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Abstract:

Objective: To investigate the effectiveness of silver diamine fluoride (SDF) to arrest
early childhood caries (ECC) in very young children randomized to three different
application frequency groups (regimens)

Methods: Children with active dentinal carious lesions (ICDAS 5 or 6) in primary teeth
without any signs of pulpal involvement were randomized into three different
application frequency groups; 1, 4, or 6 months apart. Children underwent treatment
with 38% SDF at baseline visit and again at a second visit. Treated lesions were
assessed at the second and third visits to determine arrest success. Participants were
considered completely successful (CS) if all treated lesions were arrested and
incompletely successful (IS) if at least one lesion was not arrested. Statistical analyses
included descriptive and bivariate analyses. A p value < 0.05 was significant.

Results: A total of 84 children with 486 carious lesions were recruited into the study
with 28 children in each group. The overall proportion of completely successful treated
children at visit 2 and third visit were 40% and 68% respectively. Results of McNemar’s
test showed a significant increase in complete success from 40% at second visit to 68%
at visit 3 (p-value <0.001) across all groups for 84 study participants. Within each group,
significant improvement in complete success at child-level was also noted with p-values
01 0.041,0.023 and 0.004 for Regimen 1, 2 and 3 respectively. Participants in one month
group showed a change of complete success from 36% at second visit to 71% at third
visit (p-value 0.004). No significant differences were noted between the groups at
second visit and final visit (p >0.05)

Conclusions: Findings in this study suggested that two applications of SDF at different

frequencies showed similar frequency of successfully treated cases at the child level.
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No difference was noted in success rates comparing three groups either at second or
third visit. Results from our study were statistically insignificant when comparing the
arrest rates at child level between three groups at both visits. Further analysis should

investigate lesion arrest rates between the treatment groups.
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Introduction:

Early childhood caries (ECC) defined as the presence of 1 or more decayed,
missing, or filled primary teeth in children < 6 years of age?® is a global oral health
concern!?, with recent prevalence estimates in Canada ranging from 28% to 98%.° The
American Academy of pediatric dentistry which recognizes the unique and often virulent
nature of ECC, indicates that immediate non-surgical interventions need to be
implemented whenever possible. In addition, non-surgical interventions should be
carried forth whenever it is possible to delay or decrease the need for dental surgery.

Restorative treatment of caries is still the predominant method of managing S-
ECC. A certain challenge while treating young children is their uncooperative behavior
which is age-related.”!? Although conscious sedation or general anesthesia in operating
room are other options that can be used to treat ECC in such young population, they are
both accompanied by increased cost of treatment and risks. Consequently, it is noted that
restorative treatment alone does not address the underlying cause of ECC leading to high
recurrent rate of forming new carious lesions. ' Many vulnerable pediatric populations
with limited access to dental care go through life with untreated ECC posing a serious
health risk. '°

The consequences of ECC are vast and include a greater risk of new carious
lesions in both the primary and permanent dentitions, higher treatment costs, increased
hospitalizations and emergency room visits, diminished ability to learn, loss of school
days, and reduced oral health related quality of life:* ECC exacts a toll on children,

affecting their development, school performance and behavior, and on families and
society as well. *2 BCC has been associated with altered nutritional statusB, behavioral

problemsM, school absences and poorer school performance.25 The multifactorial nature



of ECC poses a challenge to identify effective prevention strategies.® Although primary
prevention is always preferred, there were no effective non-surgical products available
for secondary prevention until recently.

Recent reports have identified silver diamine fluoride (SDF) as an anti-caries agent
that successfully arrests dental caries and has the potential to effectively address
untreated decay in young children thereby reducing the need for rehabilitative dental
surgery under GA.!!"1 One systematic review and meta-analysis reported that 38% SDF
is safe and effective in arresting dentin caries in primary teeth resulting in the arrest of
81% of active caries lesions.!” The American Dental (ADA) association practice
guideline on nonrestorative treatments for carious lesions recently recommended that
clinicians prioritize the use of 38% SDF solution over other products to manage
cavitated carious lesions.!® Despite this evidence, true consensus on the frequency of
SDF applications in children with ECC is lacking. Furthermore, the current American
Academy of Pediatric Dentistry (AAPD) Clinical Practice Guidelines on SDF urge
researchers to conduct well-designed randomized clinical trials comparing the use and
outcomes of SDF to arrest caries lesions in both primary and permanent teeth.!®

While Advantage Arrest™ (38% SDF) received approval for clinical use in
Canada in 2017, there has been little guidance on the frequency and duration of its
application. Some proposed SDF protocols may not easily translate into dental public
health clinical settings or work well in remote Indigenous communities. Their

14.17.20 {5 not practical or realistic in these

recommendations for frequent reapplication
programs or remote regions where access to dental care is limited and frequent follow-

up visits may not be possible.



