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ABSTRACT

Objective: to evaluate SDF effect on shear bond strength of light cured RMGIC to sound 
dentine and demineralized dentine.

Materials and Methods: The 40 samples were divided into two main groups (20 teeth for 
each) according to SDF treatment, Each main group was subdivided into two subgroups according 
to artificial demineralization. The occlusal enamel was removed using wheel diamond stone 
under coolant. Samples were wet ground against 600,800,1200 grit SC paper to obtain smooth 
occlusal surface then molded into self-cured acrylic resin. Half of the samples were immersed 
into demineralizing solution to obtain dentine surface demineralization, then divided into 4 groups 
(n = 10), Group 1: Sound Dentine without SDF, Group 2: Sound Dentine with SDF, Group 3: 
Demineralized Dentine without SDF, Group 4: Demineralized Dentine with SDF. Macroshear bond 
strength was measured using Universal testing machine. 

Results: Results revealed that Demineralized dentine had a significantly higher macroshear 
bond strength value than sound dentine. Results of first two groups showed that the highest 
value was found in Group 2 (SDF), followed by Group 1 (no surface treatment) and there was no 
significant difference between Group 1 and 2 (p=0.106). Results of second two groups showed that 
the highest value was found Group 4 (SDF), followed by Group 3 (no surface treatment) and there 
was no significant difference between Group 3 and 4 (p>0.05).

Conclusion: Treatment of sound and demineralized dentine surfaces by SDF don’t affect 
bonding to light cured resin modified glass ionomer cement.

KEYWORDS: SDF, Demineralized Dentine, Silver Diamine Fluoride, Macroshear Bond 
Strength, Caries Affected Dentine.
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INTRODUCTION 

Dental caries is a localized, destructing dental 
hard tissues, pathological system with variable 
factors and proceeding to making of cavities, 
continues to be a prevalent disease all around the 
world.(1) The progression of materials of restoration 
and development in our understanding of the process 
of caries have created the capability to exercise in 
consideration of a philosophy of minimally invasive 
dentistry.(2) It requires treatment of cautious disease 
with as small tissue loss as possible and without 
making any harmful defects to the adjoining healthy 
tooth structures.(3) 

In the latest years, silver diamine fluoride (SDF 
or, Ag[NH3]2F) has received popularity because of 
its financial advantages and using easily for kids or 
the elderly in communities or places with challenging 
get entry to dental treatment. It is commercially 
reachable within a range of concentrations (10 % to 
38 %) in solution form and the 38 % concentration 
of SDF has been proven in an in-vitro reports to 
be effective in stopping caries clinically and in 
inhibiting enzymes of bacteria.(4) SDF is a simple, 
painless, non-invasive and inexpensive approach, 
shifting dentistry towards greater regular non-
surgical management to arrest dental caries. There 
are many practicable advantages of silver diamine 
fluoride (SDF) that ought to include decrease 
rates of surgical care, tooth loss, and enlarge 
tooth-restoration cycle.(5) SDF  [Ag (NH3)2F] is a 
colourless alkaline solution containing 25% silver, 
5% fluoride, 8% amine and 62% water (AgNH2 
F) and is the most concentrated fluoride product 
(44,800ppm) commercially reachable for caries 
management(6) and has confirmed to be effective 
in management of dental caries (7) which includes 
pediatric, geriatric, specific health care needs, and 
these with constrained get entry to to oral health care 
can all advantage from silver diamine fluoride(8,9).  

However, the major drawback of using SDF is 

making carious teeth discolored, which effects in 
patient dissatisfaction and kids with black anterior 
teeth can also acquire some social isolation.(10)

Although laboratory research confirmed that 
utility of SDF is well matched with restorations of 
glass ionomer cements, there is inadequate proof 
regarding the adhesive mechanism of resin modified 
glass ionomer cement (RMGIC) restorations when 
they are adhered to caries-affected dentine before 
SDF treatment.(11,12) Therefore, the purpose of this 
in-vitro study was to investigate SDF impact  on 
shear bond strength of light cured RMGICs to 
demineralized dentine.

