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EFFECT OF SILVER DIAMINE FLUORIDE ON THE MICROTENSILE 
BOND STRENGTH OF FLOWABLE RESIN COMPOSITE AND GLASS 

IONOMER CEMENT TO CARIOUS PRIMARY DENTIN
(AN-IN VITRO STUDY)
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ABSTRACT

Purpose: This in vitro research examined how silver diamine fluoride (SDF) affects flowable 
resin composite (FRC) and glass ionomer cement (GIC) microtensile bond strength to carious 
primary dentin.

Materials & Methods: Twenty extracted carious primary molars were used in this study, and 
their sound proximal surfaces were reduced occluso-gingivally using a diamond bur in a high-speed 
hand piece, and then polished using 600-grit silicon carbide paper. Artificial decay were created by 
placing the teeth in a demineralizing solution for 96 hours, then rinsing with deionized water for 30 
seconds. Each set of teeth was randomly assigned to one of four categories (group size = 5 teeth): 
The experimental group I (FRCa) included SDF38%+FRC, the control group II (FRCb) included 
FRC alone, the experimental group III (GICa) included SDF38%+GIC, and the control group IV 
(GICb) included GIC alone. With an Instron Universal Testing Machine and a stress rate of 1 mm/
min until bond failure, the microtensile bond strength was calculated. The failure load, in newtons, 
was divided by the bonding area in cross section, also in newtons. Megapascal (MPa) readings 
were taken.

Results: In terms of microtensile bond strength test, there was no statistical significant difference 
between Group I (FRCa) & Group II (FRCb) and Group III (GICa) & Group IV (GICb), (p>0.05). 

Conclusion: The microtensile bond strength of FRC and GIC to carious primary teeth wasn’t 
impacted by SDF, according to this study.

KEYWORDS: Glass ionomer cement, Silver diamine fluoride, Flowable composite, 
Microtensile bond strength.
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INTRODUCTION 

As one of the most common oral diseases in 
children, dental decay is a dangerous issue for public 
health. Despite governmental efforts to prevent 
dental decay, the most common cause of tooth 
loss globally, the issue persists (1). Dental disease is 
usually caused by an ecological imbalance in the 
balance between dental plaque and oral microbial 
biofilms (2). 

 Paediatric dental decay affects a large percentage 
of children younger than six (3). Unfortunately, 
pediatric dental caries limits communication and 
eating, decreases children’s self-esteem because of 
bad physical appearance, and negatively impacts 
the job and health of guardians (4). 

Since the primary goal of pediatric dentistry is the 
prevention and control of caries, many preventive 
strategies are increasingly used as an alternative to 
ECC treatment (5-7). 

Silver Diamine Fluoride (SDF) is one such idea. 
It is unique in that it hardens teeth while killing 
bacteria, thereby stopping and preventing tooth 
decay. In regards to preventing tooth decay, it looks 
to be almost twice as beneficial as fluoride varnishes 
(7). The alkaline environment of SDF could promote 
the formation of apatite from collagen by promoting 
the bonding of salivary phosphate ions with 
undamaged collagen (8). 

The initial development of the Micro Tensile 
Bond Strength (μTBS) test was started in 1994. 
Since then, it has been used extensively in many 
testing labs, making it one of the most competitive 
and flexible power tools available today. Despite the 
fact that it is a static and dynamic strategy, it has 
been subjected to morphological and spectroscopic 
studies utilizing an advanced dentin adhesive 
system (9). 

Using this kind of testing, the authors predicted 
that they might determine the adhesive performances 
of resins utilised for excavating carious or sclerotic 

dentin, as well as the regional bond strengths of 
various portions of the cavity while it was still in its 
early phases. Long-term durability of resin adhesion 
at different sites along the cavity walls on teeth 
recovered at different intervals after the placing of 
bonded restorations was also described (10,11).

Restorations’ ability to bond to teeth is a crucial 
consideration in modern dental care. Any agent 
used prior to restorative treatment of teeth and 
enamel may interact with compounds that may 
cause changes in their mechanical properties (12). 

Although many authors have investigated 
the effect of SDF on FRC and GIC, few studies 
have however investigated the effect of SDF on 
microtensile bond strength of FRC and GIC for 
primary teeth. Microtensile bond strength of GIC 
and FRC on carious primary dentin following 
exposure to SDF was the intended outcome of this 
study.

MATERIALS&METHODS

Ethical approval:

This study received approval from Ain 
Shams University Research Ethics Committee 
(FDASURecEM012006).