The aim of our study was to examine the effectiveness of SDF to arrest dental
caries in very young children randomized to different application regimens. To the best
of our knowledge, this study is the first randomized clinical trial (RCT) of SDF
conducted in Canada for our very young population, which may aid clinicians in the

decision-making process regarding SDF application for the larger benefit of patients.



Methods:

A randomized clinical trial was conducted to study the effectiveness of SDF to
arrest cavitated carious lesions in primary teeth at three different application regimens.
Ethics approval for this study was obtained from the University of Manitoba’s
Biomedical Research Board. A total of 84 participants were recruited from community
clinics in Winnipeg (Access Downtown, Mount Carmel, and SMILE plus) between
October 2019 and June 2021. Interested parents and caregivers were contacted by the
research staff to inform them of the study objectives, eligibility criteria, and procedures.
Study visits took place at one of the community-based dental clinics or the Children’s
Hospital Research Institute of Manitoba (CHRIM).

Children less than 72 months of age were screened by the principal investigator
(RJS) to determine their eligibility for study. Inclusion criteria included each of the 84
participants meeting the International Caries Detection and Assessment System
(ICDAS) 5 or 6 with caries extending into the dentin without any signs of pulpal
involvement. Teeth included in the study were clinically confirmed to have soft
cavitated caries lesions extending into dentin allowing for direct application of SDF.
Exclusion criteria included teeth that met any of the PUFA criteria (i.e., spontaneous
pain due to caries, pulp exposure, mobility, signs of pulpal infection such as abscess,
fistula, or swelling). Children with silver allergy or with hereditary generalized
developmental defects of enamel were excluded, as were those with severe medical
issues or dental infections requiring immediate dental rehabilitation under GA.

Originally, 81 participants were recruited into the study with 2 participants being
lost over time; one participant was lost after baseline visit and another one after second

visit. Following this, 3 participants were recruited with a total of 84 participants who



were randomized into three groups (regimens). Group 1 was two applications of SDF
four months apart, which is the protocol frequency adopted by the Winnipeg Regional
Health Authority’s (WRHA) Clinical Guideline on SDF. Group 2 was two applications
of SDF six months apart as recommended by ADA. Group 3 involved two applications
of SDF one month apart, as proposed in the AAPD’s clinical practice guideline. The
ADA recommends that SDF should be prioritized over 5% NaFV (sodium fluoride
varnish) for nonrestorative management of cavitated lesions.2® Thus, a control group to
receive fluoride varnish was not considered as this would now be considered unethical
and substandard care.

Following written informed consent from parent/ caregiver, children were
randomly allocated into one of three groups using sealed envelopes to ensure random
allocation at the baseline visit. During this visit, parents or caregivers completed a
baseline questionnaire administered by interviewer regarding family demographics,
ethnicity, dietary habits, oral hygiene routines, dental concerns including dental pain (if
any) and appearance of teeth. All participants underwent a clinical dental examination
with some children having radiographs taken before their enrollment into the study.
Radiographs were not a part of our study protocol. Teeth meeting ICDAS 5 or 6 criteria
were recorded. The location, size, hardness, color, and activity status of each eligible
carious lesion was also documented in addition to calculating dmft (decayed, missing
and filled primary teeth) at each visit. Following the examination, 38% SDF (Advantage
arrest, Oral Science, Brossard, QC, Canada) was applied on all eligible carious lesion(s)
without removal of any caries. SDF was applied with a micro brush for one minute
depending on the level of patient cooperation. This was followed by wiping the treated

surfaces with wet gauze or a water rinse followed by the application of 5% NaFV.



