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1.

Summary

This observational cohort study primarily aimed to assess the clinical outcomes
hypersensitivity relief and caries arrest after the application of combined silver diammine
fluoride and potassium iodide (SDF+KI; Riva Star®, SDI Limited) on hypersensitive carious
lesions (ICDAS 5) after a 3-month period. Fifteen 2-5-year-olds (mean age 3.58±0.95) who
required a desensitizing treatment of hypersensitive carious lesions were recruited at the
Department of Preventive and Pediatric Dentistry of Greifswald/University in Germany. After
diagnosing hypersensitivity, teeth were isolated, a dentin sample was obtained for activity
testing and SDF+KI was applied. Only one tooth per child was included for the analysis. Clinical
variables were recorded at baseline and 3 months after treatment. For statistical comparisons
between baseline and follow-up, paired t-test, Wilcoxon signed rank test and McNemar test
were used.
Results: The 15 participants (9 boys, 6 girls) had a mean dmft of 8.07±2.79. Out of 15 active
carious lesions from baseline, 13 (86.7%) were inactive after 3-months, while 2 (13.3%)
remained active (Bjørndal Criteria; p<0.001). Regarding hypersensitivity, the pain scores
before treatment according to the Visual Analogue Scale were clearly reduced from moderate
pain (score 4, n=8; 53.3%; score 5, n=7; 46.7% to mostly no (score 0, n=13; 86.7%) or mild pain
(score 2; N=1; 6.7%, p=0.001). There was no statistical significant difference in behavior
before, during and after treatment. Parental satisfaction was very high (86.7%) and all would
choose to have the treatment again, rating their children being either comfortable or very
comfortable with SDF/KI treatment (86.7%).
Thus, the combination of SDF+KI contained in Riva Star® capsules had a potent effect in
desensitizing and arresting caries in hypersensitive active carious lesions in primary teeth.
This study was partially funded by SDI Limited.

2.

Introduction

Dentin hypersensitivity is described as short, sharp pain resulting from exposed dentin in
response to external stimuli. These stimuli could be thermal, evaporative, tactile, osmotic, or
chemical not attributed to any other dental disease or defect [Holland et al., 1997]. Evidence
of dentin hypersensitivity (DH) prevalence in children is scarce. The reviews by Shiau [2012],
and Splieth and Tachou [2013] reported ranges between 3 to 73% and 3 to 98 % respectively
in adults with higher female incidence in the former study. Several theories have been cited
to describe hypersensitivity. However, the hydrodynamic theory proposed by Brannstrom
and Astrom [1972] is the most commonly accepted theory [Addy, 1992]. Consequently, detin
hypersensitivity could be treated by interrupting neural response for pain stimuli or blocking
the exposed dentinal tubules [Cummins, 2009]. The management scope of dentin
hypersensitivity ranges from using dentifrices [Bae et al., 2015], fluoride varnishes [Petersson,
2013], resin based adhesives and different agents to occlude opened dentinal tubules or even
restorations in the unmanageable cases [Koizumi et al., 2016].
One of the most common reason for the clinical outcomes of dentin hypersensitivity are
active caries lesions, especially in Early Childhood Caries (ECC) which is defined as the early
onset of caries in young children with often rapid progression, which can eventually result in
complete destruction of the primary dentition. Epidemiologically, ECC can be defined as the
presence of one or more decayed (non-cavitated or cavitated lesions), missing (due to caries),
or filled surfaces in any primary tooth of a child under age of 6 [Machiulskiene et al., 2019].
ECC is becoming a significant health problem, rapidly increasing in prevalence, especially in
low- and middle-income regions [WHO, 2016]. In Germany, [Splieth et al., 2009] reported
results of regional epidemiological studies in 2009 showing a prevalence between 7.3% and
20.3%. Treatment strategies of ECC ranged from dietary behavior alterations and teeth
brushing with fluoride toothpastes [Edelstein, and Ng, 2015] to costly surgeries, thereafter a
relapse of decay is not uncommon [Graves et al., 2004]. However, a review in 2013 showed
promising results of Silver diamine fluoride (SDF) in arresting caries and further prevention of
its progression, especially among children who are too young to undergo conventional
treatment [Fung et al., 2013].
Silver fluoride (SF)/Silver diamine fluoride (SDF) have been used as an alternative treatment
for caries control and arrest [Peng et al., 2012]. In 2014, SDF was approved by the US Food

