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Abstract

Early childhood caries (ECC) is the presence of one or more decayed, missing, or filled teeth in children up to 71 months of 
age. Among the recommendations proposed by the World Health Organization to counteract this condition is the application 
of silver diamine fluoride (SDF). The aim of this research was to analyze the available information on the cost-effectiveness 
of SDF as a public health intervention in the prevention and control of ECC. This scoping review included articles published 
in English between 2008 and 2023 about the cost-effectiveness of SDF for pre-schoolers. Scientific journal databases 
(PubMed, Free Medical Journal, Science Direct, Springer Link, and Google Scholar) were searched using the following 
keywords: ECCs, effectiveness, cost, SDF, economic evaluation, caries, pre-school, infant, and minimal invasive treatment. The 
information extracted included author, year, objective, population, design, perspective of the analysis, options to be compared, 
time horizon, discount rate, costs, and effectiveness. We identified a total of 526 articles. Of these, 514 were excluded due to 
lack of relevance to the study objective, and 5 were duplicates. The final sample comprised 7 articles. The reported costs of 
SDF treatments from the perspective of healthcare practitioners ranged from $0.7 to $1,456, with an incremental cost-effec-
tiveness ratio ranging from −$7.73 to −$518.50. SDF is a cost-effective treatment for public health interventions to prevent 

and control ECC in pre-schoolers.

Keywords: Caries. Pre-school children. Diamine silver fluoride. Cost. Effectiveness.

Costo-efectividad del fluoruro diamino de plata para la prevención y control de la 
caries de inicio temprano: revisión sistemática exploratoria

Resumen

La caries de inicio temprano (CIT) es la presencia de uno o más dientes cariados, perdidos u obturados en niños hasta 71 
meses de edad. Entre las recomendaciones que propone la Organización Mundial de la Salud, para contrarrestar esta 
condición, se encuentra la aplicación del fluoruro diamino de plata (FDP). El objetivo de esta investigación es analizar la 
información disponible sobre el costo-efectividad del FDP como intervención de salud pública en la prevención y control 
de la CIT. En la revisión sistemática exploratoria se incluyeron artículos publicados en inglés, entre 2008 y 2023, que abor-
daron el tema de costo-efectividad del FDP en preescolares. Se utilizaron los buscadores PubMed, Free Medical Journal, 
Science Direct, Springer Link y Google Scholar con las siguientes palabras clave: early childhood caries, effectiveness, cost, 
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Introduction

Early childhood caries (ECC) is a multifactorial dis-
ease that affects approximately 70% of pre-school chil-
dren seeking dental care in Mexico1. Etiopathogenesis 
of ECC involves the interaction of community, family, 
and host-specific factors2. Low socioeconomic status3, 
social disadvantages4, mother’s educational level and 
emotional state5-7, oral hygiene8, transmission of 
Streptococcus mutans9, and cariogenic diet10 are some 
of the factors that contribute to this disease. When car-
ies reaches advanced stages, it can be limiting and 
affect the child’s growth and development11.

In 2019, the World Health Organization (WHO) pub-
lished the implementation manual: “Ending Childhood 
Dental Caries,” which outlines action plans aimed at 
preventing and controlling ECC12. One proposed alter-
native is silver diamine fluoride (SDF), a 
high-concentration fluoride solution composed of silver, 
ammonium, and fluoride, which acts as an antimicro-
bial, cariostatic, and remineralizing agent13.

ECC is a significant public health problem that 
requires resources for designing effective prevention 
and control programs. However, in the health sector, 
needs are infinite while resources are increasingly lim-
ited. Mexico’s health investment of approximately 3% 
of its gross domestic product falls short of the 6% rec-
ommended by the WHO14.

Economic evaluations are key decision-making tools 
that allow for the assessment of programs in terms of 
costs and consequences, with the aim of promoting more 
efficient use of resources in a scarcity environment15.

The objective of this research is to analyze the avail-
able information on the cost-effectiveness of SDF as a 
public health intervention in the prevention and control 
of ECC.

Method

A scoping systematic review was conducted, follow-
ing Arksey and O’Malley’s methodology16.

