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Abstract
Introduction

Silver diamine fluoride (SDF) with potassium iodide (KI) has emerged as a promising, aesthetic, non-invasive
management by limiting the staining caused by SDF. However, no studies are comparing the caries-arresting
potential of SDF gel with KI. The study aims to observe and evaluate the caries-arresting potential of SDF

gel with KI compared to sodium fluoride (NaF) varnish.

Materials and methods

The present observational study was conducted with a split-mouth design. A total of 33 participants, in the
age group of two to six years, with occlusal caries of the International Caries Detection and Assessment
System (ICDAS) I and II involving both right and left upper or lower primary molar teeth, were included. SDF
gel with KI and fluoride varnish (FV) was applied to the contralateral teeth on the same arch. Participants
were recalled at 3, 6, 9, and 12-month intervals to monitor the progression or arrest of carious lesions.

Result

At the end of 12 months, 66.7% and 70.5% of the teeth showed arrest of caries with SDF gel with KI and FV,
respectively. Intra-group analysis using the Friedman test shows significant differences in both groups
across the timeline (p=0.001). Intergroup analysis using the Whitney U test reveals no significant difference
in caries-arresting potential between the groups at various timelines (p=0.231).

Conclusion

There was no significant difference in arresting enamel caries of primary teeth between the use of 5% NaF
and 38% SDF with KI. However, there was a significant difference within the group between the 3rd and
12th-month follow-up. Hence, the biannual application is recommended in both FV and SDF with KI.

Categories: Preventive Medicine, Dentistry, Pediatrics
Keywords: preventive dentisry, silver diamine fluoride, non-invasive management, fluoride varnish, caries arresting
agent

Introduction

Dental caries, a common chronic disease in children, has increased globally, especially in developing
countries, with over 570 million affected children worldwide [1,2]. It is a preventable, biofilm-mediated
disease and is strongly linked to behaviour, diet, and hygiene habits. Control and prevention are possible by
reducing the fermentable carbohydrates in the diet and disrupting dental biofilm systematically [3,4]. Early
childhood caries (ECC) in children under 71 months is influenced by socioeconomic, dietary, oral health, and
biological factors, leading to decayed, missing, and filled tooth surfaces [5,6].

Fluoride varnish (FV) and silver diamine fluoride (SDF) are used in paediatric dentistry as non-invasive
caries treatment techniques in non-cavitated carious lesions to treat children as young as one to four years
old [7]. FV is a topical fluoride agent commonly used for caries prevention in children. It has
remineralisation and antimicrobial properties, making it the gold-standard agent for preventing dental
caries in children [8]. SDF is another non-invasive agent that has received renewed interest in the current
decade. It is an efficient, affordable, equitable, and effective cariostatic agent [9]. This non-restorative
approach can halt the progression of carious lesions and can be an alternative to control the burden of
dental caries in children worldwide [10]. This is an interesting treatment approach for deciduous teeth that
is recommended by the American Academy of Pediatric Dentistry in 2017 [11]. SDF was approved by the Food
and Drug Administration of the United States in 2014. Since then, there has been growing interest in its “off-
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label” use for arresting carious lesions in children. There is a multitude of benefits with SDF in caries
management. It is cost-effective, non-aerosol generating, and does not require any dental equipment [12].

However, the critical disadvantage of the application of SDF is the discolouration of teeth. Aly and Yousry
reported that enamel and dentin, including carious tissues, are decolourized into dark brown or black after
SDF application [13]. The greater the extent of demineralization, the more the silver ions are absorbed,
thereby increasing discolouration and the distinction between affected and sound tissues. The stain remains
over time and can only be removed through physical methods [14]. Research has explored caries-arresting
potential and comparative studies with SDF solutions [9-11]. However, in recent years, gel-based SDF in
augmentation with potassium iodide (KI), like Kedo SDF gel, was introduced to dentistry to achieve caries
prevention. Therefore, the primary aim of the present study was to observe and evaluate the effect of 38%
SDF gel and KI versus 5% sodium fluoride (NaF) varnish on arresting the progression of incipient carious
lesions in children.

