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A B S T R A C T

Introduction: Untreated caries in primary teeth is considered one of the most common epidemic problems 
around the world. 
Objectives: The aim of this study was to evaluate the cariostatic efficacy and patient acceptance of nano-silver 
fluoride (NSF) compared to silver diamine fluoride (SDF) 38% in primary teeth in preschool children. 
Material and methods: 119 children, with a total of 244 active dentin lesions were randomly assigned into two 
groups: NSF group included 60 children with 122 lesions, and SDF group consisted of 59 children with 122 lesions. 
Outcome assessments were performed at 3 weeks and 6 months after treatment using Nyvad criteria to assess the ac-
tivity of carious lesions. Wong-Baker® faces pain rating scale was used to assess children acceptance for the treatment. 
Results: After 3 weeks, 94 (77%) lesions in NSF group were arrested, while 110 (90%) lesion were arrested in 
SDF group (p > 0.05). After six months, the arrest rate in NSF and SDF groups was 67.2% and 79.5%, respectively 
(p > 0.05). However, the arrest rate of single surface lesions on anterior teeth was higher after six months in both 
groups (p < 0.05). Furthermore, patient acceptance scores were not statistically different in both groups (p > 0.05). 
Conclusions: Both SDF and NSF were effective in arresting carious dentine lesions and were accepted by pre-
school children. 
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INTRODUCTION

Untreated caries in both primary and permanent 
teeth are considered one of the most common epidem-
ic problems around the  world. Whether the  reason 
was, the higher expenses or the lower cooperation lev-
el, young children living in low income countries suf-
fer a  higher incidence of  having untreated carious le-
sions [1, 2]. 

Atraumatic restoration technique was intended to 
resolve caries issues in a deprived population. However, 
this technique requires instruments to excavate the cari-
ous lesion and restorative materials and cooperation [3]. 

Lately, arresting caries using silver diamine fluoride 
(SDF) has been proved to be an effective way to treat cavitat-
ed lesion [4, 5]. Nevertheless, silver forms a black discolor-
ation of carious lesion, which can be deliberated as a main 
downside of its use, specifically on anterior teeth [6, 7]. 
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A researcher team from Brazil have chemically syn-
thesized a  formulation of nano-silver, chitosan, and flu-
oride. This NSF product was effective in arresting caries 
without blacking the dentin tissue [8]. Targino et al. eval-
uated the cytotoxicity of different concentrations of na-
no-silver solutions that ranged from (1% to 5%), and they 
found no toxic effect for erythrocytes [9]. 

To the best of our knowledge, there was only one in 
vivo study that have evaluated the efficacy of nano-silver 
fluoride (NSF) versus SDF in arresting caries in primary 
molars [10]. 

Therefore, this study aim was to investigate the cario-
static efficacy and patient acceptance of NSF compared 
to SDF 38% in both anterior and posterior primary teeth 
in preschool children. 

MATERIAL AND METHODS 

PREPARATION OF NANO-SILVER FLUORIDE 

To prepare nano-silver particles, Dos Santos et al. 
chemical experiment was followed [8], and the forma-
tion of nano-silver particles (AgNPs) was noted immedi-
ately by the displayed brown color of the solution, which 
was in correspondence with other studies [11-13]. 

At the end of the chemical synthesis of AgNPs, sodium 
fluoride (NaF) was added to improve the stability and the 
cariostatic efficacy of the solution (10,000 ppm). NSF was 
kept in a dark black PET bottle at 4°C, until further use. 

The shape and size of  the  synthesized AgNPs were 
analyzed using scanning electron microscopy (SEM) 
(VEGA second generation, TESCAN, Czech Republic) 
and revealed that AgNPs were spherical with an average 
particle size of 4 nm (Figure 1). 

Furthermore, SDF used in this study was Advantage 
Arrest® silver diamine fluoride 38% (Elevate Oral Care, 
West Palm Beach, USA). 

