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Abstract

Objective

Silver diamine fluoride (SDF) is an effective non-surgical treatment for dental caries which
may also impact oral health-related quality of life (OHRQoL). The objective of this study was
to conduct a network meta-analysis of SDF versus other standard of care therapies on
OHRQoL.

Data sources

Studies published in PubMed/MEDLINE, Scopus, or Web of Science through July 2021 with
no date or language restrictions.

Study selection

Any randomized controlled trial, cohort, or case-control study that included silver diamine
fluoride as either a single or combinative treatment for dental caries and a quantitatively
measured outcome for oral health-related quality of life was included.

Data extraction and synthesis

Potentially eligible studies were screened by two independent reviewers trained in conduct-
ing systematic reviews. Studies meeting inclusion criteria underwent a full-text review with
data being extracted using a standardized form, including publication details, study method-
ology, outcomes, assessors, and sample information. Studies underwent a risk of bias
assessment. Quantitative synthesis was performed using fixed effects meta-analysis and
individual comparisons were assessed via network meta-analysis.

Main outcome(s) and measure(s)
Oral health-related quality of life.
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Results

19 articles were returned following search strategies. Following screening, ten studies were
evaluated for full-text eligibility and five were retained for meta-analyses. Results across all
treatments indicate no differences in OHRQoL when compared to SDF (SMD =-0.06, 95%
Cl =-0.20, 0.08). Direct and indirect estimates from network meta-analysis indicated that
OHRQoL in children was not significantly different when treated with SDF versus atraumatic
restorations (d = 0.02, 95% CIl =-0.32, 0.36) or placebo (d = 0.03, 95% Cl =-0.16, 0.22).

Conclusions

Evidence from the literature consistently shows no discernible impact on OHRQoL across
various non-surgical treatments for dental caries. Overall oral health-related quality of life

may increase regardless of treatment protocol due to treatment of the underlying disease.
Concerns over the staining of dental decay and oral mucosa resulting from treatment with
silver diamine fluoride do not seem to affect OHRQoL.

1. Introduction

Silver diamine fluoride (SDF) is a novel therapy for the non-surgical treatment and prevention
of dental caries, primarily delivered as a 38% concentration solution consisting of 24-27% sil-
ver, 7.5-11% ammonia, and 5-6% fluoride [1]. Systematic reviews demonstrate that SDF is
highly effective at arresting dental caries [2, 3]. The comparative simplicity and efficiency of
applying SDF make it an attractive alternative to traditional nonrestorative treatments [4, 5],
commonly used in community settings to mitigate the substantial burden of disease in under-
served populations [6]. When applied to dental decay, the oxidizing effects of silver diamine
fluoride results in irreversible black stains and superficial staining of the oral mucosa, poten-
tially leading to aesthetic problems and negative impacts on oral health-related quality of life
[7,8].

Oral health-related quality of life (OHRQoL) is a multidimensional construct consisting of
subjective evaluations of oral health, functional well-being, emotional well-being, satisfaction
with care, and sense of self [9]. Prior research suggests that dental caries negatively affects oral
health-related quality of life [10]. The focus on socio-psychological and cultural outcomes
related to QoL, in addition to more traditional biological change, encourages greater consider-
ation of orofacial appearance and overall aesthetics in the treatment of oral diseases. It is there-
fore possible that prototypical quality of life may increase due to a reduction of the burden of
disease, yet simultaneously harm subjective perceptions of self [11].

Research on the secondary effects of treating dental caries with silver diamine fluoride on
quality of life yields mixed results, with SDF treatment demonstrating both improvements and
no discernable effect on OHRQoL in children [12-16]. Similarly, the difference in OHRQoL
when comparing SDF to atraumatic restorative treatment has previously shown to be both sig-
nificant and non-significant [14, 17]. These results are further complicated in that silver
diamine fluoride is occasionally applied in different populations as a combinative treatment
with other preventive therapies for caries, such as fluoride varnish or dental sealants [18]. The
objective of this study was to assess the comparative effects of SDF on OHRQoL relative to
other therapies using network meta-analysis.
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2. Methods

2.1. Search and extraction

This study is reported using the PRISMA checklist for network meta-analyses (PRISMA-
NMA) [19]. The MEDLINE/PubMed, Web of Science, and Scopus databases were used with
no restriction on language or date of publication. A search of grey literature was not per-
formed. The last search was performed on 30 July 2021. The search strategy was developed fol-
lowing the PICO question “What is the effect of silver diamine fluoride versus other surgical
or non-surgical interventions for dental caries on oral health-related quality of life in subjects
of any age?” We included any randomized controlled trial, cohort, or case-control study that
included silver diamine fluoride as either a single or combinative treatment for dental caries
and a quantitatively measured outcome for oral health-related quality of life. The complete
search strategy was as follows: ((((silver diamine fluoride) OR sdf) OR diamine silver fluoride)
OR silver ammonia fluoride) AND (((((((dental caries[MeSH Terms]) OR dental caries) OR
caries) OR tooth decay) OR dental decay) OR carious lesion) OR dmf) AND ((((quality of life)
OR qol) OR oral health related quality of life) OR ohrqol). The review was not registered in
PROSPERO.