Materials And Methods

Study setting and sample size calculation

The present observational study was conducted on children brought to the Pediatric and Preventive
Dentistry Outpatient Department at a private dental institution in Chennai, India. It was an observational
cohort study where the natural progression of dental caries and the use of treatments already in place were
monitored. The study was approved by the Institutional Review Board and Ethical Committee, and adhered
to the ethical standards laid down by the Helsinki Declaration. The study was registered with the
Institutional Human Ethical Committee at Saveetha University (IHEC/SDC/PEDO-2104/23/105).

The sample size was calculated based on the results of the study done by Mani Prakash et al. [3], using the
G*Power software, version 3.1.9.7 (Heinrich-Heine-Universitat Diisseldorf, Diisseldorf, Germany). At a level
of significance set at 5%, the power of the study at 95%, and for an expected critical Z-value of 3.193, it was
calculated that 48 teeth, i.e., 24 teeth per group, were required to perform the study. Finally, a sample size of
33 teeth was taken in each group, assuming a 40% loss to follow-up.

Inclusion and exclusion criteria

Cooperative children with Frankl III (positive) and IV (definitely positive) behaviour, in the age group of two
to six years, with occlusal caries of the International Caries Detection and Assessment System (ICDAS) I and
IT involving both right and left upper or lower primary molar teeth, without any pulpal involvement, and
willing to participate in the study, were included. Children who are medically compromised, allergic to silver,
or participating in any other studies were excluded.

Data collection and treatment observation

Participants underwent a baseline examination to determine their eligibility for inclusion in the study. A
total of 33 children, with 66 carious primary molars, were included in the study. These children were already
undergoing treatment with either SDF followed by KI or NaF varnish, based on clinical judgment and
parental preference.

In cases where SDF followed by KI was applied, Vaseline was applied on all other surfaces of the tooth and
gingiva, except the occlusal surface, to avoid SDF staining. The selected teeth were cleaned and dried for five
seconds, isolation was done using cotton rolls, and 38% SDF gel was applied over the cavitated lesion
directly from the syringe for 60 seconds, followed by KI with a micro applicator tip. The precipitate was then
cleaned using a moistened cotton pellet.

In cases where NaF varnish was applied, the selected teeth were cleaned and dried for five seconds. Isolation
was done using cotton rolls, and topical NaF varnish containing 5% NaF was applied using a micro applicator
tip and allowed to dry for one minute. Patients were advised not to drink or eat for 30 minutes, and oral
hygiene instructions were given (Figures /-2).
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FIGURE 1: Application of SDF gel using applicator tip on the occlusal
surface of the primary second molar.

SDF: Silver diamine fluoride

FIGURE 2: Post application of SDF gel with Kl on 75 and fluoride

varnish on 85.

A white precipitate formed over the occlusal surface of 75 on the application of Kl to discolour the SDF stain.

SDF: Silver diamine fluoride; Kl: Potassium iodide

Follow-up and evaluation
The children were observed periodically at 3, 6, 9, and 12-month intervals. Two blinded evaluators evaluated
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the progression or arrest of caries. During these follow-up visits, if the cavity wall or floor was easily
penetrated by the Community Periodontal Index of Treatment Needs (CPITN) probe using light force, it was
diagnosed with active caries. Cavities with hard surfaces were classified as arrested caries. Two clinicians
were trained to evaluate caries, and inter-examiner variability was checked to avoid bias. The clinicians
evaluated the caries-arresting potential and any incidence of new caries on the other surfaces of the primary
molars.

Statistical analysis

The data was analysed using IBM SPSS Statistics for Windows, Version 23 (Released 2015; IBM Corp.,
Armonk, NY, USA). Caries increment was described as frequency and percentages. Shapiro-Wilk test was
done to assess the normality of the data. Mann-Whitney U test was done to assess the differences in the
caries presence between the two groups with specific timelines. Within the group, the caries presence and
change were assessed across the timeline by the Friedman test, with a significance level of less than 0.05.