CLINICAL TRIAL 

This study design was a  randomized, double blind, 
clinical trial with an active control group. Ethical approval 
was obtained from the University Research Ethics Com-
mittee, and the trial was registered in the ANZCTR, with 
following ID: ACTRN12618001865202. The CONSORT 
statement for reporting randomized controlled trials was 
applied in this research. The study took a place in a single 
day care center between the period of August 2018 and 
May 2019. Parents of enrolled children have signed an in-
formed consent before the initiation of the study. 

SAMPLE SIZE CALCULATION 

The sample size was determined with ClinicCal Web-
site (University of Indianapolis, USA). The a and b level 

were set at 0.05 and 80%, respectively. Based on previous 
studies  [10], it was estimated that 80 carious lesions in 
each group were sufficient to show an effect size (0.4) in 
the average proportion of arrested caries. 

PARTICIPANTS ENROLLMENT 

Clinical examination to enroll eligible children was 
performed by an  experienced investigator (AZ) using 
a disposable blunt probe and a headlight. Inclusion cri-
teria were as following: co-operative healthy children 
aged 3 to 5 years with at least one active dentin lesion 
based on Nyvad criteria, with an  absence of  sponta-
neous pain and sensitivity to percussion [14]. The tooth 
was excluded if it had pulp exposure, abscess/fistula, or 
discoloration related to tooth non-vitality. 

RANDOMIZATION 

119 children, with a total of 244 active caries lesions 
met the  inclusion criteria and were enrolled into this 
study. Each child was appointed to one intervention arm 
to prevent the  viable cross-over effect of  the  NSF and 
SDF (38% Advantage Arrest, Elevate Oral Care, USA). 
Therefore, to balance the  baseline numbers of  active 
caries between the  two groups, participants were first 
classified into two strata according to their active caries 
lesions (1-2 lesions or ≥ 3 lesions). Then, children were 
randomly allocated to one of the groups, with 1 : 1 ratio 
as shown in the CONSORT flowchart in Figure 2. 

FIGURE 1. Scanning electron microscopy (SEM) of nano- 
silver particles
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CLINICAL INTERVENTION 

During the first visit, decay, extracted due to caries, 
filled tooth (deft) index was scored for all children to 
assess oral hygiene status. Then, caries activity assess-
ment was carried out using visual and tactile inspection, 
according to Nyvad criteria  [15]. Teeth with cavitated 
lesions, where the  surface felt soft on gentle probing, 
were considered active lesion, and enrolled in the study.  
At the end of the first visit, toothbrushes and written oral 
hygiene instruction were distributed among parents and 
guardians of participants. 

In the  next visit, both intervention agents (NSF/
SDF) were applied in the same manner in accordance to 
the University of California San Francisco (UCSF) proto-
col [16]. Firstly, cleaning of the affected tooth surfaces was 
done by a disposable micro-brush (Microbrush Interna-
tional, Grafton, USA) for at least 30 seconds and then 
dried with cotton gauze sponges. No effort was made to 
excavate the infected dentin tissue before the application 

of  the  agent. Gum was protected with petroleum jelly, 
and isolation was carried out using cotton rolls. 

After isolation, a  single drop of  one of  the  agents 
(NSF/SDF) was applied into the  lesion surface with 
a disposable micro-brush for at least two minutes. After 
that, site of application was covered with petroleum jelly. 
After finalizing the  application process, children satis-
faction and acceptance was scored using Wong-Baker® 
faces pain rating scale (WBFPRS). The scale shows a se-
ries of faces, ranging from a happy face at 0 (no hurt) to 
a crying face at 10 (Figure 3). 

After that, instructions were given to the  teach-
ers that children participating in the  trial were not al-
lowed to eat or drink for an hour after the application of 
agents [17]. 

