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Abstract

Background—This systematic review aims to assess the effect of silver diamine fluoride (SDF)
in preventing and arresting dental caries in exposed root surfaces of adults (PROSPERO
registration: CRD42016036963).

Types of studies reviewed—Two reviewers independently searched for controlled clinical
trials with at least 12 months of follow-up, without language or date of publication restraints, in
eight electronic databases, five registries of ongoing trials and reference lists of narrative reviews.

Results—2,356 unique records were found and three trials that randomized 895 elders were
included. All compared SDF to placebo; one also compared SDF to chlorhexidine (CHX) and
sodium fluoride varnishes (FV). The primary effect measures were the pooled mean differences
(WMD) in decayed or filled root surfaces (DFRS) and the mean differences in arrested caries
lesions between SDF and control groups. The studies had low risk of bias in most domains. SDF
applications had a significantly better preventive effect in comparison to placebo, (WMD, DFRS:
24 months: -0.56; 95% CI: -0.77, -0.36 and 30 months or more: -0.80; 95% CI:-1.19, -0.42) and
they were as effective as either CHX or FV in preventing new root caries lesions. SDF also
provided a significantly higher caries arrest effect in comparison to placebo (pooled results not
calculated). Complaints about black staining of the carious lesions by SDF were rare among
elders.
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Practical implications—Yearly 38% SDF applications to exposed root surfaces of elderly
people are a simple, inexpensive and effective way of preventing dental caries initiation and
progression.
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Introduction

The cumulative incidence of root caries in people aged 60 years or above ranges from 12%
to 77%; relevant risk factors being age, poor oral health and periodontal disease. 1 The
widespread occurrence of root caries in elderly people translates into a peak of untreated
dental caries in the world adult population at around 70 years of age. 2 Besides placing a
huge financial burden on society 2, untreated caries negatively impacts on the elderly's
quality of life, especially because of pain experience, which can lead to psychological and
physical discomfort, social disability and even handicap. 3

The development of root caries is a result of repeated cycles of de- and remineralization
coupled with the degradation of the organic matrix of dentin and cementum;
demineralization initiates the caries process, but protein degradation plays a key role on its
progression. Thus, topical applications of substances containing protease inhibitors could be
an effective means of controlling root caries. 4

Silver diamine fluoride (SDF) is an alkaline topical solution containing fluoride and silver
that has been used mainly for dental caries treatment in young children.® Besides reducing
the growth of cariogenic bacteria and promoting remineralisation of the inorganic content of
enamel and dentin, silver diamine fluoride (SDF) prevents collagen degradation in dentin by
inhibiting the activity of collagenases and cysteine-cathepsins.® SDF is also known for its
ability to desensitize teeth with hypersensitivity. °

SDF has been used for decades in some countries, such as Australia, Brazil, China and
Japan.® Recently, it was approved in the US as a dentin desensitizing agent but it is also
being applied off-label for dental caries treatment.’” The application of SDF is simple,
painless, non-invasive and inexpensive 8 9. Therefore, it may be considered a very attractive
approach for the prevention and treatment of dental caries in elderly, especially in those with
limited locomotion and impaired self-care ability.

Previous reviews on the effects of SDF in preventing and arresting root caries in adults
conducted systematic searches of the evidence, but lacked methodological sophistication
10,11 They did not follow the most current guidelines for conducting and reporting
systematic reviews 12 13 and only the most recently published one 11 provided some critical
appraisal of the design and reporting of the included studies. More importantly, meta-
analyses were not conducted; i.e. the results of individual studies were not statistically
combined to provide a more precise estimate of the degree to which SDF prevents new root
caries lesions from occurring or arrests the progression of existing lesions. Moreover,
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reviews of head-to-head comparisons between SDF and other interventions (e.g., fluoride or
chlorhexidine varnishes) have not been published.

The objective of this systematic review is to perform a qualitative and quantitative synthesis
of the scientific evidence on the effect of SDF for preventing and arresting dental caries on
exposed root surfaces of adults.