Results

A total of 33 children, with 66 teeth, received both SDF gel with KI and FV in their contralateral primary
molars as a non-invasive treatment measure to arrest dental caries. The mean age of the participants was
3.24 + 0.9 years. In the third month, the arrested caries were 100% intact in both groups, whereas in the sixth
month, they dropped to 93.9% in the SDF gel and 97% in the NaF varnish. Further decline was observed with
72.7% in the SDF gel and 73.5% in the NaF varnish group. At the end of 12 months, about 66.7% of the teeth
showed arrest of caries with SDF gel and about 70.5% of the teeth showed arrest of caries with NaF varnish.
Intra-group analysis showed that both SDF gel and NaF varnish are significantly effective in arresting caries
across various timelines (Table 7).

6 months 9 months 12 months p-value
93.9 727 66.7 <0.001
97 73.5 70.5 <0.001

TABLE 1: Intragroup analysis on the effectiveness of caries-arresting potential between the
groups across various time intervals using the Friedman test (p<0.05 indicates significance)

SDF: Silver diamine fluoride

Follow-up timelines

3 months

6 months

9 months

12 months

Groups

Varnish

Varnish

Varnish

Varnish

Intergroup analysis between both groups at various timelines, comparing caries-arresting potential and
caries increment at different time intervals, was conducted using the Mann-Whitney U test. The results show
no significant difference between the groups at baseline, 3, 6, 9, and 12 months (Table 2).

Caries intact n(%) Caries increment n(%) Mann-Whitney U-value p-value
33 (100) 0(0)

544.5 1.000
33 (100) 0(0)
31(93.9) 2(6.1)

528 0.956
32(96.9) 1(29)
24 (72.7) 9(27.3)

526.5 0.651
25 (73.5) 8(26.5)
22 (66.7) 11(33.3)

510.56 0.231
24 (70.5) 9(29.4)

TABLE 2: Intergroup analysis on the comparison of caries-arresting potential and caries

increment between the groups at various time intervals (Mann-Whitney U test).

SDF: Silver diamine fluoride
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Discussion

The efficacy of SDF in caries-arresting potential lies in its multifaceted mechanism of action. Silver ions
exhibit potent antimicrobial properties, targeting and inhibiting the growth of cariogenic bacteria within
dental biofilms [15]. Additionally, fluoride ions promote remineralization of the demineralized tooth
structure, strengthening the enamel and dentin, and thereby reducing the susceptibility to caries [16]. The
choice of study design and the implementation of this clinical trial was conducted by enforcing non-invasive
caries-arresting treatment measures, which could impact carious children at a very young age and also for
public health purposes, which do not require much armamentarium and dental setup [17]. The present study
is the first split-mouth observational study to compare the effectiveness of 38% SDF gel with KI to 5% NaF
varnish on the occlusal surfaces of the primary molars. In this clinical trial, FV was used as a control, which
is widely recognized as the standard of care for preventing caries [18,19].

With regards to the caries-arresting potential, intragroup analysis within the group across various timelines
shows both SDF in gel form and FV are equally effective in arresting the caries till three months following
the application, after which both the groups show a gradual decline, with FV having slightly higher caries-
arresting potential than SDF gel by 12 months. However, in the intergroup analysis, there was no significant
difference noticed between both groups. The results of the present study were in accordance with the
systematic review that concluded that FV had a modest and uncertain effect in preventing caries
development in children [14,20]. Another systematic review and meta-analysis comparing the non-
restorative treatments for caries stated that 5% NaF varnish was the most effective for arresting or reversing
non-cavitated facial/lingual carious lesions and that 38% SDF solution was the most effective for arresting
carious lesions on any coronal surface only when applied biannually [21]. Consistent with the present study,
a randomized controlled trial by Gao et al. stated that there were no differences in the caries preventive
effect between SDF and FV on bilateral molar teeth [22]. Earlier clinical studies have reported that the
caries-arresting rate increases over time when the interventions were repeated annually or semi-annually
[23,24].