Potentially eligible studies were first independently screened by two reviewers (TBG and
RW) who were previously trained for systematic reviews. Eligible studies were those that met
study inclusion criteria: studies must have used silver diamine fluoride for the treatment of
dental caries and must use a validated quantitative instrument for oral health-related quality of
life. Any study that lacked a control group or comparator was excluded from quantitative syn-
thesis but not from qualitative review. Any comparative intervention was included, such as
atraumatic restorative tretments (ART), glass ionomer sealants, traditional amalgam restora-
tions, fluoride varnish (FV), or combinations of therapies (e.g., ART plus fluoride varnish).
Studies that met inclusion criteria underwent a full-text review with the following data being
extracted using a standardized form: publication details (authors, title, and year of publica-
tion), study methodology (design type, treatment, comparator), outcome measure (e.g., Child
Oral Health Impact Profile [COHIP], Early Childhood Oral Health Impact Scale [ECOHIS])
and assessor (parent or child), and sample information (sample size, treatment effect, and stan-
dard error/standard deviation).

2.2. Risk of bias assessment

Risk of bias of included studies was independently evaluated (RW and TBG) using the New-
castle-Ottawa Scale (NOS) for assessing the quality of non-randomized studies [20] and the
revised Cochrane risk-of-bias tool for randomized trials (RoB 2) [21, 22]. Reviewers ranked
each item included in NOS and RoB 2 forms as low risk of bias, high risk of bias, or unable to
identify. Disagreements were resolved via a third reviewer (RRR).

2.3. Data synthesis

Overall pooled analysis of direct evidence was computed using a fixed effects meta-analysis,
which also produced consistent treatment effects and standard errors for each study. Hetero-
geneity was determined using the Q and I” statistics. Direct and indirect comparisons across
individual treatments across all studies were then evaluated using a frequentist network meta-
analysis. Mean differences and standard errors were included for each study. Network geome-
try was evaluated and it was determined that two subnetwork analyses were required due to
node disconnection. Individual network meta-analyses were then performed on each subnet-
work and network graphs were computed. Node split analyses were not performed due to the
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small number of studies included in analysis. Treatment ranking from the network meta-anal-
ysis was calculated using the P-Score ranking metric, analogous to the Surface Under Cumula-
tive RAnking (SUCRA) method. Tables for direct and indirect evidence as well as forest plots
or subnetworks were computed. No studies included had multiple arms. All treatments
included in NMA were performed in similar subject populations, suggesting the networks met
the transitivity assumption. Analysis was performed using R v4.0.2.

3. Results

Nineteen articles were returned after searching. There were no duplicate records. Nine articles
were excluded following initial screening yielding ten full-text records assessed for eligibility
[12-17, 23-26]. Five of these studies were excluded from meta-analysis, all due to alack of a
control group or adequate comparator (e.g., single sample pre-post designs). Five studies were
therefore included in quantitative synthesis (Fig 1). All studies were included in risk of bias
assessments. Major study characteristics of studies included in network meta-analyses

(Table 1) show that all included articles were randomized controlled trials; all of the articles
reviewed for full-text eligibility that were excluded were either cross-sectional or prospective
cohort studies. Among the included studies, four assessed oral health-related quality of life
using either the child or parent form of the Early Childhood Oral Health Impact Scale (ECO-
HIS) and one used the Child Oral Health Impact Profile (COHIP). Treatments consisted of
SDF or SDF+FV, while comparators included placebo, ART, and ART+FV. The average sam-
ple size across all studies was 126.

