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Abstract

Background & Aims: Colorless Silver Diamine Fluoride (SDF) solution is effective in increasing the remineralization of hard tooth
tissue, and the silver ion in it has antibacterial properties. The aim of this study was to compare the effect of Sodium Fluoride (NaF)
varnish with SDF on oral saliva pH in children with premature dental caries.

Materials & Methods: In this clinical trial study, 25 children with the age group of 3-6 years old were randomly selected, and then
randomly divided to two groups of receiving NaF and receiving SDF. The rate of salivary pH change in both study groups was measured
and recorded before treatment (baseline time), 5, 10, 20, and 30 minutes after treatment, using digital pH meter. The results were
evaluated using repeated measures and independent t-test at a significance level of 0.05%.

Results: The mean salivary pH level of the SDF group in the fifth (p = 0.018), tenth (p = 0.022), and twentieth (p = 0.039) minutes
after treatment was significantly higher than it in the NaF group. In the SDF group, saliva pH at 5 (p = 0.001), 10 (p <0.001), 20 (p
<0.001) and 30 minutes (p = 0.002) was significantly higher than the baseline time.

Conclusion: The saliva pH of children increased significantly after using SDF compared to NaF. Due to the other positive effects of
SDF in preventing caries compared to NaF, this substance is recommended for oral pH control in ECC and S-ECC treatment plans,
especially in the cases where anesthesia is not possible.
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Introduction children (ECC) and its severe form (S-ECC) have

As a global problem, deciduous teeth are more prone double importance (2). Preventing dental caries is more
to decay due to their mineral compositions and less critical than treating them (3). For this purpose, it is very
thickness of enamel (1). In this area, premature caries in useful to know the factors influencing the caries process.
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Ecologically, dental caries, like other diseases, depends
on the balance or imbalance between invasive factors,
acquired factors, and moderating factors, namely plaque
and saliva (4). In this process, the pH of saliva decreases
faster than the rate of remineralization (5). Any change
in the amount or quality of saliva can endanger oral
health (6, 7). The anti-decay properties of saliva are
influenced by several factors, the most important of
them are the pH of saliva and its tampon strength, which
counteracts the demineralization of the mineral part of
the tooth due to buffering of the oral environment (8).
Caries resistance is also related to the part of saliva
power in controlling oral pH (6, 8). If the pH of the
mouth stays below 5.5 for a long time, demineralization
may turn into caries (9). Knowledge of saliva
composition including fluoride concentration and saliva
pH can play an important role in assessing the condition
of the mouth and controlling both the activity of bacteria
and the mineral content of the teeth (10). Therefore,
measuring the pH difference is used to study the effect
of fluoride on reducing enamel demineralization or
improving remineralization in caries (1). The use of
fluoride-containing substances to prevent caries began
about 50 years ago (11, 12), and fluoride gels and
varnishes were used as two common methods of fluoride
therapy (13). Varnish has been increasingly welcomed
by dentists for reasons such as low risk, ease of use
especially in young and uncooperative children, saving
time, and preventing fluoride ingestion (14, 15). One of
the newest products containing fluoride is Silver
Diamond Fluoride (SDF) (16). It is a colorless solution
containing silver ions and was first introduced in Japan
in 1970 (17). Clinical studies suggest that SDF also
helps prevent and stop coronary caries in children's
deciduous teeth. It is also used to control caries in
children, to stop root caries and caries of grooves, to
prevent secondary caries, to desensitize the treatment of
infectious canals, and to prevent fractures of teeth
undergoing root canal treatment (18-20). This solution
can be effective in increasing the remineralization of
hard tooth tissue, and the silver ion in it acts as an
antibacterial agent (19, 20). This treatment is effective

due to its non-invasiveness and ease of implementation
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in young children and those who need special care (19,
21). In the cases that the child is too small to cooperate
for restorative treatment, the dental treatment is not
economically viable, or when there is a significant
shortage of dental staff, the SDF is used to stop or slow
down the caries (22, 23). Apart from staining of caries
caused by the deposition of silver phosphate and silver
sulfide, no significant side effects of SDF use have been
reported in children (17, 24, 25). Given the dual
importance of caries prevention in children and the
popularity of non-invasive methods for treatment of the
identify the
consequences of using newer materials to prevent caries
in children (26, 27). In Iran, the effects of SDF and its

common application are not very generalized, so it is

carious lesions, it is important to

necessary to study the short-term changes of SDF due to
the effects of its remineralization on caries and changes
in oral pH. The aim of this study was to investigate the
effect of SDF consumption on pH and compare it with

the old fluoride varnish method.

