@ () This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit
BY http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

SYSTEMATIC REVIEW

Bonding of Glass-lonomer Cement and Adhesives to Silver
Diamine Fluoride-treated Dentin: An Updated Systematic

Review and Meta-Analysis

Tatiana Tambara Fréhlich@ / Graziela Botton® / Rachel de Oliveira Rocha¢

Purpose: To evaluate through a systematic review and meta-analysis the bonding performance of adhesive mater-
ials to silver diamine fluoride (SDF)-treated dentin.

Materials and Methods: Studies located in PubMed, Web of Science, LILACS, and Scopus up to September 2020,
which compared the bond strength of adhesives (AD) or glass-ionomer cement (GIC) to SDF-treated and untreated
(control) dentin were included. Mean differences were estimated separately by material and dentin condition
(sound or caries-affected), with a random-effects model, at a 5% significance level.

Results: Twenty-two studies, including 11 new studies not included in our previous systematic review, met the eligi-
bility criteria, and 21 studies were considered in the meta-analyses. SDF dentin pretreatment did not influence the
bonding of GIC (Z = 0.53; p = 0.60), independent of dentin condition. SDF treatment significantly impaired the
bonding of AD (Z =2.43; p=0.01). A rinsing step after SDF eliminated this effect in sound dentin (Z = 1.82;
p = 0.07) and increased the bond strength to caries-affected dentin (Z = 2.14; p = 0.03).

Conclusion: SDF pretreatment does not influence the bond strength of GIC. A rinsing step after SDF application

can improve the bond strength of AD to caries-affected dentin.
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ilver diamine fluoride (SDF) has been considered the
most effective non-invasive treatment for carious le-
sions, especially in primary teeth.5 SDF has bactericidal
properties, inhibits demineralization, and promotes the re-
mineralization of demineralized dentin.56 Also, it inhibits col-
lagenases (matrix metalloproteinases and cysteine cathep-
sins) and protects dentin collagen from destruction.30.31
Due to these properties, SDF has a potential application
as an adjunct to restorative treatment to prevent recurrent
caries lesions.26.53 In vitro studies show that SDF dentin
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treatment prior to placing restorations provides greater re-
sistance to the development of new lesions when submit-
ted to cariogenic challenge.32:36.57 However, a silver phos-
phate layer was formed on the SDF-treated dentin
surface,40 and silver particles extend into the dentinal tu-
bules, totally or partially obstructing them,22 which could
impair the adhesion of restorative materials.

A previous systematic review and meta-analysisll
showed that SDF pretreatment does not negatively influ-
ence the bond strength of glass-ionomer cement to dentin,
but can impair the adhesive bond strength. The rinsing step
after SDF application eliminates this adverse effect. How-
ever, few studies considered caries-affected dentin at the
time of the review, and a separate meta-analysis with these
data could not be performed. Worse results can be ex-
pected for caries-affected dentin, as chemical and morpho-
logical differences (eg, lower mineral content! and in-
creased porosity of intertubular dentin33) jeopardize
bonding.18 Moreover, it is essential to consider that more
silver precipitated onto demineralized than sound dentin.22

Interest in using SDF as a dentin pretreatment has in-
creased since the publication of the systematic review men-
tioned above.11 Several studies have been published re-
cently which evaluated this effect on caries-affected
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1630 records identified through database searching:
e PubMed(Medline): 857
e Scopus:409
e Lilacs: 37
e Web of Science: 327

Record duplicates
(n=130)

Studies selected

Fig 1 Flowchart
diagram of study
selection according
to the PRISMA
statement.

(n = 1500)

Full-text articles assessed

1478 articles excluded after reading the title and abstract:
e Other area of interest (n = 1066)

.| ® No bond strength test or did not evaluate SDF (n = 408)
"] o Assessed enamel (n = 2)

* No evaluated adhesive or glass-ionomer cement (n = 1)

e Root surface was used (n = 1)

for eligibility (n = 22)

Studies included in
systematic review (n = 22)

Studies included in
meta-analysis (n = 21)

‘ Included ‘ ‘ Eligibility ‘ ‘ Screening ‘ ‘Identification‘

dentin,3:9.19,34,46,49,50 g relevant substrate in daily clinical
practice. Some authors found that prior SDF application on
caries-affected dentin does not diminish bond strength, 19,50
or can even improve it.9:46 In contrast, other studies
showed a significant reduction in bond strength.3.26 There-
fore, this study aimed to update the systematic review and
meta-analysis on the influence of silver diamine fluoride on
the bonding performance of direct restorative materials to
sound and caries-affected dentin. The null hypothesis
tested was that SDF pretreatment does not influence the
bond strength of glass-ionomer cement and adhesives re-
gardless of the dentin condition — sound or caries-affected.