Participants returned for their second treatment visit depending on their regimen at
4 months (Regimen 1), 6 months (Regimen 2), or 1 month (Regimen 3). At this visit,
their first follow up examination on previously treated teeth was completed. Lesions that
were hard upon tactile probing and black in color were considered as arrested lesions.
SDF was applied on previously treated lesions for one minute followed by 5%NaFV.
Participants returned for their third and final visit depending on their regimen at 4
months (Regimen 1), 6 months (Regimen 2), or 1 month (Regimen 3). At this visit, a
second follow up examination was completed. Parents/caregivers also completed a
follow-up questionnaire administered by interviewer at this visit.

Color (yellow, brown, and black) and hardness (very soft, medium, or hard) of
treated lesions as well as dmft were recorded at baseline and at each follow-up visit. Our
study focussed on child level analysis with participants considered as completely
successful (CS) if all treated lesions were arrested and incompletely successful (IS) if at
least 1 lesion was not arrested. We used “intention to treat analysis” — those lost to
follow-up were included in the analysis and classified as incompletely successful (IS).
Data were entered into a REDCap database followed by saving on the secure server at
CHRIM. Statistical analyses included descriptive statistics (frequencies, means, standard
deviations (SD)) and bivariate analyses (Fisher’s exact test for association, Pearson’s
Chi-squared test, McNemar’s Chi-squared test and Kruskal-Wallis rank sum test). A p

value < 0.05 was significant.



Results:
Participant Characteristics

Baseline characteristics of participants recruited in the study are shown in Table 1. A
total of 84 children (58% male, 42% female) were randomized into three groups with 28
participants in each group. The mean age of those recruited in the study was 44.0+14
months. The mean number of lesions (ICDAS 5 and 6) treated per participant was 5.7+
4.1. More than half of the participants (62%) brushed twice daily and 83% used a

fluoridated toothpaste.

Child-level analysis

At the second visit, SDF treatment in 12 out of 28 participants (43%) each in the
four month and six-month groups, and 10 out of 28 participants (36%) in the one-month
group was deemed to be CS (Completely Successful) in that all treated lesions per child
were arrested. There was no significant difference between the groups. (p= 0.8) using
Pearson’s Chi-squared test.

At the third visit, the proportion of recruited participants in each group determined
to be completely successful (CS) using Pearson’s Chi-squared test was 64% in the four-
month group, 68% in the six-month group, and 71% in the one-month group (p=0.7)

Chi-squared analysis revealed that there were no significant relationships between
the frequency of complete success and treatment grouping, sex, frequency of
toothbrushing, difficulty providing treatment, or use of fluoridated toothpaste at second
and third visit (Table 2). Improvements in complete success of SDF treatment at the
child level within and between groups was assessed (Table 3). An overall increase in

complete success of SDF treatment for all 84 participants was observed between the



second visit and third visit (40% vs. 68%, p <0.001). All groups showed significant
improvement in complete success following the first and second applications of SDF
(Table 3). Participants in the one-month group (Regimen 3) showed much larger
improvement in complete arrest (36% at second visit vs. 71% at final visit, p= 0.004
using Mc Nemar’s test). Participants in the four month and six-month groups also
exhibited improvement in the percentage with complete success (43% vs. 64% and, 43%

vs. 68%, respectively)

Lesion-level Analysis

At baseline a total of 486 lesions (273 anterior, 213 posterior) were identified as
being eligible to be treated with SDF. Overall, 149 lesions (82 anterior, 67 posterior) in
children in the four-month group, 143 lesions (82 anterior, 67 posterior) in the six-month
group, and 194 lesions (124 anterior, 70 posterior) in the one-month group. (Figure 1)

At the second visit, the arrest rates noted across three groups following treatment
with one application of SDF (Figure 2-4) were 81.2% in four-month group (Regimen 1)
(81.7% anterior, 80.6% posterior), 58.7% in the six-month group (Regimen 2) (71.6%
anterior, 47.4% posterior), and 79.4% in the one-month group (Regimen 3) (86.3%
anterior, 67.1% posterior). In total, 83 participants returned for the second visit, with one
lost to follow-up in the six-month group.

Overall, 82 participants returned for the third and final visit; with a second participant
lost to follow-up in the one-month group. The arrest rates at the final visit were 90.6%
(91.5% anterior, 89.6% posterior) for the four-month group, 71.3% (70.1% anterior, 72.4%
posterior) for the six-month group, and 90.7% (95.2% anterior, 82.9% posterior) for the

one-month group following treatment with two applications of SDF.