Materials & Methods

This was a randomized clinical trial study with study
population of 26 children in the age group of 3-6 years
with S-ECC or ECC at a private pediatric dentistry
center (Tabassom) in Zanjan, Iran. This research was
approved by the Ethics Committee of the Zanjan
University of Medical
(IR.ZUMS.REC.1400.145) with IRCT
IRCT20210718051926N1. Using repeated measure

formula (90% power and 5% error), the sample size was

Sciences

code of

measured 12 children for each group. For this, 13
children were included in the study, taking into account
of the 5% probable loss in each group. We used
systematic one-in-5 random sampling method. In this
method, in the list prepared by the clinic secretary, one
child was randomly selected from the first 5 patients of
the list, then the fifth child was selected from the list
after him. Random allocation process was also followed.
Samples were assigned to two random groups using the
random number generation method by random number
generation software. In this way, random numbers in the

range (0 to 1) were generated in the software and
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numbers less than 0.5 were assigned to the SDF group
and numbers greater than 0.5 to the NaF group.
Although it seemed that the socioeconomic status of the
families of children referred to the private clinic was
close to each other, but to reduce the error of the results,
the researcher used the existing socioeconomic status
(SES) questionnaire (28) to match the two groups
(questionnaire was completed by one of the parents).
The group matching method was used to match the SES
status, gender, and age in this study; the researcher
always checked the distribution of these three variables
in terms of group matching with the opinion of a
statistical consultant when randomly assigning children
to two groups. Due to the fact that the intervention
process was performed by one person, this study could
not be blinded. The parents of these children were
informed of the complications of SDF and entered the
study if they agreed (signing a written consent). We take
this fact into account that the parents are not satisfied
with the dental operation under their child's anesthesia.

Inclusion criteria: Children with deciduous tooth
systems (3 to 6 years old), with SECC (any sign of caries
on the smooth surfaces of the teeth of children under 3
years of age (2)) or ECC (presence of one or more
decayed teeth with or without cavities, lost due to caries
or filled in any of the baby teeth in a 71-month-old or
younger child is called premature caries in the children)
2).

Exclusions criteria: Systemic disease or dry mouth,
intellectual disability, Herpes, colds, poor cooperation
of the child or parents, impatience, having more than 5
decayed teeth.

Saliva sampling methods: Parents were asked to
refrain from giving any drinks or food to their children
at least one hour before the start of sampling. The
surface of the teeth in all specimens was cleaned with a
sterile gauze, plaques were removed, and the tooth
surfaces were decontaminated. The children were asked
with the help of their parents to pour their saliva into a
disposable glass. As this did not cause any pain or
discomfort to the children, they gained more trust in the
researcher. Immediately after collecting the children's

saliva in a disposable glass, salivary pH measurements
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were carried out using a digital pH meter (Orion Star
A221/Stara 2215-Thermo Scientific) and then entered in
a pre-designed checklist. The samples were then divided
randomly into two groups. For the varnish group, 5%
fluoride varnish (V-varnish / Korea / fluoride varnish /
4.0 ml) with V-varnish brand was applied. For the
second group, 30% silver diamine fluoride (caries top
30% / Iran / biodinamica / 5 ml) was applied. These two
substances were purchased from Pooyesh Teb Atieh
Company. In both groups, children were asked to pour
their saliva into a disposable glass at 5, 10, 20, and 30
minutes after the intervention. Then the oral pH was
measured and recorded. The researcher advised parents
to use 5% sodium fluoride varnish or 30% SDF after
examination to prevent caries and even treatment for
children with severe caries, especially maxilla.
Conditions were the same for all samples (Saliva was
collected between 3 p.m and 7 p.m), and all tests were
performed by one person. After collecting data, to
compare the effect of sodium fluoride and silver diamine
fluoride on oral pH in the period of deciduous teeth, the
data were analyzed by a statistical consultant and the
difference in their effecta was determined.