MATERIALS AND METHODS

1. Selection of Teeth

A whole number of 40 natural human molars 
were accumulated from the department of Oral 
and Maxillo-facial surgery, faculty of dentistry, 
ASU, beneath the roles of the Ethical Committee 
of Faculty of dentistry, ASU. The collected 
molars should be totally sound and free from de-
mineralization. They were positioned in 6% sodium 
hypochlorite solution for 24 hours to make sure that 
all soft tissues, staining and plaque were removed.

Teeth had been cleaned from tissue remnants 
and particles the usage of periodontal curette then 
polished with slurry of pumice and water. Teeth 
had been examined by using the blue light of 
a light curing unit to make sure they were sound 
without any seen hypoplastic defects, white spots 
(demineralized enamel), or cracks. They had been 
saved in refrigerated saline solution for maximum 
three months as recommended through the ISO 
norms (ISO. Guidance on testing of adhesion to 
tooth structure. International Organization for 
Standardization, 1994).(13)
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2. Study Design

2.a. Grouping of Teeth

 A whole number of 40 extracted molars were 
used in this study. The specimens were divided into 
4 groups (n=10) in accordance to two levels of the 
study: Level 1: substrate, 2 groups (Sound dentine 
and Demineralized dentine), level 2: Surface 
treatment of dentine, 2 groups (No Surface treatment 
and silver diamine fluoride (SDF) application).

TABLE (2) Variables of the study.

Substrate (A)
(a1) Sound dentine

(a2) Demineralized dentine

Surface treatment 
of dentin (B)

(b0) No Surface treatment

(b1) Silver diamine fluoride (SDF)

TABLE (3) Interaction between variables.

B

a

a1 a2

b0 a1b0 (group 1) a2b0(group 3)

b1 a1b1(group 2) a2b1(group 4)

n = 10

2.b. Specimen Preparation

Occlusal enamel was ground flat using high 
speed wheel diamond bur under running water, then 
wet-polished sequentially with 600, 800, and 1200 
grit silicon carbide (Sic) paper for fifty repetitions in 
a figure eight pattern to expose a flat dentin surface. 
Using digital ultrasonic cleaner (CODYSON 
Ultrasonic cleaner CD-4860, Shenzhen Codyson 
co., Ltd., China) (5 minutes/40Oc) to remove any 
debris.(16) 

Crowns of the collected teeth had been separated 
from the roots at cementoenamel junction. Using 
customized made cylindrical molds (20mm diam-
eter and 22 mm high), separating medium for in-
ternal surface and then, were filled with chemically 
polymerizing acrylic resin until it became flushed 
with the higher rim of the mold. Each crown used 
to be embedded vertically in the acrylic resin mak-
ing the occlusal surface facing upwards and flushed 
with the higher rim of the mold then left to eventu-
ally set.(17)

A layer of nail varnish (Revlon, New York 
City, NY, USA) was utilized on the non-coronal 
dentine surfaces of all the samples to shield from 
demineralization.(18) Then unvarnished occlusal 
surface would be ready for intervention.

TABLE (1) Materials, Composition, Manufacturer and Lot Number.

Material (Lot number) Composition Manufacturer

Solution of Demineralization 2.2 mM CaCl,
2.2 mM NaH2PO4,
0.05 mM Acetic Acid pH 4.4

Manufactured in pharmaceutical laboratory, 
Faculty of Pharmacy Ain shams University

Cavity conditioner Polyacrylic acid (20%), water, aluminum 
chloride hydrate.

(GC Corporation, Tokyo, Japan)

Silver Diamine Fluoride (SDF) (AgNH2F) solution contains 25% silver 62% 
water, 5% fluoride, 8% amine PH = 10

(Advantage Arrest™, Elevate Oral Care, West 
Palm Beach, Fl, USA).

Light cured Resin modified 
glass ionomer cement

Powder: 100% fluoro‑alumino‑silicate
Liquid: 35% HEMA, 25% distilled water, 
24% polyacrylic acid, 6% tartaric acid and 
0.10% camphorquinone.(15)

(Fuji II LC, GC Corporation, Tokyo, Japan).
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2.c. Creation of Artificial Partial Demineralization:

Creation of Artificial Partial Demineralization: 
Half of the specimens (n=20) were immersed in 
an acidic buffer solution of ph 4.4 (2.2 mM CaCl, 
2.2mM NaH2PO4, 0.05mM Acetic Acid)(18), each 
in a separate container at room temperature to 
create artificial partial demineralization of dentin 
for 72 hours to produce lesion depth range between 
482μm±57μm.