MATERIALS AND METHODS

This systematic review was written following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement.38 The literature approach and search
strategy were developed based on the following PICO (par-
ticipant/problem, intervention, comparator, and outcome)
question: does prior application of silver diamine fluoride
influence the bond strength of direct restorative materials
to sound and caries-affected dentin? The direct restorative
materials (glass-ionomer cement and adhesives) was the
“participant/problem”, prior silver diamine fluoride applica-
tion was the “intervention”, no previous application was the
“comparator”, and the bond strength was the “outcome”.
The systematic review protocol was not previously regis-
tered; it can be accessed by contacting the authors.
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Search Strategy
A comprehensive literature search was undertaken through
the electronic databases PubMed/MEDLINE, ISI Web of Sci-
ence, Scopus, and LILACS to identify literature up to Sep-
tember 2020, with no language or publication year limits.
The subject search used a combination of controlled vo-
cabulary and text words based on the search strategy devel-
oped for the PubMed/MEDLINE database as follows:
((((((((((((bond strength) OR microtensile) OR micro shear) OR
tensile) OR Tensile Strength[MeSH Terms]) OR tensile
strength) OR shear) OR shear strength) OR Shear Strength
[MeSH Terms])) AND (composite resins[MeSH Terms]) OR
composite resins) OR composite resin*) OR resin compos-
ite* OR Adhesives[MeSH Terms] OR adhesive* OR adhe-
sion OR adhesive* OR Dental Bonding [MeSH Terms] OR
dental bonding OR Dentin-Bonding Agents[MeSH Terms] OR
dentin bonding agent* OR total-etch adhesive* OR total-
etch adhesive* OR total-etch OR total-etching OR conven-
tional adhesive OR etch-and-rinse adhesive* OR self-etch
adhesive* OR self-etch adhesive* OR self-etch* OR self-
etching primer* OR all-in-one adhesive* OR one-bottle adhe-
sive* OR universal adhesive* OR glass-ionomer cements
[MeSH Terms] OR glass-ionomer cements OR glass-ionomer
cement OR glass polyalkenoate cement* OR resin-modified
glass-ionomer cement* OR highly viscous glass-ionomer
cement* OR high viscosity glass-ionomer cement AND
(((((silver fluoride) OR silver diamine fluoride) OR SDF) OR
diamine fluoride). For ISI Web of Science, LILACS and Sco-
pus the following search terms were used: (Silver Diamine
Fluoride) OR (Silver Fluoride) AND (Bond Strength).
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Table 1 Descriptive data of the included studies — glass-ionomer cement

Number Caries- Bond
of teeth Silver diamine SDF Restorative Dentin affected strength
Study Country per group fluoride (SDF) protocol*  material Type of teeth  condition lesion test**
Braz et al, Brazil 7 Advantage Arrest Rinsed Fuji Il LC@ Permanent Sound and Artificial uSBS
2020 [3] < (38%SDF) Not rinsed Riva Self- teeth caries- (pH-cycling
Cure& affected model)
Francois et France 20 Riva Star& Not rinsed Equia Forte Permanent Sound - SBS
al, 2020 [10] (38% SDF and KI) Fil@ molar
Gupta et al, India 8 Riva Star& Rinsed Gold Label 2 Permanent Sound - SBS
2019 [15] (38% SDF and KIl) LC@ molar
Jiang et al, Hong Kong 15 Saforide$$$ Not rinse Ketac-Molar Permanent Sound and Artificial uTBS
2020 [19] (38% SDF) Aplicap # molar caries- (microbiological
affected model)
Knight et al, Australia 10 Hoxok Not rinsed Fuji VIl@ Permanent Sound - SBS
2006 [23] (1.8M SDF and KI)  Rinsed molar
Koizumi et al, Japan 10 Riva Star& Not rinsed Riva Bond Permanent Sound - uTBS
2016 [25] (38% SDF and KI) LC& molar
Ng et al, USA 10-12 Advantage Not Rinsed  Fuiji IX GP Permanent Caries- Artificial SBS
2020 [34] Arrest< (38% SDF) Extra molar affected (demineralizing
Capsule@ solution)
Puwanawiroj  Thailand 40 Saforide$$$ Rinsed Fuiji IX GP Primary Caries- Natural uTBS
et al, 2018 (38% SDF) Extra molar affected
[42] Capsule@
Uchil et al, India 9 Fagamin$$$$ Rinsed Gold Label Primary Caries- Artificial uTBS
2020 [49] (38% SDF) Ligth-Cure molar affected (microbiological
Lugol’s solution Universal@ model)
10 wt% (KI)%
Wang et al, Hong Kong 4 Saforide$$ Rinsed Fuji IX@ Permanent Sound and Artificial uTBS
2016 [52] (38% SDF) molar caries- (demineralising
affected solution)
Yamaga et Japan * ok Saforide$ Not rinsed Hy-Bond# Bovine Sound - SBS
al, 1993 [54] (38% SDF) incisor
Zhao et al, Hong Kong 20 Riva Star& Rinsed Ketac-Molar#  Permanent Caries- Artificial SBS
2019 [55] (38% SDF and KIl) Not rinsed affected (demineralising
Saforide$$$ solution)
(38% SDF)
* SDF protocol: not rinsed or rinsed after the waiting time; ® elapsed time between the placement of SDF and restoration; **SBS: shear bond strength; pTBS: microtensile bond
strength; uSBS: microshear bond strength; *** not given; $ Toyo Pharmaceutical, Tokyo, Japan; # Shofu, Tokyo, Japan; @ GC, Tokyo, Japan; # 3M Oral Care, St Paul, MN, USA; &
SDI, Bayswater, Victoria, Australia; $$ Morita, Osaka, Japan; $$$ Bee Brand Medico Dental, Osaka, Japan; $$$$ Tedequim Company, Cérdoba, Argentina; < Elevate Oral Care,
West Palm Beach, FL, USA; % Nice Chemicals, Kochi, India.