The limitations of the present study include the intervals between the dental examinations, which were
every three months. Therefore, the exact time when the carious lesions were arrested cannot be provided.
Secondly, the study design used the Last Observation Carried Forward (LOCF) imputation method, because
of which the caries-arresting effectiveness reported in the present study might be lower than the true
number. Also, cooperation from very young children, as young as two years, for isolation cannot be
expected. In the present study, SDF gel with KI and FV was applied on the contra-lateral molars in the same
visit, and the synergistic effect of both might have also been involved in arresting the progression of the
caries.

The future scope of this study includes conducting long-term follow-ups with more participants to validate
the findings across diverse populations, and advanced diagnostic tools and imaging techniques could be
employed to monitor carious lesions more precisely. Further research should investigate the effectiveness of
other caries-arrest agents and combinations, as well as the impact of dietary habits and oral hygiene
practices on treatment outcomes. Evaluating the long-term sustainability and benefits of caries-arrest
treatments, and developing educational programs for patients and caregivers, will also contribute to
improving the understanding and effectiveness of caries management in young children.

Conclusions

Based on the above results, there was no significant difference in arresting enamel caries of primary teeth
between the use of 5% NaF and 38% SDF gel with KI. However, there is a significant difference within the
group between the 3rd-month and 12th-month follow-up. Hence, biannual application is recommended in
both FV and SDF gel with KI.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Ayesha Fathima, Lavanya Govindaraju
Acquisition, analysis, or interpretation of data: Ayesha Fathima
Drafting of the manuscript: Ayesha Fathima

Critical review of the manuscript for important intellectual content: Ayesha Fathima, Lavanya
Govindaraju

Supervision: Lavanya Govindaraju

2024 Fathima et al. Cureus 16(7): €64970. DOI 10.7759/cureus.64970 50f 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Published via Saveetha Institute of Medical
and Technical Sciences

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Human
Ethical Committee issued approval IHEC/SDC/PEDO-2104/23/105. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1. Selwitz RH, Ismail Al, Pitts NB: Dental caries. Lancet. 2007, 369:51-9. 10.1016/S0140-6736(07)60031-2

2. Vieira-Andrade RG, Pordeus IA, Ramos-Jorge ML, Drumond CL, Silva-Freire LC, Ramos-Jorge |, Paiva SM:
Risk indicators of untreated dental caries incidence among preschoolers: a prospective longitudinal study .
Braz Oral Res. 2022, 36:e064. 10.1590/1807-3107bor-2022.vol36.0064

3. Mani Prakash DK, Vinay C, Uloopi KS, RojaRamya KS, Penmatsa C, Chandana N: Evaluation of caries
arresting potential of silver diamine fluoride and sodium fluoride varnish in primary molars: a randomized
controlled trial. ] Indian Soc Pedod Prev Dent. 2022, 40:377-82. 10.4103/jisppd.jisppd 239 22

4. Kazeminia M, Abdi A, Shohaimi S, Jalali R, Vaisi-Raygani A, Salari N, Mohammadi M: Dental caries in
primary and permanent teeth in children's worldwide, 1995 to 2019: a systematic review and meta-analysis.
Head Face Med. 2020, 16:22. 10.1186/s13005-020-00237-z

5. Machiulskiene V, Campus G, Carvalho JC, et al.: Terminology of dental caries and dental caries
management: consensus report of a workshop organized by ORCA and cariology research group of IADR.
Caries Res. 2020, 54:7-14. 10.1159/000503309

6. American Academy of Pediatric Dentistry: Policy on early childhood caries (ECC): consequences and
preventive strategies. Pediatr Dent. 2023, 2023:88-91.

7. Kassebaum NJ, Smith AG, Bernabé E, et al.: Global, regional, and national prevalence, incidence, and
disability-adjusted life years for oral conditions for 195 Countries, 1990-2015: a systematic analysis for the
global burden of diseases, injuries, and risk factors. ] Dent Res. 2017, 96:380-7. 10.1177/0022034517693566

8. Mishra P, Fareed N, Battur H, Khanagar S, Bhat MA, Palaniswamy J: Role of fluoride varnish in preventing
early childhood caries: a systematic review. Dent Res | (Isfahan). 2017, 14:169-76. 10.4103/1735-
3327.208766

