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Purpose: The primary objective of this study was to compare relationships between child,
parent, and clinical factors with patient-level treatment decisions for early childhood caries.
A secondary objective was to describe children that received silver diamine fluoride (SDF) as
interim versus long-term treatment.
Patients and Methods: Parents of 2–6-year-old children seeking care at a multi-center
pediatric dentistry private practice were enrolled in this cross-sectional study. Demographic
data and dental anxiety data according to the Modified Corah’s Dental Anxiety Scale were
collected via questionnaire. A dental visit behavior rating and decayed, missing, and filled
tooth (dmft) index were recorded from the child’s dental record. The primary outcome was
treatment decision categorized into three groups: (1) treatment with SDF (n=25), (2) con
ventional restorative treatment under local anesthesia (n=32), and (3) restorative treatment
under general anesthesia (n=33). Analyses included descriptive statistics, bivariate analysis,
and ordered logistic regression.
Results: Child age, parent education level, family income, dental insurance status, dental
visit behavior rating, and dmft were significantly different across treatment groups in
bivariate comparisons. However, when included in multivariable, ordered logistic regression,
child dental anxiety was the only significant covariate associated with treatment decisions
(Odds Ratio=5.01, 95% confidence interval: 1.51 to 16.63). In secondary analysis, two
distinct subgroups were identified within the SDF group: one as long-term treatment (n=9)
and one as interim treatment prior to general anesthesia (n=16). The long-term group was
younger (mean=3.2 versus 3.7), had lower dmft (mean=4 versus 11.1), and had lower
frequency of very high dental anxiety (0% versus 15%).
Conclusion: The present study identified child dental anxiety as the primary factor asso
ciated with treatment decisions at this private practice. The characterization of two subgroups
of children treated with SDF has meaningful implications for studies evaluating the eco
nomic and public health impacts of SDF.
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Dental caries remains a highly prevalent disease among young children. Once
initiated, the caries process can progress rapidly, especially in the primary dentition.
Among children worldwide, early childhood caries (ECC) is five times more common
than asthma, and twenty times more common than juvenile diabetes.1 ECC negatively
impacts the quality of life for affected children and their families.2,3 Aside from pain
and discomfort, consequences of untreated decay in the primary dentition include:
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high treatment costs,4 increased visits to hospital emergency
rooms,5 missed days from school and work to accommodate
dental treatment,6 and increased risk of caries in the future
permanent dentition.7
Individualized, patient-level treatment decisions for
managing ECC must consider the relative inputs of
a child’s disease extent and severity, behavior, as well as
family, social, and societal factors.8 Additionally, dental
fear or anxiety in young children may result in poor dental
visit behaviors.9 Conventional treatment of ECC fre
quently involves a surgical treatment under local anesthe
sia in the dental office. For fearful or anxious children, or
for those who lack the ability to cooperate for safe con
ventional treatment, clinicians and parents must consider
the risks, benefits, and costs of alternative treatment
options.10–13 Increasingly, these alternatives include non
surgical or minimally invasive treatment, the use of seda
tion or general anesthesia (GA) to facilitate dental
treatment, or some combination of these two extremes.14,15
Clinically effective, nonsurgical treatments present
opportunities to limit morbidity associated with ECC.16
Silver diamine fluoride (SDF) is one nonsurgical treatment
option that may play a large role in chronic management
of ECC. Applied topically, SDF presents a safe, afford
able, and atraumatic treatment option for many young
patients. While SDF is highly effective against caries in
the primary dentition, it also permanently stains affected
tooth structure and does not restore missing tooth struc
ture, which has limited its widespread clinical acceptance
and application.17 SDF is often utilized to halt the progres
sion of disease until the child is able to cooperate for
conventional treatment or in situations where delays in
scheduling conventional treatment are unavoidable (i.e.,
long waitlists for treatment).18
The primary objective of this study was to compare
relationships between child, parent, and clinical factors
with patient-level treatment decisions for ECC.
A secondary objective was to describe children who
received SDF to manage ECC and to elucidate instances
when it was used as long-term versus interim treatment.
Based on American Academy of Pediatric Dentistry guide
lines, the hypothesis was that child behavior had the
strongest relationship with treatment decisions.

Methods
This study was reviewed and approved by the Institutional
Review Board at the University of North Carolina at
Chapel Hill Adams School of Dentistry (18–0785). This
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clinical cross-sectional study used both patient records and
parent-reported surveys from a multicenter pediatric den
tistry private practice in Charlotte, North Carolina.

Practice Profile
The private practice spans five locations across two coun
ties, one urban and one rural, and employs six pediatric
dentists and one general dentist, whose practice is limited
to children. The patient population includes a diverse mix
of insurance coverage, race, and family income.