Outcome assessment of the lesions was carried out us-
ing a visual and tactile assessment, which was performed 
at 3 weeks and 6 months after treatment, using Nyvad 
criteria to assess carious lesions activity. The assessment 
was achieved by two blinded calibrated investigators us-

FIGURE 2. The CONSORT flowchart

Enrolled in the study 
n = 119 children (244 teeth)

Children assessed for eligibility 
(n = 150 children)

Excluded = 31 children
•	 Do	not	meet	the	inclusion	criteria	(n = 25)
•		Declined	to	participate	(n = 5)
•	 Other	reasons	(n = 1)

Enrollment

Children classified into two strata 
according to active caries lesions 

(1-2 lesions or > 3 lesions)

Stratified	randomization

Allocated	to	Group	A	(n = 60 children with 122 lesions)
•	 Received	allocated	intervention	(n = 59 children  

with 122 lesions) 
•	 Did	not	receive	allocated	intervention	(n = 0)

Allocated	to	Group	B	(n=	59	children	with	122	lesion)
•	 Received	allocated	intervention	(n = 59 children  

with 122 lesions)
•	 Did	not	receive	allocated	intervention	(n = 0)

3	weeks	6	months	follow-up	(n = 60 children with 122 lesions)
Losses	during	follow-up	(n = 0)
Lost	to	follow-up	(n = 0)

3	weeks	6	months	follow-up	(n=	59	children	with	122	lesions)
Losses	during	follow-up	(n = 0)
Lost	to	follow-up	(n = 0)

Analysed (n = 60 children with 122 lesions) 
•	 Excluded	from	analysis	(n = 0)

Analysed (n = 59 children with 122 lesions) 
•	 Excluded	from	analysis	(n = 0)

Allocation

Follow-Up

Analysis
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ing a blunt probe and artificial light. Shiny lesions that 
felt hard on gentle probing were considered arrested cav-
ities. In the  same session, after assessing caries activity 
for all children, 10% of  the  total sample was randomly 
re-evaluated to monitor intra-examiner reproducibility. 

BLINDING 

Participants were blinded towards agents used in the 
study by using two identical squeezable plastic droppers 
with tag codes A  and B. Also, investigators and bio-
statis tician were blinded from the meaning of codes. 

STATISTICAL ANALYSIS 

Normal distribution of quantitative data was tested 
by Kolmogorov-Smirnov test. For data analysis, two 
sample t-test was used for means of comparisons. Intra-
group comparisons were made using chi-square test with 
95% confidence interval. Fisher’s exact test was used for 
intergroup comparison. Statistical tests were performed 
with a margin of error of 5.0%. Statistics were calculated 
using Statistical Package for Social Sciences (SPSS) ver-
sion 25.0 (IBM, Chicago, IL, USA). Intra-rater reliabil-
ity and inter-examiner agreement for caries assessment 
was calculated by Cohen’s k test. The k for intra-rater 
reliability were 0.85 and 0.90. The k for inter-examiner 
agreement was 0.87. 

RESULTS 

119 children (50 males and 69 females) were en-
rolled into the study, with a mean age of 3.6 and 3.9 years 
for NSF and SDF groups, respectively. Table 1 shows de-
scriptive analysis regarding deft index, number of teeth, 
frequency of type, and site of the lesion for each group. 

The frequency of  type and site of  lesions in each 
group were not identical, since some children had more 
than one lesion and each child were assigned to one 
intervention only. However, as shown in Table 1, there 
were no statistically significant differences between 
the two groups (p > 0.05). After six months, all partici-
pants were presented, and no loss of teeth was recorded. 

In the first follow-up period, after 3 weeks, 94 (77%) 
lesions in NSF group were arrested, while 110 (90%) 
lesion were arrested in SDF group (p > 0.05). After six 
months, the  arrest rate in NSF and SDF groups was 
67.2% and 79.5%, respectively (p > 0.05) (Table 2). 

Furthermore, the arrest rate of single surface lesions 
and anterior teeth was statistically significant in NSF 
and SDF group after six months (p < 0.05) (Table 3). 

