each study and use different functional units. Source:
Elaborated from the primary studies cited in the review.

Figure 1. Reported carbon footprint per unit of dental care.

Patient visit, private clinic (Egypt)

Prosthesis, dental laboratory (Egypt)

Root canal treatment, two visits (UK)

Implant prosthesis, semi-digital, zirconia (Thailand)
Implant prosthesis, semi-digital, hybrid ceramic (Thailand)
Implant prosthesis, fully digital, zirconia (Thailand)

Implant prosthesis, fully digital, hybrid ceramic (Thailand)

0 5 10 15 20 25 30 35 40
Carbon footprint (kg CO2e per unit of care)

Note: Values use the functional units of each study and are not directly interchangeable across procedures. Source: Elaborated from the
primary studies cited in the review.

Method heterogeneity is the main obstacle to comparability. Studies differ in system boun-
daries, in whether travel is included, in the use of spend-based or activity-based accounting, and in
the choice of functional unit.(22)A calculator built for general dental practice combines spend-ba-
sed and activity-based accounting precisely because neither alone captures the full footprint.(22)
Some analyses exclude patient travel, which the audit data show can be the single largest source,
so exclusions change rankings as well as magnitudes. Reviews of hospital care pathways report
the same difficulty and call for standardized functional units and transparent boundaries.(14)This
heterogeneity means the field can currently rank sources within a study more reliably than it can
compare magnitudes between studies, and it explains why published numbers for superficially
similar units of care can differ by an order of magnitude.

Measurement tools are available and are the precondition for any of the reductions that
follow. The carbon calculator developed for general dental practice translates a practice’s activity
and spend into a greenhouse gas estimate without requiring specialist software, which lowers
the entry barrier to a baseline audit.(22)The Egyptian clinic and laboratory studies used the same
calculator-based logic and demonstrated that a practice can obtain a decomposed estimate from
routine administrative data on visits, staff, energy, water, procurement, and waste.(17,18) What is still
missing is a common reporting standard: without an agreed functional unit and system boundary,
two practices measuring the same activity will not produce comparable numbers, and benchmar-
king, which drives improvement in other areas of quality, cannot begin.
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Materials and single-use consumables

On the material side, single-use plastics are the most quantified stream and the clearest
target. Observational work in United Kingdom primary and secondary care found an average of 21
single-use plastic items per procedure, with a mean mass of 354 g, dominated by generic surgery
set-up items used for every patient.(23)Across a lifetime of care, modeled single-use plastic was-
te rose from 1,382 items and 4.6 kg in low disease experience to 12,200 items and 33.8 kg in high
disease experience.(6)The pattern is not specific to dentistry; a material flow analysis of a surgical
hospital measured 619 g of medical consumables per patient per day, of which 86% were polymers.
(24)Dental care combines high visit volumes with a routine reliance on plastic barriers, aspirators,
and examination Kits, which turns a modest per-item mass into a substantial stream that repeats
at every appointment.

The COVID-19 pandemic amplified the single-use problem and left a useful measurement
behind. Life cycle assessments of pandemic-era personal protective equipment quantified the
environmental impact of gowns, visors, and respirators and showed that choices among them di-
ffer materially, with reusable and disposable options trading impact between carbon and human
health categories.(25)The episode demonstrated both the speed with which practice can shift
toward disposables under an infection control imperative and the value of measuring the trade-off
before it becomes habitual.

The dental examination deserves attention because it is the highest-volume procedure in
dentistry and because its kit is used for every patient. A life cycle analysis of an examination iden-
tified soaps and detergents, disposable bibs, surface disinfection, stainless-steel instruments, and
clothing as the main hotspots, a list that points to hygiene and sterilization rather than to any
single clinical device.(5)Because the examination repeats across every visit, small per-examination
improvements propagate to the whole caseload, which is the same volume logic that governs the
footprint as a whole.

Where reusable and disposable options have been compared directly, reusables generally
perform better. A life cycle assessment of dental examination kits, conducted across sixteen ecolo-
gical impact categories and eight human health categories, found the disposable plastic kit worse
than a reusable stainless-steel kit across all of them.(26)The same direction held for nitrous oxide
sedation equipment, where disposable items produced a larger impact across nearly all categories.
(27)The comparison is not one-sided in every case, however. An assessment of personal protective
equipment during the COVID-19 pandemic found that a reusable gown carried greater damage
to human health than a disposable gown, because the washing and drying burden dominated
its life cycle.(25)These exceptions matter: they show that reusability lowers carbon only when the
reprocessing step is itself efficient, and they caution against assuming that any reusable substitute
is automatically greener.