Statistical analysis: Individual information was
SPSS software ver. 22

registration on checklist papers by the researcher. Then

entered into after initial
Chi-square test, repeated measures analysis, Bonferroni
pairwise comparison, and independent t-test were used
to analyze the data. Paired t-test was used to study

between group.

Results

In this study, children were examined in two groups
of 13. There was a drop in the SDF group and finally 12
and 13 children were in the SDF and NaF groups,
respectively. The results of Chi-square test showed that
there was no difference in terms of gender (p=0.832) and
Sex (p=0.641) in the study groups. The results of
independent t-test showed that the age distribution was
the same in the two groups (and group matching is
copmleted) (p=0.857). After examining the normality of
the data, the Mochley sphericity test showed that the

sphericity assumption is valid in the data. One-way
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repeated measures of the pHin 5, 10, 20, and 30 minutes
after using SDF or NaF revealed no significant
interaction between time of measurements and groups of
study (p = 0.098), but the effect of time was significant
(p <0.001). Therefore, the data of each group were
evaluated separately at five times using simple repeated
measures analysis. The results showed that the pH of the
mouth after SDF consumption at 5, 10, 20, and 30
minutes were significantly different (p = 0.018).
Nevertheless, the pH of the mouth at 5, 10, 20, and 30
minutes after using fluoride varnish are not much
different from each other (p = 0.167). (Table 1) Due to
the significant effect of time in the silver diamine
fluoride group, pairwise time comparisons in this group
were performed using Bonferroni pairwise comparison
tests. In the SDF group, the mean pH before the
intervention was significantly different from the mean
pH at 5 minutes after the intervention (p <0.001), and
the mean pH at 5 minutes was approximately 1.5 units

more than it before the intervention. Also, the mean pH

at 10 minutes was approximately 1.3 units higher
(p<0.001), 1.2 units higher at 20 minutes (P <0.001), and
0.75 units higher at 30 minutes (p = 0.002) after the
intervention. That is, the change in pH after the
intervention at all times compared to it before the
intervention was significant. On the other hand, the pH
at 5 minutes after the intervention was approximately
0.708 units higher than it after 30 minutes of
intervention (p = 0.003). Also the pH at 10 minutes after
the intervention was approximately 0.542 units higher
than the pH at 30 minutes (p = 0.002) and the pH at 20
minutes after the intervention was approximately 0.458
units more than it at 30 minutes after the intervention (p
= 0.020) (Table 2). The pH increases from 5 minutes
onwards and in 10 and 20 minutes was significantly
higher in the SDF group than the fluoride varnish group.
From 10 minutes onwards, the pH decreases, although
this decrease was significantly lower in the SDF group

than it in the fluoride varnish group (Figure 1).

Table 1. general trend and the effects of each group over time

Test name Categories p-value
Time effect (intrapersonal measurements) <0.001
Check the general trend” ) )
Time effect x groups (intergroup) 0.098
NaF 0.167
Comparing the effects of each group over time™
SDF 0.018

*: one-way repeated measure test

**: simple repeated measure test

Table 2. Test of comparing the effects of SDF group over time

paired repeated times Mean difference P-value”
pH 5 minutes after intervention -1.458 <0.001
pH 10 minutes after intervention -1.292 <0.001
pH before intervention
pH 20 minutes after intervention -1.208 <0.001
pH 30 minutes after intervention -0.750 0.002
pH 10 minutes after intervention 0.167 0.166
pH 5 minutes after intervention pH 20 minutes after intervention 0.250 0.191
pH 30 minutes after intervention 0.708 0.002
pH 10 minutes after intervention pH 20 minutes after intervention 0.083 0.586
pH 30 minutes after intervention 0.542 0.003
pH 20 minutes after intervention pH 30 minutes after intervention 0.458 0.020

*: Bonferroni paired test
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Fig. 1. Linear graph of mean pH in NaF and SDF groups
Discussion week for 1 month could increase salivary pH in these