3.1. Risk of bias

Bias assessment for randomized studies included in quantitative synthesis (Table 2) indicated
that three of the four studies had some concerns of bias due to the likelihood that both partici-
pants and caregivers were aware of the assigned intervention [15-17]. Specifically, the likeli-
hood of participants experiencing the staining side effect characteristic of silver diamine
fluoride, despite the presence or absence of patient and operator blinding, may have contrib-
uted to deviations from the intended intervention. However, none of the studies provided
information to this effect. A single study had a high risk of bias due to concerns regarding allo-
cation concealment and missing outcome data for approximately 9% of participants [14]. In
contrast, non-randomized cohort and case-control studies not included in meta-analyses
(Table 3) all included a clinical examination for exposure assessment, had relatively lengthy
follow-up periods, and exhibited 100% retention of study participants. However, all studies
used convenience sampling with no randomization and lacked an adequate comparator.
Finally, two cross-sectional studies evaluated (Table 4) used appropriate statistical methods
but similarly lacked an acceptable comparator, did not justify the sample size, and provided no
information on the characteristics of non-responders.

3.2. Meta-analysis

Meta-analysis results indicate that, irrespective of comparator, there was no significant differ-
ence in quality of life versus silver diamine fluoride. There was no heterogeneity among the
included studies (I? = 0.0%, Q = 0.75, p = 0.95, Fig 2). Pooled effects showed a difference in
oral health-related quality of life that was not significantly different from zero (SMD = -0.06,
95% CI = -0.20, 0.08). Direct and indirect evidence from network meta-analyses show similar-
ity in effects regardless of comparator used: there were no differences in OHRQoL between
children treated with SDF versus placebo (MD = 0.03, 95% CI = -0.16, 0.22) and atraumatic
restorative treatments (MD = 0.02, 95% CI = -0.32, 0.36); nor were there any differences
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Fig 1. PRISMA diagram.
https://doi.org/10.1371/journal.pone.0261627.9001

between ART and placebo (MD = -0.01, 95% CI = -0.40, 0.38) or between SDF+FV versus
ART+FV (MD =0.16, 95% CI = -0.1, 0.42). Effects from network meta-analyses are shown via
forest plots (Figs 3 & 4).

Results from treatment ranking indicate that the standard placebo had the highest P-score
(0.5689), followed by ART (0.5095) and SDF (0.4216). In this context, P-scores are interpreted
as the extent that any treatment is better than any other treatment. Similarity in P-scores in
these results indicate comparability of treatment on OHRQoL.

4. Discussion

The American Association of Pediatric Dentistry supports the use of silver diamine fluoride as
part of a caries management plan and provides clinical practice guidelines for its use [27].
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Table 1. Study characteristics.

Author/Year Country Design OHRQoL Assessor Ages Treatment Comparator N | NMA?
Jiang et al, 2020 China RCT C-ECOHIS Parent 3-4y SDF Placebo 253 | Yes
Cernigliaro et al, 2019 USA Cross-sectional ECOHIS Parent 0-14y SDF N/A 48 | No
Duangthip et al, 2019 China Cohort C-ECOHIS Parent 4-5y SDF N/A 226 | No
Ruff et al, 2021 USA RCT COHIP-SE Child 5-13y SDF+FV ART+FV 246 | Yes
Hiremath et al, 2020 India Cross-sectional COHIP-SF Child 12-16 y SDF N/A 84 | No
Jiang et al, 2019 China RCT C-ECOHIS Child 3-4y SDF Placebo 187 | Yes
Rodrigues et al, 2020 Brazil RCT B-ECOHIS Parent 2-5y SDF ART 108 | Yes
Sihra et al, 2020 Canada Cohort ECOHIS Parent 0-6y SDF+FV N/A 40 | No
Vollu et al, 2019 Brazil RCT B-ECOHIS Parent 3.62y SDF ART 26 | Yes
Renugalakshmi et al, 2021 Saudi Arabia Cohort A-ECOHIS Parent 2-6y SDF N/A 51 | No
https://doi.org/10.1371/journal.pone.0261627.t001
Table 2. Risk of bias assessment for randomized studies.
Author/Year Bias Domain
Randomization Process Deviations from intended Missing outcome | Outcome measurement | Selection of reported Overall
observations data result
Jiang et al, 2020 (Y/Y/N); Low risk (PY/PY/NI/Y); Some concerns (Y); Low risk (N/N/N); Low risk (Y/N/N); Low risk Some
concerns
Jiang et al, 2019 (Y/Y/N); Low risk (PY/PY/NI/Y); Some concerns (Y); Low risk (N/N/N); Low risk (Y/N/N); Low risk Some
concerns
Rodrigues et al, (NI/NI/N); Some (Y/Y/NI/Y); Some concerns (N); Low risk (N/N/PY/PY/PY); High (Y/N/N); Low risk High risk
2020 concerns risk
Rulff et al, 2021 (Y/Y/N); Low risk (Y/Y/N/Y); Some concerns (N); Some (N/N/N); Low risk (Y/N/N); Low risk Some
concerns concerns
Vollu et al, 2019 (Y/Y/N); Low risk (Y/Y/NI/Y); Some concerns (Y); Low risk (N/N/Y/N); Low risk (Y/N/N); Low risk Some
concerns