Regarding children acceptance, 85% of  the  pa-
tients in NSF group have reported grade 0 (no hurt) in 
the WBFPRS, and 91.5% of  the patients in SDF group 
have reported the same grade. Only two children (3%) 

in NSF group have reported grade 2 (hurts a little more). 
However, this difference between both groups was not 
statistically significant (p > 0.05) (Table 4). 

TABLE 1. Analysis of demographic variables and frequ-
ency of type and site of active lesions

Variables NSF group SDF group p-value* 

Children enrolled 60 59 0.97** 

Male 22 28 0.83** 

Female 38 31 0.90** 

Age (mean ± SD) 3.6 ± 0.5 3.9 ± 0.4 0.68** 

Deft (mean ± SD) 4.9 ± 0.7 5.1 ± 0.5 0.126** 

Active lesion 122 122 

Type of lesion 

Single surface (%) 40 (33%) 36 (30%) 
0.471** 

Multiple surface (%) 82 (67%) 86 (70%) 

Site of lesion 

Anterior 49 (40%) 51 (42%) 
0.866** 

Posterior 73 (60%) 71 (58%) 
*Two-sample t-test for means and chi-square for percentages, **not significant

FIGURE 3. Evaluation of patients’ acceptance after the 
treatment using Wong-Baker® faces pain rating scale

TABLE 2. Evaluation of caries arrest rate at 21 days and 
6 months

Variables NSF group SDF group χ2 p-value* 

21 days 

Arrested 94 (77%) 110 (90%) 

1.254 0.263** Active 28 (23%) 12 (10%) 

95% CIa 0.622-0.942 0.741-1.086 

6 months 

Arrested 82 (67.2%) 97 (79.5%) 

1.257 0.262** Active 40 (32.8%) 25 (20.5%) 

95% CIa 0.534-0.834 0.644-0.969 
a95% confidence interval for average proportion of arrested caries and difference in av-
erage proportion of arrested caries, *chi-square, **statistically not significant
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DISCUSSION 

This study was the first trial to assess the cariostat-
ic efficacy and children acceptance of NSF compared to 
SDF in both anterior and posterior primary teeth in pre-
school children. 

The age group in this trial was chosen to be between 
3 and 5 years old, since preschoolers living in under-
privileged communities with limited access to health-
care, suffer from a high incidence of untreated carious 
lesions [1, 18, 19]. 

Recently, it was concluded that SDF was the material 
of choice (gold standard) for arresting dentin caries in 
deciduous teeth [4, 20]. Thus, it was chosen in this trial 
as an active control group. 

Nyvad criteria have been investigated thoroughly, 
and it was reported that these criteria have a good valid-
ity and reliability in evaluating caries activity in primary 
teeth [15, 21, 22]. 

Results of this trial showed that both NSF and SDF 
were effective in arresting dentin carious lesion in pri-
mary teeth. The  arrest rate for SDF group was high-
er than that in NSF group in both follow-up periods  
(3 weeks, 6 months). However, this difference was not 
statistically significant (p  >  0.05). A  higher arrest rate 
could be related to that fact that SDF 38% contains high-
er concentrations of active components (5 times AgNO3, 
4 times NaF) [23, 24]. 

Dos Santos et al., the team who discovered this novel 
material (NSF), has reported similar arrest rate in their 
study after one-year of  follow-up  [8]. The  mechanism 
of action of this product is related to the synergetic effect 
of NSF components (AgNPs, chitosan, and fluoride). 

Nano-silver particles play a huge role in this process, 
since it was shown in literature that AgNPs possess a bac-
tericidal and bacteriostatic effect against pathogens stains, 
which induce caries in the  oral cavity, such as Strepto
coccus mutans and Lactobacillus acidophilus [25, 26]. 

Another unique feature of AgNPs show that those par-
ticles do not oxidize and as a result, NSF does not cause 
black discoloration in carious lesions  [27]. As a  matter 
of fact, this was observed in this trial, as all arrested lesion 
in SDF group have turned into black, while lesion arrested 
by NSF have not. 