Dental materials differ substantially by type and by manufacturing pathway, and the direction
is not always the one clinicians expect. A cradle-to-gate assessment of direct restorative materials
compared amalgam, resin composite, and glass ionomer cement per restoration, using functional
units of 114 g, 0.25 g, and 0.54 g respectively, and found distinct impact profiles in which packaging
contributed a relevant share of the burden.(28)This last point is easy to overlook in clinical practice:
the environmental cost of a restoration includes its packaging and shipping, not only the material
placed in the tooth.(28)For implant-supported prostheses, a comparative analysis of four fabrication
workflows reported between 31.8 and 35.1 kg CO2e per unit, and found that fully digital workflows
were not uniformly lower-carbon than semi-digital ones; the choice of material block mattered as
much as the degree of digitalization.(21)Orthodontic retainers showed a clearer ranking, with the
Hawley retainer carrying a greater environmental burden than the Essix retainer across the im-
pact categories assessed.(29)Among interdental cleaning aids used daily for five years, floss picks
had the largest footprint in 13 of 16 impact categories.(30)Prosthodontic reviews reach the same
conclusion, locating substantial emissions in raw material extraction, industrial production, and
the management of waste across the value chain.(31)These comparisons, taken together, indicate
that material substitution can reduce impact only when the substitute is chosen on evidence ra-
ther than on the assumption that digital or bio-based means lower-carbon.(32) Impression-taking
shows the same balance: comparisons of conventional and digital impressions treat material waste,
resource consumption, and energy use as indicators, and the benefit of scanning depends on the
energy and hardware burden of the equipment.(32)

Clinical gases, amalgam, and waste streams
Two clinical inputs stand out as disproportionate contributors for the appointments that use
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them. Nitrous oxide is a potent greenhouse gas with a global warming potential about 298 times
that of carbon dioxide over a 100-year horizon, and a life cycle impact assessment of a 30-minute
dental sedation appointment, delivered at 6 L per minute in a 50:50 mixture with oxygen, found
that disposable delivery equipment added further environmental burden on top of the gas itself.
(27)Because nitrous oxide is used mainly for a minority of appointments, its effect is concentrated:
the emissions attach to a small number of visits rather than spreading across the caseload. The
wider anaesthesia literature reports the same problem. Nitrous oxide has limited clinical indications
in modern anaesthesia, its low purchase price externalizes a climate cost of roughly 698 euros per
emitted ton of CO2 equivalent, and European hospitals continue to use it despite this.(33)Mode-
ling of paediatric anaesthesia shows inhalational agents, and nitrous oxide in particular, carrying
a substantial share of the carbon footprint of the anaesthetic.(34)Hospital audits attribute more
than 80% of anaesthetic gas emissions to nitrous oxide and identify wastage, not clinical use, as
the driver.(35)Dentistry inherits this problem through inhalation sedation and inherits the same
low-cost, high-impact mitigation: reducing leakage and unnecessary use.

Amalgam connects environmental policy to restorative practice. The Minamata Convention
on Mercury, adopted in 2013 and in force since 2017, has driven a global phase-down of dental
amalgam, with phase-out dates for mercury-added products set between 2020 and 2025.(36)Im-
plementation, awareness, and preparedness are uneven. Surveys in Nigeria and Kenya found that
many dentists knew of the phase-down but differed in their readiness to substitute mercury-free
materials, with access and cost as recurring constraints in lower-resource settings.(37,38) The en-
vironmental case for phase-down is well established; the clinical consequence is a shift toward
adhesive restorative materials whose own environmental profiles, including packaging and mi-
croplastic release, are only beginning to be measured.(28)Amalgam therefore illustrates a broader
point of this review: reducing one environmental burden can transfer it to another stream unless
the substitute is assessed with the same rigor. Policy accompanies the science: governments were
tasked to develop guidelines and phase-down plans under the Convention, and the variation in
preparedness documented across countries suggests that regulation sets a direction while the
pace of change is set by workforce readiness.(36,37)

Waste segregation and recycling produce measurable but partial gains. A12-month recycling
initiative in a Malaysian dental school collected 443.57 kg of recyclable waste, 53.9% of it plastic,
and was associated with a decline in clinical waste production over the same period.(39)Reviews of
dental solid waste reach the same conclusion: the waste stream is large and heterogeneous, and
a meaningful share is recyclable, but segregation is inconsistent and much of what is classified as
clinical waste is treated as infectious without evidence.(15,40) The barrier is as much regulatory and
behavioral as technical, because infection control rules and habits favor single-use and incineration
over recovery. The same tension appears whenever a reusable or lower-waste alternative is pro-
posed against a precautionary infection control default, which is why the evidence on reusability
reviewed above is directly relevant to waste policy in the operatory.