Inclusion Criteria and Sample Size
Included were children ages 2–6 years, along with their
parents, on their first visit to the practice. This criterion
was selected to capture a population of children with
minimal to no previous experience with dental treatment.
Children who required extractions or pulp therapy were
excluded, since these teeth are contraindicated to receive
SDF. A consecutive convenience sample of 138 English
and Spanish speaking parent–child pairs were recruited
and voluntarily enrolled between September 2018 and
October 2019. Parental informed consent was obtained
for each patient at the time of enrollment to comply with
the Declaration of Helsinki.

Data Collection
Parents completed three validated questionnaires. The first
was a household demographic survey including child,
parent, and family information, such as child and parent’s
age, gender, race, ethnicity, dental insurance status; the
parent’s highest education level; family income; and
county of residence. The second was a 5-item Modified
Corah’s Dental Anxiety Scale (MDAS)19 completed twice,
once for themselves and once on behalf of their child.
The child received a dental exam, prophylaxis, fluor
ide, and radiographs as indicated. If caries lesions were
identified, the dentist and parent developed a treatment
plan for the child using shared decision-making. While
no randomization occurred, the shared decision-making
allowed parents to reach a decision they felt was best for
their child.
Three variables were derived from the child’s dental
record: the child’s level of cooperation during the
appointment, measured by the Frankl Behavior
Assessment;20 a decayed, missing, filled primary tooth
(dmft) index; and the treatment plan selected by the
parent. Frankl behavior scores are assigned by clinical
staff at every visit to the practice. The treatment notes

Patient Preference and Adherence 2021:15

Patient Preference and Adherence downloaded from https://www.dovepress.com/ by 3.227.0.150 on 08-May-2021
For personal use only.

Dovepress

contain the score, and depending on the situation, addi
tional description is added for clarity. Clinical staff are
calibrated on the Frankl Behavior Assessment at
onboarding, and select patients are reviewed at monthly
staff meetings for consistency in documentation. The
dmft index for each child was calculated from the
patient’s record by a single study team member using
the subject’s dental charting. Some parents required
additional time to consider options and make a final
treatment decision for their child. To accommodate
these situations, and to ensure accurate data collection,
records of enrolled children were reviewed retroactively
to determine if any treatment decisions changed.
Study groups were identified as follows:
1. Treatment with SDF,
2. Conventional in-office restorative treatment under
local anesthesia, and
3. Restorative treatment using hospital-based GA.
Children with no treatment needs were included as
a control group for demographic comparison between
groups.
In this practice, the dentists’ decision to recommend
SDF treatment to a parent relied heavily on the child’s
ability to cooperate. When an uncooperative or precooperative child presented with extensive needs, SDF
was offered to parents as an interim treatment option to
delay the progression of disease until either (1) the child
reached a cooperative level for conventional in-office
restorative treatment under local anesthesia or (2) the
parent subsequently opted for treatment under GA. When
an uncooperative or pre-cooperative child presented with
only minor restorative needs, SDF was offered to parents
as both a long-term and interim treatment option for mana
ging the child’s ECC. The treating dentist and the child’s
parent collectively agreed on a treatment decision for
children in this study.

Statistical Analysis
In addition to the variables collected in the demographic
survey, dental anxiety was included as an independent
variable in two steps. First, each item of the MDAS is
scored from 1 (not anxious) to 5 (extremely anxious), with
total score range of 5–25. Then, total scores were coded
dichotomously for absence (MDAS <19) or presence
(MDAS ≥ 19) of very high dental anxiety.21
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Study groups were compared using descriptive and
bivariate analysis. Based on the data distribution, nonparametric Kruskal–Wallis tests were used for demographic
comparisons. Spearman rank correlation coefficients were
calculated to identify general relationships between
variables.
Ordered logistic regression was used to explore rela
tionships of child, parent, and clinical variables with the
selected treatment decision. The outcome was treatment
decision ordered by invasiveness: SDF, conventional inoffice restorative treatment under local anesthesia, and
restorative treatment using hospital-based GA. For this
analysis, the control group was omitted since the treatment
decision was impossible for them—they did not have
caries. A 3-level ordinal outcome requires a minimum
sample size of 80.22 A 15:1 ratio between the minimum
sample size and number of covariates in the model allows
for inclusion of up to five covariates. In the present model,
five covariates (child age, dmft, child very high dental
anxiety, and dental insurance status [counted as two])
were included, thereby rendering the sample size of the
study sufficient to ensure reliability of the model.22 The
included covariates aligned with existing algorithms and
frameworks for dental caries and treatment decisions.14,23
Secondary analysis included comparisons between
groups where treatment decisions changed. The SDF
group received additional consideration based on its longterm or interim use.
For all analyses, which were completed using Stata
15.1, statistical significance was set at alpha equals 0.05
(STATACORP, LLC., College Station, TX, USA).

