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Objective: A 1-year longitudinal study compared the effectiveness of annual and biannual silver diamine fluoride (SDF) applications on caries arrest among preschool children.
Methods: A total of 295 children aged 2 to 3 years from 6 public preschools in Vietnam were selected and divided into 3
groups: Group 1 (G1) received annual SDF (n=90), Group 2 (G2) received biannual SDF (n=99), and Group 3 (G3) did not
receive SDF (n=106). Clinical oral examination was performed at baseline, 6 months and 1 year.
Results: Mean ds, the main component of dmfs, were 14.92 in G1, 15.91 in G2, and 18.17 in G3 at baseline, and no significant differences were found between the 3 groups. From baseline to 6 months and to 1 year, mean ds increased significantly in all children: 1.88 and 3.75 in G1, 2.22 and 3.47 in G2, and 5.20 and 8.91 in G3. Mean ds was significantly
higher in G3 than G1 and G2 at 6 months and 1 year. At baseline, about 60% of active carious surfaces were treated with
SDF in both G1 and G2. The proportions of arrested caries surfaces at 6 months and 1 year were 61.8% and 47.6% in G1,
and 57.7% and 64.0% in G2. Significantly higher proportions of arrested caries surfaces were observed in G2 than G1 at 1
year.
Conclusion: The study demonstrated a caries arresting effect of SDF in preschool children and its effect was greater after biannual application than annual application.
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Introduction
Dental caries is a serious oral health problem among children
in Southeast Asian countries, especially children of low socioeconomic status [1]. Without opportune treatment, caries can
cause many undesirable consequences affecting children’s
quality of life [2,3]. Dental caries treatment procedures by dental professionals usually require various equipment and materials, thus treatment is costly. Further, treatment is not easily
available because of lack of dental resources such as manpower
or facilities [4]. Therefore, inexpensive and effective clinical
alternatives for treating and preventing dental caries are neces-
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sary to improve oral health of such underserved children [5].
Silver diamine fluoride (SDF), 38% Ag(NH3)2F, a product
named SaforideⓇ, has been used to arrest caries of children in
Japan for more than 50 years [6,7]. Several mechanisms that
may explain how SDF arrests caries progression have been suggested [8]. SDF is composed of silver, diamine and fluoride
components. Silver interferes with sulfhydryl groups of cariogenic bacteria’s proteins by changing the hydrogen bonding and
inhibiting respiratory processes, cell-wall synthesis, and cell
division. Such functions restrict the growth of bacteria and inhibit biofilm formation. The ammonia stabilizes high concentrations of silver and fluoride in solution and the fluoride promotes the remineralization process. The fluoride and silver in
SDF act synergistically and form stable and acid-resistant fluorapatite [6].
The effectiveness of SDF has been reported not only in Japan
but also others countries [9]. SDF application was found to be
effective in arresting caries of primary teeth among Chinese
preschool children [10]. A clinical trial among Cuban children
using SDF solution demonstrated caries reduction in both primary and permanent teeth [11]. Application of SDF was suggested as an alternative measure to arrest caries in Nepalese children [12]. The Food and Drug Administration (FDA) in the
United States of America cleared the first SDF product for market in 2014, and SDF became approved for use in the US [13].
Despite many studies on SDF, a recommended frequency of
SDF application has not been established. For resource-limited
countries with high caries prevalence, such as Vietnam, establishing evidence-based consensus for the frequency of SDF application is financially and materially critical in planning a program to tackle children’s caries. Therefore, the purpose of this
study was to compare the effectiveness of annual and biannual
SDF applications in arresting dental caries among preschool
children. The hypothesis was that biannual SDF application
was more effective than annual application in arresting caries.