The demineralization depth was measured at 
Oral Pathology Department, faculty of dentistry, 
ASU with polarized light microscope with 
magnification power X10 (oil immersion) using a 
digital camera (EOS 650D, canon, Japan) which 
was fixed on a light microscope (BX60, Olympus, 
Japan). Demineralization depth was around  
482± 57 um(19).

2.d. Surface treatments

All specimens were conditioned the dentin 
surfaces with cavity conditioner (GC, Tokyo, Japan) 
using a micro brush for 10 seconds, then were 
rinsed by distilled water for 20 seconds, and dried 
by cotton pellets.(20)

They were divided into 2 subgroups (n = 10) 
in accordance to the treatment of surfaces, for first 
subgroup (b0), the control group, no surface treat-
ment, the demineralized and sound dentine surfaces 
were conditioned and RMGIC was bonded.(21).

For second subgroup (b1), the demineralized and 
sound surfaces were treated with a 38% SDF solution 
(Advantage Arrest™, Elevate Oral Care, West Palm 
Beach, Fl, USA) according to the instructions of 
manufacturer, 1–2 drops of solution were placed  
into a mixing well and applied directly to the tooth 
surface with a micro brush for 10 seconds. SDF 
was allowed to absorb for 1 min, then excess SDF 
was removed with a cotton(22) and specimens were 
rinsed with water for 30 seconds and air-dried for 5 
seconds prior to bonding(23,21).

2.e. Resin modified glass ionomer cement disc 
preparation

A plastic cylindrical shaped mold using pediatric 
catheter tube (3-mm height and 3-mm diameter) was 
placed on the dentine surfaces. GICs capsules were 
mixed using a rotational/centrifugal capsule mixing 
unit (Roto Mix, 3M ESPE, St Paul, MN, USA) for 
10 seconds, and then the mixture was injected in the 
plastic mold to form a cylindrical button and light 
cured for 20 seconds to ensure a perfect setting by 
using a light emitting diode (LED) polymerizing 
unit (3M ESPE Elipar™ DeepCure-L curing light 
device) at a light intensity of 1200mW/cm2.(24)

After bonding, the plastic mold surrounding the 
glass ionomer cylindrical buttons were removed 
using blade No. 15 (Sterilance Medical Suzhou 
Inc.). The RMGIC specimens were coated with a 
protective varnish (Equia coat, GC, Tokyo, Japan).
Samples were stored in artificial saliva 24 hours in 
an incubator at 37ºC after removal from the mold to 
allow complete setting of GICs.(17)

3. Macro-shear bond strength Testing

The SBS test was performed with a universal 
testing machine that had a flat edge loading head. 
The acrylic block with the specimen was attached 
to the lower fixed head of the universal testing ma-
chine (Instron, model 3345, England). A shear force 
was applied perpendicularly to the GIC cylindri-
cal button placed as close as possible to the GIC/
dentine interface to the loading head. The loading 
head moved at crosshead speed of 1.0mm/min up 
to specimen failure. The force required for failure 
(Newton) was divided by the surface area (mm2) to 
calculate the shear bond strength in mega-Pascals 
(MPa) by machine software (BlueHill 3 Instron 
England)(24). 

4. Statistical Analysis

Numerical statistics had been explored for 
normality through checking the data distribution 
the usage of Shapiro-Wilk test. Data confirmed 
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parametric distribution so; they had been represented 
via mean and standard deviation (SD) values. Two-
way ANOVA followed via Tukey’s post hoc test 
was once used to study the impact of different tested 
variables and their interaction. Comparison of main 
and simple effects had been carried out using pooled 
error term of the ANOVA model with Bonferroni 
correction. The significance level used to be set at p 
≤0.05 within all tests. Statistical analysis was carried 
out with R statistical analysis software version 4.1.2 
for Windows.