and Drug Administration as a treatment for dentinal sensitivity [FDA, 2017] and it is commonly
used in several countries for treating dentin hypersensitivity associated to the presence of
carious lesions. SDF had been used off-label for caries arrest; however, it was recently
recommended in the guidelines of the American Dental Association as caries arresting
medicament [Slayton et al., 2018].
A concern to consider about SDF was the black staining of the arrested carious lesions, which
may result in undesirable aesthetics [Chu et al., 2002]. Despite this concern, most parents
preferred this option to advanced behavioral techniques as general anesthesia [Crystal et al.,
2017]. Applying a saturated solution of potassium iodide (KI) immediately after silver fluoride
application was claimed to minimize the staining of dentin caries while the caries arresting
effect of silver fluoride is unaffected [Knight et al., 2006]. This is probably due to the reaction
of iodide ions from the KI solution with the excess silver ions from the silver fluoride solution
thus forming a precipitate of silver iodide. Moreover, it was showed that dentine permeability
could be reduced if potassium iodide was applied after a fluoride containing silver diamine
solution, consequently reducing dentin hypersensitivity [Knight et al., 2005]. Hamama
[Hamama et al., 2015] and Koizumi [Koizumi et al., 2016] showed positive results regarding
the desensitizing and caries arrest effect using a combined silver fluoride and potassium
iodide agent SDF/KI; Riva Star® (35-40% SDF and a saturated solution of KI).
Several antimicrobial agents like xylitol and fluoride with different range of application
methods have been used, with pronounced reductions in S. mutans and S. sobrinus levels.
However, this reduction only lasted for weeks to a few months after treatment. The reduction
in bacterial colonization was declined when treatment was deferred [Li, and Tanner, 2015].
The potent antimicrobial activity of silver salts had been reported in several studies [Knight
et al., 2005; Parolia et al., 2011; Gillam et al., 2001; Amarasena et al., 2010]. The application
of a 20 ppm solution of silver nitrate inhibited the growth of Streptococcus mutans and
Staphylococcus aureas efficiently [Merika et al., 2006]. This could be ascribed to the high
reactivity of silver ions (Ag+) to the phosphorus and sulfur containing proteins of the bacterial
cell wall, resulting in destruction of the outer cell membrane and extrusion of the cytoplasm
[Greenhill, and Pashley, 1981].
Precise differentiation of dentin hypersensitivity from other pathologies affecting the teeth is
fundamental. It might be clinically contradicted with recently performed poor restorations,
cracks or fractures, and reversibly or irreversibly inflamed pulp [Addy, 2002; Addy, 2000]

Tactile stimulation of exploratory probe or triple syringe air jets on the exposed surface
provokes a response from the patient [Gillam, and Orchardson, 2006]. Quantification of
severity of discomfort (pain) in children affected by ECC is problematic, mainly due to the
limited communication abilities at this age [Franck et al., 2000]. Descriptive scales using
pictures (faces), which pretend to portray the pain intensity (slight, moderate or intense pain)
[Holland et al., 1997], or objective visual analogue scales (VAS) have been used to describe
how children feel [Gillam, and Orchardson, 2006]. However, main sourcing of information at
young ages are their parents/caregivers.
This study was conducted to assess the effect of application of a combined silver fluoride
and potassium iodide agent (Riva Star®, SDI Limited) on active hypersensitive carious lesions
in primary teeth.

3.

Aim

The ultimate aim of this study is to clinically assess the desensitizing and caries arresting effect
of a combined silver diammine fluoride and potassium iodide SDF/KI (Riva Star® 35-40% SDF
and a saturated solution of KI) on hypersensitive carious lesions (ICDAS 5) in primary teeth
after 3 months. In addition, this study also aimed to assess behavior of the participating
children before, during and after treatment along with the parental satisfaction of the
treatment.

4.

Material and methods

A non-randomized sample of 15 consecutive children attending the Department of Preventive
and Pediatric Dentistry at the University of Greifswald from (October 2018) to (August 2019)
was collected. Moreover, this study is a part in a two-arm study evaluating the efficacy of the
standard therapy (fluoride varnish application 22,600 ppm) on hypersensitive carious lesions
in primary teeth with a positive vote of the local ethics committee of the Medical Faculty in
Greifswald (No. BB 128/18).
Assessment of eligibility was carried out by a single investigator (MHA). In terms of inclusion
criteria, only healthy children aged between 2 to 5 years old were selected. Reported
hypersensitivity in primary teeth associated with the presence of active carious lesions

(ICDAS 5) were prerequisites for eligibility. Children with previously restored teeth or signs
and symptoms of irreversible pulpitis were excluded. A signed informed consent of
participation was mandatory before intervention.
The degree of pain severity was quantified by a visual analogue scale (VAS; scores 0-10; Figure
1) [Gillam, and Orchardson, 2006], ranging across a continuum from none (0) to a severe
amount of pain (10). On the other hand, carious lesions activity was evaluated using Bjørndal
Criteria (0 – 9= sound –missing tooth, Table 1).