Materials and Methods
1. Participants
This 1-year longitudinal study was conducted using a convenience sample of 439 children aged 2 to 3 years at 6 public
preschools in Thua Thien Hue province, Vietnam, from March
2015 to March 2016. A consent form explaining the purpose and
procedures of the study was sent to caregivers of children,
through preschool teachers. Caregivers, who agreed that their
children could participate in the study, signed the consent form.
Chosen participants had at least one active carious surface without pulpal involvement.
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2. Questionnaire survey and oral health leaflet
A questionnaire was administered and completed by caregivers at baseline and after 1 year. The questionnaire collected
information about the frequency of sweet food and drink consumption (<2 times and ≥2 times daily) as well as daily frequency of tooth brushing (≥2 times, once, irregularly or not
brushing yet).
At baseline, a leaflet that explained the importance of the primary dentition, the causes and progression of dental caries, limiting sugar consumption, appropriate tooth brushing and the
need for oral health check-ups, was given to all caregivers and
preschool teachers.

3. Clinical examination
A tooth surface level clinical examination was conducted by
2 calibrated dentists with knee-to-knee technique in the
preschools. Four surfaces (buccal, lingual, mesial, and distal)
of anterior teeth and 5 surfaces (buccal, lingual, mesial, distal,
and occlusal) of posterior teeth were examined. Dental caries
status was diagnosed by tactile detection using a WHO periodontal probe, in addition to using a dental mirror and a flash
light. A decayed surface was classified as active caries if the cavity’s floor and walls were soft when touched with the probe and
as arrested if hard when touched with the probe.
Children’s oral hygiene was assessed with the debris index
(DI) score of Greene and Vermillion [14]. Baseline and follow-up clinical examinations at 6 months and 1 year were performed by the same dentists. The inter-examiner consistency
with Kappa scores were ranged from 0.77 to 0.89 for caries assessment, and from 0.70 to 0.75 for DI evaluation.

4. SDF and fluoride gel (NaF) application
Ⓡ

Saforide , 38% aqueous solution of SDF (44,800 ppmF)
(Toyo Seiyaku Kasei Co. Ltd., Osaka, Japan), was used in this
study. SDF was applied on active carious surfaces. Prior to SDF
application, the tooth surfaces were cleaned by the examiners,
using a tooth brush without toothpaste, isolated from saliva with
cotton rolls, and dried with cotton pellets. SDF solution was
placed in a plastic dappen dish and applied directly to the active
carious surfaces with a small microbrush applicator. The excess
SDF was absorbed with cotton pellets. Soft carious dental tissue
was not removed during the SDF application.
Fluoride gel, 2% sodium fluoride (9,000 ppmF) (Toyo
Seiyaku Kasei Co. Ltd.) was also used in this study. After SDF
application, fluoride gel was immediately applied to the sound
tooth surfaces using a tooth brush. The child’s mouth was kept
open for 1 minute after NaF application. Drinking or eating was
not allowed for 1 hour after the procedure.
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Children were divided into 3 groups; Group 1 (G1) received
annual SDF and biannual NaF application; Group 2 (G2) received biannual SDF and biannual NaF application; and Group
3 (G3) only received a biannual NaF application. Children in
3 preschools were assigned to G1, and those in other 3 preschools to G2. Children whose caregivers did not agree to participate in SDF application in 6 preschools were assigned to G3.

5. Statistical analysis
Data were analysed using IBM SPSS software (ver. 19.0;
IBM Co., Armonk, NY, USA). One-way analysis of variance
(ANOVA) was performed to examine the mean differences of
caries status and DI score between the groups, followed by
Dunnet’s T3 multiple comparison. Repeated measures
ANOVA was used to compare the differences of caries status
between baseline, 6 months and 1 year, followed by Bonferroni
multiple comparison. The chi-squared test was used to compare
the distributional differences of caries status between the
groups and oral health behaviors between baseline and 1 year.
Statistical significance was set at p<0.05 for all tests.
This study was approved by the Research Ethics Committees
of Hue University of Medicine and Pharmacy, Vietnam and
Tokyo Medical and Dental University, Japan (Approval No:
1,173).

Results
1. Participants
A total of 439 children, 231 boys (52.6%) and 208 girls
(47.4%), underwent a screening dental examination (Figure 1).
After excluding 79 children who did not meet the criterion, 360
children were eligible. At 1 year follow-up, 295 children (152
boys and 143 girls) remained after 65 children had dropped out,
and the most common reason was change of living place. The
final numbers of children were 90 (47 boys, 43 girls) in G1, 99
(49 boys, 50 girls) in G2, and 106 (56 boys, 50 girls) in G3. Thus,
the number of children used in the statistical analysis was 295.

