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A B S T R A C T

Introduction: Untreated dental caries is the most frequent childhood chronic disease world-

wide. Silver diamine fluoride (SDF) offers a safe and effective alternative treatment, espe-

cially for children.

Objective: To inform the dental community about the efficacy of SDF in community dental

caries programs and to advocate for its use as an affordable and equitable approach to pro-

mote health and well-being within the dental setting.

Methods: A summary of the literature shared during a webinar about the use and efficacy of

SDF in community dental programs hosted by the Oral Health Working Group of the World

Federation of Public Health Associations

Results: Based on the traditional “drill-and-fill” approach, the current treatment for severe

caries is associated with pain, fear, and poor oral health outcomes in later life. Innovative

approaches to prevent and control caries are needed. SDF offers an alternative treatment

option for caries. It is a practical, affordable, and acceptable option for caries treatment,

eliminating the need for general anaesthetic in young children, and improving long-term

oral health outcomes.

Conclusion: SDF can improve oral health outcomes for community members, especially for

individuals from low-socioeconomic settings.

� 2020 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Untreated dental caries in permanent teeth is the most com-

mon health condition amongst adults1 in both low- and mid-

dle-income countries and more economically developed

countries.2 Children are also severely affected, with 530 mil-

lion children suffering from dental caries of primary teeth

each year.3 Dental care is one of the greatest unmet health

care needs in children and many childhood caries left

untreated, especially in low- and middle-income countries

because the treatment costs exceed available resources.4 Oral

diseases represent a major challenge for public health

because a lack of access to treatment can negatively affect

quality of life, body weight, growth, and school attendance

and performance,4 making effective treatment of paramount

importance.

Current treatment of oral diseases, including dental caries,

is expensive, presenting a considerable financial burden to

both families and health care providers.5 The cost also means

that children living in poverty, socially marginalised groups,

and older people are the most affected by oral diseases

because of poor access to dental care. Moreover, even if indi-

viduals can access treatment, current treatment for severe

caries in children involves administration of general anaes-

thesia to reduce pain and anxiety. Undergoing such proce-

dures has been associated with poor oral health and dental

anxiety in later life, in addition to predisposing children to

develop dental caries in the permanent dentition.6 As a

result, innovative, affordable and equitable approaches to

prevent and control caries and promote health and well-

being are needed.7

Treatment of caries in primary teeth with nonrestorative

intervention offers a promising alternative approach.8 Silver
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diamine fluoride (SDF) is a colourless, odourless alkaline solu-

tion that has been used successfully to arrest carious lesions

in those unable to tolerate invasive treatment, children,

elderly populations, and those who are medically compro-

mised or have additional care and support needs.9 Although

the mechanism of action of SDF is contested,10 SDF treatment

has been found to promote tooth desensitisation and carious

lesion arrest by dentinal tubule blockage, cariogenic bacterial

death, remineralisation of the demineralised tooth, and inhi-

bition of dentinal collagen degradation.9 SDF is an effective,

efficient, safe, and affordable agent for preventing caries.11

To synthesise the current literature, inform the dental com-

munity, and promote the use of SDF in community dental car-

ies programs, the Oral Health Working Group (OHWG) of the

World Federation of Public Health Associations (WFPHA)

hosted a webinar on October 10, 2019. The key messages of the

webinar and the calls to action that were made are summar-

ised in this article. The webinar brought together global

experts to discuss the public health implications of using SDF

in community dental programmes. The webinar, which was

part of the #DPHTalks series led by WFPHA OHWG, was titled

“Silver Diamine Fluoride − Transforming Community Dental

Caries Programmes.” It discussed how carious lesions have

traditionally been managed by conventional “drill-and-fill”