9.  YuOY, Mei ML, Zhao IS, Li QL, Lo EC, Chu CH: Remineralisation of enamel with silver diamine fluoride and
sodium fluoride. Dent Mater. 2018, 34:e344-52. 10.1016/j.dental.2018.10.007

10. Oliveira BH, Rajendra A, Veitz-Keenan A, Niederman R: The effect of silver diamine fluoride in preventing
caries in the primary dentition: a systematic review and meta-analysis. Caries Res. 2019, 53:24-32.
10.1159/000488686

11.  Crystal YO, Marghalani AA, Ureles SD, Wright JT, Sulyanto R, Divaris K, Graham L: Use of silver diamine
fluoride for dental caries management in children and adolescents, including those with special health care
needs. Pediatr Dent. 2017, 39:135-45. 10.1080/19424396.2018.12221981

12. Horst JA: Silver fluoride as a treatment for dental caries . Adv Dent Res. 2018, 29:135-40.
10.1177/0022034517743750

13.  Aly MM, Yousry YM: Potential discolouration of silver diamine fluoride versus silver diamine
fluoride/potassium iodide in primary teeth: a randomised clinical study. Br Dent J. 2022, 1-6.
10.1038/s41415-022-5272-9

14.  de Sousa FS, Dos Santos AP, Nadanovsky P, Hujoel P, Cunha-Cruz J, de Oliveira BH: Fluoride varnish and
dental caries in preschoolers: a systematic review and meta-analysis. Caries Res. 2019, 53:502-13.
10.1159/000499639

15. Contreras V, Toro MJ, Elias Boneta AR, Burgos AE: Effectiveness of silver diamine fluoride in caries
prevention and arrest: a systematic literature review. Gen Dent. 2017, 65:22-9.

16.  Sivakumar N, Sreekanth KM: Silver diamine fluoride in pediatric dentistry . ] South Asian Assoc Pediatr Dent.
2019, 2:73-80. 10.5005/jp-journals-10077-3024

17.  SunIG, Chai HH, Lo EC, Chu CH, Duangthip D: Dental fear and anxiety of Chinese preschool children in a
school-based outreach service using silver diamine fluoride for caries control: a cross-sectional study. Int |
Environ Res Public Health. 2023, 20:4467. 10.3390/ijerph20054467

18.  Gao SS, Zhang S, Mei ML, Lo EC, Chu CH: Caries remineralisation and arresting effect in children by
professionally applied fluoride treatment: a systematic review. BMC Oral Health. 2016, 16:12.
10.1186/s12903-016-0171-6

19. Chu CH, Lo ECM: Promoting caries arrest in children with silver diamine fluoride: a review . Oral Health Prev
Dent. 2008, 6:315-21. 10.3290/j.0hpd.a14177

20. YulL,YuX,LiY, etal.: The additional benefit of professional fluoride application for children as an adjunct
to regular fluoride toothpaste: a systematic review and meta-analysis. Clin Oral Investig. 2021, 25:3409-19.
10.1007/s00784-021-03909-5

21. Urquhart O, Tampi MP, Pilcher L, et al.: Nonrestorative treatments for caries: systematic review and
network meta-analysis. ] Dent Res. 2019, 98:14-26. 10.1177/0022034518800014

22. Gao SS, Chen K], Duangthip D, Wong MC, Lo EC, Chu CH: Arresting early childhood caries using silver and
fluoride products - a randomised trial. ] Dent. 2020, 103:103522. 10.1016/j.jdent.2020.10352.2

23.  Duangthip D, Chu CH, Lo EC: A randomized clinical trial on arresting dentine caries in preschool children
by topical fluorides--18 month results. ] Dent. 2016, 44:57-63. 10.1016/j.jdent.2015.05.006

24. Zhi QH, Lo EC, Lin HC: Randomized clinical trial on effectiveness of silver diamine fluoride and glass
ionomer in arresting dentine caries in preschool children. ] Dent. 2012, 40:962-7.