Study Selection

Screening of titles and abstracts of all studies were per-
formed to select studies according to the inclusion criteria:
in vitro studies that evaluated the bond strength of direct
restorative materials (glass-ionomer cement and adhe-
sives/resin composite) to previously SDF-treated dentin.
The full-text of potentially eligible studies was assessed.
Those which had no control group (dentin without prior ap-
plication of silver diamine fluoride), assessed root dentin, or
used different application protocols of restorative material
between the experimental and control groups, were ex-
cluded. The reference lists of all included studies were man-
ually screened to retrieve all relevant papers. The studies
were selected by two independent reviewers (kappa =0.90),
and any disagreement regarding eligibility was solved
through discussion and consensus with a third reviewer.

doi: 10.3290/j.jad.b2701679

Data Extraction

The data were extracted according to a predefined protocol
using a form in Microsoft Office Excel 2013 (Microsoft;
Redmond, WA, USA). For each paper, the following data
were systematically extracted: publication year, country,
number of teeth per group, type of teeth, silver diamine
fluoride and restorative material used, application protocol,
bond strength test, dentin condition (sound or caries-af-
fected), type of carious lesion (natural or artificial), bond
strength mean values (in MPa) and standard deviations
(SD). The authors were contacted via e-mail at least twice
to retrieve the bond strengths that were not presented as
means and standard deviation. If the authors did not pro-
vide this information, the study was not included in the
systematic review.
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Table 2 Descriptive data of the included studies — adhesives

Number Type of Bond
of teeth Silver diamine SDF Restorative Type of Dentin caries-affected strength
Study Country per group fluoride (SDF) protocol*  material teeth condition lesion test**
Firouzmandi Iran 12 Ancarie Rinsed Adper Single Permanent  Sound and Natural uSBS
et al, 2020 Cariostatic® Bond 2% molar caries-
[9] (30% SDF) affected
Ko et al, Hong Kong 16 Saforide$$ Rinsed Clearfil SE Bond#  Permanent  Sound - uTBS
2020 [24] (38%SDF) molar
Saforide RC$$
(3.8% SDF)
Koizumi et Japan 10 Riva Star& Not rinsed  Optibond FL Permanent  Sound - uTBS
al, 20016 (38% SDF and Kl) Optibond Versa molar
[25] Clearfil Liner
Bond#
Kucukylmaz Turkey 8 Saforide$ Not rinsed  Clearfil SE Bond# Permanent  Sound and Artificial uTBS
et al, 2016 (38% SDF) molar caries- (pH-cycling
[26] affected model)
Lutgen et al, USA 10 Advantage Arrest<  Not rinsed  Clearfil SE Bond Permanent  Sound - uSBS
2018 [28] (38% SDF) Rinsed 2# molar
Scotchbond
Universal%
Markham et USA 15 Advantage Arrest Rinsed Scotchbond Permanent  Sound - SBS
al, 2020 [29] < (38% SDF) Universal% molar
Prime & Bond NT
> G-Premio Bond £
Quock et al, USA 7 Saforide$ Rinsed Peak SE@ Permanent  Sound — uTBS
2012 [43] (38% SDF) Peak LC@ molar
Ancarie
Cariostatic®
(12% SDF)
Selvaraj et India 18 Riva Star& Rinsed Adper Single Permanent  Sound - uSBS
al, 2016 [45] (38% SDF and Kl) Bond 2% molar
Adper Easy One%
Siqueira et Brazil 5 Riva Star& Rinsed Clearfil Universal Permanent  Caries- Artificial (micro-  pTBS
al, 2020 [46] (38% SDF and Kl) Bond Quick# molar affected biological
Cariestop? Scotchbond model)
(12% SDF) Universal%
Van Duker et  USA 10 Advantage Arrest Rinsed Scotchbond Permanent  Caries- Artificial uTBS
al, 2019 [50] < (38% SDF) Universal% molar affected (demineralising
Saturated solution solution)
of Kl
Wu et al, USA 12 Saforide$ Rinsed Prime & Bond Primary Sound - uTBS
2016 [53] (38% SDF) NT > molar
** SDF protocol: not rinsed or rinsed after the waiting time; * elapsed time between the placement of SDF and restoration; **uTBS: microtensile bond strength; uSBS: microshear bond
strength; © Maquira Dental Products, Maringa, PR, Brazil; $ Toyo Seiyaku Kansei, Osaka, Japan; $$Bee Brand Medico Dental, Osaka, Japan; @ Ultradent, South Jordan, UT, USA; & SDI,
Bayswater, Victoria, Australia; A Kerr, Orange, CA, USA; # Kuraray Noritake Dental, Tokyo, Japan; % 3M Oral Care, St Paul, MN, USA; ? Biodinamica, RJ, Brazil; < Elevate Oral Care, West
Palm Beach, FL, USA; > Dentsply Caulk, Milford, DE, USA; £ GC, Tokyo, Japan.