Subjects and Methods

This is a systematic review of randomized controlled clinical trials. It was registered at
PROSPERO (CRD42016036963) and is reported according to the recommendations of the
PRISMA statement 13, To be eligible for inclusion in the present review studies needed to
meet the following criteria:

- Participants: adults of any age with exposed root surfaces at the beginning of the
study;

- Intervention: topical SDF solution (any concentration or frequency) applied by any
health care worker at any setting;

- Comparisons: no intervention, placebo, and any cariostatic agent or dental
restorative material;

- Outcomes: primary outcomes were the development of new dental caries lesions
and the arrest of existing carious lesions in exposed root surfaces of permanent teeth
within at least 12 months after product application (e.g., 12, 24 or 30 months of
follow-up or more). The secondary outcome measures were any self/ caregiver-
reported or professionally diagnosed adverse events.

A highly sensitive search strategy was developed for MEDLINE and later adapted for other
databases and online repositories of trials with the help of a librarian (Appendix). The
databases - Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE,
MEDLINE via PubMed, SCOPUS, Web of Science, LILACS, BBO, SciELO - were
searched on April 2016 without language or date of publication restrictions. Five registries
of ongoing trials (i.e., ClinicalTrials.gov, Brazilian Register of Clinical Trials, EU Clinical
Trials Register, ISRCTN registry and Current Controlled Trials and Australian New Zealand
Clinical Trials Register) and the Brazilian database of thesis and dissertations were also
searched. All searches were updated on July 2017. Cross-referencing from narrative reviews
on the subject of SDF for caries prevention or arrest was used to identify additional articles.

The records downloaded from each database were organized into one core database using
EndNote X7 (Thomson Reuters, San Francisco, USA). After training, two review authors
independently examined the title and abstracts of all records that remained after removal of
duplicates and decided which articles should be read in full. When a study apparently met
the inclusion criteria but no abstract was available or there was not enough information in
the title or abstract, the article was obtained and read. Studies in Japanese and Chinese were
examined regarding inclusion with the help of individuals knowledgeable in those
languages.
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An extraction data form was prepared and pilot tested. Two review authors independently
read all the studies selected for inclusion and extracted the data. They also independently
assessed the risk of bias for all included trials by using the Cochrane risk of bias tool. 12
Disagreements between the reviewers over the inclusion of studies and the risk of bias in
particular studies were resolved with the involvement of a third researcher. Study authors
were contacted to obtain missing or unclear information.

For caries prevention, the primary outcome measure of treatment effect was the difference in
mean caries increment (i.e., follow-up mean number of decayed or filled root surfaces minus
baseline mean number of decayed or filled root surfaces - DFRS) between the SDF and
control groups (i.e., water, tonic water or another active treatment). We also calculated
prevented fractions (PF; mean caries increment in control minus mean caries increment in
intervention groups divided by mean caries increment in control) for the comparison
between SDF and placebo. Confidence intervals of PFs were estimated by using Fieller's
method. 14

For caries arrest, the primary outcome measure of treatment effect was the difference in
mean number of arrested lesions (i.e., mean number of active root lesions at baseline that
became arrested at follow-up) between the SDF and control groups (i.e., water, tonic water
or another active treatment).

Since the estimate of between-studies variance under the random-effects model has poor
precision when the number of studies is very small 1°, we used the fixed-effect model to
obtain pooled estimates of caries increment as weighted mean differences (WMD) or PF
when combining the studies. Heterogeneity of studies was assessed by the Chi-square (XZ)
test for heterogeneity and Higgins index (12). The studies in our meta-analyses were grouped
according to the duration of their follow-up in: 12 months, 24 months and 30 months or
more. The difference in caries increments regarding the comparisons between SDF and other
active treatments (i.e., chlorhexidine varnish (CHX) and sodium fluoride varnish (FV))
could not be pooled because there was only one study for each comparison. When there was
more than one SDF intervention group per study 1617 they were combined into a single
group. All analyses were carried out in Stata® 14 (StataCorp LP, College Station, USA) and
followed the procedures described in the Cochrane Handbook for Systematic Reviews of
Interventions. 12

