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ABSTRACT
Purpose: This study aimed to determine whether pretreating primary molars with silver 

diamine fluoride and potassium iodide (SDF + KI) under resin modified glass ionomer restoration 
(RMGI) affect the fluoride uptake into dentine or not. 

Methods: Twenty carious extracted primary molars were sectioned mesio-distally forming two 
similar halves into forty sections. Each tooth was placed in a separate container with its 2 halves. 
Teeth were then randomly allocated either to the control or intervention group. In each tooth, 
the caries was excavated in each half. The control group received resin modified glass ionomer. 
The intervention group received silver diamine fluoride and potassium iodide followed by resin 
modified glass ionomer. After 2 weeks, fluoride percentage by weight in dentine was measured in 
both groups using energy dispersive x-ray analysis (EDX). 

Results: In the RMGI control group, there was a significant increase in the amount of fluoride 
weight percentage from (0.81±0.47) to (3.49±1.88) after restoration placement (p<0.001). In the 
SDF + KI intervention group, there was a significant increase in the amount of fluoride weight 
percentage from (0.47±0.44) to (4.14±1.45) after restoration placement (p<0.001). There was no 
significant difference between the mean amount of fluoride weight percentage measured in the 
control group (3.49±1.88) and the intervention group (4.14±1.45) with (p=0.398). 

Conclusion: The application of silver diamine fluoride and potassium iodide under resin 
modified glass ionomer restoration does not interfere with the fluoride uptake from glass ionomer 
into dentine. 

KEYWORDS: Silver diamine fluoride, Potassium iodide, Resin modified glass ionomer, 
Energy dispersive x-ray analysis, Fluoride uptake.
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INTRODUCTION 

Dental caries is one of the most common oral 
diseases of childhood and is considered as a major 
public health problem especially in areas with 
poor access to dental care. In Egypt, Abbass et al., 
(2019) conducted a study where a total number 
of 369 Egyptian children and adolescents were 
examined to assess the prevalence of dental caries, 
it was found that 74% of the children had dental 
caries. So, in order to avoid serious complications 
of untreated dental caries such as pain, infections, 
emergency visits and possibly hospitalization Çolak 
et al., (2013), an effective low cost treatment should 
be established particularly in areas with poor dental 
access.

Silver diamine fluoride (SDF) is considered 
one of the most important topical fluorides to 
prevent and treat dental caries in many countries. It 
combines both the re-mineralizing action of fluoride 
and the antibacterial effect of silver. It is considered 
inexpensive, safe, efficient and easily applied. 
Horst, Ellenikiotis, & Milgrom, (2016).

In a recent systematic review conducted by 
Jabin et al., (2020), it was found that the use of 38% 
concentration of SDF is effective in arresting caries 
in primary teeth. Also, another systematic review 
conducted by Chibinski et al., (2017), stated that 
SDF was 66% more effective than ART restorations 
or fluoride varnish in arresting caries, and that SDF 
was 154% more effective than no treatment in 
arresting caries in primary teeth. 

Furthermore, in a systematic review conducted 
by Crystal & Niederman, (2019), to study the 
efficacy of SDF in preventing caries in primary teeth, 
it was found that when comparing SDF to placebo 
for 24 months of follow-up or more, SDF resulted in 
a significant decrease in the development of dentin 
carious lesions by 77.5%. It was also concluded that 
SDF was significantly better than fluoride varnish at 
a period of 18 and 30 months follow-up. Oliveira et 
al., (2019).

However, SDF main disadvantage was that it 
caused black  discolouration of teeth when applied 
which is a major esthetic problem (Chu, Lo, & Lin, 
2002). A solution to this problem was suggested 
in 2005, by applying potassium iodide (KI) 
immediately after application of SDF to reduce the 
discolouration. Knight et al., (2005).

