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2 Introduction

A. Problem statement Silver Diamine Fluoride’s (SDF) 
ability to halt dental caries and also 
simultaneously prevent formation of 
new caries added with the simplicity 
and affordability of its treatment 
procedure has made it quite popular as 
a go to measure for minimally invasive 
dentistry.1 

Past studies have proven that the 
application of SDF prior to restoring 
the tooth surface has improved or has 
had no effect on the bond strength of 
glass ionomer cements to the affected 
dentinal surface.2 

Most of the prior studies were 
conducted to determine the bond 
strength of  materials like Resin 
modified Glass Ionomer Cement, Auto 
cure Glass Ionomer cement and 
Composite to the demineralised or 
sound dentin.2

B. Rationale The aim of this study is to compare the 
shear bond strength of Giomer and 
Type IX Glass Ionomer Cement (GIC) 
after application of SDF and potassium 
iodide (KI) to the demineralised 
primary dentin.  

Shear bond strength is the resistance to 
forces that slides the restorative 
material past the tooth structure and 
hence assumes more importance 
clinically because of the fact that the 
major dislodging forces at the tooth 
restoration interface have shearing 
effect.3



C. Novelty No prior studies have been conducted 
to determine if the bond strength of 
restorative materials like Giomer and 
type IX GIC shows any improvement 
after the application of Silver Diamine 
Fluoride along with Potassium Iodide.  

Type IX GIC was developed especially 
for Geriatric and Pediatric patients. It 
was introduced to clinical practice in 
late 1990s. It is said to possess high 
strength, wear resistance, chemical 
adhesion to tooth structure, fluoride 
release, radiopacity and less technique 
sensitivity to saliva.4 

Giomer is a new group of direct 
restorative materials and adhesives that 
is based on pre-reacted glass ionomer 
(PGR) technology to form a stable 
phase of glass ionomer in the 
restorative. It offers good aesthetics, 
handling and physical properties of 
composite resins with added benefits of 
high radiopacity, anti-plaque effect, 
fluoride release and recharge.5

D. Expected outcome and application Prior application of SDF and KI 
increases the bond strength of Giomer 
and Type IX GIC to the demineralised 
primary dentinal surface.

3 Research question(s) 1. Does application of Silver Diamine 
Flouride and Potassium Iodide have 
any effect on the adhesion of 
Giomer and Type IX GIC to the 
surface of demineralised primary 
dentine? 

2. Does Giomer have a higher bond 
strength to demineralised  primary 
dentinal surface after application of 
SDF and KI as compared to Type IX 
GIC?

4 Research hypothesis (es), if any Prior application of SDF and KI 
increases the bond strength of Giomer 
and Type IX GIC to the demineralised 
primary dentinal surface.



5 Objectives of the Study: 
A. Primary objective(s) 
B. Secondary objective(s)

Primary Objective: 
To evaluate the difference in the bond 
strength of Giomer and Type IX GIC to 
demineralised primary dentin after the 
application of Silver Diamine Fluoride 
along with Potassium Iodide which 
counters the staining caused by SDF.  
Secondary Objective: 
To determine the type of failure mode 
of the fracture by observing the 
samples under a stereomicroscope.



6 1. Review of literature Elizabeth NG et al in the year 2020 
conducted a study to measure the 
micro shear bond strength of Glass 
Ionomer cement to carious dentin 
with and without silver diamine 
fluoride (SDF) treatment. Results 
showed that the strongest bond 
strength was found when GIC was 
p l a c e d o n c o n d i t i o n e d a n d 
demineralised dentin treated with 
SDF one week prior. Statistically 
significant increases in bond strength 
was found when the dentin was 
demineralised, when conditioner was 
applied before SDF, and when one 
w e e k e l a p s e d b e t w e e n S D F 
application and GIC placement. The 
lowest bond strength was found with 
immediate GIC application after 
SDF. In conclusion results suggested 
that optimal retention is obtained by 
conditioning with poly acrylic acid 
and allowing SDF treatment to set for 
one week prior to GIC placement.6 
Savil Ramachandra Uchil et al in 
the year 2020 conducted a study to 
evaluate the effect of the application 
of SDF, with and without acid 
etching and KI on the bond strength 
of resin-modified glass ionomer 
cement (RMGIC) to the carious 
dentin of primary teeth. Results 
showed that there was no significant 
difference in micro tensile bond 
strengths between the groups ( P= 
0.665), with the highest value seen in 
group III . In conclusion the 
application of SDF with or without 
acid etching and KI does not effect 
the bond strength of RMGIC to 
carious dentin of primary teeth. 7