RESULTS

1.	 Effect of different variables and their 
interaction

Effect of different variables and their interaction 
on macro-shear bond strength (MPa) were presented 
in table (4)

Type of dentine and surface treatment used both 
had a significant effect on macro-shear bond strength 
(p<0.001), while the effect of their interaction was 
not statistically significant (p=0.399). 

TABLE (4) Effect of different variables and their 
interactions on macro-shear bond strength 
(MPa)

Source Sum of 
Squares df Mean 

Square f-value p-value

Dentine 137.5 1 137.5 27.86 <0.001*

Surface treatment 96.12 2 48.06 9.74 <0.001*

Dentine* Treatment 9.23 2 4.61 0.94 0.399ns

df =degree of freedom*; significant (p ≤ 0.05)  
ns; non-significant (p>0.05).

A.	Effect of dentine

Mean and standard deviation (SD) values of macro-
shear bond strength (MPa) for different dentine types 
were presented in table (5) and figure (1) 

Demineralized dentin (7.74±2.98) had a 
significantly higher value than sound dentin 
(4.71±2.03) (p<0.001).

TABLE (5) Mean ± standard deviation (SD) of 
macro-shear bond strength (MPa) for 
different dentine types

Macro-shear bond strength (MPa) 
(mean±SD) P-value

Sound dentine Demineralized dentine

4.71±2.03 7.74±2.98 <0.001*

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

Fig. (1) Bar chart showing average macro-shear bond strength 
(MPa) for different dentine types.

B.	Effect of surface treatment

Mean and standard deviation (SD) values of 
macro-shear bond strength (MPa) for different 
surface treatments were presented in table (6) and 
figure (2) 

There was no significant difference between 
different treatments (p=0.106). The highest value 
was found in SDF (5.26±2.42), followed by no 
surface treatment (5.11±2.53). 
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TABLE (6) Mean ± standard deviation (SD) of 
macro-shear bond strength (MPa) for 
different surface treatments

Macro-shear bond strength (MPa) 
(mean±SD) P-value

No surface treatment SDF

5.11±2.53B 5.26±2.42B p=0.106

Means with different superscript letters are statistically 
significantly different *; significant (p ≤ 0.05)  
ns; non-significant (p>0.05)

Fig. (2) Bar chart showing average macro-shear bond strength 
(MPa) for different surface treatments

2. Interactions

A.	Effect of dentine with each surface treatment

Mean and standard deviation (SD) values of 
macro-shear bond strength (MPa) for different 
dentine types and surface treatments were presented 
in table (7) and figures (3).

•	 No surface treatment

Demineralized dentine (6.39±2.45) had a 
significantly higher value than sound dentine 
(3.97±2.09) (p=0.021). 

•	 SDF

Demineralized dentine (6.47±2.81) had a 
significantly higher value than sound dentine 
(4.27±1.55) (p=0.032). 

TABLE (7) Mean ± standard deviation (SD) of mac-
ro-shear bond strength (MPa) for different 
dentine types and surface treatments

Surface 
treatment

Macro-shear bond strength 
(MPa) (mean±SD)

p-value
Sound 
dentine

Demineralized 
dentine

No surface 
treatment 3.97±2.09 6.39±2.45 0.021*

SDF 4.27±1.55 6.47±2.81 0.032*

Means with different superscript letters are statistically 
significantly different within the same horizontal row *; 
significant (p ≤ 0.05) ns; non-significant (p>0.05)

Fig. (3) Bar chart showing average macro-shear bond 
strength (MPa) for different dentine types and surface  
treatments (A)

B.	Effect of surface treatment within each dentine 
type

Mean and standard deviation (SD) values of 
macro-shear bond strength (MPa) for different 
dentine types and surface treatments were presented 
in table (8) and figures (4).

•	 Sound dentine

There was no significant difference between 
different groups (p=0.106). The highest value was 
found in SDF (4.27±1.55), followed by no surface 
treatment (3.97±2.09). 
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•	 Demineralized dentine

There was no significant difference between 
different groups (p>0.05). The highest value was 
found in SDF (6.47±2.81), followed by no surface 
treatment (6.39±2.45). 