treatments;9 how caries are now considered as a behaviour-

ally, mediated, biofilm-based disease,9 involving dietary sug-

ars, bacterial metabolism, demineralisation, and organic

degradation; and the new approach of “seal and heal.”12

For decades, restorative dentistry, using the drill-and-fill

approach, was the only available treatment of dental caries that

showed substantial efficacy in the United States.13 However, the

treatment is expensive and, thus, access is limited to those

from low-socioeconomic groups. Supporting this, recent evi-

dence highlights that in the United States, for both total and

untreated caries, prevalence decreased as family income level

increased, with the highest prevalence of total caries in Hispanic

youth.14 As a result, despite large increases in oral health spend-

ing and the number of dental professionals employed in the

United States, the prevalence of dental caries remains high.15 In

2016, prevalence of total caries was 45.8% and untreated caries

was 13% among youth aged 2-19 years. Untreated caries can

cause pain and reduced well-being.16 Therefore, alternative

treatments for dental caries are necessary.

In 2015, SDF became available on the US market,17 offering

a new form of noninvasive carries management. Extensive

research supports the efficacy of SDF for caries arrest and car-

ies prevention.8 While some challenges exist with using SDF,

for instance staining has been reported,18 the safety of SDF

has been extensively supported because not a single adverse

event has been reported since SDF was first used in Japan

more than 80 years ago.19 Recent randomised control trials

conducted in Hong Kong indicated that SDF can reduce

carious lesions in children, with a greater likelihood of caries

becoming arrested if SDF is applied twice per year at a con-

centration of 38%.20,21 This approach is recommended

because it can arrest caries without causing excessing stain-

ing.20 However, a single application of SDF at a concentration

of 38% was found to be effective in arresting dentin caries in

primary anterior teeth in preschool children after 6 months.8

This indicates that SDF could offer a treatment approach for

those with limited resources. Such research supports the use

of minimally invasive (MI) treatment in the prevention of

dental caries. MI treatments offer an attractive alternative to

managing carious lesions.13 Following this, there has been a

recent paradigm shift in cariology toward seal and heal and a

MI treatment approach that is not only cheaper but also has

fewer negative effects for the patient.

Atraumatic restorative treatment (ART) is a MI approach

for carious lesion treatment that involves the removal of

demineralised tissue with hand instruments only to keep

pain to a minimum.13 As atraumatic restorative treatment

can be conducted in nonclinical settings it also increases

access to care in the community setting.13 Recently, the sil-

ver-modified atraumatic restorative treatment (SMART) tech-

nique, which involves treatment of the carious lesion with

SDF and then restored with a glass ionomer, was developed.

This technique can effectively arrest caries without removal

of additional tooth structure, offering a promising treatment

approach for caries treatment in early childhood caries and

root caries in elderly patients. As a result, SMART has a role

to play in the secondary and tertiary prevention of caries and

should, therefore, be implemented in community dentistry

programmes globally.

Community or place-based SDF treatments have also been

proposed for themanagement of dental caries in children, with

a focus on reducing the inequalities in caries experienced.22

One such place-based intervention, CarriedAway, was first

implemented in a school setting in 2003. The programme

involved taking cavity prevention measures, including tooth-

brushes, toothpaste, fluoride varnish, and glass ionomer treat-

ments. After 6 years, the programme resulted in significant

reductions in untreated caries.23 CarriedAway 2.0 was imple-

mented later, following the same protocol, but using SDF

instead of glass ionomer. The treatment time and costs were

also reduced by approximately 33% (10-minute treatment time,

compared to 30 minutes and $25 compared to $70). Carried-

Away 2.0 is currently in the second year of a cluster rando-

mised control trials, with approximately 25,000 children across

schools in New York and NewHampshire. Initial results, which

is the largest caries-reduction program in US schoolchildren,

indicate that caries are decreasing in both populations, despite

the reduced treatment cost and time. Moreover, preliminary

models also support the efficacy of the SDF programme, sug-

gesting that the programme could eliminate 80% of caries and

cost less than 20% of the current Medicaid children’s oral

health spending.24 Although the results of the CarriedAway

programmes relate to children, the results are also relevant to

other population groups across the age spectrum.