2. Oral health habits
At baseline, about 60% of children consumed sweet food or
drink at least twice a day in all 3 groups (Table 1). Around 40
to 50% of children brushed their teeth once a day, followed by
twice and more a day. No significant distributional differences
were found between the 3 groups regarding oral health habits
at baseline.
At 1 year, there was no significant distributional change in
sweet food or drink consumption compared with baseline in all
groups. On the other hand, a significantly higher proportion of
children brushed their teeth twice and more a day at 1 year than
baseline in all groups (G1: p<0.01, G2: p<0.01, and G3: p<
0.05).

Figure 1. Flow diagram of study
protocol. SDF: silver diamine fluoride.
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Table 1. Oral health habits in the 3 groups at baseline and 1 year
Annual SDF application G1 (n=90) Biannual SDF application G2 (n=99) No SDF application G3 (n=106)
Baseline (%) 1 year (%)
Daily sweet food consumption
＜2 times
≥2 times
Daily sweet drink consumption
＜2 times
≥2 times
Daily tooth brushing frequency
≥2 times
1 time
Irregular
Not brushing yet

a

p-value

Baseline (%) 1 year (%)

p-valuea Baseline (%) 1 year (%) p-valuea

0.132
36.7
63.3

48.9
51.1

37.8
62.2

41.1
58.9

40.0
40.0
6.7
13.3

60.0
36.7
2.2
1.1

0.154
40.4
59.6

51.5
48.5

33.3
66.7

42.4
57.6

29.3
42.4
15.2
13.1

45.4
46.5
5.1
3.0

0.764

0.271
43.4
56.6

51.9
48.1

30.2
69.8

36.8
63.2

27.3
53.8
8.5
10.4

40.6
50.9
5.7
2.8

0.242

0.002

0.383

0.002

0.047

a
SDF: silver diamine fluoride. For distributional difference of oral health behaviors between baseline and 1 year.

Table 2. Changes of caries status by tooth level in 3 groups
Total
Baseline
dt
mt
ft
dmft
6 months
dt
mt
ft
dmft
1 year
dt
mt
ft
dmft

Annual SDF application Biannual SDF application
G1 (n=90)
G2 (n=99)

No SDF application
G3 (n=106)

p-value

a

9.68±4.70
0.01±0.11
0.03±0.23
9.71±4.72

9.48±4.58
0.00±0.00
0.00±0.00
d1
9.48±4.58

a1

9.78±4.42a2
0.02±0.20
0.01±0.10
9.81±4.43d2

9.75±5.07a3
0.00±0.00
0.07±0.37
9.82±5.12d3

0.889
0.373
0.092
0.854

10.76±4.73
0.02±0.17
0.06±0.38
10.84±4.79

10.34±4.43
0.00±0.00
0.01±0.01
e1
10.35±4.44

b1

10.58±4.62b2
0.02±0.20
0.06±0.37
e2
10.66±4.70

11.29±5.06b3
0.03±0.22
0.10±0.51
e3
11.42±5.15

0.337
0.514
0.239
0.269

11.52±4.66
0.02±0.19
0.11±0.57
11.65±4.73

11.23±4.35
0.00±0.00
0.12±0.65
f1
11.35±4.36

c1

11.06±4.45c2
0.04±0.24
0.12±0.66
11.22±4.58f2

12.20±5.05c3
0.03±0.22
0.08±0.39
12.31±5.13f3

0.170
0.337
0.337
0.200

Values are presented as mean±standard deviation. dt: decayed teeth, mt: missing teeth, ft: filled teeth, dmft: decayed, missing, and filled teeth.
Comparison of dt, mt, ft, and dmft between 3 groups. Comparison of dt and dmft between baseline, 6 months and 1 year. a1＜b1＜c1; a2＜b2＜c2;
a3＜b3＜c3. d1＜e1＜f1; d2＜e2＜f2; d3＜e3＜f3. All comparisons: p＜0.001.
a

3. Oral hygiene status

4. Dental caries status by tooth level

Mean DI scores in G1, G2, and G3 at baseline were 1.95, 1.94,
and 1.94, respectively. There were no significant differences in
mean DI scores between the 3 groups at baseline. Compared
with baseline, DI scores decreased significantly at 1 year in G1
(1.19, p<0.001), G2 (1.18, p<0.001), and G3 (1.17, p<0.001).
Mean DI scores were not significantly different between the 3
groups at 1 year.