Irene Shuping Zhao et al in the year 
2019 conducted a study to investigate 
the effect of silver diamine flouride 
(SDF) and Potass ium Iodide 
treatment on dentine discolouration 
and the shear bond strength (SBS) of 
glass ionomer cements (GIC’s) to 
artificial caries-affected dentin. 
Results showed that the slices treated 
with SDF+KI had higher lightness 
value than as compared to those 
treated with water, whereas those 
treated with SDF presented a lower 
lightness value compared to those 
treated with water. The SBS values 
after treatment with SDF+KI, SDF 
and water were 3.0 ± 1.4 MPa, 2.3 ± 
0.9 MPa and 2.6 ± 1.1 MPa, 
respectively. In conclusion the 
immediate application of KI solution 
after SDF treatment does not 
negatively affect adhesion of GIC to 
artificial caries-affected dentine. 
M o r e o v e r K I c a n r e d u c e 
discolouration of demineralised 
dentin caused by SDF.8 

Aksrapak Puwanawiroj et al in the 
year 2018 conducted a study whose 
objectives were to investigate the 
effect of silver diamine fluoride 
(SDF) on the micro tensile bond 
strength between glass ionomer 
cement and carious primary dentin 
and evaluate the mode of restoration 
failure. Results showed that the mean 
micro tensile strength for the test 
group was 7.4 MPa and 6.3 for the 
control group ( P> 0.05). Most 
common failure mode was the mixed 
failure mode in both groups. In 
conclusion Silver Diamine Flouride 
does not adversely affect the bond 
strength between glass ionomer 
cement and carious primary dentin in 
vitro. 9



Di I. Wu et al in the year 2016 
conducted a study whose purpose 
was to investigate the effect of SDF 
on the micro tensile bond strength of 
resin composite to dentin of primary 
molars. Results showed that the 
mean±(SD) value of mTBS in the 
con t ro l and SDF g roup was 
162.09±81.08 and 139.85±88.53, 
respectively (P=0.402). SEM images 
showed that, in the control group, the 
majority of the fractures occurred at 
the adhesive-dentin conjunction, 
while in the SDF group failure 
mostly occurred within the adhesives. 
In conclusion pretreating dentin with 
38 percent silver diamine fluoride 
does not affect the bonding strength 
of composite resin to dentin. The 
fracture patterns observed suggest 
that bonding strength might be 
stronger between the adhesive and 
the SDF-applied dentin. Their data 
suggests that SDF can be used as a 
dentin pretreatment prior to resin 
restoration potentially contributing to 
secondary caries prevention in 
primary teeth. 10 

Rani Somani et al in the year 2016 
conducted a study to evaluate and 
compare shear bond strength of 
various glass ionomer cements 
(GIC’s) to dentin of primary teeth. 
Results showed that the shear bond 
strength was highest in group B (LC 
GIC) 9.851 ± 1.620 MPa, followed 
by Group C ( type IX GIC) 7.226 ± 
0.877 MPa, and lowest was in group 
A (conventional GIC) 4.931 ± 0.9735 
MaP. In conclusion light cure GIC 
was significantly better than type IX 
GIC and conventional GIC in terms 
of shear bond strength. 3 



RL Quick et al in the year 2012 
conducted an in-vitro study whose 
aim was to investigate the effect of 
cariostatic and preventive agent SDF 
on the micro tensile bond strength of 
resin composite to dentin. Results 
showed that none of the experimental 
groups treated with different 
concentrations of SDF showed a 
significant difference in bond 
strength compared to the control 
groups, and there was no significant 
difference in bond strength between 
self-etch and etch-and-rinse groups. 
However, the effect of SDF on self-
etch bonded teeth compared to etch-
a n d - r i n s e b o n d e d t e e t h w a s 
statistically significant (p=0.0363), 
s p e c i f i c a l l y a t t h e 1 2 % 
concentration.In conclusion SDF 
does not adversely affect the bond 
strength of resin composite to non 
carious dentin. 11 
N Manjula et al in the year 2011 
conducted a study to comparatively 
evaluate the shear bond strength of 
recent tooth-coloured restorative 
materials to dentin. Results showed 
that Ceram X ( 16.63 ± 0.94 MPa) 
and Admira (17.31 ± 0.95 MPa) were 
comparable in their bond strength 
values, but depicted significantly 
higher bond strength when compared 
to Beautifil ( 12.39 ± 1.05 MPa) and 
Fuji IX ( 7.76 ± 1.07 MPa). In 
conclus ion nano-ceramic and 
ormocer-based restorative materials 
showed better bonding potential to 
dentin as compared to GIC and 
Giomer. 12

