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Objective: The study described the incidence of interproximal caries arrest following SDF and fluoride
varnish application in the primary dentition. Study design: A retrospective analysis of dental records
including radiographs was conducted for interproximal dental caries in pediatric patients treated with SDF
applied with woven floss. Bitewing radiographs and ICCMS™ radiographic scoring criteria were used
to assess caries depth in primary teeth at baseline and then at 12-month follow-up examination. Results:
This study included 185 interproximal carious lesions in 131 patients treated with SDF. Mean baseline
ICCMS™ score for all lesions was 1.50, with an average dmft of 2.9. The majority of carious lesions (n=1535,
84.0%) showed radiographic evidence of non-progression at 12-month follow-up. There was no statistically
significant difference in caries arrest among primary canines, primary first molars, and primary second
molars (P=0.61). Furthermore, there was no statistically significant difference in caries arrest in patients
with commercial insurance, Medicaid, or no insurance (P=0.27). Conclusions: SDF application with woven
floss was associated with interproximal caries arrest in the primary dentition at 12-month follow-up in this
sample of low caries risk children. Tooth type and insurance type were not associated with caries arrest.
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INTRODUCTION

nterproximal dental caries is common among children. Some

studies show interproximal caries may appear as early as

19-21 months of age and increases in prevalence throughout
childhood'.

Dentists have several options for managing interproximal
caries, ranging from surgical (i.e. intracoronal restorations and
crowns) to non-surgical techniques including resin infiltration, fluo-
ride varnish, interproximal sealants, and deferral of care®®. Silver
diamine fluoride (SDF) is an additional caries management tool. In
addition to treating dental hypersensitivity, SDF has been used
off-label to arrest dental caries®!. Systematic reviews found that
SDF arrested 66% of primary tooth lesions into dentin and 81% of
lesions overall'®”. SDF may be as effective or more effective than
other minimally invasive and non-surgical restorative techniques in
arresting dental caries!'>'%%3,

The application of SDF does not require local anesthesia or
removal of tooth structure and can be applied by a practitioner or
delegated staff member as permitted by regulatory bodies. SDF fits
within the scope of minimal intervention dentistry and represents a
cost-effective treatment option for interproximal dental caries?*?’.
The ease of application makes SDF suitable for almost all patient
populations, including those with developmental, behavioral,
or medical considerations that complicate traditional restorative
techniques®2%%,
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A 1981 Japanese clinical trial of 58 children showed decreased
incidence and reduced progression of interproximal caries in
primary molars treated with SDF applied with unwaxed dental floss
at three month intervals®. Nevertheless, scientific evidence of its
effectiveness on arresting interproximal dental caries in the primary
dentition remains limited. The purpose of this study was to describe
the incidence of interproximal caries arrest following SDF applica-
tion in the primary dentition.

MATERIALS AND METHOD

This study was approved by the Institutional Review Boards at
Nationwide Children’s Hospital (study ID: IRB17-01054) and the
Ohio State University (study ID: 2018N0012), both in Columbus,
OH. The retrospective study included a convenience sample of
patients with interproximal dental caries treated with SDF in a
single, private pediatric practice (Affiliated Children’s Dental
Specialists, Glendale, AZ) between January 1, 2015 and April 1,
2018. Due to the retrospective study design, no placebo control
group was available. Inclusion criteria required the following:

1. Dental caries on the mesial or distal surface of a primary
canine or primary molar, as diagnosed by bitewing
radiographs;

2. Carious lesions treated with SDF applied with woven floss;
and

3. Bitewing radiographs exposed prior to SDF application
and at a 12-month follow-up appointment.

Teeth were excluded from the study if:

1. The SDF-treated carious lesion did not have an adjacent
proximal contact;

2. The interproximal lesion involved the marginal ridge such
that SDF was applied by microbrush instead of floss;

3. The interproximal surface was clinically noted as non-car-
ious (such as enamel hypoplasia);

4. The interproximal surface had been restored prior to SDF
application, as in the case of SDF being used to treat
secondary caries;

5. Bitewing radiographs were non-diagnostic, did not show
open contacts, or not available for comparison, including
cases when limited patient cooperation prevented obtaining
bitewing radiographs at either baseline or 12-month
follow-up.