Another example of SDF use in a place-based community

dentistry intervention in the reduction or arrest of caries

comes from Hong Kong where the Faculty of Dentistry from

the University of Hong Kong implemented the “Preschool

Oral Health Programme” involving more than 200,000 pre-

school children.25 The program offered oral health education

for teachers and parents and provided oral examination and

SDF treatment for caries control. Evaluations of the interven-

tion found that improved oral health outcomes occurred

within 6 months of treatment being commenced.25 No statis-

tically significant difference in improvement rates between

children were found, despite variations in prior oral health

th e u s e o f s d f i n commun i t y ca r i e s p rog ramme s 459



practices and their socioeconomic backgrounds.25 One of the

most impressive outcomes of the treatment was the high

acceptance among parents, with greater than a 90% participa-

tion rate. This support for the treatment approach spread

across Hong Kong and eventually resulted in the population

encouraging the university to implement the SDF treatment

across the whole island. Such research indicates that SDF

treatment can benefit preschool children. Because caries

experience is unevenly distributed in Hong Kong, with most

occurring in underprivileged children, interventions in the

school setting offer an effective and equitable caries treat-

ment solution that does not rely on dental knowledge or

access to a dental practice.26

SDF has also been used in Australia, with unpublished

research from Melbourne Dental Hospital, led by Rans Yawary,

indicating that the noninvasive treatment can significantly

reduce the number of children needing a general anaesthetic

for caries treatment and can reduce pain and sepsis in those

with severe carious lesions. SDF has simple treatment protocols

and can be applied with a minimum of equipment. As such,

SDF enables an important triage service in resource-poor areas,

where populations suffer from extensive dental disease.