The recyclability of dental waste depends on classification as much as on material. Much
plastic in the operatory is technically recyclable but is routed to clinical waste streams for precau-
tionary reasons, and reviews of dental solid waste identify the failure to segregate at the point of
generation as the recurring weak point.(40)Where segregation was implemented deliberately, as in
the Malaysian dental school, the recycled fraction was dominated by plastic and paper and clinical
waste declined, indicating that the barrier is procedural rather than physical.(39)

Interventions and their reported reductions

The intervention literature is small but consistent in direction. Where practices removed sin-
gle-use plastics that were not required for infection control, the change was immediate: a quality
improvement project across twelve practices in North London found ten used such plastics at
baseline and most could reduce or eliminate them once the financial and environmental cost was
made visible.(41) A comparative life cycle assessment of procurement, waste, and water changes
recommended by a sustainability toolkit found measurable reductions per patient, including a sa-
ving of 30 g CO2e per patient from substituting harvested rainwater for mains supply.(42) These are
small per-unit savings that become material when multiplied across the visit volume of a practice
or a health system, and the same toolkit logic is what the mitigation literature recormmends as a
baseline step before any larger redesign.(43)

The synthesis also supports actions that prevent waste rather than manage it. Reviews fra-
med around the reduce, reuse, rethink, and recycle hierarchy argue that the highest-yield sustai-
nability measure is less restorative treatment in the first place, achieved through prevention and
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minimally invasive care.(15)This connects the environmental agenda to the clinical one: the same
lifetime modeling that links high disease experience to a footprint near 2,170 kg CO2e also links
low disease experience to a footprint near 285 kg CO2e, making prevention the single intervention
with the largest modeled environmental return.(6)

Travel is the largest source, so interventions that avoid travel carry the largest potential sa-
ving. A study at a children’s hospital quantified the travel distance and carbon emissions avoided
when teledentistry replaced in-person visits, supporting remote triage and follow-up as a low-car-
bon model for the subset of care that does not require physical examination.(44)The same logic
applies to professional travel: the four global oral health meetings assessed by Lalloo et al. gene-
rated approximately 47,000 t CO2e and 325 million passenger-kilometers, emissions that hybrid
or distributed meeting formats could reduce without eliminating the scientific exchange.(7)The
estimate is not abstract: 47,000 t CO2e is equivalent to the annual footprint of about 10,000 people,
and the 325 million kilometers traveled reflect the global distribution of attendees, which makes
meeting design, rather than attendance, the variable to optimize.(7)

Education changes knowledge and reported practice, but its effect on measured emissions
is not yet established. A quasi-experimental program among dental interns improved knowledge
and practices of eco-friendly dentistry after an educational intervention.(45)Surveys in India and
elsewhere consistently find moderate awareness alongside structural barriers such as cost, time,
and the absence of local guidance.(46,47) Scoping reviews of awareness and barriers arrive at
the same picture: the profession knows the problem and wants guidance, while the constraints
to adoption are organizational rather than attitudinal.(12,48) Cost, time, and the absence of local
guidance recur as the named obstacles, which suggests that policy and practice infrastructure,
not further persuasion, is the limiting factor.(46)Awareness is a necessary condition for adoption,
not evidence of reduced emissions, and the intervention literature has so far measured awareness
rather than emissions.

Across the four axes, the evidence supports a short list of high-yield actions: measure the
practice footprint with a standard tool, target patient and staff travel, remove clinically unnecessary
single-use plastics, purchase on environmental as well as financial criteria, control nitrous oxide,
and segregate waste. Table 2 synthesizes the axes and the main gaps (Table 2).

Table 2. Synthesis of the evidence by thematic axis.