The searches yielded 2,356 unique records; 22 publications were assessed for eligibility.
Eventually, we included four reports from three trials 16-19 that randomized 895 elderly
people and analysed 544, 712 and 460 subjects at 12, 24 and 30 or more months of follow-
up, respectively. (Figure 1 and Table 1) These subjects had similar mean age (i.e., from 72.1
years to 78.8 years), low caries experience (i.e., mean baseline decayed and filled root
surfaces ranged from 1.1 to 2.1) and consumed fluoridated water (0.5 ppm). In all studies
both the test and control groups received individualized oral hygiene instruction (OHI). All
included trials were conducted in Hong Kong, used SDF at a 38% concentration and
compared it to a placebo (i.e., water 17- 18 or tonic water 16). Two trials had two intervention
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groups: one 17 compared yearly SDF applications with or without participation on a
biannually oral health education program (OHE) to a placebo; another 16 compared yearly
SDF applications followed or not by a potassium iodide (KI) application to a placebo. One
trial 18 also compared yearly SDF applications to quarterly applications of 1% chlorhexidine
varnish (CHX) and 5% sodium fluoride varnish (FV). (Table 1) Three studies 16-18 provided
data on caries prevention and two studies provided data on caries arrest 17- 19, Active root
caries was recorded when a shape sickle-shaped probe 8 or a Community Periodontal Index
(CPI) probe 17:19 could easily penetrate a lesion when applied with a light force. Inactive
caries was recorded when no soft dentine was detected 17: 19 and root surface was smooth
and dark brown or black in colour. 17

The three trials were soundly designed, conducted and reported. One 17 had all domains,
except for allocation concealment, with low risk of bias. The other two trials 16: 18 had six
domains with low risk and two domains with unclear risk of bias. (Figure 2)

Caries Prevention

The meta-analysis of three studies with 24 months of follow-up comparing SDF to placebo
showed that SDF applications significantly decrease the number of new root caries lesions
(WMD DFRS: -0.56; 95% CI: -0.77, -0.36). (Figure 3) The prevented fraction (PF) for root
caries prevention ranged from 50.30% to 68.35% depending on duration of follow-up.
(Figure 4) When SDF was compared to SDF followed by Kl no significant difference was
observed in caries increment after 30 months of follow-up. 16 Since in Zhang study 17 only
the test group that received a co-intervention (OHE) had a significantly lower new caries
increment in comparison to the placebo group, we performed a sensitivity analysis excluding
this group from the comparison between SDF and placebo. The pooled WMD and PF
changed from -0.56 to -0.54 (95% CI -0.75, -0.33) and from 50.30% to 52.05% (95% ClI
38.55, 65.55), respectively.

The comparisons between SDF and FV or CHX varnish were based on one study. 18 CHX
had a significantly higher preventive effect than SDF at 12 months of follow-up but there
were no significant differences between SDF and FV at any of the follow-up periods
analysed (i.e., 12, 24 or 36 months) or between SDF and CHX varnish at 24 months of
follow-up or more. (Figure 5)

Caries arrest

Significantly higher mean numbers of arrested lesions were observed in the test groups than
in the placebo group after 24 months of follow-up in one study 7. In the other study 16
results were provided as percentage of caries arrest and the test groups presented
significantly higher percentages of caries lesions arrested than the placebo group at 12, 24
and 30 months of follow-up. In this study 323 subjects were randomized to the test and
control groups but only 83 were included and 67 analysed in the authors' reporting on caries
arrest. (Table 2)

Two studies 16: 18 reported that the interventions were well accepted by the elders. In one
trial, 3.5% of all participants complained about the black staining of their treated root
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(additional information provided by one of the authors). 18
Discussion

Our findings show that annual applications of 38% SDF in elderly people decrease the
incidence of new caries lesions in exposed root surfaces by at least 50%; the longer the
duration of the intervention, the greater the effect. Limited evidence with low risk of bias
indicates that SDF is significantly more effective in preventing the development of new
carious lesions when compared to placebo and similar or better than FV and CHX varnishes.