SDF Application

For all SDF applications, petroleum jelly (Vaseline®, Unilever
US, Englewood Cliffs, NJ) was applied extra-orally to prevent inad-
vertent staining of the lips or face. The carious teeth were cleaned of
debris or plaque, isolated using cotton rolls and absorbent cellulose
triangles, dried with compressed air, and woven floss (either GUM
Expanding Dental Floss®, Sunstar Americas Inc., Schaumburg, IL
or Super Floss®, Oral-B, The Procter & Gamble Company, Cincin-
nati, OH) was placed between the teeth at the site of the lesion(s). A
single drop of SDF was placed into a plastic dappen dish, a micro-
brush was dipped into 38% SDF (Advantage Arrest™, Elevate Oral
Care, West Palm Beach, FL), and SDF was applied to the woven
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floss buccally, lingually, and occlusally to the contact area until the
woven floss was saturated. The floss remained between the teeth
for 60 seconds, then was removed and fluoride varnish (Kolorz
ClearShield® 5% NaF, DMG America, Ridgefield Park, NJ or
FluoriMax® 2.5% NaF, Elevate Oral Care, West Palm Beach, FL)
was applied over the treated contact. SDF and fluoride varnish were
re-applied at 6-month intervals.

Data Abstraction

Descriptive data were abstracted from patient records for all
patients meeting inclusion criteria. At the initial SDF application, the
following demographic and clinical characteristics were abstracted:
age, gender, insurance type, date of visit, and which teeth and
tooth surfaces were treated. Data abstraction was completed using
REDCap (Research Electronic Data Capture)™®.

Assessment of caries arrest

To assess caries arrest, bitewing radiographs taken prior to initial
SDF application and at the 12-month follow-up visit were obtained
from patient records. Radiographs were taken according to Amer-
ican Dental Association guidelines and captured using F-speed
dental film (INSIGHT Super Poly-Soft Packets, Carestream Dental
LLC, Atlanta, GA) and processed according to manufacturer
recommendations. A single, calibrated and blinded board-certified
pediatric dentist measured the depth of each interproximal lesion
treated with SDF, assigning each lesion an ICCMS™ (International
Caries Classification and Management System) score between
RAO and RA6 according to ICCMS™ radiographic scoring
criteria® (Figure 1). Examiner calibration consisted of a review of
the scoring criteria and training using 10 bitewing radiographs with
interproximal caries. The examiner was blinded to patient identi-
fiers and date of visit, ensuring blinding to visit type (baseline or
12-month follow-up). Intra-rater reliability was assessed by having
the examiner re-score bitewing radiographs from 14 randomly
selected patient charts with a total of 87 lesions®>*. If the 12-month
follow-up ICCMS™ score was less than or equal to the baseline
score, the carious lesion was considered arrested; if greater, the
carious lesion was considered not arrested.

Icsi“:rsem Description of radiolucency*

RAO No radiolucency

RA1 Radiolucency in the outer %2 of enamel

RA2 Radiolucency in the inner 'z of the enamel + dentin-
enamel junction

RA3 Radiolucency limited to the outer 1/3 of dentin

RA4 Radiolucency reaching the middle 1/3 of dentin

RA5 Radiolucency reaching the inner 1/3 of dentin

RA6 Radiolucency into the pulp

Figure 1: ICCMS™ radiographic scoring system for
interproximal caries®!