Sample size estimation:

According to the findings of a previous research 
that was conducted by Puwanawiroj, Aksrapak, et 
al. (13), we calculate an 80% power by setting an 
alpha (α)level of 0.05 (5%), and a beta (β)level of 
0.20 (20%). Twenty (20) samples were assumed, 
with ten (10) in each group, based on the projected 
sample size (n). G*Power 3.1.9.4 (14) was used to 
determine the sample size. 

Study sample: 

In order to create artificial caries, the sound 
section of the proximal surface of twenty extracted 
carious primary molars was removed. This was 
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done in order to simulate the development of caries. 
We did not consider teeth that had been restored or 
were substantially broken down.

There was a two-month maximum duration 
during which the teeth were kept in 0.9% sodium 
chloride solution at room temperature.

Preparation of specimens:

The teeth were randomly assigned into 4 
groups (n=5 teeth/group): Group I (FRCa): 
SDF38%+FRC, Group II (FRCb): FRC, Group 
III (GICa): SDF38%+GIC, Group IV (GICb): 
GIC. 

Each specimen’s sound proximal surface was 
reduced occluso-gingivally with a diamond bur 
in a high-speed hand piece and cleaned with 600-
grit silicon carbide paper to make a flat dentin. 
Specimens were then inserted in demineralizing 
solution for 96hrs to create artificial caries followed 
by cleaning with deionized water for 30 seconds 

(15,16). For the purpose of intentionally inducing 
caries lesions in all of the samples, a demineralizing 
acetic acid solution with a pH of 4.4 was utilised 

(15,16). All of the specimens were submerged in a 
demineralizing solution for 96 hours (4 days) to 
create the required white spot caries-like lesions 
without cavitation (15,16) The International Caries 
Detection and Assessment System (ICDAS) scoring 
index requires that the produced white spot lesions 
(WSLs) meet scoreII (17,18). Score II indicates a clear 
visual alteration in enamel that is visible in both dry 
and wet conditions and suggests a demineralized 
carious enamel lesion (17,18). Specimens were then 
cleaned with deionized water by plastic syringe for 
30 seconds (15,16) that was prepared by the Faculty of 
Science, Ain Shams University, Cairo, Egypt.

Group I: Experimental group (flowable resin 
composite) FRCa: A drop of 38% SDF following the 
manufacturer instructions was transferred directly 
to the exposed flat surface (artificial caries side) for 
three minutes, Specimens were then rinsed for 30 

seconds using air/water spray then air-dried for 5 
seconds (19,20). Ultra-etch 35% phosphoric acid was 
applied to the exposed flat surface (artificial caries 
side) for 15 seconds according to manufacturer’s 
instructions. Specimens were then rinsed by air/
water for 5 seconds (21). Bond fix was then applied 
to the exposed flat surface (artificial caries side) and 
allowed to act for 20 seconds then the adhesive layer 
was dried with an air jet for at least 5 seconds and 
light cured for 10 seconds using LED light curing 
system according to manufacturer’s instructions(22). 
FRC was then applied and packed with a carver and 
ball burnisher. Any excess material was removed 
using a carver. After that, the FRC was light-
cured for 40 seconds under the manufacturer’s 
specifications (23). Polishing was done in constant 
and unidirectional motion using fine diamond bur 
in low-speed hand piece to remove excess material 
and to contour the desired shape (23). Finishing was 
done using medium fine grit disc in low-speed hand 
piece and light pressure (23). Group II: Control 
group (flowable resin composite) FRCb: Similar 
steps were conducted as group FRCa but without 
application of 38% SDF.

Group III: Experimental (Glass Ionomer 
Cement) GICa: Similar steps of application of 
38% SDF were conducted as in group FRCa. 
Cavity conditioner was applied for 10 seconds then 
washed off using water spray for 10 to 20 seconds. 
Specimens were then allowed to be air dried using 
air spray (24). Glass ionomer cement was applied 
into exposed flat surface (artificial caries side) 
using carver and ball burnisher after the capsule 
was mixed for 10 seconds in the amalgamator at 
high speed (+/-4,000 RPM). Any extra material was 
removed with a carver before being light-cured for 
20 seconds with an LED light curing system under 
the manufacturer’s specifications (25). Finishing 
was done using superfine diamond bur under water 
spray in low-speed hand piece and polishing strips 
(25). Equia coat was then applied to the restoration 
and light cured for 10 seconds (25). An approximately 
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4mm high GIC block was built up on the exposed flat 
surface (Artificial caries side) (26) (Figure 1). Group 
IV: Control group (Glass Ionomer Cement) 
GICb: Similar steps were conducted as group GICa 
but without application of 38% of SDF.