Figure 1. Visual Analogue Scale (VAS) with scoring options from 0 to 10.

Table 1. Bjørndal criteria for caries activity and severity assessment
Score

Definition

0

Sound

1

Active lesion in enamel , without cavity ( bright surface with brown discoloration )

2

Active cavity in enamel ( opaque enamel surface and loss of substance )

3

Active cavity in enamel ( bright surface , brown discoloration, wet dentin )

4

Inactive cavity in enamel ( bright surface, brown discoloration and loss of
substance )

5

Active cavity in enamel/dentin ( yellow or light brown discoloration , wet dentin )

6

Inactive cavity in enamel/dentin ( dark brown discoloration, hard and dry dentin )

7

Pulpal involvement or root stumps

8

Filled tooth

9
Missing tooth
Children’s behavior before, during and after treatment was assessed using Frankl’s Scale
(Table 2).

Table 2. Frankl Behavior Scale
Score

Scoring

Observed Behavior

Definitely
positive

Good rapport with the dentist, interested in the dental
procedure, laughing and enjoying the situation
Acceptance of treatment; at time cautious, willingness to
2
Positive
comply with the dentist, at times with reservation but
patient follows the dentist’s directions cooperatively
Reluctant to accept treatment; uncooperative, some
3
Negative
evidence of negative attitude but not pronounced
Definitely
Refusal of treatment, crying forcefully, fearful, or any other
4
negative
overt evidence of extreme negativism
Following hypersensitivity pain assessment and obtainment of an informed consent,
1

affected teeth were isolated either with cotton rolls or liquid dam, followed by application
of silver diammine fluoride and potassium iodide SDF+KI (Riva Star®, SDI Limited) according
to manufacturer’s instructions.
The follow up period of this study was 3 months, at which the following outcomes were
evaluated:
-

Hypersensitivity pain was re-evaluated using the same method (VAS) in the first
recruitment visit.

-

Carious lesion activity was re-evaluated using the same visual-tactile criteria for caries
activity and severity assessment (Bjørndal Criteria).

-

Behaviour of children before, during and after treatment using Frankl Scale.

-

Parental perception and satisfaction of the treatment using Five-point Likert scale
questionnaire.

Besides, parents were also asked if any complications arose after treatment with SDF+KI and
if existed, how long the complication lasted to disappearance.

4.1 Statistical analysis
Normality was checked for all variables using plots and tests of normality. Means and
standard deviations (SD) were calculated for all quantitative variables, while frequencies and
percentages were calculated for categorical variables. Comparing the baseline and follow-up
was done using paired t-test when the variable was normally distributed, and Wilcoxon signed
rank test when the variable was not normally distributed. McNemar test was used for
comparing lesion activity before and after treatment and Friedman test for comparing the
children’s behavior at 3 different time points (before, during and after treatment).
Significance was set at P <0.05. Data was analyzed using IBM SPSS statistical software (version
25).

5.

Results
5.1 Baseline characteristics (participants and teeth)

This study included 15 consecutively recruited healthy children (9 males, 6 females) with a
mean age of 3.58 ±0.95, and dmft 8.07 ±2.79. Each patient presented with at least one active
carious lesion with visible dentin (ICDAS 5) and reported symptoms of hypersensitivity that
signalled the need for a desensitizing treatment. The baseline characteristic of the
participants and their caries profile are presented in (Table 3).

Age: mean ± SD
Gender: n (%)

3.58 ± 0.95

Males

9 (60%)

Females

6 (40%)

dt

6.73 ± 2.43

Caries index/tooth (dmft)

mt

0.13 ± 0.51

mean ± SD

ft

1.20 ± 1.86

dmft

8.07 ± 2.79

ds

18.73 ± 10.48

Caries index/surface

ms

0.67 ± 2.58

(dmfs) mean ± SD

fs

4.53 ± 7.62

dmfs

23.93 ± 14.75

Table 3. Sample characteristics and caries profile (n=15) at baseline

5.2 Hypersensitivity
Regarding hypersensitivity pain (Table 4, Figure 2), assessment before treatment showed
moderate pain scores on the Visual Analogue Scale (VAS), scores 4 and 5 were reported by 8
(53.3%) and 7 children (46.7%), respectively.
After 3-months, 13 (86.7%) patients’ parents reported absence of pain (score 0), 1 (6.7%)
reported decrease of pain intensity to a milder pain (score 2) and 1 (6.7%) child’s parent
reported no change in pain (score 4). Decline in pain scores after treatment was statistically
significant (p=0.001).