Results
This study included 138 children aged 2–6 years old and
their parents (Table 1). The mean child age was 3.4 years
(sd=1.6). Approximately two-thirds of parents reported
having an education beyond high school, and nearly onehalf reported a family income of less than $45,000 per year.
Approximately two-thirds (63%) of children were
Medicaid recipients. Parent income was significantly cor
related with education level (r=0.47) and insurance status
(r=0.54).
Among the children in study groups, 28% of parents
selected treatment with SDF (n=25), 35% selected con
ventional restorative treatment under local anesthesia
(n=32), and 37% selected restorative treatment under GA
(n=33). Enrolled children with no treatment needs were
designated as a control group (n=48). Children in the
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Table 1 Demographic Characteristics and Data Summary of Sample
Control

Conventional In-

Restorative Treatment

Silver Diamine

Office Restorative

Using Hospital-Based

Fluoride (SDF)

Treatment

General Anesthesia

48

25

32

33

Child Age, in Years (Mean, SD)

3.5 (1.3)

3.5 (1.1)

4.9 (0.8)

3.6 (1.1)

Gender (n, %b)
Female

29 (60%)

12 (48%)

20 (63%)

16 (48%)

17 (35%)
3 (4%)

11 (44%)
2 (2%)

11 (34%)
1 (3%)

15 (45%)
2 (6%)

Total Participants (N)
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Treatment with

Race/Ethnicity of Child Patient
(n, %b)

0.2

Caucasian

18 (38%)

4 (16%)

13 (41%)

6 (18%)

African American or Black
Hispanic

18 (38%)
4 (8%)

13 (52%)
5 (20%)

12 (38%)
2 (6%)

15 (42%)
4 (12%)

Asian

5 (10%)

3 (12%)

2 (6%)

5 (15%)

Other
Missing

2 (4%)
1 (2%)

0 (0%)
0 (0%)

3 (9%)
0 (0%)

1 (3%)
2 (6%)

5 (10%)

8 (32%)

7 (22%)

10 (30%)

Urban

43 (90%)

17 (68%)

25 (78%)

21 (64%)

Missing

0 (0%)

0 (0%)

0 (0%)

2 (6%)

High school or less
Some college or Bachelor’s

9 (19%)
26 (54%)

8 (32%)
15 (60%)

10 (31%)
16 (50%)

14 (42%)
14 (42%)

Master’s or above

11 (23%)

1 (4%)

5 (16%)

2 (6%)

2 (4%)

1 (4%)

1 (3%)

3 (9%)

<$45,000
$45,001–75,000

14 (29%)
4 (8%)

11 (44%)
6 (24%)

13 (41%)
7 (22%)

21 (64%)
7 (21%)

>$75,001

19 (40%)

0 (0%)

8 (25%)

1 (3%)

Missing

11 (23%)

8 (32%)

4 (13%)

4 (12%)

17 (35%)
24 (50%)

4 (16%)
16 (64%)

13 (41%)
15 (47%)

3 (9%)
22 (67%)

5 (20%)

4 (13%)

8 (24%)

County of Residence (n, %b)
Rural

0.07

Parent Education Level (n, %b)

0.03

Missing
b

Family Income (n, % )

<0.001

Family Dental Insurance (n, %b)

0.02

No Insurancec
a

<0.001
0.6

Male
Missing

Private Insurance
Medicaid

p-valuea

7 (14%)
b

c

Notes: Non-parametric Kruskal–Wallis tests. Column percentage. No insurance selected on the questionnaire or on file in the patient record.

conventional group were significantly older (mean=4.9)
than all other groups (control=3.5, SDF=3.5, GA=3.6).
Children without caries (control group) were more fre
quently from urban geography (90%) and had parents
with higher levels of education (Masters or above=23%),
and children treated with GA had parents with lower levels
of education (high school or less=42%) compared to other
groups. Children treated with GA also came from lower
income families (<$45,000=64%). Control and conven
tional subjects had higher frequencies of private insurance
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compared to the other groups (35% and 41%, respectively,
compared to SDF=16% and GA=9%). Approximately onethird of control subjects had a previous dental visit, com
pared to more than two-thirds of all treatment groups
(Table 2). Approximately 20% of children and 20% of
parents had very high dental anxiety according to the
MDAS instrument. The dmft index was significantly
greater for the SDF group (mean=8.5) and GA group
(mean=9.6) compared to the conventional group
(mean=4).
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Table 2 Dental-Related Data Summary
Control