Axis Key findings Representative evidence Main gaps
' Small'pe.r unit footprint, large aggregate 12 studies, mostly LCA and Heterogeneous methods
Size and measurement footprint; travel, procurement, and energy . ; }
) carbon audits and functional units
dominate
. . Single-use plastics dominate waste; Few cradle-to-grave
Materials and single-use . . . -
reusables usually but not always better; 11 studies, comparative LCA comparisons of
consumables o . .
digital not automatically lower-carbon substitutes

Nitrous oxide is a concentrated high-
impact input; amalgam phase-down 10 studies, LCA and surveys
uneven; segregation partly effective

Measured clinical
outcomes of substitutes

Clinical gases and waste
streams

) Removing unnecessary plastics, rainwater, 8 studies, quality .
Interventions and : oo . Scarcity of measured
- and teledentistry reduce emissions; improvement and before- o
reductions S ) emission outcomes
education improves awareness only after designs

Note: LCA = life cycle assessment. Study counts refer to the distinct sources cited within each axis of the matrix. Source: Elaborated from
the evidence matrix of this review.

DISCUSSION

The contradiction that opened this review dissolves once the two scales are placed side by
side. The literature is not divided about the size of dental care's footprint; it is divided about the
unit in which that footprint is expressed. Studies that measure a single procedure report a few
kilograms of CO2e, and studies that measure a practice, a laboratory, or a lifetime of care report
hundreds to thousands of kilograms.(6,16,17)Both are true, and both are needed: the per-unit esti-
mate tells a clinician what a single appointment costs the climate, while the aggregate estimate
tells a profession what its annual and lifetime volume costs. The same reconciliation applies to the
sources. Travel is the largest contributor in practice-level audits in Egypt and in life cycle analyses
in the United Kingdom, which is why a per-visit footprint looks small in the operatory but large
when the journey to and from the operatory is included.(17,20)
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That reconciliation, rather than a single headline number, is the main finding of this review.
The synthesis earns this conclusion by holding per-unit life cycle assessments alongside practi-
ce-level audits and lifetime models, and by keeping intervention studies separate from descriptive
ones so that the state of the evidence on reductions is explicit rather than implied.

The finding that travel, procurement, and energy dominate the footprint aligns with what
is known about health care more broadly, and diverges from the clinical intuition that treatment
itself is the main environmental act. Health-care carbon assessments consistently locate most
emissions in supply chains and purchased goods and services, which is why procurement is the
largest single scope in many national health systems.(1,2,9)Primary care reviews report the same
pattern, with patient travel and consumables outweighing facility energy.(48)The dental-specific
estimates are therefore not an anomaly but a local instance of a general rule: in a service that
produces health rather than physical goods, the environmental weight sits in the movement of
people and materials, not in the moment of care.

The divergences among studies are explained by the conditions of each setting rather than
by conflicting findings. The Egyptian audits rank travel first because clinics there receive many
patients over long distances and use calculator-based accounting that includes travel explicitly.
(17)The United Kingdom life cycle analyses rank procurement and travel together because their
boundaries include the supply chain of purchased goods.(19)The anaesthesia studies rank nitrous
oxide first because they isolate the gas rather than the whole visit.(33)Each ranking is correct for its
boundary, which is why the field's disagreements are mostly disagreements about what to count,
and why a single standardized boundary would resolve more debates than any new estimate.

The review differs from earlier syntheses in one respect that has practical consequences.
Scoping reviews published between 2021 and 2025 mapped the field and catalogued awareness,
barriers, and best-practice checklists.(11,12,15)They established that the profession is aware of the
problem and identified travel, procurement, and waste as priorities. What they could not do, be-
cause the studies did not yet exist, was say which changes measurably reduce emissions. The inter-
vention evidence assembled here is thinner but points in a consistent direction: removing clinically
unnecessary single-use plastics, substituting harvested rainwater, and avoiding travel through
teledentistry all produced measured reductions in the studies that quantified them.(41,42,44)The
next step for the field is to treat emission reduction as an outcome to be measured, not a virtue
to be assumed.

Two cautions emerge from the comparisons of materials and equipment, and both matter
for practice. The first is that reusability is not automatically lower-carbon. The disposable exami-
nation kit was worse than the reusable kit, and disposable sedation equipment was worse than
reusable, but a reusable gown carried a higher human health burden than a disposable gown
when its laundering was included.(25-27)The second is that digital fabrication is not automatically
lower-carbon: fully digital implant workflows were not uniformly better than semi-digital ones, be-
cause the material block and its production burden could outweigh the savings from fewer steps.
(21)These findings argue against checklist-style substitution and for life cycle assessment as the
default arbiter when a practice chooses between options. They also explain a tension that surfaces
in reviews of green dentistry: the field offers many candidate substitutions and few verified ones,
which is why checklists proliferate while measured reductions remain scarce.(10,43)