All articles published in indexed journals in English 
were selected, regardless of publication year. The 
review included all cohort studies and clinical trials 
reporting the cost and effectiveness of SDF in 
pre-schoolers. Furthermore, included were economic 
evaluations using any cost-effectiveness model and 
any treatment alternative in the control group for ECC 
prevention. Cost minimization or cost-utility economic 
evaluations focused on other pathologies or age groups 
were excluded.

The following search engines were used: Scielo, 
PubMed, Free Medical Journal, Science Direct, 
Springer Link, and Google Scholar. The information 
collection was conducted by three researchers working 
independently. The search was carried out from May 1 
to May 26, 2024. The keywords used were: ECCs, 
effectiveness, cost, SDF, economic evaluation, caries, 
pre-school, infant, minimal invasive treatment.

The sample, phenomenon of interest, design, evalu-
ation, research acronym was used to create the search 
strategy17. S: study population (preschoolers); PI: 
cost-effectiveness of SDF in the prevention and control 
of ECCs; D: all original publications with quantitative 
methodology addressing the phenomenon of interest 
were considered; E: the search strategy was not limited 
to the evaluation (E) of the publication, as a limited 
number of articles was found; R: all studies related to 
the topic of interest were selected.

The titles and abstracts from the initial search were 
evaluated by an independent researcher. Duplicate arti-
cles and those unrelated to the study objective were 
excluded. A list containing the author, title, and publica-
tion link was created in Microsoft Excel for data extraction.

Thorough evaluation and data extraction of the fil-
tered articles was conducted by four researchers work-
ing collaboratively. The extracted data included: author, 
study publication year, study objective, study popula-
tion, design, analysis perspective, options to compare, 
time horizon, discount rate, costs, and effectiveness 
evaluation.

silver diamine fluoride, economic evaluation, caries, pre-school, infant y minimal invasive treatment. La información extraída 
incluyó: autor, año, objetivo, población, diseño, perspectiva del análisis, opciones a comparar, horizonte temporal, tasa de 
descuento, costos y efectividad. Se identificaron 526 artículos. Se excluyeron 514 por no relacionarse con el objeto de estu-
dio y 5 por estar duplicados. La muestra final fue de 7 artículos. Los costos reportados de las intervenciones con FDP, desde 
la perspectiva del proveedor de salud, fluctúan entre $0.7 y $1456 dólares y una razón de costo efectividad incremental que 
va desde −$7.73 a los −$518.50 dólares. El FDP es un tratamiento costo-efectivo que puede utilizarse para intervenciones 
de salud pública para prevenir y controlar la CIT en preescolares.

Palabras clave: Caries. Preescolares. Fluoruro diamino de plata. Costo. Efectividad.
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The quality of selected articles was individually eval-
uated using M. Drummond’s criteria18 for conducting 
economic evaluation studies; observational studies 
were evaluated using the strengthening of the reporting 
of observational studies in epidemiology guidelines19 
and clinical trials using the CONSORT guidelines20. In 
addition, the grading of recommendations, assess-
ment, development, and evaluation (GRADE) method-
ology was applied to evaluate the quality of scientific 
evidence21 (Table 1).

Results

During the literature search, 526 articles were iden-
tified. 519 were eliminated (5 due to duplication and 514 
due to lack of relevance to the study objective) (Fig. 1). 
The final sample consisted of 7 articles: 3 clinical trials 
and 4 cohort studies. The clinical trials obtained a 
high-quality level according to the GRADE methodol-
ogy. Regarding the cohort studies, 3 obtained a 
low-quality level and one moderate (Table 1).

Xiao compared the cost-effectiveness of: (1) Pit and 
fissure sealant; (2) atraumatic restorative treatment 
(ART) technique; (3) Sodium fluoride; and (4) SDF. 
Over an 18-month time horizon, the most economical 
preventive treatments per tooth were sodium fluoride at 
US$0.3 and pit and fissure sealant at US$0.3. No sta-
tistically significant differences were found in the effec-
tiveness of the treatments (p ≥ 0.05)22.

Hansen estimated the impact of adopting silver 
nitrate and fluoride varnish treatment on dental care 
costs. They identified a total cost of US$1456 in the 
group treated with silver nitrate + fluoride varnish and 
US$945 in the conventionally treated group, over a 
28-month time horizon (p ≤ 0.0001). The most expen-
sive treatment with the highest number of appointments 
was silver nitrate + fluoride varnish23.