*Indicates depth of interproximal caries on bitewing radiograph
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Statistical Analysis

Descriptive statistics of the study cohort were generated using
mean and frequency values. ICCMS™ score of arrested versus
not arrested lesions were compared at baseline and at 12-month
follow-up using Wilcoxon signed-rank tests. Baseline DMFT score
of arrested versus not arrested lesions were also compared using
Wilcoxon signed-rank tests. The associations between caries arrest
status and independent variables (tooth type and insurance type)
were examined using Fisher’s exact test. P-values <0.05 were
considered statistically significant. All analyses were conducted
using R 3.4.3.34

RESULTS

This analysis included 131 patients with 185 carious lesions
in primary teeth. Descriptive statistics are summarized in Table 1.
The mean patient age was 7.1 years and 99 (53.5%) lesions were
in female patients. The majority of lesions were in patients with
commercial dental insurance (n=131, 73.5%), with the remaining
in patients with Medicaid (n=27, 15.2%) or no insurance (n=20,
11.8%). The greatest percentage of carious lesions was in primary
second molars (n=101, 54.6%), while the remaining lesions were
in primary first molars (n=73, 39.5%) and primary canines (n=11,
5.9%) (Table 2). The mean baseline dmft score was 2.9 (range 0-14).
About half of the patients received SDF re-application after the
initial application but before the six-month visit.

Table 1: Descriptive statistics of lesion cohort

Total sample Baseline dmft, mean

(%) (range)
Age 7.1(4,13)* 2.9 (0, 14)
Gender
Female 99 (53.5%) 2.4 (0,9)
Male 86 (46.5%) 3.7 (0,11)
Insurance type
Commercial 131 (73.6%) 3.3(0,9)
Medicaid 27 (15.2%) 2.2 (0,11)
No insurance 20 (11.2%) 0.5(0,3)

Baseline dmft 2.9(0, 14)~

*Mean age in years (range).

Table 2: Distribution of carious lesions by tooth type

Baseline dmft, mean

Tooth type N (%) (range)
Primary canine 11 (5.9%) 5.3 (0, 11)
Primary first molar 73 (39.5%) 2.5(0,8)
Primary second molar 101 (54.6%) 3.1(0, 8)

Table 3: Caries arrest at 12-month follow-up

Caries arrest status at 12-months

Linear weighted kappa statistic (0.741) demonstrated good
intra-examiner reliability for ICCMS™ radiographic scoring.
Table 3 illustrates the majority (n=155, 84.0%) of carious lesions
showed caries arrest at the 12-month follow-up. The mean baseline
ICCMS™ score in the arrested group (1.51) was not statistically
different than the mean ICCMS™ score in the not arrested group
(1.50) (p=0.87). The lesions that progressed increased from mean
ICCMS™ score of 1.50 to 2.70 during the study period.

Caries arrest factors in the primary dentition

Differences in caries arrest status according to tooth type are
shown in Table 4. There was no statistically significant difference
in caries arrest among primary canines, primary first molars, and
primary second molars (p=0.61). Furthermore, no statistically
significant difference in caries arrest was observed between lesions
in patients with commercial insurance, Medicaid, or no insurance
(p=0.27).

Table 4: Caries arrest in the primary dentition

Tooth Type Not arrested  Arrested p-value*

Primary canine 2 (18%) 9 (82%)
Primary first molar 14 (19%) 59(81%) 0.6059
Primary second molar 14 (14%) 87 (86%)

Insurance Type Not arrested  Arrested p-value*
Commercial 20 (15%) 111 (85%)
Medicaid 6 (22%) 21 (78%) 0.2708
No Insurance 1(5%) 19 (95%)

*Statistical significance defined as p<0.05.

DISCUSSION

Results indicate the majority of interproximal dental caries
in primary teeth treated with SDF in this sample showed radio-
graphic evidence of caries arrest at a 12-month follow-up. The
overall caries arrest rate (84%) is consistent with a recent study
of the radiographic progression of caries following SDF applica-
tion and a meta-analysis of SDF-induced caries arrest'***. Caries
arrest at a 12-month follow-up is clinically significant in children
because SDF may provide the option to defer or delay treatment
under sedation or general anesthesia, give children the opportunity
to demonstrate improved cooperation or behavioral maturation, or
allow the opportunity for some primary teeth to exfoliate without
surgical management. For lesions that did progress following SDF
treatment, radiographically the caries approached the outer 1/3 of
dentin, on average, at 12-month follow up. One could argue that
even when caries progressed, it did so slowly.