Discussion:

This RCT investigated the effectiveness of using 38% SDF to arrest caries lesions in
very young children with ECC randomized to different application frequency regimens.
Participants were considered completely successful (CS) if all treated lesions were arrested
and incompletely successful (IS) if at least one lesion was not arrested focusing primarily
on results at the ‘Child level’. The main outcome of this study was “complete success” of
all treated lesions per child. Overall, results from our study revealed that the three
proposed SDF protocols i.e., Regimen 1, 2 and 3 showed comparable frequencies of
complete success at the child level.

SDF represents a simple and non-invasive agent to arrest caries in children. Our
study provides essential information on success rate of using two applications of SDF at
visits that are either 1 month, 4 months or 6 months apart to arrest ECC which can then be
utilized to undertake additional research in area of SDF for high-risk children with ECC,
such as children from disadvantaged communities, newcomer, rural, refugee groups, and
First Nations and Metis communities in Canada. Results from this RCT are supported by
data from one study that demonstrated effective caries arrest with biannual application of
SDF than annual application.’. A meta-analysis of data from 8 clinical studies using 38%
SDF found that the overall caries arrest rate was 81% (95% CI, 68% - 89%; p<0.001). 7.
Studies have found arrest rates of more than 75% with 6 monthly applications of 38% SDF
supported by another systematic review from 2016 that found 86% caries arrest rate at 6

months.”?%!7 Results from our study are consistent with another study that found arrest



rates of 93.3% with 3 monthly application of SDF (p value = 0.002) between two follow-
up visits.?
An earlier clinical trial by our lab included the same criteria for complete success

(CS) at child level where more than 50% (85%) of participants were determined to be CS
following treatment with two applications of SDF?! This is similar to what was found in
this RCT with 68% of participants who were determined to be CS after receiving the same
frequency of treatment . A study on children in Melbourne, Australia that looked at SDF
protocol in children between 2-10 years of age assessed success of treatment in terms of
lesions that were hard and black with no pain or infection.*°

We used the “Intention to treat” analysis in our study allowing us to draw unbiased
conclusions regarding the effectiveness of SDF in treatment of carious lesions, while also
preserving the randomization by analyzing the participants in various group according to
their original assigned group.?” One of the main strengths of our study was the ability to
investigate effectiveness of SDF application in a controlled manner with decreased
operator bias (single operator administering treatment and recording data) and selection
bias (all study participants in the study has an equal chance to be allocated to either of the
three groups/regimens) making it quite robust. Our study was able to establish a causal
relationship between treatment using SDF application and its effectiveness to arrest active
carious lesions.

Originally our study was designed to investigate success at “Lesion Level” and one
of the limitations of this study is that it only focuses on success at “Child Level”. This
outcome comes with its own limitations. For example, a child could have had 10 treated
lesions, nine successful, but classified as “incomplete success”. This type of classification

could potentially minimize the benefit of SDF in that it might have prevented a child
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needing treatment under GA. Defining “complete success” from a clinical viewpoint is
important to avoid undermining the effect of SDF, and further analysis primarily focusing
on success at the “lesion level” might prove to be a better to guide clinical decision
making. To say that 10% lesion success rate in one child is equivalent to 90% success

lesion arrest rate in another is not clinically applicable.



Conclusions:

Based on the results obtained in our study:

1.

No significant differences in complete success of caries arrest rate were seen
at child level when comparing the three regimens at second and third visit.
Our study did show a significant improvement in complete success from
second to third visit regardless of the regimen with each group showing
improved success rate at third visit indicating that treatment of carious
lesions with two applications of SDF is an effective approach to arrest and
manage caries in very young children.

Complete success may not be useful in an RCT and rather analysis should

focus on the lesion level.
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Table 1: Baseline characteristics of recruited participants.