Two years later, Hansen evaluated the impact of SDF 
considering coverage and reimbursement policies in 
two study groups: (1) incorporation of SDF in Medicaid 
and (2) use of SDF by expanded practice dental hygien-
ists. Greater savings were found when SDF was applied 
by dental hygienists (−US$201/1000  patients/quarter). 
However, the application of SDF through Medicaid 
showed a higher utilization rate24.

Davis compared the cost-benefit of children treated 
and not treated with SDF. In the SDF-treated group, an 
average of US$ 619.72 ± 563.51 was spent, and without 
SDF US$ 958.04 ± 824.65 (p ≤ 0.001). The average 
treatment effect on the treated was −515.30 

(cost-benefit). The savings obtained after the SDF 
application were significant25.

Nguyen estimated the cost-effectiveness of: 
(1) Treatment under general anesthesia; and 
(2) Conventional treatment without general anesthesia 
(through a decision tree model where the base sce-
nario was the application of SDF in standard care with-
out general anesthesia and the alternative scenario 
was the application of SDF without standard care and 
without general anesthesia). In the base scenario, the 
average savings were $171.01 AUD/child/mean effec-
tiveness 0.298 of general anesthesia avoided per year, 
and in the alternative scenario, the average savings 
were $518.50 AUD/child/mean effectiveness 0.300 of 
general anesthesia avoided per year26.

Kodali analyzed the cost-effectiveness of: (1) prophy-
laxis + 38% SDF and (2) prophylaxis + glass ionomer 
restoration + 5% fluoride varnish. The most economical 
intervention was SDF with a cost of 67.30 Indian rupees 
to convert a tooth from active to inactive caries. The 
incremental cost-effectiveness ratio was −89.9 (for 
each tooth treated with SDF, there was a saving of 89.9 
Indian rupees)27.

Ali compared the clinical performance and cost-ef-
fectiveness of: (1) modified ART technique with SDF 
(silver-modified atraumatic restorative treatment 
[SMART]) and (2) conventional ART technique. The 
SMART technique showed greater savings (60.5 ± 3.5 
Egyptian pounds per tooth compared to the ART tech-
nique 67.4 ± 4.1 p ≤ 0.001) with shorter treatment 
time28.

Discussion

SDF is a cost-effective public health intervention for 
ECC control. Three clinical trials and 4 cohort studies 
were included. All studies used the healthcare provider 
perspective. The time horizon periods ranged from 
6  months to 4  years. The treatment options against 
which SDF was compared were resin pit and fissure 
sealants, ART technique, 5% sodium fluoride, glass 
ionomer, conventional treatment, and conventional 
treatment under general anesthesia. Only Kodali’s 
study used a discount rate of 3%27. Different currencies 
were used to report costs: US dollars, Australian dol-
lars, Indian rupees, and Egyptian pounds. The range 
of intervention costs with SDF was from $0.7/tooth to 
$1456 total cost. The effectiveness measures reported 
were incremental cost-effectiveness ratio, cost-benefit, 
average cases of general anesthesia avoided per year, 
mean survival time, and mean treatment time.
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Figure 1. Flow diagram of articles selected for the scoping systematic review.

Identification Studies identified through initial
database search

(n = 526)

Titles and abstracts screened
(n = 526)

Total articles for eligibility
assessment (n = 35)

Studies included in the review
(n = 7)

Screening

Eligibility

Analysis

Total abstracts
excluded
(n = 491)

Articles excluded
(n = 28)
Reasons for exclusion:
–Duplicates (n = 5)
–Not related to study
objective 
(n = 23)

When comparing SDF with pit and fissure sealant 
and sodium fluoride, a lower cost was identified in 
these treatment alternatives (US $0.3) compared to 
SDF (US $0.7). There were no significant differences 
when comparing the effectiveness between SDF 
(98.7%) versus sealant (97.3%) and sodium fluoride 
(96.4%). The most expensive treatment alternative was 
the ART technique22.

Silver nitrate is an inorganic salt with the chemical 
formula AgNO3. This component, similar to SDF, has 
bactericidal and antimicrobial properties29,30. In the field 
of Dentistry, its use has been incorporated in the treat-
ment of dental caries31.

When comparing costs between silver nitrate appli-
cation and conventional restorative treatment, there is 
a higher cost of care in the AgNO3 group (US$1456 
versus US$945). The increase in care costs is likely 
due to a higher number of consultations in the silver 
nitrate-treated group compared to conventional 
treatment23.