Risk of Bias Assessment

The risk of bias was based on and adapted from a previous
study.44 The domains considered were: random sequence
generation of the teeth for experimental groups, sample size
calculation, the same number of teeth per group, failure
mode evaluation, silver diamine fluoride and restorative ma-
terials applied following manufacturers’ instructions, mater-
ials and testing procedures performed by a single operator,
and specimens tested by a blinded operator. If the param-
eter was described in the text, the study received a “yes,”
otherwise, it received a “no” or “unclear” (no information or
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uncertainty about the potential for bias). The risk of bias was
classified according to the sum of “yes” answers received,
as follows: 1-3 = high; 4-5 = intermediate; 6-8 = low risk of
bias. If needed, authors were contacted via e-mail (at least
two attempts were made) for missing or unclear information.

Data Analysis

Through a random-effects meta-analysis, the pooled-effect
estimates were obtained by comparing the standardized
mean difference between the bond strengths of SDF treated
dentin and control groups separately for each restorative
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material considered. Subgroup analyses were carried out
according to the SDF application protocol (including or ex-
cluding the rinsing step after the SDF application time) and
dentin condition (sound or caries-affected). p < 0.05 was
considered statistically significant (Z-test). For studies that
evaluated more than one adhesive, it was necessary to
combine the obtained bond strengths (regardless of the
etching strategy) into one mean and one standard deviation
using a formula suggested by the Cochrane Statistical
Guidelines.17 Only the immediate bond strengths were con-
sidered for analysis. Forest charts were created to illustrate
the meta-analysis. Statistical heterogeneity of the treatment
effect among studies was assessed using the Cochran Q
test and inconsistency (I2), with a p-value of 0.1.17 All ana-
lyses were performed using Review Manager Software 5.3
(The Cochrane Collaboration; Copenhagen, Denmark).

RESULTS

Search and Selection

The search strategy identified 1630 potentially eligible stud-
ies in all databases. Duplicates were removed, and 1500
studies remained for further examination regarding the in-
clusion criteria. After screening titles and abstracts, 1478
studies were excluded. With this, 22 studies remained after
the full-text assessment. For the meta-analysis, 21 studies
were included because one of the studies®# did not present
means and standard deviation, and the missing data were
not provided by the authors through e-mail. A flowchart of
the study selection process according to the PRISMA state-
ment38 and the reasons for exclusion are shown in Fig 1.

Descriptive Analysis

Tables 1 and 2 show the descriptive data of the included
studies separately by restorative material, glass-ionomer
cement, and adhesives. Studies were published between
1993 and 2020, all in English. Almost all of the included
studies are from the last eight years, except two23.54 evalu-
ating glass-ionomer cement bonding.

For glass-ionomer cement, 12 studies were included.3:10,15,
19,23,25,34,42,49,52,55 The studies come mainly from 3 coun-
tries/regions — Japan, India, and Hong Kong. SDF concentra-
tions of 30% or 38% associated with potassium iodide solu-
tion were evaluated. The majority of the studies evaluated
glass-ionomer cement modified by resin or high viscosity; only
three used conventional glass-ionomer cement.3:23.52 Five
studies evaluated the bonding of glass-ionomer cement to
sound dentin,10,15,23,34 four considered caries-affected den-
tin,34.42,49,55 and three evaluated the two substrate condi-
tions.3:19,52 Of the studies that assessed caries-affect dentin,
most used artificial lesions; only one study42 used natural
lesions. The majority assessed permanent teeth, and only two
studies used primary molars.42.49 The shear bond strength
test was the most frequently employed mechanical method,
followed by the microtensile bond strength test.

For adhesives, eleven studies were included.9:24-26,28,
29,43,45,46,50,53 The studies come mainly from the USA. The

doi: 10.3290/j.jad.b2701679

majority of studies used SDF concentrations of 30% or 38%,
associated with potassium iodide solution. Only two stud-
ies43.46 evaluated both SDF 38% and SDF 12%, and one
study?4 assessed SDF 38% and 3.8%. Therefore, data
based on concentrations of 12% and 3.8% were not consid-
ered. Sound dentin was the bonding substrate considered in
most studies; only four studies®:26,46,50 evaluated the bond
strength to caries-affected dentin. Of the studies that as-
sessed caries-affect dentin, most used artificial lesions and
only one study® used natural lesions. Only one study consid-
ered bonding to primary dentin.53 The microtensile bond
strength test was the most commonly used mechanical test.