Treatment with

Conventional In-

Restorative Treatment

Silver Diamine

Office Restorative

Using Hospital-Based

Fluoride (SDF)

Treatment

General Anesthesia

48

25

32

33

No

30 (63%)

9 (36%)

12 (38%)

9 (27%)

Yes

18 (38%)

16 (64%)

20 (63%)

24 (73%)

Total Participants (N)
b
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History of Dental Visit (n, % )

0.01

Very High Dental Anxietyc,
Child (n, %b)

0.1

No

38 (79%)

20 (80%)

27 (84%)

20 (61%)

Yes

10 (21%)

5 (20%)

5 (16%)

13 (39%)

Very High Dental Anxietyc,
Parent (n, %b)
No

0.2
43 (90%)

20 (80%)

25 (78%)

23 (70%)

5 (10%)

5 (20%)

7 (22%)

10 (30%)

-/-, or 1

7 (15%)

4 (16%)

0 (0%)

5 (15%)

-, or 2
+, or 3

7 (15%)
30 (63%)

5 (20%)
14 (56%)

3 (9%)
24 (75%)

6 (18%)
20 (31%)

+/+, or 4

4 (8%)

2 (8%)

5 (16%)

0 (0%)

Missing

0 (0%)

0 (0%)

0 (0%)

2 (6%)

8.5 (4.1)

4 (3.0)

Yes
Frankl Behavior Rating (n, %b)

dmftd (Mean, SD)
a

0.02

0.1 (0.6)
b

c

9.5 (4.1)

<0.001

d

Notes: Non-parametric Kruskal–Wallis tests. Column percentage. Modified Corah’s Dental Anxiety Index ≥19. Decay, missing, filled primary teeth.

In an ordered logistic regression that modeled treat
ment decisions against age, race, dmft, insurance status,
and the presence of high dental anxiety, children’s high
dental anxiety was the only covariate significantly asso
ciated with treatment decisions (Table 3). Holding other
variables constant, increasing child dental anxiety
increased the odds by five times of going from SDF to
conventional, or more importantly, from conventional to
GA (OR=5.01, 95% confidence interval (CI): 1.51
to 16.63). Age and dmft increased the odds of deciding
on more invasive treatment (OR=1.1, 95% CI: 0.7 to
1.6, OR=1.1, 95% CI: 1.0 to 1.23, respectively); how
ever, this was not statistically significant.
In secondary analysis, the SDF group was considered
as two distinctly different groups, one using SDF only
(n=9) and one using SDF prior to GA (n=16). The SDF
only group was younger (mean=3.2 versus 3.7), had lower
dmft (mean=4 versus 11.1), and had lower frequency of
very high dental anxiety (0% versus 15%) compared to the
SDF prior to GA group. In the final tally, among the 90
children treated for ECC voluntarily enrolled in this study,
10% received only SDF, 36% received conventional
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treatment, 37% received GA only, and 18% received
SDF then GA.

Discussion
In the clinical practice of dentistry, treatment decisions for
early childhood caries (ECC) rely on an assortment of
child, parent and clinical factors.24 In Japan, silver diamine
fluoride (SDF) has been used to treat ECC for more than
40 years.25 SDF first became available for use in the
United States in 2015. Despite a long and welldocumented history of SDF use in other countries, US
clinicians and policymakers have been slow to reach
a professional consensus on its utilization and
indications.26 Specifically, it remains unclear if and when
SDF should serve as a long-term alternative to traditional
surgical and restorative management of ECC.26,27 In the
absence of long-term clinical studies and clearer evidencebased guidelines, utilization of SDF remains largely at the
discretion of the clinician.
Many published studies have focused on parental
acceptance of SDF,28–30 but to our knowledge, few studies
have reported on the actual use of SDF in clinical practice.
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Table 3 Results of an Ordered Logistic Regression Modeling the Treatment Decision Against the Age, dmft, Insurance Status, and
Presence of Very High Dental Anxiety in the Child. The Outcome Was Ordered on Increasing Level of Invasiveness (1=SDF,
2=Conventional, 3=GA)
Outcome: Treatment Group

OR

S.E.