Another treatment option to reduce the 
discoloration caused by SDF, is to place glass 
ionomer restorations directly over SDF to mask 
its discoloration effect and at the same time act as 
a restoration over SDF Horst et al., (2016). Many 
studies have proven that resin modified glass 
ionomer restorations (RMGI) have the ability to 
release fluoride into plaque, saliva and dental tissues 
and can also act as a fluoride reservoir. Cabral et al., 
(2015) and Nagi et al., (2018). 

Furthermore, various studies have shown that 
the application of SDF + KI under glass ionomer 
(GI) restorations did not affect the GI bond strength 
to dentine. Gupta et al., (2019), Zhao et al., (2019) 
and Uchil et al., (2020).   

Moreover, Knight et al., (2006) concluded that 
fluoride uptake into dentine from conventional GI 
restorations was not affected in the presence of SDF 
and KI. It was also mentioned that the results may 
be different if conditioning is applied not etching 
and recommended this for future investigation.

Therefore, the aim of this study is to determine 
whether carious primary molars treated with SDF 
and KI prior to placing resin modified glass ionomer 
(RMGI) restorations will affect the fluoride uptake 
into primary dentine or not.

MATERIALS AND METHODS:

The study proposal was reviewed and approved 
by the Research Ethics Committees (REC) of the 
Faculty of Dentistry, Cairo University, Egypt on 
28/7/2020. With approval number 19.7.39.
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Sample Size Calculation:

According to Isaac & Michael (1995), the 
sample size in a pilot study can be between 10 and 
30. The sample size selected in this study was 20 
teeth, 10 teeth in each group.  

Sample Collection:

Freshly extracted discarded primary molars  Nasr 
& Saber, (2020) were collected from outpatient 
clinic of Pediatric Dentistry Department, Faculty of 
Dentistry, Cairo University at the end of every day. 

Inclusion Criteria:

·	 Carious primary extracted molars. 

·	 Presence of occlusal or proximal caries.

·	 Caries extending to dentine.

Exclusion Criteria:

·	 Presence of restorations.

·	 Presence of pit and fissure sealant.

·	 Hypo-plastic teeth.

·	 Severely destructed teeth.

Thirty two teeth were collected, but only 20 
teeth were eligible according to the inclusion and 
exclusion criteria. Teeth were then stored in distilled 
water in separate containers, and numbered from 1 
to 20.  The teeth were then randomly allocated to 2 
groups (control & intervention groups) using Ran-
dom.org and then the generated random sequences 
for the containers were kept with the third author.

Samples Preparation:  

Teeth were mounted on acrylic blocks to be ready 
for sectioning, then they were sectioned through the 
center of the carious lesion mesio-distally using a 
slow-speed cutting saw with coolant (Isomet 4000, 
USA) forming two similar halves Nasr & Saber, 
(2020), so that the 20 molars were sectioned to 40 
halves. Each tooth was then placed in a separate 

container with its 2 halves. The containers were 
then randomly allocated either to the control or 
intervention group. Figure (1).

Control Group: 

·	 Ten teeth were assigned to the control group (each 
tooth was sectioned into 2 halves). Figure (2).

·	 In one half the caries was removed using a sharp 
excavator (Maillefer, Dentsply, Switzerland), 
then conditioned with polyacrylic acid (Ketac, 
3M ESPE, Germany) using a micro-brush for 
10 seconds then washed with water and then 
dried with oil-free compressed air.  

·	 In the other half, the same steps were repeated 
and then restored with resin modified glass 
ionomer (RIVA LC, SDI, Australia). 

·	 The restoration was then light cured for 20 
seconds, then finished using composite finishing 
burs kit (Kerr, United States) and then polished 
using composite polishing kit (Kerr, United 
States) and painted with copal Varnish (JK, 
Egypt). 

Intervention Group:

·	 Ten teeth were assigned to the intervention 
group (each tooth was sectioned into 2 halves). 
Figure (2).

·	 In one half the caries was removed using a sharp 
excavator (Maillefer, Dentsply, Switzerland), 

Fig. (1): (a) Tooth during sectioning. (b) Tooth after sectioning 
into 2 halves.
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then conditioned with polyacrylic acid (Ketac, 
3M ESPE, Germany) using a micro-brush for 
10 seconds, washed with water and then dried 
with oil-free compressed air. 