In our meta-analyses for caries prevention, two SDF test groups were combined into one
SDF group in two of the included trials. One of them 17 tested whether the benefits of SDF
applications would be increased by participation in a bi-annual OHE programme conducted
by trained dental hygienists that emphasized the prevention of snacking habits, correct
toothbrushing practices and adoption of additional tooth cleaning aids. This programme was
costly and time-consuming but only the SDF plus OHE group had a significantly lower new
caries increment in comparison to the placebo group. Considering that toothbrushing
behavior improvement did not significantly differ between the SDF only and SDF plus OHE
groups and that sugar snacking plays a major role in caries development, it is likely that an
unmeasured modification of the participants' dietary habits might have contributed to the
lower caries incidence in the SDF plus OHE group. However, a sensitivity analysis
excluding the SDF plus OHE group from the comparison between SDF and placebo showed
that the impact of this co-intervention on the pooled effect was only negligible. The other
trial compared the use of SDF alone with the use of SDF plus Kl solution 16:19, The K
application immediately after the SDF application did not interfere with SDF's effectiveness
in preventing 16 root caries.

Despite reaching a conclusion similar to that of a previous meta-analysis that combined the
results of two trials with different follow-up periods 2° regarding the efficacy of SDF for root
caries prevention, we obtained a more conservative estimate of effect. Since our meta-
analysis pooled the results of three trials, our estimate of effect is probably more precise.
Moreover, because we grouped the studies in our meta-analyses according to the duration of
their follow-up, we were able to show that the preventive effect of SDF in root surfaces
seems to increase with increasing duration of therapy. This has not been shown before and
needs to be more thoroughly investigated.

When comparing SDF with other active treatments for root caries prevention, evidence from
only one study indicated no difference between the yearly SDF and quarterly FV or CHX
varnish applications, except for the comparison between SDF and CHX varnish at 12
months of follow-up, which favored CHX. A recent meta-analysis 20 has estimated a
reduction of 0.67 mean DFRS in subjects treated with CHX varnish in comparison to
placebo. Taken together, these findings suggest that SDF and CHX varnish may have a
similar effect on the prevention of root caries. Nevertheless, an analysis of cost-effectiveness
in the context of the German health care system showed that quarterly applications of CHX
varnish were not cost-effective whereas SDF was more cost-effective than no treatment,
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specially in populations with high caries risk.2! The lack of difference between the root
caries preventive effect of SDF and FV contrasts with what has been observed in primary
teeth, where yearly 38% SDF applications performed significantly better than quarterly 5%
sodium FV applications. 22 Clearly, more well-designed clinical trials comparing different
frequency and interval between applications of SDF, CHX and F varnishes and other
cariostatic agents are needed.

The assessment of the effect size of SDF on the arrest of root caries was hindered by the
difference in outcome measures used in the studies and results could not be pooled.
However, there is good quality evidence accrued from one trial 17 that annually 38% SDF
applications effectively arrest root caries. Moreover, Kl application immediately after SDF
or participation on a bi-annual OHE programme together with yearly SDF applications do
not seem to interfere with SDF's caries arresting effect.1®

Esthetics of the arrested lesions was not a concern among the elderly that participated in the
studies included in our review. However, adults of different cultural backgrounds or
presenting a higher number of root caries surfaces or lesions in front teeth may consider the
darkening effect of SDF unacceptable.23 One trial tested whether the use of a K| solution
immediately after SDF application would reduce the black staining produced by silver ions
present in SDF. Interestingly, the study failed to show a significant reduction of the black
staining with the use of the K1 solution. 16: 19 Thus, there is still a need to investigate
whether this change in color in SDF treated caries lesions can be minimized.