Meta-Analysis

Glass-ionomer cement

Figure 2 shows the results for the meta-analysis consider-
ing glass-ionomer cement. No significant difference was
found between control and SDF groups (Z = 0.53; p =0.60)
in the overall meta-analysis, with moderate heterogeneity
(chi-squared test; p =0.04; 12 =41 %). SDF pretreatment
does not affect the bond strength to sound dentin, with
(Z=0.93; p =0.35) or without the rinsing step (Z=1.11;
p = 0.27). The data showed heterogeneity for rinsing sub-
groups (chi-squared test; p = 0.03; 12 =65 %) and no het-
erogeneity for subgroups without a rinsing step (chi-squared
test; p = 0.43; 12=0%). Similarly, pretreatment with SDF did
not jeopardize the bond strength to caries-affected dentin,
with (Z = 0.99, p = 0.32) or without a rinsing step (Z =
0.92, p = 0.36). The data show moderate heterogeneity for
rinsing subgroups (chi-squared test; p = 0.16; 12 = 39%) and
no heterogeneity for subgroups without rinsing (chi-squared
test; p = 0.82; 12 = 0%).

Adhesives

Figure 3 shows the results of meta-analysis for adhesives.
SDF applied prior to the adhesive significantly impaired the
bond strength to dentin in overall meta-analysis (Z = 2.43;
p = 0.01) and in the sound dentin subgroup without rinsing
(Z =2.93; p<0.01). The data were heterogeneous (chi-
squared test; p < 0.01; 12 =98% and p < 0.01; 12 =95%).
The rinsing step eliminated the negative effect of SDF ap-
plication in sound dentin (Z=1.82; p=0.07) and in-
creased the bonding of adhesives to caries-affected dentin
(Z=2.14, p = 0.03). Data were heterogeneous in both
sound and caries-affected dentin, with rinsing step sub-
group analysis (chi-squared test; p < 0.01; 12=97%; chi-
squared test; p = 0.1; 12=72%).

Risk of bias

The results of the risk-of-bias assessment are described in
Table 3. One study could not have its risk of bias as-
sessed,®0 as it was not obtained in the full version, and
some domains could not be evaluated. The majority of the
included studies presented intermediate (10 studies) or
high (8 studies) risk of bias. The parameters that most
often received “no” were: the description of sample size
calculation, a single operator during the specimen prepar-
ation, and operator blinded during the tests.
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CONTROL SDF
Study or Subgroup Mean SD Total Mean

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.1.1 Sound dentin (without rinsing step)
Braz et al., 2020
Frangois et al., 2020

Heterogeneity: Tau? = 0.00; Chi? = 0.94, df = 3 (P = 0.82); I = 0%
Test for overall effect: Z = 0.92 (P = 0.36)

1.1.4 Caries-affected dentin (with rinsing step)

Braz et al., 2020 85 29 7 34
Puwanawiroj et al., 2019

Heterogeneity: Tau® = 0.25; Chi* = 28.86, df = 17 (P = 0.04); P =41%
Test for overall effect; Z = 0.53 (P = 0.60)
Test for subaroup differences: Chi* = 3.41, df = 3 (P = 0.33), P = 12.0%

12.95 4.41 14 144 098 14 0.5%
7.1 2.86 40 687 2.78 a0 8.4%

13.7%

30.7%

1.2%
0.3%
9.4%

2.6%
13.5%

13.2%
22.0%

Jiang et al.,2020 102 1.8 15 1057 1.6 15 7.3%
Knight et al., 2006 191 057 10 153 074 10

Koizumi et al., 2016 184 5.6 10 145 5.2 10 0.8%
Subtotal (95% CI) 89 129
Heterogeneity: Tau® = 0.00; Chi* = 3.82, df = 4 (P = 0.43); I = 0%

Test for overall effect: Z = 1.11 (P = 0.27)

1.1.2 Sound dentin (with rinsing step)

Braz et al., 2020 75 241 7 65 45 T

Gupta et al., 2019 10.5 10.5 8 223 44 8

Knight et al., 2006 1.91 0.57 10 2.82 1.238 9

Wang et al., 2016 4 1.68 4 425 1.8 4
Subtotal (95% CI) 29 28
Heterogeneity: Tau® = 3.29; Chi* = 8.62, df = 3 (P = 0.03); I = 65%

Test for overall effect: Z = 0.93 (P = 0.35)

1.1.3 Caries-affected dentin (without rinsing step)

Braz et al., 2020 485 3.69 14 485 3 14 2.5%
Jiang et al.,2020 597 23 15 614 22 15 5.0%
Mg et al., 2020 10.4 45 10 872 533 22 1.3%
Zhao et al,, 2019 26 14 20 23 09 20
Subtotal (95% CI) 59 m