(Y = yes, N = no, referring to each category included on the RoB2 assessment tool).

https://doi.org/10.1371/journal.pone.0261627.1002

Single-use applications in pediatric populations for caries arrest has demonstrated effective-
ness ranging from 47-90%, and SDF-arrested lesions can either be later restored as part of
traditional surgical caries treatment or perpetually reinforced with annual or bi-annual reap-
plications. The off-label use of SDF is particularly attractive for high-risk populations as an

Table 3. Risk of bias assessment for non-randomized studies (A, B, and C refer to coding as specified in the NOS manual).

Author/Year Selection Comparability Outcome
Representativeness of | Selection of Exposure Outcome not Cohort Assessment Follow-up Retention
exposed non-exposed | ascertainment | presentat comparability
study start
Duangthip etal, | C:no randomization, C:No A: Clinical A:Yes A: Caries arrest C: Self report A:Yes, 6 A:100%
2019 may not be comparator | exam & B: QOL with SDF B: QOL months retention, only
generalizable 4 excluded in
data analysis
Sihra et al, 2020 C: Convenience C: No A: Clinical A: Yes A: Caries arrest B: Record A:Yes, 8 A:100%
sampling, not Comparator | exam & B: QOL with SDF B: QOL | Linkage & C: Self | months total, retention
representative Report 3 visits
Renugalakshmi C: Convenience C: No A: Clinical A: Yes A: Caries arrest | A:Idenpendent Potential A:100%
etal, 2021 sampling, not Comparator | exam & B: QOL with SDF B: QOL | assessment & C. | limitation, 4 retention
representative Self Report week f/u
https://doi.org/10.1371/journal.pone.0261627.t003
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Table 4. Risk of bias assessment for cross-sectional studies (A, B, and C refer to coding as specified in the NOS manual).

Author/Year Selection Comparability Outcome
Representativeness of | Sample Size Non-Respondents Risk Factor Comparability | Assessment | Statistical
exposed Test
Cernigliaro etal, | C: Selected group of users B: Not C: No description or non- | B: Measurement tool is n/a C: Self A:
2019 justified response rate described report Appropriate
Hiremath etal, | C: Selected group of users B: Not C: No description or non- B: Measurement tool is n/a C: Self A:
2020 justified response rate described report Appropriate

https://doi.org/10.1371/journal.pone.0261627.t1004

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Jiang et al, 2020 123 6.10 6.2000 130 6.30 7.5000 —'— -0.03 [-0.28;0.22] 31.5%
Ruff et al, 2021 155 15.64 11.7057 91 17.41 10.3941 —'—:—’— -0.16 [-0.42;0.10] 28.5%
Jiang et al, 2019 98 6.90 6.8000 89 7.10 7.8000 —7]— -0.03 [-0.31;0.26] 23.3%
Rodrigues et al, 2020 54 6.94 6.5600 54 6.94 7.4200 —iE 0.00 [-0.38;0.38] 13.5%
Vollu et al, 2019 13 3.90 51000 13 4.50 7.5000 E -0.09 [-0.86;0.68] 3.2%
Fixed effect model 443 377 < -0.06 [-0.20; 0.08] 100.0%
Prediction interval | —— [-0.29; 0.16]
Heterogeneity: /2 = 0%, ©° = 0, p = 0.95

-0.5 0 0.5

Fig 2. Fixed-effects meta-analysis.

https://doi.org/10.1371/journal.pone.0261627.9002

effective, efficient non-surgical therapy for untreated caries [18, 28]. Previous research on the
acceptability of silver diamine fluoride suggests that the staining effect of arrested lesions in
primary teeth is more tolerated by parents when applied to posterior teeth than in anterior
teeth. Notably, concerns over teeth staining from SDF depended on the presence of extant

Number of Direct

Comparison Studies Evidence Fixed effect model MD 95%-ClI
Direct estimate 0 0

Indirect estimate e -0.01 [-0.40; 0.38]
Network estimate -0.01 [-0.40; 0.38]
Direct estimate 2 1.00 = 0.02 [-0.32; 0.36]
Indirect estimate

Network estimate 0.02 [-0.32; 0.36]
Direct estimate 2 1.00 ' 0.03 [-0.16; 0.22]
Indirect estimate