TABLE (8) Mean ± standard deviation (SD) of macro-
shear bond strength (MPa) for different 
dentine types and surface treatments

Surface 
treatment

Macro-shear bond strength 
(MPa) (mean±SD)

p-value
No surface 
treatment SDF

Sound dentine 3.97±2.09A 4.27±1.55A 0.106ns

Demineralized 
dentine 6.39±2.45B 6.47±2.81B >0.05ns

Means with different superscript letters are statistically 
significantly different within the same horizontal row *; 
significant (p ≤ 0.05) ns; non-significant (p>0.05)

Fig. (4) Bar chart showing average macro-shear bond strength 
(MPa) for different dentine types and surface treat-
ments (B)

DISCUSSION

Silver diamine fluoride has been identified as a 
bactericidal chemical that can minimize growing of 
bacteria causing caries and its adherence.(10) More-
over, it can be used to give up the recurrent caries 

surrounding GIC restorations.(25) Thus, silver di-
amine fluoride can be a promising biological way in 
the exercise of minimally invasive dentistry in op-
position to traditional restorative methods. The use 
of silver diamine fluoride, however, has been com-
monly restricted to deciduous teeth due to the fact of 
the discoloration impact related with its application. 
SDF can be used as a liner as a dentine base beneath 
the restoration does not include viable bacteria.(11) 
This study was conducted to examine if pretreating 
sound and demineralized dentin with silver diamine 
fluoride (SDF) adversely affects the bond strength 
of light cured RMGIC to dentine or not.

A conditioner (20% polyacrylic acid) was used 
before the application of glass ionomer in the 
current study, the pervious studies has found that 
the addition of conditioner, removes the smear layer 
and has minimal etchant effect.(26) The usual step 
of conditioning dentine surfaces before bonding 
is the application of a polyacrylic acid solution.(27) 

Tay et al, 2001, have proven there isn’t considerable 
difference in bond strengths between dentine that 
has been etched for maximum fifteen seconds or 
conditioned.(28)

 In this study, silver diamine fluoride (SDF) 
products that are simply commercially accessible 
had been chosen to make the current work extra 
applicable for dentists. Although 30% and 12% 
concentrations of SDF are reachable in the 
commercial market and the most produced SDF 
products are at a concentration of 38%.(29) 12% 
SDF is no longer as effective as 38% SDF is in 
stopping caries amongst kids.(30) SDF in the form 
of a 38% solution proven an inhibitory impact on 
the activities of each MMPs and cathepsins. The 
use of 38% silver diamine fluoride (SDF) decreased 
demineralization and protected collagen from 
destruction in demineralized dentine.(31,32)

Type of glass ionomer cement was used in 
current study, was light cured RMGIC as they 
are considered as one of the excellent choices for 
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restorative materials which are a fluoride-releasing, 
which have been regarded to be most efficient to 
compomers and giomers from the aspects of non-stop 
fluoride launch and recharge.(34) Hence, treatment of 
dentine surfaces with SDF before GIC restoration 
has been proposed via some researchers to improve 
antibacterial and remineralizing capability of GICs.
(25,11) These “hybrid” materials have been improved 
to mix the anti-carious doable of glass ionomer 
cements with the mechanical properties of a resin 
composite. Indeed, it has been discovered that the 
RMGIC no longer solely release fluoride but they 
additionally have flexural strength greatest to those 
of traditional glass ionomer cements, as well as 
decrease solubility.(35)

The test of macro shear bond strength was used 
in this study. To obtain testing procedures more 
simple, shear bond strength testing is considered 
as the most used method for evaluation of bond 
strength, and the measured SBS results with various 
conditions are showed in the literature.(36) 

The results of the current study revealed that 
Demineralized dentine (7.74±2.98) MPa had a 
significantly higher macro shear bond strength value 
than sound dentine (4.71±2.03) MPa. table (5) and 
figure (1). This result was supported by S. Holmstrom 
et al, (1988)(37), who confirmed that glass ionomer 
cement bonds to dentine due to a mechanical and 
chemical bonding that demineralization of dentin 
exposes microporous collagen which improves 
micromechanical interlocking and consequently 
makes infiltrations via hybridization. In addition, 
the chemical bonding between polyacrylic acid 
(from GIC) and calcium ions (from GIC or 
hydroxyapatite) formed generally the ionomer, 
calcium polycarboxylate, that is capable to create 
a relatively steady and chemical chelation.(37) 
Furthermore, hydrogen bonds between a number 
of free radicals in collagen fibers and carboxyl 
radicals in the glass ionomer cement would make a 
contribution to the bond strength.(37,38)