Topical application of fluoride is one of the most
important ways to prevent caries. The combination of
fluoride reduces the solubility of minerals. Although the
specific mechanism of action of fluoride in the
prevention of caries is not fully understood, it is
generally accepted that topically applied fluorides have
an effect on tooth rigidity (29). The aim of this study was
to compare the effect of fluoride varnish with SDF on
oral pH in saliva of children with ECC and S-ECC. The
results of the present study showed that from 5 minutes
onwards, the pH of saliva in both groups, including SDF
and NaF, increased and salivary acidity decreased.
However, this increase over time was significant only in
the SDF group. In the study by Apriani et al. which
examined the 6 months’ effects of fluoride varnish and
casein phosphopeptide sulfur calcium phosphate (CPP-
ACP) on saliva pH and caries in children aged 8-9 years,
participants' salivary pH increases after 1 month of using
fluoride varnish (once a week), although the results were
not significant (5). Chhabra et al. also examined the
salivary pH of children aged 8-9 years after treatment
with CPP-ACP and concluded that treatment once a
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children (30). Llorda et al. reported that the SDF was
80% effective in preventing new caries in deciduous
teeth and 65% in permanent first molars, and could be
useful in preventing and stopping caries on all teeth and
surfaces (24). There is not any specific advice or method
on how to use SDF (24). Some recommend annual use,
six months, and the others

others recommend

recommend three months’ use, and there is no
documented evidence that which method is preferable.
Nevertheless, the results show that three 6-month uses
can be effective and the effect of SDF on reducing caries
in the long run seems to be greater than fluoride varnish.
Prolonged contact to SDF may increase the amount of
fluoride absorbed by the decay. It also increases the
formation of hydroxyapatite fluoride and decreases the
solubility of enamel against acid (25). In two other
clinical trials conducted to evaluate the effectiveness of
SDF in Japan and England, it was reported that SDF
administration resulted in a 47% reduction in the
incidence of new dental caries (31, 32). In two
systematic reviews study both done in 2016, SDF

treatment was suggested as a non-invasive method and
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easy implementation as a promising strategy for
managing tooth decay in young children or those with
special needs (24, 27). Among fluoride products to treat
dentin caries, SDF can stop almost 68% of the caries
(33). Its slower inactivation and dissolution than NaF
enhance the anti-corrosion effects of this substance
compared to conventional sodium fluoride varnishes.
On the other hand, cost effectiveness, ease of use, less
time to use, and stopping dentin allergy (which is very
common in ECC) are the factors that make SDF a more
suitable alternative for use in pediatric dentistry,
especially in the weak economic zones (34, 35). After
treatment with SDF, a highly remineralized surface area
rich in calcium and phosphate could be detected in the
cavity lesions. Silver ion also acts as an antibacterial
agent in SDF (19). According to the results of the
present study and some studies that have shown the
effect of SDF 38% in preventing the progression of
dentin caries lesions in deciduous teeth (25, 36), root
caries (37), occlusal surfaces of permanent first
premolars (25), studies that have shown annual use of
SDF effectively stops dentin caries (22, 38), studies on
antibacterial properties that prevent the growth of
(39), study of the different

dimensions of this material and its effect on the teeth

cariogenic biofilms

deserves much more in-depth studies. Although this
study investigated the effect of SDF and fluoride varnish
on the pH of children's saliva and there are not many
studies in this field, but one of the weaknesses of the
present study is the lack of time and currency to evaluate
the rate of caries cessation in six-month or one-year
follow-up. However, due to the report of minor side
effects of this substance and its effective role in
comparison with NaF in preventing caries, the present
study suggests the use of this substance to control saliva

pH and prevent caries.

Conclusion

SDF leads to a significant increase in saliva pH about
5 minutes after use. Due to the important role of saliva
pH in oral health and the uncommon use of this
substance in Iran, topical application of SDF is

recommended. It is suggested that in future studies, the
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pH of the mouth should be evaluated after a few hours
and 24 hours after treatment with higher sample size and
also the patients should refer to follow up after

treatment.

Limitations of the project

Lack of active participation of some parents in the
study and difficulty of finding samples led to a
prolongation of the sampling period. Due to the age of
the evaluated samples, it was very difficult to get their
and their parents cooperation as well as to examine the
5 stages of oral saliva pH. It was not possible to prepare
a 38% SDF solution in Iran and the researcher had to use
the only solution available in the market, SDF 30%.
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