Unpublished research by Dental Health Services Tasmania,

supports the use of SDF in providing care in remote locations,

improving access to treatment, reducing treatment costs,

reducing waiting times, and limiting the need to visit hospital

on multiple occasions. These findings led to SDF use in every

government clinic in Tasmania. Additional research also sup-

ports the use of SDF as a well-accepted, easy-to-use. and effec-

tive treatment of dental caries in young Aboriginal children

living in remote areas, further supporting the equitability and

accessibility of the approach.27 Finally, evidence shows that

SDF ensures that carious tooth tissue does not need to be

removed to stop disease progression, which ensures that the

tooth structure is preserved, making the treatment a more suc-

cessful strategy in the longer term.28

Despite advances in dental care over recent years, dental

caries is still a global health problem.20 Children from lower-

socioeconomic groups and those whose parents have mini-

mal education are disproportionately affected by caries

because conventional dental care is unaffordable or unavail-

able.2 Even if services are available, traditional drill-and-fill

approaches for caries in children often require general anaes-

thesia because of the complexity of treatment and the pain

induced.29 As a result, treatment is higher risk and requires

sophisticated dental equipment, which places a considerable

financial burden on families and health care providers.5 As a

result, much of the caries experienced goes untreated, result-

ing in disease and a decreased quality of life for the affected

children and their families. A novel, community-based

approach is needed to ensure that the caries problem can be

solved equitably. SDF, which was first developed in Japan in

the 1970s, is one such treatment method that has been gain-

ing global interest in recent years.22

Conclusion

Studies highlight that SDF is an effective treatment method

for dental caries,11,30,31 as well as in older patients. In

support, initial results from the CarriedAway programme

in the United States, combined with modelling data of the

intervention, support the efficacy of SDF in eliminating

caries. The programme also indicates that community

interventions using SDF could cost less than 20% of the

current Medicaid children’s oral health spending,23 helping

to make dental care more affordable. Such results support

the implementation of a radically new approach to com-

munity-based school programs, especially because they

offer a simple, pain-free treatment approach with commu-

nity support.27

Taken together, the WFPHA OHWG webinar presentations

highlight that the use of SDF in clinical and community set-

tings offers a safe, effective, practical, equitable, and accept-

able option for the treatment of carious lesions, both for

early childhood caries and root cavities experienced by

elderly patients.20,31 Incorporating SDF into community den-

tistry programs could attract patients who do not tradition-

ally see the dentist, which could reduce the prevalence of

caries globally and make health care more accessible. For

countries that do not yet have access to SDF, silver nitrate

(AgNO3 ) plus sodium fluoride (NaF) could be used as an alter-

native treatment option.20

Key findings

� If applied early, when the cavity is present but has not

caused irreversible pulpal damage, silver diamine fluoride

(SDF) can prevent pain, sepsis, and the need for extrac-

tions.
� SDF solution of 38% is more effective than lower concentra-

tions, and biannual application is more effective than

yearly application.
� SDF attracts community support and engagement with

parents who do not traditionally take their children to the

dentist.
� Silver-modified atraumatic restorative treatment (SMART)

is an attractive alternative to the ART restoration, improv-

ing treatment outcomes.
� The Hong Kong kindergarten project indicates that chil-

dren who suffer with caries can benefit from SDF.
� SDF can improve equitability and accessibility to caries

treatment especially for individuals from low-socioeco-

nomic settings.

Call to action

SDF should be part of any outreach dental programme espe-

cially for young children because the treatment approach can

make dental health care more equitable and easier to access,

especially in LMICs or settings where reaching a dentist is

not easy.
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2. Çolak H, D€ulgergil ÇT, Dalli M, Hamidi MM. Early childhood
caries update: a review of causes, diagnoses, and treatments.
J Nat Sci Biol Med 2013;4(1):29–38.

3. GBD 2017 Diet Collaborators. Health effects of dietary risks in
195 countries, 1990−2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2019;393(10194):1958–72.

4. Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a
global public health challenge. Lancet 2019;394(10194):249–60.

5. Kastenbom L, Falsen A, Larsson P, Sunnega
�
rdh-Gr€onberg K,

Davidson T. Costs and health-related quality of life in relation
to caries. BMC Oral Health 2019;19(1):187.

6. Haworth S, Dudding T, Waylen A, Thomas SJ, Timpson NJ.
Ten years on: Is dental general anaesthesia in childhood a
risk factor for caries and anxiety? British Dent J 2017;222
(4):299–304.

7. Li R, Lo ECM, Liu BY, Wong MCM, Chu CH. Randomized clini-
cal trial on arresting dental root caries through silver diamine
fluoride applications in community-dwelling elders. J Dentistr
2016;51:15–20.

8. Chu CH, Lo ECM, Lin HC. Effectiveness of silver diamine fluo-
ride and sodium fluoride varnish in arresting dentin caries In
Chinese pre-school children. J Dent Res 2002;81:767–70.

9. Seifo N, Robertson M, MacLean J, et al. The use of silver
diamine fluoride (SDF) in dental practice. Br Dent J 2020;228
(2):75–81.

10. Mei ML, Li QL, Chu CH, Yiu CKY, Lo ECM. The inhibitory
effects of silver diamine fluoride at different concentrations
on matrix metalloproteinases. Dent Mater 2012;28(8):903–8.

11. Rosenblatt A, Stamford TCM, Niederman R. Silver diamine
fluoride: a caries ‘silver-fluoride bullet. J Dent Res 2009;88
(2):116–25.

12. Horst JA, Ellenikiotis H, Milgrom PM. UCSF protocol for caries
arrest using silver diamine fluoride: rationale, indications,
and consent. J Calif Dent Assoc 2016;44(1):16–28.

13. Giacaman RA, Mu~noz-Sandoval C, Neuhaus KW, Fontana M,
Cha»as R. Evidence-based strategies for the minimally inva-
sive treatment of carious lesions: review of the literature. Adv
Clin Exp Med 2018;27(7):1009–16.