At baseline, mean dmft values were 9.48 in G1, 9.81 in G2,
and 9.82 in G3 (Table 2). The dominant component of dmft was
dt in all 3 groups: 9.48 in G1, 9.78 in G2, and 9.75 in G3. There
were no significant differences in mean dt or dmft between the
3 groups at baseline. From baseline to 6 months and to 1 year,
mean dt increased significantly in all children: 0.86 and 1.75 in
G1, 0.80 and 1.28 in G2, and 1.54 and 2.45 in G3. Although mean
dt and dmft increased more in G3 than G1 or G2, there were no
significant differences between the 3 groups at 6 months or 1
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Table 3. Changes of carious status by surface level in 3 groups
Annual SDF application Biannual SDF application
G1 (n=90)
G2 (n=99)

Total
Baseline
ds
ms
fs
dmfs
6 months
ds
ms
fs
dmfs
1 year
ds
ms
fs
dmfs

a1

No SDF application
G3 (n=106)

p-valuea

15.91±10.85
0.08±0.80
0.00±0.00
d2
15.99±10.91

a2

18.17±14.36
0.00±0.00
0.13±0.85
d3
18.30±14.46

a3

0.147
0.373
0.105
0.130

16.80±10.41
0.00±0.00
0.06±0.38
e1
16.86±10.46

b1

18.13±12.16b2
0.08±0.80
0.20±1.17
18.41±12.63e2

23.37±16.57b3
0.11±0.86
0.21±1.23
23.69±16.78e3

0.002
0.514
0.515
＜0.001

c1

19.38±12.45c2
0.18±0.99
0.30±1.36
f2
19.86±12.97

27.08±17.96c3
0.11±0.86
0.15±0.81
f3
27.34±18.20

0.002
0.270
0.629
＜0.001

16.42±12.00
0.03±0.46
0.05±0.51
16.49±12.07

14.92±9.83
0.00±0.00
0.00±0.00
d1
14.92±9.83

19.61±13.72
0.06±0.69
0.16±0.38
19.83±13.99
21.93±14.7
0.10±0.77
0.26±1.43
22.29±14.96

18.67±10.72
0.00±0.00
0.33±2.00
f1
19.00±10.84

Values are presented as mean±standard deviation. ds: decayed teeth surface, ms: missing teeth surface, fs: filled teeth surface, dmft: decayed,
a
missing, and filled teeth surface. Comparison of ds, ms, fs, and dmfs between 3 groups. Comparison of ds and dmfs between baseline, 6 months
and 1 year. a1＜b1＜c1; a2＜b2＜c2; a3＜b3＜c3. d1＜e1＜f1; d2＜e2＜f2; d3＜e3＜f3. All comparisons: p＜0.001.

Table 4. Changes of mean number (SD) and proportion of surfaces treated with SDF in 2 groups
Annual SDF application G1 (n=90)

Baseline
SDF applied caries
6 months
Active caries
Arrested caries
Filled
Missing
1 year
Active caries
Arrested caries
Filled
Missing

Biannual SDF application G1 (n=99)

Mean±SD

%

Mean±SD

%

9.41±5.70

100.0

9.68±5.42

100.0

p-value

3.56±2.84a1
5.82±3.49c1
0.03±0.32
0.00±0.00

37.8
61.8
0.4
0.0

4.03±3.24a2
5.59±3.12c2
0.03±0.30
0.03±0.22

41.7
57.7
0.3
0.3

0.129

4.88±3.54b1
4.48±2.70d1
0.05±0.38
0.00±0.00

51.8
47.6
0.6
0.0

3.28±2.94b2
6.19±3.51d2
0.13±0.78
0.08±0.40

33.8
64.0
1.4
0.8

＜0.001

a
SD: standard deviation, SDF: silver diamine fluoride. For distributional difference between G1 and G2 at 6 months and 1 year. Comparison of active
and arrested caries between 6 months and 1 year. a1＜b1; c1＞d1. a2＞b2; c2＜d2. All comparisons: p＜0.001.

year.
Mean mt and ft of all children at baseline were 0.01 and 0.03,
and no significant changes were found at 6 months and 1 year
in all groups. There were no significant differences in mean mt
and ft between 3 groups at baseline, 6 months, or 1 year.