7 2. Methodology

A. Study design In-vitro/ Ex-vivo study.

B. Study participants (human, animals or both) Human primary teeth are going to be 
used for this study.



i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if any (trial-related 
therapy, follow-up and documentation are 
terminated prematurely as it is indicated to 
ensure safety of the participants)   

iv. Rescue criteria, if applicable (starting 
symptomatic therapy either to control 
symptoms of disease or to overcome lack of 
adequate efficacy of the study drug or 
placebo)                                                                    

v. Number of groups to be studied, identify 
groups with definition 

1. Sound primary molars which have 
exfoliated naturally or indicated for 
extraction due to over-retention or 
for orthodontic purposes. 

1. Primary molars previously infected 
with caries. 

NA- Not Applicable. 

NA- Not Applicable. 

The study is going to be conducted by 
studying 4 groups. 
Group one (1A) : Silver Diamine 
Fluoride and potassium iodide is 
applied prior to the application of Type 
IX GIC. 
Group two (1B) : This group is going 
to act as a control for group one (1A), 
so the type IX GIC is going to be 
applied directly to the demineralised 
dentinal surface. 
Group three (2A): Silver Diamine 
Fluoride and Potassium iodide is 
applied prior to the application of 
Giomer. 
Group four (2B) : This group is going 
to act as a control for group two (2A), 
so Giomer is going to be applied 
directly to the demineralised dentinal 
surface. 



C. Sampling  
a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

NA- NOT APPLICABLE 

The sample size was estimated based 
on the following: 

• Group 1 : Type IX GIC to 
dentine :  10.4 +/- 4.5 

• Group 2 : Type IX GIC to SDF  
:      13.2 +/- 3.4 

Sample size estimation was done using 
using G. Power sample size estimation 
software as follows:  

t tests - Means: Difference between 
two independent means (two groups) 

Analysis: A priori: Compute required 
sample size  
Input: Tail(s)=Two 
 Effect size d=0.7020874 
 α err prob=0.05 
 Power (1-β err prob)=0.80 
 Allocation ratio N2/N1=1 
Output: Noncentrality parameter  
                     δ=2.85     
 Critical t=1.99 
 Df=64 
Sample size per group =33 

Since there are 4 groups in the study, 
final minimum sample size is 132 (33 
per group).  
Formula for sample size estimation: 

N =        2 Sp2    [ Z 1- α/2     + Z  1-  β ]  2        

/            µ d   

2Sp = pooled standard devition,     µ d  = Mean 

difference   

NA- NOT APPLICABLE 



D. Randomization details (for interventional 
studies)- Intervention details with 
standardization techniques (drugs / devices / 
invasive procedures / noninvasive procedures / 
others)

SINGLE BLINDING: 
All the 132 samples will be assigned a 
serial number before undergoing 
stereomicroscopic analysis. 
The assessor investigating the failure 
modes will not be aware of the groups 
to which the samples belong.

E. Ethical Clearance from the Institution’s Ethics 
Committee Obtained? (Copy to be Attached)

YES



F. Study procedure SAMPLE COLLECTION AND 
PREPARATION: 

66 sound primary molars which have 
exfoliated naturally or have been 
indicated for extraction due to over-
retention or for orthodontic purposes 
are going to be collected. 

The collected samples are going to be 
stored in 10% formalin for 14 days, but 
not for more than 1 month as previous 
studies have shown that formalin does 
not effect the bond strength of the 
teeth. 

All the 66 specimens are then going to 
be embedded in acrylic resin and the 
occlusal surfaces are going to be 
flattened using a diamond bur till 
dentin is seen. The flat dentinal 
surfaces are then going to be 
smoothened with a number 400 silicon 
carbide paper. 

All the samples are then going to be 
immersed in a demineralising solution 
(pH 1.4, 50mM acetate, 2.2 mM mono- 
potassium phosphate and 2.2 mM 
calcium chloride) for 7 days at 25 
degree Celsius. 

All the 66 samples are then going to be 
sectioned centrally using a slow-speed 
diamond disk forming two equal 
halves, so now the sample size stands 
at 132. These 132 samples are then 
going to be allocated to four groups, 
each containing a sample size of 33. 