Table 1. Pain assessment using Visual Analogue Scale (VAS) as reported by parents before
and after treatment (*statistically significant at p value <0.05)
Score

0
1
2
3
4
5
P Value

Before
Treatment
0 (0%)
0 (0%)

After
Treatment
13 (86.6%)
0 (0%)

0 (0%)
0 (0%)
8 (53.3%)
7 (46.7%)

1 (6.7%)
0 (0%)
1 (6.7%)
0 (0%)
0.001*

Figure 2. Pain assessment using Visual Analogue Scale (VAS) as reported by parents before
and after treatment
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5.3 Caries activity
At baseline, 15 (100%) caries lesions with visible dentin (ICDAS 5) in all 15 participants showed
visual and tactile features of caries activity during examination and were graded as active
cavity in enamel/dentin according to Bjørndal criteria for caries activity and severity
assessment. Three months after treatment with SDF/KI, affected teeth were re-examined
using the same criteria and 13 (86.7%) out of 15 lesions were classified as inactive cavity in
enamel/dentin (Figure 3). Active caries was evident in only 2 (13.3%) lesions at 3-months

follow up. However, the predominance of arrested lesions over the remaining active ones
was statistically significant (p<0.001) (Table 5).
Table 5 Activity of carious lesions according to Bjørndal Criteria before and after treatment
(*statistically significant)

Before
Treatment

After
Treatment

Active cavity in enamel/Dentin (Score 5)

15 (100%)

2 (13.3%)

Inactive cavity in enamel/Dentin (Score 6)

0 (0%)

13 (86.7%)

Score

<0.001*

P Value

Figure 3. Activity of carious lesions according to Bjorndal Criteria before and after treatment.

100%

100%
86.7%

90%
Percentage of Patients

80%
70%
60%
50%
40%
30%
20%
10%
0%

13.3%
0%
Before Treatment
Active Cavity

After Treatment
Inactive Cavity

5.4 Children’s behavior
Prior to treatment the majority of the participants showed positive 8 (53.3%) or definitely
positive 3 (20%) behaviour, while 3 (20%) children showed negative behaviour. Negative
behaviour during treatment was noticed among 8 (53.3%) children while 6 (40%) children
equally showed a rating of either positive or definitely positive behaviour. Only one patient
(6.7%) was rated by the treating dentist as having a ‘definitely negative’ behaviour before,
during and after treatment. Post-operative behaviour was mainly on the positive side, with 6
(40%) children rated as positive and 4 (26.7%) as definitely positive. Only 2 (26.7%)
participants sustained a negative behaviour after treatment. However, significant differences
were not found between behaviour ratings before, during and after treatment (p=0.07)
(Figure 4).

Percentage of Patients

Figure 4. Behavior using Frankl Scale before, during and after treatment.
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5.5 Parental satisfaction of the treatment
The great majority of parents (86.7%) were very satisfied with the procedure and all would
choose to have the treatment again. Regarding the child’s comfort, only 1 (6.7%) of the
participants parents rated their child as uncomfortable, while most parents 13 (86.7%) rated
their children either comfortable or very comfortable with SDF/KI treatment. Moderate

comfort was reported by 1 (6.7%) parent. The child’s behaviour from a parental view was
considered either ‘very good’ or ‘good’ among all the parents (Figure 5).

Figure 5. Parent’s perception about the procedure and treatment modality.
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5.6 Complications
No serious procedural or post-operative complications were recorded and all adverse events
seen during or after the procedure were reversible.
In 5 (33.3%) children, parents reported a post-operative discoloration on the lips/tongue that
disappeared within 2-3 days.
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6.

Conclusions

At the 3-months follow-up, the analyzed data from this study sample unveiled the fast-acting
positive effect of combined silver diammine fluoride and potassium iodide SDF+KI (Riva Star®,
SDI Limited) treatment on hypersensitive carious lesions with visible dentin (ICDAS 5) in
primary dentition. Accounting the statistical significant difference found in hypersensitivity
pain decline and caries arrest among the study participants, SDF/KI can be considered a valid
desensitizer with caries-arresting potential. Moreover, the high parental satisfaction after 3
months of the treatment demonstrated the importance of a low-risk, non-invasive caries
therapy over esthetic demands. However, consenting the parents to the esthetic drawback
of the treatment is essential, but it has to be outweigh with the alternatives which is often
restricted to the more risky and invasive treatment under general anesthesia for small,
uncooperative children. Ultimately, treatment with SDF+KI had no influence over the child’s
behavior within this study’s sample.
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