Furthermore, chitosan also owns an antimicrobial ef-
fect, and in this solution acts as a protective agent to stabi-
lize and prevent AgNPs from aggregating [28]. 

However, after reviewing the  literature, there was 
only one trial that compared the efficacy of NSF to SDF 
in arresting dentin carious lesions in primary molars 
only. Even though Tirupathi et al. reported that there 
was no significant difference between NSSF and SDF 
groups (which was similar to our results), but the arrest 
rate of nano-silver incorporated sodium fluoride (NSSF) 
group in Tirupathi’s study was higher after one year of fol-
low-up (77%) [10]. This difference could be attributed to 
the children age in that trial being older and resided in 
an optimally fluoridated area. In contrary, children in this 
trial were 3-5 years old, living in a non-fluoridated com-
munity. Also, another possible reason is that silver nitrate 
concentration in the Tirupathi’s study was higher (5%) in 
the NSSF product, whereas in this trial was 3%. 

The present study showed that anterior teeth and sin-
gle surface lesions showed higher arrest rates in compar-
ison to posterior teeth and multiple surface lesions. This 
result was statistically significant and can be attributed 
to the fact that molars and multiple surface lesions are 
more prone to plaque accumulation and food impac-
tion. Also, these lesions are harder to clean by the par-
ents of preschool children [20, 29]. 

Regarding children acceptance, the majority of par-
ticipants have scored grade 0 in WBFPRS, which indi-

TABLE 3. Intra-group evaluation of caries arrest rate ac-
cording to type and site of the lesion after 6 months

Treatment/Variables 
6 months 

p-value* 
Arrested Active

Nano-silver fluoride

Type of lesion 

Single surface 32 (80%) 8 (20%) 
0.041** 

Multiple surface 50 (61%) 32 (39%) 

Site of lesion 

Anterior 41 (83%)  8 (17%)
0.017** 

Posterior 53 (72%)  30 (28%)

Silver diamine fluoride 

Type of lesion 

Single surface 33 (91%) 3 (9%)
0.047** 

Multiple surface 64 (78%) 22 (12%)

Site of lesion 

Anterior 46 (86%) 6 (14%)
0.040** 

Posterior 51 (63%) 20 (37%)
*Fisher exact test, **statistically significant

TABLE 4. Comparison of Wong-Baker® faces pain rating 
scale scores between NSF and SDF groups

Wong-Baker 
faces scale 

NSF group, 
n (%) 

SDF group, 
n (%) p-value* 

Grade 0 51 (85%) 54 (91.5%) 

0.765** 

Grade 1 7 (12%) 5 (8.5%) 

Grade 2 2 (3%) 0 

Grade 3 0 0 

Grade 4 0 0 

Grade 5 0 0 

Mean rank 11.75 10.98
*Kruskal-Wallis H test, **not significant. NSF – nano-silver fluoride, SDF – silver diamine 
fluoride
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cates a higher acceptance and a lower discomfort levels 
of the treatment. This high acceptance rate might be cor-
related with the fact that the application process of NSF/
SDF is simple, fast, and non-invasive. Others have re-
ported similar results for children acceptance after SDF 
application [30]. 

Limitation of this study was that the process of blinding 
of  the  investigators might be compromised, since SDF 
arrested lesions has a  black discoloration. Furthermore, 
the follow-up period could be considered relatively short. 

Further studies with longer follow-up periods in 
multiple day care centers are required to assess the best 
protocol for NSF application. 

CONCLUSIONS 

Within the limitation of this study, we can confirm 
that NSF and SDF are both effective and accepted by pre-
school children, when used as a cariostatic agent for ar-
resting cavitated active carious lesions in primary teeth 
in a non-fluoridated community. However, NSF might 
be more preferred on anterior teeth since this agent does 
not cause discoloration. 
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