Group 1A: (n=33) The demineralised 
surfaces of all the samples of this 
group will be treated with 38% SDF 
after which KI is going to be applied 
immediately. The KI is reapplied until 
no white precipitate is observed and 
then the surface is washed with 
distilled water. 



Group 1B: (n=33) The demineralised 
surfaces of all the samples are going to 
be treated with distilled water. This 
group acts as a control for group 1A. 

Group 2A: (n=33) The demineralised 
surfaces of all the samples of this 
group will be treated with 38% SDF 
after which KI is going to be applied 
immediately. The KI is reapplied until 
no white precipitate is observed and 
then the surface is washed with 
distilled water. 

Group 2B: (n=33) The demineralised 
surfaces of all the samples are going to 
be treated with distilled water. This 
group acts as a control for group 2A. 

Samples from all four groups are then 
going to be immersed in artificial 
saliva at 25 degree Celsius for 7 days. 
After this all four groups are going to 
under go the following treatments- 

Group 1A: (Treated with SDF+KI) The 
dentinal surfaces of all the specimens 
are going to be conditioned with 10% 
polyacrylic acid applied using a micro 
brush for 20 seconds, after which they 
are going to be restored with type IX 
GIC. Powder and liquid are going to be 
mixed in a 3:1 ratio and a 4mm thick 
buildup of GIC is going to be placed 
on the surface of all the specimens. 

Group 1B: (Treated with distilled 
water) Here the dentinal surfaces are 
going to be conditioned with 10 % 
polyacrylic acid as in group 1A and a 
4mm thick buildup of type IX GIC will 
be placed on all the samples as 
described in group 1A. 

Group 2A: ( Treated with SDF+KI) 
The dentinal surface of all the 
specimens are going to be dried and 
and treated with a mixture of FL primer 



A and B for 10 seconds. Excess primer 
will be removed by gentle air drying. 
Then low viscosity FL Bond will be 
placed and light cured for 10 seconds 
after which a 4mm thick buildup of 
Giomer will be placed on the surface of 
all the samples. 

Group 2B: (Treated with distilled 
water) Here the dentinal surface of all 
the specimens will be treated as in 
group 2A with primer and bonding 
agent after which a 4mm thick buildup 
of Giomer will be placed on the surface 
of all the samples. 

After bonding all the samples are going 
to be stored in 100% humidity at 37 
degree Celsius for 24 hours to allow 
complete setting of the restorative 
materials.  
All the samples are then going to be 
subjected to thermocycling which is 
done in water baths for 500 times 
between 5 and 55 degrees with a dwell 
time of 15 seconds in each bath and a 
transfer time of 10 seconds.

G. Data collection methods including settings and 

periodicity

SHEAR BOND STRENGTH TEST: 
After 24 hours , the specimens are then 
going to be subjected to shear bond test 
determination using a Universal 
Testing Machine. The load necessary to 
debunk the restorative materials is 
going to be recorded in Newtons and 
the bond strength will be expressed in 
megapascal by dividing the load at 
failure by the bonded surface area in 
square mm. 
FRACTURE ANALYSIS: 
The debonded samples are then going 
t o b e e x a m i n e d u n d e r a 
stereomicroscope. The failure modes 
are categorised as: Adhesive, Cohesive 
and mixed. Only adhesive failure of 
each group is going to be taken into 
consideration here.



H. List of statistical tests to be used for data 
analysis

DESCRIPTIVE STATISTICS:  
Mean and standard deviation of shear 
bond strength (MPa)  values will be 
done for the four groups.  
Inferential statistics:  Comparison of 
mean shear bond strength (MPa) values 
between the four groups will be done 
by Analysis Of Variance (ANOVA) 
followed by Post-hoc Bonferroni test, 
if the data is following normal 
distribution. If the data does not follow 
normal distribution, the Kruskal-Wallis 
test and Mann-Whitney test will be 
used.  
Proportion of adhesive failures in each 
group will be calculated. 
Comparison between the 4 groups for 
proportion of adhesive failures will be 
done by Chi-square test. 
Probability value of less than 0.05 will 
be considered to be statistically 
significant for all comparisons. 

I. I. If it’s a Clinical Trial: Clinical Trials Registry 
of India or equivalent registration number to be 
mentioned

NA- Not Applicable.

8 3. List risks and benefits of the study RISKS: 
As this is a in-vitro study there are no 
risks involved. 
BENEFITS: 
The adhesion of various restorative 
materials used in Pediatric Dentistry 
after the application of Silver Diamine 
Fluoride along with Potassium Iodide 
can be evaluated.
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