The results of this systematic review are limited by the low number of clinical trials
addressing our research question and the lack of information from the included trials on the
potential side effects of the intervention other than the darkening of caries lesions. In
addition, all the included trials were from the same group of investigators and enrolled
Chinese elders with low risk of dental caries. The extent to which the findings can be
generalized to other populations (e.g., elders with higher caries risk, not exposed to
fluoridated water, not submitted to individual oral hygiene instruction regularly or having
different dietary habits) and reproduced by other investigators needs to be investigated
further. Additionally, moderate to considerable statistical heterogeneity was encountered
when WMD were pooled. This is hard to explain since relevant clinical and methodological
variations among the studies are not apparent and there are not enough studies to allow a
reliable statistical investigation of the reasons for heterogeneity. The change of the effect
measure has been suggested as an alternative to deal with heterogeneity. 12 When pooled PF
were estimated no heterogeneity was observed and results were consistent with those
obtained through meta-analyses of WMD confirming the effectiveness of SDF for the
prevention of root caries.

In conclusion, yearly 38% SDF applications to exposed root surfaces of elderly people are
effective against dental caries initiation and progression. The preventive effect of SDF for
root caries is similar to that of 5% sodium fluoride and 1% chlorhexidine varnishes. Further
research is needed to replicate these findings and to determine the best frequency and
interval of SDF applications. Given the potential of SDF for both prevention and arrest of
dental caries, its low cost and simplicity of application, future studies in elderly populations
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should consider the impact of SDF on satisfaction with dental care, quality of life and the
cost benefit of using SDF in lieu of more complex treatments at this stage of life.
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Practical Implications

Besides placing a huge financial burden on society, untreated root caries negatively
impacts on the elderly's quality of life, especially because of pain experience, which can
lead to psychological and physical discomfort, social disability and even handicap. The
application of silver diamine fluoride (SDF) is simple, painless, non-invasive and
inexpensive. Therefore, it may be considered a very attractive approach for the prevention
and treatment of dental caries in elderly, especially in those with limited locomotion and
impaired self-care ability. Knowing that it works for both caries prevention and arrest and
is well accepted by patients may be of great interest to clinicians.
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3,507 records identified through database
searching:
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Figure 1.
Flow diagram showing the process of identifying, screening, assessing for eligibility,

excluding and including studies.
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Comparisons of the mean increment in the number of decayed or filled root surfaces (DFRS)
of permanent teeth, in silver diamine fluoride and placebo groups, by duration of follow-up

(12 months, 24 months or 30 months or more).
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Comparisons of the prevented fractions in root surfaces of permanent teeth, in silver diamine
fluoride and placebo groups, by duration of follow-up (12 months, 24 months or 30 months

or more).
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Comparisons of the mean increment in the number of decayed or filled root surfaces (DFRS)
of permanent teeth, in silver diamine fluoride and active treatment groups, by duration of
follow-up (12 months, 24 months or 30 months or more).
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Table 2
Results of the individual studies regarding caries arrest by duration of follow-up

Page 17

Study, Year Outcome

Number of participants at
baseline (N;) and number of
participants analysed (N¢)
by duration of follow-up

Results

Intervention Group

Comparison Group

Zhang, 2013

Mean number of arrested root
caries surfaces (SD)

Li, 2017
Percentage of arrested root caries
surfaces

N;=266
24 months
Nf =227
N;=323 (randomized) and 83
with active root caries lesions

12 months
(N =75)

24 months
(N¢ =65)

30 months
(N =67)

OHI + SDF (n=83) = 0.28 (0.02)
OHI + SDF + OHE (n=69) = 0.33
(0.10)

OHI + SDF (n=27) = 61.0%
OHI + SDF + KI (n=29) = 75.9%

OHI + SDF (n=26) = 82.1%
OHI + SDF + KI (n=23) = 85.4%

OHI + SDF (n=27) = 90.0%
OHI + SDF + KI (n=24) = 92.5%

OHI + water (n=75) = 0.04
(0.02)

OHI + tonic water (n=19) =
32.1%

OHI + tonic water (n=16) =
28.6%

OHI + tonic water (n=16) =
45.0%

SD=standard deviation, SDF= silver diamine fluoride, OHI= individualized oral hygiene instruction, OHE= oral health education programme, Kl=

potassium iodide.
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