25 7T 2.0%
6.3 4.6 40 74 51 40 3.3%
13.5%

11.3%
33.7%

Uchil et a., 2020 1.11 0.56 9 161 1.24 27

Wang et al., 2016 3.84 147 4 474 1.41 4 3.6%
Zhao et al., 2019 26 1.1 20 3 14 20
Subtotal (95% CI) 80 98
Heterogeneity: Tau? = 0.23; Chi* = 6.60, df = 4 (P = 0.16); I* = 39%

Test for overall effect: Z = 0,99 (P = 0.32)

Total (95% CI) 257 326 100.0%

-1.45[-7.08, 4.18]
0.23[-0.85, 1.31] 1T
-0.37 [-1.59, 0.85) o

0.38 [-0.20, 0.96] Y i
3.90 [-0.84, 8.64)
0.26 [-0.20, 0.73] >

1.00 [-2.68, 4.68]
-11.80[-19.69, -3.91] +——
-0.91 [-1.88, 0.06]
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Fig 2 Meta-analysis findings comparing the bond strength of glass-ionomer cement to SDF treated (SDF) and untreated (control) dentin
according to SDF protocol (with or without rinsing step) and dentin condition (sound or caries-affected).

DISCUSSION

The present study updates a previous systematic review
and meta-analysis on the influence of silver diamine fluor-
ide application on dentin bond strength of glass-ionomer
cement and adhesives.11 The first review1l included 11
studies, the majority of them evaluating SDF pretreatment
on sound dentin, so that an independent analysis with data
of caries-affected dentin could not be investigated. This up-
dated systematic review, conducted by the same research
group, included 22 studies; 10 studies that evaluated car-
ies-affected dentin substrate were eligible for this review
(6 new studies); this is a more relevant substrate in daily
clinical practice. Another systematic review was recently
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published, but without including the total of studies consid-
ered in this review.20

According to our previous systematic review,11 the effect of
SDF application on dentin bonding was material-dependent,
as it does not influence the bonding of glass-ionomer cement
but can impair the bond strength of adhesives if SDF is not
rinsed after application. Therefore, new subgroup meta-analy-
ses were performed considering studies that assessed the
SDF effect in caries-affected dentin. As in the previous review,
SDF pretreatment in caries-affected dentin does not impair
the bond strength of glass-ionomer cement. Likewise, SDF
application followed by rinsing, does not jeopardize adhesives’
bond strength. Therefore, considering the obtained results,
the hypothesis of this updated review was partially accepted.
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CONTROL
Study or Subgroup Mean SD Total

SDF
Mean

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.1.1 Sound dentin (without rinsing step)

Koizumi et al., 2016 31.83 5.88 30 1393 768 30
Kucukyilmaz et al., 2016 36.79 537 8 3187 754 8
Lutgen et al., 2018 4097 456 30 11.97 1042 30
Subtotal (95% CI) 68 68

Heterogeneity: Tau? = 101,10; Chi? = 41.43, df = 2 (P < 0.00001); I> = 95%
Test for overall effect: Z = 2,93 (P = 0.003)

1.1.2 Sound dentin (with rinsing step)

Firouzmandi et al., 2020 1837 4.7 6 17.08 4.88 6
Ko et al., 2020 775 48 16 59.7 6 16
Lutgen et al., 2018 40.97 4.56 30 268 g 30
Markham et al., 2020 28.83 1347 45 185 B8.02 45
Quock et al., 2012 31.88 5 14 33.57 1013 14
Selvaraj et al., 2016 28.58 1.1 36 2928 098 36
Wu et al., 2016 162.09 81.08 12 139.85 8B.53 12
Subtotal (95% CI) 159 159
Heterogeneity: Tau® = 88.42; Chi* = 176.45, df = 6 (P < 0.00001); I* = 97%
Test for overall effect: Z = 1.82 (P = 0.07)

1.1.3 Caries-affected dentin (with rinsing step)

Firouzmandi et al., 2020 122 234 6 1763 4.19 6
Siqueira et al., 2020 1819 3.23 20 2575 301 20
Van Ducker et al., 2019 235 107 10 19.8 8.4 10
Subtotal (95% CI) 36 36
Heterogeneity: Tau? = 10.00; Chi# = 7.02, df =2 (P =0.03); F = 72%

Test for overall effect: Z=2.14 (P = 0.03)

Total (95% CI) 263 263 1

Heterogeneity: Tau® = 97.65; Chi® = 542.97, df = 12 (P < 0.00001); I* = 98%
Test for overall effect: Z=2.43 (P = 0.01)
Test for subaroup differences: Chi* = 16.45, df = 2 (P = 0.0003), I = 87.8%
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Fig 3 Meta-analysis findings comparing the bond strength of adhesives to SDF treated (SDF) and untreated (control) dentin according to SDF
protocol (with or without rinsing step) and dentin condition (sound or caries-affected).