Fig. (1) Test Group and Control Group Specimen, an 
approximately 4mm high GIC block was built up on 
the exposed flat surface (Artificial caries side).

To generate slices of around 0.7 mm thickness, 
a slow-speed water-cooled diamond saw (Isomet 
1000, USA) was used to segment specimens.. A 
digitised calliper was used to double-check the 
measurements (27). After that, specimens were affixed 
to resin blocks that were 12 mm in diameter and 18 
mm in depth. Utilising arborimpregnated diamond 
cutting blades with a wear-resistant Ti-C coating, 
specimens were trimmed and processed into sticks 
with a cross-sectional area of one millimetre square 
using a tapered diamond disc with a 4” diameter, 0.3 

mm thickness, and 0.5” arborimpregnated diamond 
cutting blades. (Figure 2a and 2b) (27). Throughout 
the whole process of moulding and testing, 
specimens were maintained at a constant level 
of wetness (27). Tensile testing was performed on 
each specimen using a Universal Testing Machine 
((Model 2519-104; Instron®, US) at a rate of one 
millimetre per minute until bond failure (27).as seen 
in (Figure 2d). Microtensile testing demonstrated 
that beam strength was used in determining tooth-
specific result (Fig. 2c). This was done by taking 
one beam from each tooth specimen and using it to 
represent that specimen in the testing. The force in 
Newtons (N) needed to displace the restoration was 
recorded. The micro tensile bond strength (TBS) 
was determined by dividing the load at failure 
(N) by the cross-sectional bonding area (1 mm2). 
Readings were recorded in megapascal (MPa). 

Statistical analysis

 The Shapiro-Wilk test was used to check whether 
the numerical data were normally distributed, and 
the findings were shown in the form of means and 
standard deviations. The data on binding strength 
was examined using one-way analysis of variance 
and Tukey’s post hoc test since the data followed 
a normal distribution. The limit of detection for 
significance in all analyses was set at a p value 
of 0.05. The studies were performed using R, a 
statistical programming language, version 4.1.2 on 
Windows (28).

Fig (2a-2d) These specimens were then sliced into 0.7 mm thick slices using a water-cooled diamond saw, and then a tapered 
diamond bur was used to trim and prepare the slices into sticks with a cross-sectional area of 1 mm2

a b c d
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RESULTS

Micro tensile Bond Strength Test (MPa):

1. Descriptive Statistics:

Descriptive statistics for the groups were 
presented in Table (1), (2) and Figure (3).

TABLE (1) Mean ± standard deviation (SD) of 
micro-tensile bond strength (MPa) for 
groups FRCa & FRCb.

Micro-tensile bond strength (MPa) 
(mean±SD) p-value

FRCa FRCb

8.18±1.62 9.46±1.84 0.277ns

*; significant (p ≤ 0.05), ns; non-significant (p>0.05)

TABLE (2) Mean ± standard deviation (SD) of 
micro-tensile bond strength (MPa) for 
groups GICa & GICb.

 Micro-tensile bond strength (MPa) 
(mean±SD) p-value

GICa GICb

10.46±1.80 11.64±1.58 0.303ns

*; significant (p ≤ 0.05), ns; non-significant (p>0.05)

Means with different superscript letters are statistically 

ns; non-significant different(p>0.05).

2.Intergroup Comparison:

Tukey’s post hoc test showed that the 
experimental specimens (FRCa & GICa) 
(8.18±1.62) & (10.46±1.80) had a non-significant 
lower microtensile bond strength than the 
control specimens (FRCb &GICb) (9.46±1.84 & 
11.64±1.58). Mean and standard deviation (SD) 
values of microtensile bond strength (MPa) for 
different groups were presented in table (1,2) and 
figure (3).

Fig. (3) Micro tensile bond strengths (in MPa) are shown in a 
bar chart for several groups.

DISCUSSION 

Decay, or cavities, in children’s teeth are more 
common and more severe in developing nations. 
High treatment costs and lack of knowledge about 
oral health care are problems that hinder caries 
control initiatives in these countries. Fortunately, 
there are safe and effective preventative methods for 
preventing tooth decay in children, such as fluoride 
varnishes. SDF is a different way of preventing 
cavities, especially in preschool children. SDF 
has the potential to revolutionise paediatric and 
public health dentistry because of its low risk, high 
effectiveness, low cost, and high feasibility (29). 

One of the most crucial factors that influence 
modern restorative dental treatments is the level 
of adhesion between the restorative material 
and the underlying tooth structure. Any material 
that is put on the surfaces of dentine and enamel 
before restoration treatments could stop them from 
bonding, which would cause their mechanical 
properties to change (30).