Variable OVERALL ONE FOUR SIX p-value
TOTAL MONTH MONTHS | MONTHS
(84), APART- APART- APART-
No. (%), Regimen 3 Regimen 1 Regimen
except (28) (28) 2(28)
indicated No. (%), No. (%), No. (%),
except except except
indicated indicated indicated
Mean age+ SD (months) 440+ 14 43.0£15.0 | 40.0=13.0, | 49.0 = 14.0, 0.1
Sex
Male 49 (58) 19 (68.0) 13 (46.0) 17 (61.0) 0.3
Female 35(42) 9 (32.0) 15 (54.0) 11(39.0)
Dental Insurance
Yes | 58(69.0) 20 (71.0) 19 (68.0) 19 (68.0) >0.9
No | 24(29.0) 7 (25.0) 9 (32.0) 8(29.0)
Unsure 2(24) 1(3.6) 0(0) 1 (3.60)
Frequency of toothbrushing
Twice daily | 52 (62.0) 19 (68.0) 16 (57.0) 17 (61.0) 0.2
Once daily | 24 (29.0) 5(18.0) 9 (32.0) 10 (36.0)
Every other day 6(7.1) 4 (14.0) 2(7.1) 0 (0.00)
Seldom/rarely 2(2.4) 0 (0.00) 1(3.6) 1(3.6)
Never 0 (0.00) 0 (0.00) 0(0.0) 0 (0.00)
Uses fluoridated toothpaste
Yes | 70 (83.0) 24 (86.0) 24 (86.0) 22 (79.0) 0.8
No 5(6.0) 2(7.1) 1(3.6) 2(7.1)
Unsure 9(11.0) 2(7.1) 3(11.0) 4 (14.0)
Baseline dmft, mean + SD 6.8+4.5 6.5+44 6.6+5.0 7.3+4.1 0.4
No. of lesions treated per 5.7+4.1 6.4+4.1 6.0£4.4 5.1£3.8 0.2

participant (ICDAS 5 and 6)
mean + SD
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Table 2: Results of Fisher’s exact tests to determine association between child-level

factors and success of SDF treatment at second and third visit across regimens.

Second Visit Third Visit
Complete | Incomplete P- Complete | Incomplete P-
Success Success value | Success Success value
(child (child level) (child (child level)
level) N=50 level) N=27
N =34 N=57
One month 10 (36) 18 (64) 0.8 20 (71) 8 (29) 0.7
Regimen 3
Four months 12 (43) 16 (57) 18 (64) 10 (36)
Regimen 1
Six months 12 (43) 16 (57) 19 (68) 9(32)
Regimen 2
Sex
Male 17 (50) 32 (64) 35(61) 14 (52)
Female 17(50) 18 (36) 0.261 22 (39) 13 (48) 0.4
Frequency of
toothbrushing
2x Daily 20 (59) 32 (64) 32 (56) 20 (74)
<2x Daily 14 (41) 18 (36) 0.654 25 (44) 7 (26) 0.1
Difficulty
providing
treatment
Yes 12 (35) 20 (40) 14 (25) 9 (395
No 22 (65) 30 (60) 0.819 43 (75) 17 (65) 0.4
Use of
fluoridated
toothpaste
Yes 30 (88) 40 (80) 48 (84) 22 (81)
No/Unsure 4 (12) 10 (20) 0.384 9 (16) 5(19) 0.7

15



Table 3: Results of McNemar’s test comparing complete success across second and

third visit at child-level - Pooling all regimens and within each regimen.

2)
(N=28)

COMPLETE Second Third p-value
SUCCESS Visit Visit

No. (%) No. (%)
Overall Pooling all 34 (40) 57 (68) <0.001
Regimens (N=84)
One month (Regimen 10 (36) 20 (71) 0.004
3)
(N=28)
Four months 12 (43) 18 (64) 0.041
(Regimen 1)
(N=28)
Six months (Regimen 12 (43) 19 (68) 0.023
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Figure 1: Arrest rates overall for all lesions, anterior lesions, and posterior lesions after SDF
application (treatment). Missing arrest outcome values have been counted as “not arrested”.
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Figure 2. Arrest rates in four-month group (Regimen 1) by location and application after SDF
application (treatment). Missing arrest outcome values have been counted as “not arrested”.
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Figure 3. Arrest rates in six-month group (Regimen 2) 2 by location and application after SDF
application (treatment). Missing arrest outcome values have been counted as “not arrested”.
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Figure 4. Arrest rates in one-month group (Regimen 3) by location and application after SDF
application (treatment). Missing arrest outcome values have been counted as “not arrested”.
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