5. Dental caries status by surface level
Mean dmfs were 14.92 in G1, 15.99 in G2, and 18.30 in G3
(Table 3). Mean ds was the main component of dmfs in all 3
groups at baseline: 14.92 in G1, 15.91 in G2, and 18.17 in G3.

From baseline to 6 months or to 1 year, mean ds increased significantly in all children: 1.88 and 3.75 in G1, 2.22 and 3.47 in
G2, and 5.20 and 8.91 in G3. There were no significant differences in mean ds or dmfs between the 3 groups at baseline.
However, at 6 months, mean ds and dmfs were significantly
higher in G3 than G1 (p<0.01 and p<0.01) or G2 (p<0.05 and
p<0.05). At 1 year, there were significantly higher mean ds and
dmfs values in G3 than G1 (p<0.001 and p<0.001) or G2
(p<0.01 and p<0.01).
Mean ms and fs were very small with less than 0.4 in all groups
www.ijcpd.org
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at baseline, 6 months and 1 year. There were no significant differences in mean ms or fs between the 3 groups at any time.

6. Changes in SDF treated carious surfaces
About 60% of active carious surfaces were treated with SDF
in both G1 (847/1,343 surfaces) and G2 (958/1,575 surfaces)
at baseline. In G1, mean number of active carious surfaces with
SDF application at baseline was 9.41 (Table 4). Mean number
and proportion of arrested carious surfaces decreased significantly from 6 months (5.82 and 61.8%) to 1 year (4.48 and
47.6%). Mean number and proportion of fs were very small:
0.03 and 0.4% at 6 months, and 0.05 and 0.6% at 1 year. No ms
were registered during the study period.
For G2, mean number of active carious surfaces that had received an SDF application was 9.68 at baseline. There were significant increases mean number and proportion of arrested carious surfaces from 6 months (5.59 and 57.7%) to 1 year (6.19
and 64.0%). Mean number and proportion of fs were 0.03 and
0.3% at 6 months, and 0.13 and 1.4% at 1 year. Those of ms were
0.03 and 0.3% at 6 months, and 0.08 and 0.8% at 1 year.
There were no significant mean or distributional differences
in active carious surfaces, arrested carious surfaces, fs and ms
between the 2 groups at baseline or 6 months. However, at 1 year,
G2 had a significantly higher mean number and proportion of
arrested carious surfaces or a lower mean number and proportion of active carious surfaces than G1 (p<0.001).