Regarding the impact of each treatment of 
surface on macro SBS of Glass ionomer cements to 
sound dentine, our results revealed that there wasn’t 
significant difference between different groups 
(p=0.106) in table (8) and figures (4) with the highest 
value in group 2 (a1b1) (sound dentine treated with 
SDF) (4.27±1.55), followed by group 1 (a1b0) (sound 
dentine without surface treatment) (3.97±2.09). 
This was in agreement with A.S. Wang et al, 2016,(4) 
who mentioned that in both the fractured surface of 
GIC adhesive layer and the dentine surface there 
were an observed silver elements in accordance to 
EDX analysis and SEM images. These silver- or 
fluoride-containing elements have been observed 
to make the demineralized dentine harder(39), which 
efficiently improves the interfacial hardness and 
roughness at the GIC-dentine interface. Therefore, 
the resin or cement infiltration would possibly no 
longer be essential in SDF utility on sound dentine. 
Also, this may be due to the methodology used, in 
which after the decays have been treated with 38% 
SDF solution for the instructed period of time (for 
one minute), the SDF was washed for 30 seconds 
with distilled water to clean it off the dentin surface.

Regarding the effect of each treatment of 
surface on macro SBS of glass ionomer cement 
to demineralized dentine, our result showed that 
there wasn’t significant difference between group 
4 (a2b1) (demineralized dentine treated with SDF) 
(6.47±2.81) MPa and group 3 (a2b0) (demineralized 
dentine without surface treatment)6.39±2.45) MPa 
in table (8) and figures (4). Our results of this study 
verified that SDF pretreatment didn’t adversely have 
an effect on bonding of the restoration to dentine, 
various factors ought to be considered:

SDF causes fluorapatite crystals formation in 
the dentine which are increased nearly condensed 
with little voids in contrast to hydroxyapatite, also 
improves the dentine microhardness.(48) While this is 
accompanied via a viable discount in change of ions 
from the acid base reaction, have to theoretically 
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reduce the bond strength of GIC, studies have 
confirmed that SDF doesn’t reduce the bond 
strength.(41) It has been postulated that improved 
bond strength produced after the use of SDF solely 
have to be due to silver phosphate bonding formation 
to the carboxylic acid in the glass ionomer.(23,49) Also 
it can also be due to increase hardness of dentine 
surface, collagen degradation decreased, or dentine 
proteins fixation.(23)

Elevation of the dentine hardness can also 
improve the interlocking micromechanically of 
GIC to dentine. Additionally, after utility of SDF, 
each silver and silver oxide are presenting on the 
dentine surface. This may additionally enhance 
the bond strength as the glass ionomer adheres to 
metal as well.(4) Enhancement chemical bonding of 
GIC should additionally be attributed to be dentine 
surface harder as an end result of SDF.(50) Formation 
of hydroxylapatite and fluoroapatite on uncovered 
organic matrix can additionally make contributions 
to elevated bond strength.(51)

Decreasing the loss of calcium and phosphorous 
from the carious decayes had been confirmed due to 
the insoluble precipitate of silver phosphate, calcium 
fluoride, and silver protein formed after the utility 
of SDF. Improvement of  bonding can be an end 
result of this as well.(52) Decreased degradation of 
collagen and enhancement of remineralization with 
the aid of the anti-matrix metalloprotease action of 
SDF ought to additionally have increased the bond 
strength of GIC to the collagen fibrils.(52,50) Fixation 
of the organic matrix via SDF, leading to improve 
interlocking to the dentinal tubules and leading to 
improve bond strength.(12)

CONCLUSION

Under limitation of this study, the following 
conclusions could be suggested:

Treatment of sound and demineralized dentine 
surfaces by SDF don’t affect bonding to light cured 
resin modified glass ionomer cement.
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