14. Fleming E, Afful J. Prevalence of total and untreated dental
caries among youth: United States, 2015-2016. NCHS Data
Brief 2018(307):1–8.

15. Contreras V, Toro MJ, El�ıas-Boneta AR, Encarnaci�on-Burgos A.
Effectiveness of silver diamine fluoride in caries prevention

and arrest: a systematic literature review. Gen Dent 2017;65
(3):22–9.

16. Seirawan H, Faust S, Mulligan R. The impact of oral health on
the academic performance of disadvantaged children. Am J
Public Health 2012;102(9):1729–34.

17. Clarkson BH, Exterkate RA. Noninvasive dentistry: a dream
or reality? Caries Res 2015;49(Suppl 1):11–7. doi: 10.1159/
000380887.

18. Garg S, Sadr A, Chan D. Potassium iodide reversal of silver
diamine fluoride staining: a case report. Oper Dent 2019;44
(3):221–6.

19. Chu CH, Lo EC. Promoting caries arrest in children with silver
diamine fluoride: a review. Oral Health Prev Dent 2008;6
(4):315–21.

20. Gao SS, Zhao IS, Duffin S, Duangthip D, Lo ECM, Chu CH. Revi-
talising silver nitrate for caries management. Int J Environ Res
Public Health 2018;15(1):80.

21. Tolba ZO, Hamza HS, Moheb DM, Hassanein HE, El Sayed HM.
Effectiveness of two concentrations 12% versus 38% of silver
diamine fluoride in arresting cavitated dentin caries among
children: a systematic review. Egypt Pediatr Assoc Gaz
2019;67(1):1.

22. Chu CH, Mei ML, Lo EC. Use of fluorides in dental caries man-
agement. Gen Dent 2010;58(1):37–80.

23. Niederman N, Feres M, Ogunbodede E. Dentistry. In:
Debas HT, Donkor P, Gawande A, Jamison DT, Kruk ME,
Mock CN, editors. Disease Control Priorities, 3rd ed. Volume 1:
Essential Surgery. Washington, DC: World Bank; 2015. p. 173–
95.

24. Ruff RR, Niederman R. Comparative effectiveness of school-
based caries prevention: a prospective cohort study. BMC Oral
Health 2018;18(1):53.

25. Faculty of Dentistry, University of Hong Kong. Prevention and
control of tooth decay in kindergarten children. Available
from: http://facdent.hku.hk/docs/2013/KG_Leaflet_English-
Version.pdf. Accessed 5 February 2021.

26. Chen KJ, Gao SS, Duangthip D, Lo ECM, Chu CH. Early child-
hood caries and oral health care of Hong Kong preschool chil-
dren. Clin Cosmet Investig Dent 2019;11:27–35.

27. Roberts-Thomson KF, Ha DH, Wooley S, Meihubers S, Do LG.
Community trial of silver fluoride treatment for deciduous
dentition caries in remote Indigenous communities. Austra-
lian Dent J 2019;64(2):175–80.

28. Mei ML, Chu CH, Low KH, Che CM, Lo EC. Caries arresting
effect of silver diamine fluoride on dentine carious lesion
with S. mutans and L. acidophilus dual-species cariogenic bio-
film. Med Oral Patol Oral Cir Bucal 2013;18(6):e824–31. doi:
10.4317/medoral.18831.

29. Horst JA. Silver fluoride as a treatment for dental caries. Adv
Dent Res 2018;29(1):135–40.

30. Yee R, Holmgren C, Mulder J, Lama D, Walker D, van Palen-
stein Helderman W. Efficacy of silver diamine fluoride for
arresting caries treatment. J Dent Res 2009;88(7):644–7.

31. Gao SS, Zhao IS, Hiraishi N, et al. Clinical trials of silver
diamine fluoride in arresting caries among children: a sys-
tematic review. JDR Clin Trans Res 2016;1(3):201–10.

th e u s e o f s d f i n commun i t y ca r i e s p rog ramme s 461