Discussion
This was the first study to evaluate the caries arresting effect
of SDF in Vietnamese children. The knee-to-knee technique
was used for SDF application because this study was conducted
at preschools not dental facilities. The data from this study indicated early childhood caries was a big oral health problem
among 2-3-year-old children in the central Vietnam.
From baseline to 1 year, caries had developed in all children,
and there were significant differences in caries status by tooth
surface level between the 3 groups. Fewer active surfaces were
observed in children who had received annual or biannual SDF
application than those without SDF application at 6 months and
1 year. The proportion of arrested carious surfaces was around
60% in both biannual and annual SDF application groups at 6
months. However, at 1 year, more than 60% of carious surfaces
were arrested in the biannual SDF application group, while fewer than half of them in the annual SDF application group. These
findings showed biannual application had a greater caries arresting effect than annual application, which supports the study
hypothesis.
The effect of SDF appeared to wear off over time, as reported
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in current and previous studies [12,15]. In high caries risk children like in this study, the effect of SDF would not last long because they consumed sweet food or drink more frequently and
brushed their teeth less frequently. Moreover, there are tooth or
surface related differences in SDF effectiveness. Caries in posterior teeth, especially on mesial, distal, or occlusal surfaces,
is difficult to arrest. In contrast, caries in anterior teeth as well
as buccal or lingual surfaces is more likely to be arrested [16].
Children probably could brush their teeth easily at these
positions. Therefore, biannual SDF application was considered
an important contributor to the success rate of caries arrest by
supplying more SDF to vulnerable tooth surfaces and minimizing the weakening of the preventive effect of SDF.
Many studies have demonstrated the caries arresting effect
of SDF on caries [10-12,15,17]. However the results of the current study should be compared with those of other studies with
caution, because there are methodological differences. Firstly,
in this study, SDF was applied to all deciduous carious teeth,
while the targeted teeth in other studies were deciduous maxillary anteriors or second molars as well as permanent first molars
[10,11]. Secondly, children in this study were 2 to 3 years old,
thus younger than those in other studies [12,15,17].
SDF has many advantages besides arresting caries. Applying
SDF is simple and requires no expensive equipment or infrastructure. It is flexible enough to implement in a community setting where facilities or manpower are limited [18]. Appropriately trained dental auxiliaries could apply SDF to children in
preschools or in health centers. SDF can also be used in uncooperative children [19]. Caries can occur in very young children with high caries risk and SDF could be applied in such children to arrest caries at the initial stage. Furthermore, since the
cost of a SDF application is low, even children from low-income
families can afford it.
SDF applied to carious lesions become black or brown, and
such discoloration is a good indication of caries arrest. No children’s caregivers in this study complained about tooth staining.
Gingival or pulpal reaction is another consideration for SDF
application. SDF has a caustic effect on soft tissue and the gingivae, if exposed to SDF, may turn white but heal naturally within
1-2 days. SDF may also cause pulpal irritation if applied to deep
caries [6,20]. However, no cases of severe gingival or pulpal
problems after SDF application were reported in this study.
Since there were no significant differences in sweet consumption, tooth brushing or oral hygiene between the 3 groups,
the influence of these factors on caries status was considered
similar in each group in this study. No significant changes in
sweet food or drink consumption occurred between baseline
and 1 year, while children brushed their teeth more frequently
and the amount of plaque observed decreased at 1 year com-
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pared with baseline. Oral health promoting leaflets were distributed to caregivers and teachers, and children were advised
to reduce sweet consumption and to brush their teeth at least
twice a day by dentists and teachers during the dental examination. However, almost all milk in the Vietnam marketplace
contains sugar and most children drink milk everyday. The present findings indicated that changing children’s eating behavior
was more difficult than improving tooth brushing habits under
such circumstances.
This study employed both SDF and NaF. NaF has long been
known to have a caries preventive effect [21,22]. The combined
use of SDF and NaF could offer an additional caries preventive
effect. In this study sample, overall dmft increased by 1.94 (5.80
for dmfs) after 1 year, although the caries increase in children
who received both SDF and NaF was smaller than in those who
received only NaF. Both SDF and NaF have a caries preventive
effect, but without a good oral health environment, the effect
of SDF and NaF could not be maximized. It is therefore necessary to increase caregivers’ awareness about the importance of
oral health care and the promotion of good oral health behavior.
Children also should be educated about good oral hygiene by
tooth brushing at least twice a day and snack control.
There are some limitations in this study. A convenient sample
was used instead of randomized sample. The 2 dentists who examined were not blinded for treatment assignment of children.
In addition, there were children’s drop-outs mainly due to
changing of living place. Therefore, a further research that resolves these limitations should be carried out.

Conclusion
Dental caries in children creates a huge financial burden in
developing countries like Vietnam. Proposing an effective and
realizable method for managing caries in children is a big concern for health care professionals and other parties. The 1-year
study period of this study may not be sufficient to observe the
long-term effect of SDF application on dental caries. Nonetheless,
the findings in this study indicated the effectiveness of SDF, especially biannual application, in arresting dental caries among
preschool children. SDF application appears to be a promising
intervention candidate for improving children’s oral health
status.
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