Nitrous oxide and amalgam deserve emphasis because they are concentrated and policy-re-
levant. Nitrous oxide attaches a large climate impact to a small number of appointments, and
the anaesthesia literature shows that wastage and leakage, not clinical necessity, drive much of
the total.(27,33) Amalgam is being phased down under the Minamata Convention, but readiness
is uneven across countries, and the substitutes bring their own material and packaging burdens
that are only beginning to be quantified.(28,36,38)Both cases illustrate the same risk: an interven-
tion that is environmentally rational at the level of policy can fail, or simply relocate the burden, at
the level of the operatory if the substitute is not assessed. Prevention is the other policy lever the
synthesis surfaces, because lower disease experience is associated with a markedly lower lifetime
footprint, which makes disease prevention a sustainability strategy as well as a clinical one.(6,8)

This review has limitations that follow from its design and from the state of the evidence. It is
narrative and non-systematic, with selection performed by one reviewer against explicit criteria, so
relevant studies may have been missed despite searches in three sources.(15)A systematic search
with dual screening would strengthen confidence and should precede any attempt to pool effect
sizes. The evidence is geographically concentrated in the United Kingdom and Egypt, with fewer
studies from low- and middle-income settings, which limits generalizability to different travel,
energy, and waste infrastructures; expanding measurement to those settings is a research priority.
(38)The primary studies use heterogeneous methods and functional units, which prevents formal
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comparison of magnitudes across procedures.(14)Finally, most intervention evidence reports activity
or waste outcomes rather than verified emission reductions, so the size of the achievable saving
remains uncertain. Each of these limitations has a concrete remedy: protocol-based dual scree-
ning, standardized functional units and system boundaries, reporting emissions as a measured
outcome, and replication in under-represented health systems.

The research agenda that follows from these gaps is concrete. Standardized functional units
and system boundaries, agreed across the field, would make studies comparable and enable ben-
chmarking. Intervention studies should report greenhouse gas emissions as a measured outcome,
not only waste mass or activity counts, so that the size of achievable reductions becomes known.
Measurement should extend beyond the United Kingdom and Egypt to low- and middle-income
settings, where travel, energy, and waste infrastructures differ and where amalgam substitution is
most constrained.(38)Finally, the environmental assessment of amalgam alternatives and digital
workflows should be cradle-to-grave, so that burden shifting between material, energy, and waste
streams is detected rather than assumed away.(21,28)

In practice, a dental team can act now on the findings that are already consistent. It can
measure its footprint with an available calculator, target the two largest sources it controls indi-
rectly, travel and procurement, remove single-use plastics that infection control does not require,
manage nitrous oxide as a high-impact gas, and segregate waste.(22,39,41)None of these requires
waiting for better data, and together they address the sources that the evidence identifies as do-
minant. What requires better data is the next layer of decisions: which restorative material, which
fabrication pathway, and which reusable substitute are genuinely lower-carbon in a given setting,
and those decisions should be guided by life cycle evidence rather than by the green credentials
of a product label.

Framing sustainability as quality improvement rather than as sacrifice may be the most
useful translation of this evidence. The changes with the strongest measured support, removing
unnecessary plastics, capturing rainwater, and offering teledentistry where safe, are also opera-
tional simplifications that reduce cost or time.(41,42,44)The framing is not new: the World Dental
Federation has argued that environmentally sustainable dentistry and good-quality oral health-
care are the same project, because prevention and minimal intervention reduce both disease and
waste.(8) What this review adds is the ordering, that travel and procurement should be addressed
first because the data place them first, and the caution that substitution decisions need life cycle
evidence rather than intuition.

CONCLUSIONS

The carbon footprint of dental care is small at the level of a single procedure and large at the
level of a practice, a laboratory, or a lifetime of care, and the difference is explained by volume, by the
inclusion of patient and staff travel, and by procurement. Travel, procurement, and energy consis-
tently outweigh the clinical procedure itself as sources of emissions. Single-use plastics dominate
the waste stream, and reusable or digital alternatives reduce impact only when the substitute is
assessed rather than assumed, because laundering and material production can offset the savings.
Nitrous oxide and amalgam are concentrated, policy-relevant targets whose substitution must be
managed with the same rigor as the burden they remove. Measurable reductions are achievable
today through unnecessary-plastic removal, low-carbon procurement, rainwater harvesting, tele-
dentistry, and waste segregation, while education alone changes awareness more than emissions.
Standardizing measurement and reporting emissions as an outcome are the conditions required
to move the field from demonstrated awareness to verified reduction.
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