2024 Fathima et al. Cureus 16(7): €64970. DOI 10.7759/cureus.64970 60f7


https://dx.doi.org/10.1016/S0140-6736(07)60031-2
https://dx.doi.org/10.1016/S0140-6736(07)60031-2
https://dx.doi.org/10.1590/1807-3107bor-2022.vol36.0064
https://dx.doi.org/10.1590/1807-3107bor-2022.vol36.0064
https://dx.doi.org/10.4103/jisppd.jisppd_239_22
https://dx.doi.org/10.4103/jisppd.jisppd_239_22
https://dx.doi.org/10.1186/s13005-020-00237-z
https://dx.doi.org/10.1186/s13005-020-00237-z
https://dx.doi.org/10.1159/000503309
https://dx.doi.org/10.1159/000503309
https://www.aapd.org/globalassets/media/policies_guidelines/p_eccconsequences.pdf
https://dx.doi.org/10.1177/0022034517693566
https://dx.doi.org/10.1177/0022034517693566
https://dx.doi.org/10.4103/1735-3327.208766
https://dx.doi.org/10.4103/1735-3327.208766
https://dx.doi.org/10.1016/j.dental.2018.10.007
https://dx.doi.org/10.1016/j.dental.2018.10.007
https://dx.doi.org/10.1159/000488686
https://dx.doi.org/10.1159/000488686
https://dx.doi.org/10.1080/19424396.2018.12221981
https://dx.doi.org/10.1080/19424396.2018.12221981
https://dx.doi.org/10.1177/0022034517743750
https://dx.doi.org/10.1177/0022034517743750
https://dx.doi.org/10.1038/s41415-022-5272-9
https://dx.doi.org/10.1038/s41415-022-5272-9
https://dx.doi.org/10.1159/000499639
https://dx.doi.org/10.1159/000499639
https://pubmed.ncbi.nlm.nih.gov/28475081/
https://dx.doi.org/10.5005/jp-journals-10077-3024
https://dx.doi.org/10.5005/jp-journals-10077-3024
https://dx.doi.org/10.3390/ijerph20054467
https://dx.doi.org/10.3390/ijerph20054467
https://dx.doi.org/10.1186/s12903-016-0171-6
https://dx.doi.org/10.1186/s12903-016-0171-6
https://dx.doi.org/10.3290/j.ohpd.a14177
https://dx.doi.org/10.3290/j.ohpd.a14177
https://dx.doi.org/10.1007/s00784-021-03909-5
https://dx.doi.org/10.1007/s00784-021-03909-5
https://dx.doi.org/10.1177/0022034518800014
https://dx.doi.org/10.1177/0022034518800014
https://dx.doi.org/10.1016/j.jdent.2020.103522
https://dx.doi.org/10.1016/j.jdent.2020.103522
https://dx.doi.org/10.1016/j.jdent.2015.05.006
https://dx.doi.org/10.1016/j.jdent.2015.05.006
https://dx.doi.org/10.1016/j.jdent.2012.08.002

Cureus

Part of SPRINGER NATURE

Published via Saveetha Institute of Medical
and Technical Sciences

10.1016/j.jdent.2012.08.002

2024 Fathima et al. Cureus 16(7): €64970. DOI 10.7759/cureus.64970 7of 7


https://dx.doi.org/10.1016/j.jdent.2012.08.002

	Evaluation of the Caries-Arresting Potential of Silver Diamine Fluoride Gel With Potassium Iodide Versus Sodium Fluoride Varnish: An Observational Study
	Abstract
	Introduction
	Materials and methods
	Result
	Conclusion

	Introduction
	Materials And Methods
	Study setting and sample size calculation
	Inclusion and exclusion criteria
	Data collection and treatment observation
	FIGURE 1: Application of SDF gel using applicator tip on the occlusal surface of the primary second molar.
	FIGURE 2: Post application of SDF gel with KI on 75 and fluoride varnish on 85.

	Follow-up and evaluation
	Statistical analysis

	Results
	TABLE 1: Intragroup analysis on the effectiveness of caries-arresting potential between the groups across various time intervals using the Friedman test (p<0.05 indicates significance)
	TABLE 2: Intergroup analysis on the comparison of caries-arresting potential and caries increment between the groups at various time intervals (Mann-Whitney U test).

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