·	 In the other half, the same steps were repeated 
and then a layer of 38% SDF solution was topi-
cally applied to the cavity using a micro-brush, 
immediately followed by a saturated KI solution 
using a micro-brush also, then a creamy white 
precipitate was immediately formed, KI was 
applied until the white precipitate turned clear. 
The reaction products were washed off with co-
pious water, then the cavity was dried with oil-
free compressed air and filled with resin modi-
fied glass ionomer (RIVA LC, SDI, Australia). 

·	 The restoration was then light cured for 20 
seconds and then finished using composite 
finishing burs kit (Kerr, California, United 
States) and then polished using composite 
polishing kit (Kerr, California, United States) 
and painted with copal Varnish (JK, Egypt).

Samples Preparation for SEM/EDX Analysis:

·	 After restoration placement in both groups, each 
tooth was stored in distilled water in separate 
containers at 37 C for 2 weeks Knight et al., 
(2006). The specimens were then dried for 
4 hours in an oven (SHEL LAB, Cornelius, 
United States of America) Scholz et al., (2019). 

·	 After dehydration, teeth were mounted on stubs 
using double-sided carbon tape, and sputter 
coated with gold for 20 s using a Turbomolecular 
pumped coater (QUORUM 150T ES, Laughton, 
United Kingdom). Power et al., (2014).

·	 The fluoride uptake of the samples was examined 
using energy dispersive X-ray spectrometry 
(EDX) under scanning electron microscopy 
(SEM) (TESCAN VEGA3, Brno, Czech). 
An elemental assessment was performed by 
measuring five areas 5 × 5 μm2 along dentin 
thickness. Three scans were made at each 
location and the three readings averaged. The 
mean weight percentage of fluoride uptake was 
calculated. Mei et al. (2015). 

·	 The results of a sample are shown in Figure (3).

Fig. (2): A diagram showing the control and intervention groups.

Fig. (3): A photograph showing EDX results for a sample.
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RESULTS

Statistical Analysis

Numerical data were explored for normality by 
checking the data distribution, calculating the mean 
and median values and using Kolmogorov-Smirnov 
and Shapiro-Wilk tests. Data showed parametric 
distribution so; it was represented by mean and 
standard deviation (SD) values. Independent and 
paired t-tests were used for inter and intragroup 
comparisons respectively. The significance level 
was set at p ≤0.05 within all tests. Statistical analysis 
was performed with R statistical analysis software 
version 4.0.3 for windows R Core Team, (2020).

1. Descriptive Statistics

Descriptive Statistics for fluoride weight (%) 
before and after restoration placement are presented 
in Figure (4).

2. Intergroup Comparison

The mean amounts of fluoride wt. (%) between 
both groups are presented in Figure (5).

Before Restoration

There was no significant difference between 
the mean amount of fluoride weight measured in 
the control group (0.81±0.47) and the intervention 
group (0.47±0.44) (p=0.110).

After Restoration

There was no significant difference between 
the mean amount of fluoride weight measured in 
the control group (3.49±1.88) and the intervention 
group (4.14±1.45) (p=0.398).

3. Intragroup Comparison

The mean amounts of fluoride wt. (%) before and 
after restoration are presented in Figure (6), showing 
a significant increase in the amount of fluoride 
weight percentage after restoration placement in 
both the intervention and control groups.

Fig. (4): Box plot chart showing fluoride wt. (%) for both 
groups.

Fig. (5): Bar chart showing mean fluoride wt. (%) for both 
groups.

Fig. (6): Line chart showing mean fluoride wt. (%) for both 
groups.
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4. Differences in Intergroup Comparison

The mean amount of fluoride wt. (%) difference 
after restoration placement are presented in Figure 
(7), showing no significant difference between the 
mean amount of fluoride weight difference measured 
in both the control group and the intervention group.