When it comes to avoiding new caries 
development after the restoration has been done, the 
most critical variables are a firm attachment to the 
tooth structure and a tight closure surrounding the 
cavity (31). For this reason, it is absolutely necessary 
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to assess the restorations’ capacity for sealing and 
their binding strength in order to evaluate their 
effectiveness.

Flowable composite SDI was used as it contains 
polishability, wear resistance, strength and all 
are amplified by carefully treated nano-fillers. 
Furthermore, the resin possesses a fluoride release 
property that facilitates the uptake of fluoride ions 
into the tooth structure. Fluoride ions are carried 
in and out of the resin and tooth by the oral fluid, 
which causes ionic mobility (23).

Results in this study showed that, there was 
no statistical significance difference between 38% 
SDF test group and the control group without SDF 
application.

Results came in accordance with the researcher 
Wu DI et al. (30), who mentioned that SDF and 
potassium iodide had no influence on the binding 
strength of self-healing GIC with caries-free 
permanent dentin. In addition, Quock et al. (2012) 
(27) found that the SDF did not impact the bond 
between composites and intact dentin.

Previous studies have demonstrated that GIC 
creates a stronger attachment to undamaged 
dentin(32). This is because primary dentin that has 
been damaged by decay has less GIC binding 
compared to healthy dentin. In addition to the 
following researchers, Selvaraj et al. (2016)(33), 
Siqueira (2020) (34), and Firouzmandi (2020)(35) who 
reported that bond strength didn’t change in SDF-
treated dentin. 

Results of previous research conducted by 
Selvaraj et al. (2016), Quoc et al. (2012), Wu et 
al. (2016) and Firouzmandi (2020), this can be 
attributed to the method used, in which the lesion is 
treated with a 38% SDF solution for a set time (three 
minutes) and then rinsed. 30 seconds with distilled 
water SDF. It seems that material that aids adhesion 
in peritubular and intertubular dentin is removed by 
washing with water. This illustrates that washing the 

SDF after application time may mitigate the SDF’s 
negative effect on the adhesive’s binding strength.

The findings of this study disagree with 
Küçükyılmaz et al. (36) who stated that Dentin’s 
microtension bond strength is decreased when SDF 
is given to it without first washing away the active 
components.Therefore, the tubules of the dentin 
were clogged with silver precipitants, which prevent 
the deep penetration of the resin materials.

Also, Markham (2020)(37), Aye KO KO(2020)(38), 
LUTGEN (2018)(39), Koizumi (2016)(40) and SOE-
NO (2001)(41) who mentioned that SDF’s inappro-
priate and demineralized too much dentin, weakens 
the dentin and the resin composite is damaged. Re-
searchers have previously noted that SDF in dentin 
may interfere with the chemical interaction between 
the adhesives and calcium ions in dentin, hence pre-
venting the formation of excellent adhesive connec-
tions at the contact.

Furthermore, Madhu M, Caitlin C, and Rosivack 
RG (2020)(42) reported that micro tensile bond 
strength to a glass ionomer was increased in carious 
dentin that had been pretreated with silver diamine 
fluoride and potassium iodide. It has been theorised 
that the silver iodide precipitate in the dentinal 
tubules could react with the carboxylic acid in 
glass ionomer cements. Increased bond strength 
with SDF/KI may be due to the carboxylic acid 
in glass ionomer cements adhering to the silver 
iodide precipitate generated in the dentinal tubules. 
This was proved by the fact that the use of SDF/KI 
resulted in a higher bond strength. 

It is possible that the fluoride content and 
concentration in demineralized dentin may be 
increased by putting SDF/KI to the dentin before 
applying a glass ionomer cement. SDF/KI treatment 
has been shown to enhance binding strength, 
and this is likely because to the deep penetrating 
fluoride. And the data that this study was collected 
did not support this assertion in any way.
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Limitations of this Study

The present study shows some flaws. Due to its 
in vitro structure, it does not fully adhere to the oral 
region. Therefore, when considering the clinical 
use of SDF, clinical studies should be conducted 
to determine the bond’s efficacy, evaluate its 
therapeutic effects, biological effects on the pulp, 
and interactions with other restorative materials. 
As a result, one must use care when directly 
extrapolating from in vitro investigations to clinical 
occurrences. 

CONCLUSION

Several inferences may be drawn from the results 
of this in vitro investigation. 

The binding strength of FRC or GIC does not 
change through the use of decayed primary dentin  
that has been pretreated with 38% (SDF). 
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