Baseline ICCMS™ score,

12-month ICCMS™ score, Baseline dmft, mean

N (%) mean (range) mean (range) (range)
Arrested lesions 155 (84%) 1.51 (0, 4) 1.12 (0, 4) 2.9(0, 11)
Not arrested lesions 30 (16%) 1.50 (0, 3) 2.70 (1, 5) 3.0 (0, 8)
p-value* 0.87 <0.001 0.86

*Statistical significance between mean baseline ICCMS™ scores defined as p<0.05
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One might hypothesize that patients with Medicaid insurance
would have higher dmft than patients with commercial insurance,
but our study population exhibited the opposite. Lesions on primary
canines were associated with a higher dmft but there was no statis-
tically significant difference in arrest rate. As neither insurance type
nor tooth type were associated with caries arrest, these results may
suggest SDF represents a meaningful caries management tool for
interproximal caries in the primary dentition, independent of socio-
economic status or caries history. This will need to be confirmed by
future placebo-controlled and randomized controlled studies.

Interestingly, mean ICCMS™ radiographic scores at baseline
in the carious lesions that arrested at the 12-month follow-up were
not statistically different than those that were not arrested at the
12-month follow-up (Table 3). This finding suggests additional
studies are needed to determine which factors contribute to caries
arrest and which factors contribute to caries progression following
SDF application, so that dentists can better appreciate the most
appropriate clinical uses for SDF.

Strengths of this study include the large sample size, both in
terms of number of patients and teeth. The composition of the study
population in this suburban private pediatric practice also makes the
findings generalizable to other private practices. Lastly the study’s
longitudinal component, which allowed us to study caries arrest at a
12-month recall, sheds some light on potentially meaningful radio-
graphic recall intervals following interproximal SDF application
with woven floss.

This study also has several limitations. Although the ICCMS™
radiographic scoring system offers an objective characterization of
interproximal dental caries depth, the determination of the score
remains somewhat subjective. The retrospective design allowed
no control groups or alternative treatment groups for comparison.
The single-arm study design is limiting, but it is justified by the
limited knowledge of the clinical efficacy of SDF as a treatment
for interproximal caries in the primary dentition. Prospective,
placebo-controlled studies are needed to evaluate the effectiveness
of SDF on arresting interproximal caries and in comparison to
other treatment options.

Additionally, the total amount of SDF placed onto the tooth was
not controlled, and some patients were treated for multiple lesions,
increasing their total dose. It is unknown how much residual fluo-
ride effect from SDF or glass ionomer restorations present on other
teeth affected the lesions in our study. This study could not control
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for changes in home oral hygiene practices or other factors that may
have contributed to caries arrest, nor could it exclude any carious
lesions that may have arrested prior to the baseline radiographic
examination. It is impossible to separate the effects of SDF and the
fluoride varnish applied afterwards. It is possible that no treatment
or fluoride varnish alone may have produced the same results®.
While inclusion criteria required bitewings with open contacts,
these radiographs were not taken using a standardized positioning
device, so there may have been variations in angulation affecting
ICCMS™ scores.

Finally, the relatively low mean baseline ICCMS™ (1.51 and
1.50 for arrested and not arrested lesions respectively) and dmft (2.9)
scores limit the generalizability of the results to lesions of similar
depth in patients of similar caries risk. According to the ICCMS™
radiographic scoring criteria, interproximal caries with a score <
RA2 indicates a carious lesion confined to inner 1/2 of enamel +
dentin-enamel junction. It is possible that, in a low to moderate caries
risk population, these lesions may not have progressed without any
intervention. Further work is needed to study caries arrest for deeper
interproximal lesions or lesions with open proximal contacts where
SDF can be directly applied with a tool other than floss.

CONCLUSIONS

1. In a low caries risk population, SDF and fluoride varnish
application two to three times in a 12-month period resulted
in arresting 84% of interproximal carious lesions.

2. Caries arrest was not associated with tooth type or insur-
ance type.

3. Dentists may consider SDF a caries management tool for
interproximal caries in the primary dentition, particularly
when caries is confined to the dentin-enamel junction.

4. Additional placebo-controlled studies are required to better
describe caries arrest following SDF application and the
effectiveness of SDF as a treatment modality.
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