DISCUSSION

The addition of fluoride to restorative materials 
has attracted the attention of dental researchers and 
clinicians in the last two decades, as these restorative 
materials can provide a source of low fluoride 
release to the teeth, within long intervals. Garcez 
et al., (2007). These so-called “intelligent” dental 
materials have been introduced aiming to reduce 
secondary caries and neutralize the pH decrease, 
especially in patients with high-caries risk. Garcez 
et al., (2007). 

These characteristics were initially found in 
conventional glass ionomer cements. However, glass 
ionomer materials showed some disadvantages, 
such as the short working time, long setting time, 
susceptibility to early moisture and salivary 
contamination and loss of brightness Garcez et 
al., (2007). Thus, in order to overcome these 
disadvantages, two types of hybrid materials, glass 
ionomers and composite resins have been combined 

together to achieve the advantages of conventional 
glass ionomers and the superior esthetic properties 
of the composite resins into one material with better 
mechanical and biological properties which is resin 
modified glass ionomer restoration used in the 
present study. Berzins et al., (2010). 

In the present study, resin modified glass ionomer 
(RMGI) restoration was selected as the restorative 
material as it has the following advantages over the 
conventional glass ionomer: higher strength, better 
bond strength, lower solubility and less sensitivity 
to moisture. Arora et al., (2010). 

Furthermore, silver diamine fluoride (SDF) plays 
a significant role in managing caries especially 
in children with high caries risk, medically 
compromised, those with behavioral challenges and 
those who have difficulty in accessing dental care 
Chibinski et al., (2017). SDF also has the ability 
to form a good biological seal at the restorative 
interface thus enhancing the prognosis of teeth 
treated with atraumatic restorative technique (ART). 
Chu et al., (2002). 

Studies have also shown that in silver modified 
atraumatic restorative technique, which aims to 
limit the progression of caries, SDF is applied after 
selective caries removal and then immediately fol-
lowed by glass ionomer restoration to ensure com-
plete seal. Quock et al., (2012) & Fa et al., (2016).        

However, one of the limitations of SDF is that it 
can cause black discoloration of teeth after its appli-
cation which may not be acceptable to many patients 
Zhao et al., (2017), thus the solution to this problem 
was to apply KI immediately after SDF application 
Knight et al., (2005). The commercial product of 
SDF + KI used in the current study was Riva star 
from SDI Limited as it is the only commercial prod-
uct of SDF + KI available in the market.    

Soft caries was removed and 10% polyacrylic 
acid conditioner (Ketac, 3M ESPE) was applied as 
the traditional protocol before RMGI restorations 
as it removes the smear layer and leaves only the 
smear plugs, partially demineralizes the dentine 

Fig. (7): Bar chart showing mean fluoride wt. (%) difference 
for both groups.
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and enhances the chemical interaction between the 
hydroxyapatite crystals and RMGI components. 
Hamama et al., (2014). 

After SDF application, KI was immediately 
applied and the white precipitate formed was 
immediately washed off and the cavity dried before 
dentine bonding. This protocol was made as Knight 
& McIntyre, (2006) found that leaving the white 
precipitate adversely affects the bond strength of GI 
to dentine and recommended immediately washing 
it before bonding to dentine.

The teeth were then kept in distilled water for 2 
weeks to ensure that a sufficient uptake of fluoride 
ions had occurred in the dentine of the specimens 
Knight et al., (2006) and it was also found that 
fluoride release from GI restorations initially 
increases rapidly in the first 24-72 hours and then 
gets stable to a nearly constant level within 10-20 
days. Dionysopoulos et al., (2003).

Teeth were then dried and mounted on stubs to 
be ready for gold sputtering. Gold sputtering should 
be made before Scanning Electron Microscope 
(SEM) to improve the conductivity of the sample 
surface to the electron beam thus enabling high 
resolution image due to higher sample stability 
under the electron beam, otherwise the image will 
be distorted. Power et al., (2014). 