Z Score

P value

95% CI

Child age

1.07

0.21

0.37

0.7

0.74 to 1.57

dmft

1.11

0.06

1.92

0.06

1.00 to 1.23

Child very high dental anxiety

5.01

3.07

2.63

0.009

1.51 to 16.63

Dental Insurance status (Reference: none)
Medicaid

1.14

0.72

0.22

0.8

0.33 to 3.96

0.83

0.58

−0.27

0.8

0.21 to 3.28

Private

Abbreviations: SDF, silver diamine fluoride; GA, general anesthesia; OR, odds ratio; S.E., standard error; CI, confidence interval; dmft, decayed, missing, filled tooth index.

In this pediatric dentistry practice, SDF was presented to
parents as a treatment option in every situation where
a child’s needs were unable to be managed in a timely
manner. Nearly-one third of the children studied were
treated with SDF. Yet, SDF served as a long-term treat
ment for only a few children. In these long-term cases,
children were younger and had less extensive dental needs
than children treated conventionally or under GA. In this
study, the majority of children treated with SDF ultimately
received dental treatment under GA, a finding consistent
with other literature.27
Among children planned for extensive restorative treat
ment under GA, only one-third received prior treatment
with SDF. Cost often is suggested as a benefit of SDF and
may ultimately factor into a parent’s decision to pursue
SDF treatment for their child. However, the present ana
lysis found that neither family income nor insurance status
was associated with receiving SDF treatment. Treating
ECC under a nonsurgical chronic disease management
framework is more cost-effective than a conventional or
historical framework.31 Under chronic disease manage
ment, treating ECC should address the etiology as early
as possible and not be delayed until symptoms develop.
Minimally invasive treatment alternatives such as Hall
technique, resin infiltration, interim therapeutic restoration
and atraumatic restorative treatment continue to gain trac
tion in pediatric dentistry and public health circles as costeffective alternatives to conventional, surgical caries
management.15 Finding ways to include SDF among
these strategies is imperative to realize its full public
health potential.
Previously published survey-based studies suggest
variable preference and acceptability of SDF treatment
based on tooth location.18,28,29 Generally speaking,
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approximately 60% of parents accept the black stain on
posterior teeth. However, clear parental preference for
SDF exists when the only alternative is GA.29 The results
of this study support a discordance of SDF acceptability in
survey studies and in clinical practice, highlighting the
difference between actual care decisions and survey
responses, as well as potential in surveys for social desir
ability bias.32
Parents of lower socioeconomic status are more likely
to find SDF as acceptable treatment.29 However, our
results paint a slightly different picture. In our study,
a child’s dental anxiety was the only significant contributor
to the treatment decision in a multivariable analysis. In this
analysis, having public insurance did not significantly
influence clinical decision-making.
The study has limitations. The study recruited a sample
of parents and children from a single pediatric dentistry
private practice. While this practice serves a diverse
demographic cross-section of families, our findings may
not be generalizable to a larger population. This study was
voluntary, and there could be differences in treatment
decisions between participants and non-participants.
Multiple clinicians were included in this study. While
clinicians in this practice are generally guided by the
same practice philosophy, individual differences in how
each option was presented in conversations with the par
ents likely skewed the results. Additionally, we over
sampled a high-risk population of children who likely
sought treatment at this practice following a referral by
a clinician outside the practice. This could explain why
only one-third of the control group, and two-thirds of
children receiving treatment reported history of
a previous dental visit. It is also important to note that in
the practice utilized for this study, GA is readily available
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and operating room wait times are relatively short, which
could partially explain the lower recommendation, utiliza
tion and acceptance of SDF.
Contemporary public health discussions about SDF have
largely focused on its potential for major healthcare savings
from deferred or avoided visits for GA.33–35 The economic
assumption is that SDF is being used, in practice, as a longterm caries treatment. The results of the present study
should serve to temper expectations surrounding SDF. Our
results suggest that for many children, especially those with
extensive dental needs, SDF provides minimal long-term
benefit in terms of cost-savings since this subgroup ulti
mately went on to receive treatment under GA. The eco
nomic benefit may be greatest for very young children (i.e.,
3 years old and younger) with limited extent of disease (i.e.,
dmft=4). Our results suggest that while SDF is unlikely to
save the child with approximately 11 cavities from needing
restorations or GA, it may save the child with 4 or 5 cavities
from having to be sedated or put to sleep. Additionally,
in situations where children face long wait times for treat
ment under GA, SDF may serve as a valuable interim
treatment option to halt disease progression.36

Conclusion
For the true economic benefits of SDF to be realized,
clearer clinical guidelines are needed to help clinicians
and families distinguish when SDF should be used on an
interim or long-term basis. The present study identified 2
subgroups of children who received SDF, which may help
clarify differences for interim and long-term use of SDF.
Future economic analyses should consider different sub
groups of children in model assumptions. SDF might offer
a greater economic benefit to children with few caries
lesions.
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