Medicaid is a national program that, through the 
State, provides free or low-cost medical care to people 
of all ages with limited income and resources. Medicaid 
program names vary by State. Oregon’s program is the 
Oregon Health Plan (OHP).

The OHP provides medical care coverage for resi-
dents who meet eligibility criteria. Coverage includes 

doctor visits, hospital care, mental health services, 
dental care, and additional benefits for children and 
pregnant women32. Among the dental services offered 
by the OHP program is antimicrobial treatment for car-
ies arrest with the application of 38% SDF33.

Hansen evaluated the impact of SDF considering 
coverage and reimbursement policies. When incorpo-
rating the SDF application into Oregon’s Medicaid pro-
gram, a savings of US$7.73/1000 patients/quarter was 
obtained, and coverage of 84 more SDF treat-
ments/1000 patients/quarter. The savings were greater 
when SDF was applied outside the program through 
expanded practice dental hygienists 
(US$201/1000  patients/quarter). However, coverage 
was lower (−91.7 SDF treatments/1000 inhabitants/
quarter), meaning that despite having lower savings in 
SDF application through the Medicaid program, there 
is a higher demand for this treatment24.

On the other hand, Davis compared the average 
direct care expenses between children treated with 
SDF and those treated with conventional treatment. 
Savings of slightly more than US$300 were reported in 
children treated with SDF compared to conventional 
treatment (619.72 ± 563.51 versus 958.04 ± 824.65 
p ≤ 0.001)25. This study coincides with the results 
reported by Nguyen, where greater average savings 
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were observed using SDF, in addition to greater effec-
tiveness in general anesthesia avoided/year26.

Glass ionomer is versatile cement that chemically 
adheres to dental tissues (enamel and dentin) and 
releases fluoride. It has been used as a restorative 
material, liner, pit and fissure sealant, in the ART tech-
nique, and as an adhesive agent in Orthodontics34.

SDF along with dental prophylaxis proved to have a 
lower cost compared to prophylaxis with glass ionomer 
restoration and 5% sodium fluoride application ($67.30 
versus $225.5 Indian rupees, respectively). There was 
a saving of 89.9 Indian rupees for each tooth with car-
ies that was inactivated with SDF27.

As previously mentioned, glass ionomer is used as 
a restorative material in the ART technique. This is a 
dental procedure that involves the removal of softened 
tissue through the use of manual instruments35. Some 
studies have implemented the application of SDF as an 
adjunctive material to the ART technique to ensure 
dental caries arrest before cavity filling36.

Aly compared the clinical performance and 
cost-effectiveness of the modified ART technique with 
SDF and the conventional ART technique. The ART 
technique modified with SDF proved to be more eco-
nomical compared to the conventional one by almost 7 
Egyptian pounds, and it also achieved a shorter work-
ing time for treatment application28.

Among the strengths of this scoping systematic 
review are: Information was collected about SDF 
(a public health intervention proposed by the WHO for 
the prevention and control of ECC); the direct costs and 
effectiveness of SDF after its application as a public 
health measure were disclosed from the healthcare 
provider perspective. In addition, each article was eval-
uated with the appropriate checklist according to its 
design and the GRADE methodology to assess the 
quality of evidence.

Its main limitation is the small number of published 
articles on the subject. In addition, when collecting 
information about SDF intervention costs from interna-
tional sources, the monetary units are expressed in 
dollars or currencies other than Mexican pesos, so 
costs would need to be converted to our national 
currency.

Conclusion

There are a very small number of articles published 
in indexed journals that evaluate the cost-effectiveness 
of SDF used for ECC control and prevention. The qual-
ity of the clinical trials included in this review, 

considering the GRADE system, was high. Regarding 
the observational studies, they had moderate-to-low 
quality. Taking into consideration the results of the 
research included in this review, SDF is cost-effective 
compared to conventional treatment and treatment 
under general anesthesia.

Recommendations

It is recommended to conduct more studies evaluat-
ing the cost and effectiveness of health interventions 
to improve decision-making and, thus, optimize the use 
of resources while maximizing benefits.

Considering the results of the research included in 
this review, the incorporation of SDF into programs and 
public policies aimed at the prevention and control of 
ECC at the population level is recommended.
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