EDX was the method selected to measure 
fluoride weight percentage in the current study as 
it has the ability to provide elemental analysis to 
mineralized tissues and at the same time not causing 
sample deterioration. Gandolfi et al., (2017).

In the present study, the fluoride weight 
percentage (wt. %) was measured in both groups 
(control and intervention group) before and after 
the restoration placement, so that each tooth acts 
as a self-control. In the present study there was no 
significant difference between the mean amount of 
fluoride wt. % measured in both groups (p=0.110) 
before restoration placement, as it is known that 
before restoration placement, the teeth have very 
low amounts of fluoride.   

Regarding the comparison between the mean 
amount of fluoride wt. (%) before and after the 
restoration placement in the same group, it was 
found that there was a significant increase in the 
fluoride wt. % after restoration placement in the 
control group (RMGI group) (p<0.001), this result 
is in accordance with various studies by Delbem et 
al., (2005), Dionysopoulos et al., (2013), Cabral et 
al., (2015) and Nagi et al., (2018). These studies 
all agreed that when using RMGI and comparing it 
to different restorative materials, the fluoride weight 
percentage significantly increases in dentine after 
using RMGI.  

Since the inorganic filler composition affects the 
fluoride release, fluoroaluminosilicate glass which 
is the major component filler of glass ionomers is 
more soluble than the barium and strontium present 
in most compomers and composites, so, it is able 
to release more fluoride. Mousavinasab & Meyers, 
(2009). It has also been proved that reducing the 
inorganic filler size in RMGI can increase the 
fluoride release because smaller particles have 
larger surface areas. Mungara et al., (2013).

It was also found that material’s porosity affect 
the fluoride release, the higher porosity allows deep-
er diffusion of the recharge agent into the sample 
and leads to more fluoride storage and release. Xu & 
Burgess, (2003). Xu & Burgess, (2003) also found 
that resin-modified glass ionomers have less resin 
content and higher porosity thus they have higher 
fluoride recharge capabilities than compomers or 
composites. The above factors all give an explana-
tion for the significant increase in the fluoride con-
centration after RMGI restoration placement. 

Furthermore, the present study found that there 
was also a significant increase in the fluoride wt. % 
after restoration placement in the intervention group 
(SDF + KI followed by RMGI) (p<0.001), this result 
is in agreement with the results of Knight et al., 
(2006), Mei et al., (2013) and Patel et al., (2019). 
This is due to the chemical composition of silver 
diamine fluoride which contains silver difluoride 
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which resulted in the high fluoride concentrations 
measured. Knight et al., (2005). Also, Riva star used 
contains 38% SDF, and SDF at a concentration of 
38% contains 44,800 ppm fluoride ion that at pH 10 
is 25% silver, 8% ammonia, 5% fluoride, and 62% 
water. Mendi & Eden, (2021). So, this composition 
of Riva star may have contributed to the increase in 
fluoride uptake.

 However, after restoration placement there was 
no significant difference between the mean amount 
of fluoride wt. % measured in both groups (p=0.398). 
This result is in contrast to Knight et al., (2006) who 
found that after SDF application under GI, there 
was a significant increase in the fluoride wt. %. This 
controversy may be due to the small sample size. 
Also, in the present study the two interventions were 
placed in two different teeth, which is different from 
the methods conducted in the study by Knight et al., 
(2006), were both interventions were placed in the 
same tooth. So, further studies in which placing the 
two interventions in the same tooth are needed as it 
may affect the results.

CONCLUSIONS

·	 Resin modified glass ionomer restoration 
significantly increased the fluoride concentration 
within dentine.

·	 The application of silver diamine fluoride and 
potassium iodide under resin modified glass 
ionomer restoration did not interfere with the 
fluoride uptake from glass ionomer into dentine.

LIMITATIONS

·	 Sound primary molars where artificial caries 
is induced are needed for more standardized 
results.

·	 Placement of the two interventions in the same 
tooth is needed for more standardized results.

·	 The sample size used in the study was small as 
it is a pilot study.
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