The present findings show that regardless of dentin con-
dition (sound or caries-affected), the bonding of glass-iono-
mer cement was not affected by SDF pretreatment. This
may be explained by the bonding mechanism of glass-iono-
mer cement, which is based on a chemical reaction be-
tween polyacrylic acid from glass ionomer and calcium ions
mainly from hydroxyapatite.14 The SDF protocol (with or
without the rinsing step) did not influence dentin bond
strength to either substrate. However, even in studies that
did not carry out the rinsing step immediately after SDF ap-
plication, a conditioner, such as polyacrylic acid,3:10,19,25
was applied before restoration. Thus, the rinsing step or the
application of polyacrylic acid can be necessary for proper
adhesion of glass-ionomer cement to SDF-treated dentin to
eliminate the silver precipitate excess and increase the ion
exchange for an acid-base reaction.

In contrast to the glass-ionomer cement results, the
bond strength of adhesives to dentin could be impaired by
SDF pretreatment. The silver precipitate formed on the den-
tin surface and in dentin tubules could adversely affect the
bonding of the adhesive, as the bonding mechanism of ad-
hesives is based on micromechanical retention and hybrid
layer formation in dentin.416 As in the first review, this up-
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date considered the adhesives in the same group, regard-
less of the etching strategy (etch-and-rinse or self-etch), as
in other reviews,2.7.41 considering that the main goal was to
evaluate the influence of SDF on dentin bonding.

The negative effect of SDF on the bonding of adhesives
was eliminated when rinsing was performed, even in caries-
affected dentin. The worst result was expected in caries-af-
fected dentin due to the chemical and morphological differ-
encesl:33 as well as more silver precipitating onto
demineralized dentin,22 but this was not confirmed in this
systematic review. On the contrary, pretreatment with SDF
followed by rinsing could increase adhesives’ bonding to
caries-affected dentin. Only one study26 assessed prior SDF
application on caries-affected dentin without the rinsing
step, so this subgroup analysis could not be performed.
Even so, according to this earlier study,26 SDF application
jeopardized dentin bond strength. Immediately after SDF
application, rinsing can eliminate the excess of silver pre-
cipitate from peritubular and intertubular dentin,28 favoring
adhesion. Besides, SDF can remineralize the caries-af-
fected dentin,6 improving the mechanical properties of this
altered substrate. However, this finding is based on only
three studies;9:46.50 thus, more investigations evaluating
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Table 3 Risk of bias assessment for each included study
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Glass-ionomer cement
Braz et al, 2020 [3] Yes Yes Yes Yes Yes Yes Yes No Low
Frangois et al, 2020 [10] Yes No Yes Yes Yes Yes No No Medium
Gupta et al, 2019 [15] No No Yes No Yes Yes No No High
Jiang et al, 2020 [19] Yes No Yes Yes Yes Yes No No Medium
Knight et al, 2006 [23] No No No No Unclear Unclear No No High
Koizumi et al, 2016 [25] Yes No Yes Yes Yes Yes No No Medium
Ng et al, 2020 [34] Yes No No No Yes Yes No No High
Puwanawiroj et al, 2018 [42] Yes No Yes Yes Unclear Unclear No No High
Uchil et al, 2020 [49] Yes Yes Yes Yes Unclear Yes No No Medium
Wang et al, 2016 [52] Yes No Yes Yes Yes Unclear No No Medium
Yamaga et al, 1993 [54] No No Yes Yes No No No No High
Zhao et al, 2019 [55] Yes No Yes Yes Unclear Unclear No No High
Adhesives
Firouzmandi et al, 2020 [9] Yes No Yes Yes Unclear Yes No No Medium
Ko et al, 2020 [24] Yes No Yes Yes Unclear Yes No No Medium
Koizumi et al, 20016 [25] Yes No Yes Yes Yes Yes No No Medium
Kucukylmaz et al, 2016 [26] Yes No Yes Yes Unclear Unclear No No High
Lutgen et al, 2018 [28] No No Yes Yes Yes Yes No No Medium
Markham et al, 2020 [29] No No Yes Yes Unclear Yes No No High
Quock et al, 2012 [43] Yes No Yes Yes No Yes No No Medium
Selvaraj et al, 2016 [45] Yes No Yes Yes No Yes No No Medium
Siqueira et al, 2020 [46] Yes Yes Yes Yes Yes Yes Yes No Low
Wu et al, 2016 [53] No No Yes Yes Unclear Yes No No High

the bonding mechanism of adhesives to SDF-treated caries-
affected dentin are necessary to confirm this result.