Network estimate —— i —— 0.03 [-0.16; 0.22]

Fig 3. Subnetwork 1 forest plot, network meta-analysis.

https://doi.org/10.1371/journal.pone.0261627.9003

PLOS ONE | https://doi.org/10.1371/journal.pone.0261627 February 1, 2022 7/11


https://doi.org/10.1371/journal.pone.0261627.t004
https://doi.org/10.1371/journal.pone.0261627.g002
https://doi.org/10.1371/journal.pone.0261627.g003
https://doi.org/10.1371/journal.pone.0261627

PLOS ONE

SDF and OHRQoL: A network meta-analysis

Comparison

Direct estimate
Indirect estimate
Network estimate

Number of Direct

Studies Evidence Fixed effect model MD 95%-ClI

1 1.00 -~ 0.16 [-0.1; 0.42]

———————— (.16 [-0.1; 0.42]
| | I |

-04 -0.2 0 0.2 0.4

Fig 4. Subnetwork 2 forest plot, network meta-analysis.
https://doi.org/10.1371/journal.pone.0261627.g004

behavioral issues of the child towards dental care or whether alternative treatments for unmet
disease required more invasive measures such as general anesthesia [29].

Facial aesthetics are a potential significant influence on perceptions of self, such as in chil-
dren with orofacial anomalies [30] and in adolescents seeking orthodontic treatment [31]. In
particular, self-perceptions of appearance and positive feelings of dentofacial regions were
related to self-concept [31]. Personal beliefs of self-concept may be related to health-related
quality of life, and suitable QoL measures are those that include ideographic and subjective
approaches to self-concept, such as values, feelings, experiences, and attitudes towards self in
the contest of relationships and the world in general [32]. This connection emphasizes the
need to explore any unintended consequences of the use of treatments for oral disease that
might negatively impact facial appearance and sense of self.

Our findings indicate that while there is no comparative difference in OHRQoL among
children receiving silver diamine fluoride versus other standard of care treatments such as
atraumatic restorations, excluded studies suggest that there may be general improvement in
OHRQoL over time due to treating underlying disease. Studies that only assessed within-sub-
ject change in oral health-related quality of life prior to and after treatment with silver diamine
fluoride for dental caries were not quantitatively evaluated in this study due to a lack of an ade-
quate comparator. Of these excluded studies, two found that OHRQoL/caregiver satisfaction
improved [23, 24], two showed no appreciable change [12, 13], and one showed a negative
effect on OHRQoL [25], though this latter study used inappropriate statistical analysis for a
single-sample repeated measures design. Longitudinal research on the change in ORHQoL
both within SDF treatment and compared to other treatments would support a greater under-
standing of the long-term impact on quality of life.

The small number of clinical trials of silver diamine fluoride that include measures for sub-
jective quality of life prohibit analyses by severity of disease. We were therefore unable to
explore whether the baseline severity of untreated caries treated by SDF had any impact on
OHRQoL. Some studies have shown that oral health-related quality of life was negatively
impacted by the general increase in severity [33, 34], therefore it may be that the negligible
impact of SDF on OHRQoL relative to other interventions is relevant only at certain levels of
disease burden. Similarly, included studies did not stratify by whether SDF was applied on pos-
terior versus anterior teeth. Indeed, some pragmatic studies of SDF did not include anterior
teeth application in their clinical protocols [18, 28].

The diversity of available non-surgical therapies for dental caries (e.g., atraumatic restor-
ative treatments, fluoride varnish or gels, glass ionomer sealants, or combinations of these
interventions) means that numerous studies are necessary for a fully connected network. The
disconnected networks presented in this analysis due to inadequate support therefore limits
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estimates of effects, specifically the disconnection for packaged treatments of SDF plus FV ver-
sus ITRs plus sealants. While we considered incorporating nonrandomized studies in analysis
to expand upon the network, the lack of a comparator in these studies jeopardized the plausi-
bility of the transitivity assumption [35]. Further studies that can improve the connectivity of
the network by providing missing links between treatments is recommended.

Despite these limitations, our study suggests that overall oral health-related quality of life is
not appreciably affected by silver diamine fluoride treatment for dental caries when compared
to other standard of care interventions and results are strengthened by the similarity of effects
across alternative treatments. The impact of the baseline severity of disease treated by SDF or
the role of anterior versus posterior treatment on OHRQoL is still unknown.

Supporting information

S1 Checklist. PRISMA NMA checklist of items to include when reporting a systematic
review involving a network meta-analysis.
(DOCX)
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