The application of SDF to prevent recurrent caries is a
new and off-label approach; therefore, few studies evaluat-
ing its effect on bond strength of restorative materials are
available, which explains the relatively low number of eligi-
ble studies. However, it is essential to note that shortly
after the publication of the first systematic review,11 twice
as many articles could now be included in this update, dem-
onstrating the growing interest in the use of SDF. Despite
the considerable increase in the number of studies, only
one new study evaluating primary teeth was included.4®
Thus, although SDF is most commonly used for arresting
caries in primary teeth,5 few studies assessed the influ-
ence of prior SDF application on the bond strength of re-
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storative materials in these teeth (two assessed glass-ion-
omer cement42.49 and only one considered an adhesive).53
Hence, a separate meta-analysis cannot be performed yet.
Considering that bond strength evaluations can measure
one specific parameter, controlling the other variables, more
laboratory investigations should be conducted to evaluate
the effect of SDF on bonding to primary dentin.

SDF can inhibit matrix metalloproteinases (MMPs), thus
avoiding dentin collagen degradation.30:31 [t is known that
the intrinsic degradation (proteolysis) of collagen fibers in
dentin by enzymes such as MMPs can compromise the
bonding interface, decreasing the bond strength of restora-
tive materials in the long term.37:39 The use of MMP inhibi-
tors has been considered an effective strategy to improve
the longevity of adhesive restorations.37.48 However, only
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one included study evaluated the bond strength of an etch-
and-rinse adhesive to SDF-treated dentin after 6 months of
water storage;® therefore, the influence of aging could not
be evaluated through a meta-analysis. That study® found
that prior SDF application on sound dentin limited the effect
of water storage on the bond strength; however, on caries-
affected dentin, a significant reduction of bond strength
after water storage was shown in the SDF-treated group.
Therefore, long-term studies are needed to determine the
effect of silver diamine fluoride on bond strength after aging.

The present systematic review assessed the influence of
SDF on bonding, mainly in concentrations of 30% and 38%,
as previous studies demonstrated that products with the
highest concentrations are more effective in arresting car-
ies lesions.12,13 Only two studies assessed 12% SDF.43.46
Moreover, 9 studies evaluated dentin pretreatment with
38% SDF associated with potassium iodide (Kl) before res-
toration placement.10,15,23,25,45,46,49,50,55 The subsequent
application of Kl is suggested to minimize the inherent dis-
advantage of SDF turning treated areas dark.49 A previous
study57 suggests that the association SDF+KI is not as ef-
fective as SDF alone in preventing secondary caries, while
another23 reported that this association was more effective
in inhibiting the migration of Streptococcus mutans through
dentin than SDF alone. Thus, there are doubts regarding the
effectiveness of SDF with KI for caries prevention.

As found in this systematic review, high heterogeneity is a
common finding in meta-analyses of laboratory stud-
ies,6:27,44,47 and in this case, may have been influenced by
the SDF application protocol, restorative material, different
methods of producing caries-affected dentin and bond strength
testing. Besides, most studies included presented a high or
intermediate risk of bias. Although there is a guideline for con-
ducting and reporting in vitro studies on dental materials,8 it
seems that it has not been commonly used, so this finding in
systematic reviews of laboratory studies is common.6:27,47

This systematic review evaluated the bond strength of
glass-ionomer cement and adhesives to silver diamine fluo-
ride-treated dentin. Bond strength tests are commonly used
to evaluate restorative materials to predict their perfor-
mance and the influencing variables — such as prior applica-
tion of SDF. Although the relationship between in vitro stud-
ies and clinical performance is difficult to establish,51 a
material’s adhesive ability is an indicator of restoration lon-
gevity; superior laboratory performance is probably indica-
tive of better clinical performance.3% Nevertheless, the re-
sults of in vitro studies should ideally be confirmed by
long-term laboratory studies and randomized clinical trials,
evaluating not only the effect of SDF pretreatment on bond-
ing but also considering interface integrity, secondary car-
ies, and staining. At the moment of this review, there was
only one randomized clinical trial with 24 months of follow-
up which evaluated the prior application of SDF on cavitated
dentin caries lesions in primary teeth before atraumatic re-
storative treatment (ART).21 That clinical trial found that
SDF did not jeopardize the success rate of the restorations.

The present systematic review pointed out that pretreat-
ment with silver diamine fluoride does not influence the

doi: 10.3290/j.jad.b2701679

bond strength of glass-ionomer cement to dentin, regard-
less of whether it is sound or caries-affected. In contrast,
SDF application can impair the bonding of adhesives. How-
ever, rinsing after SDF application seems to eliminate this
adverse effect in sound dentin and improved the bond
strength to caries-affected dentin.

CONCLUSION

Based on the results of this systematic review and meta-
analysis of in vitro studies, it can be concluded that the
SDF pretreatment does not jeopardize the bonding of glass-
ionomer cement to dentin. The same is valid for adhesives
only if a rinsing step after SDF application is performed,
which can even improve the adhesion of this restorative
material to caries-affected dentin.
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Clinical relevance: Dentin pretreatment with silver
diamine fluoride does not affect the adhesion of
glass-ionomer cements. If a rinsing step after
SDF application is not carried out, the bonding of
the adhesive to dentin may be compromised.
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