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Abstract
Purpose: The purpose of this pilot project was to determine the effect of a 10% povidone-iodine solution on plaque Streptococcus mutans and on incidence of new caries in
young children following dental rehabilitation under general anesthesia.
Methods: Twenty-five children ages 2 to 7 years, scheduled for dental treatment under
general anesthesia, were enrolled. Children in the experimental group (N=13) had povidone-iodine applied 3 times at 2-month intervals. Control children (N=12) had no
treatment. Plaque samples were taken from all children at baseline, 6 months and cultured for total bacteria and S mutans. Dental examinations were conducted at baseline,
6 months, and 1 year.
Results: Experimental and control children had similar dietary habits, caries experience,
and S mutans levels at baseline. All children’s S mutans counts decreased significantly at
6 months (P=.003). The difference between the 2 groups was not significant (P=.58).
At 1 year, 5 of 8 children in the control group had new caries compared to 2 of 11 children in the experimental group (P=.06). Povidone-iodine was well accepted by
participating families.
Conclusions: Extensive one-time restorative dental treatment resulted in a significant
suppression S mutans levels at 6 months. Further exploration of the role of povidoneiodine in caries management is indicated. (Pediatr Dent. 2004;26:5-10)
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ental caries in young children has a multifactorial
etiology; therefore, preventive measures usually
involve a combination of dietary counseling, oral
hygiene, and fluoride application.1 None of these interventions specifically targets Streptococcus mutans, the chief
pathogen responsible for caries.2 Furthermore, children
who have had “one-time” restorative treatment completed
under general anesthesia (GA) often quickly develop new
caries following treatment.3-5 Therefore, current methods
of caries management that are limited to traditional preventive approaches in combination with restorative
treatments have proved inadequate to control the disease.3-8 New methods of managing dental decay in the
primary dentition need to be developed.
An antibacterial agent that is effective and also acceptable to young children will be a useful supplement to
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current techniques for the prevention of caries.
Chlorhexidine is the antimicrobial agent most familiar to
dental professionals for prevention of dental caries in children.9-12 It is delivered in mouth rinses and gels and, more
recently, in varnishes. Chlorhexidine has been found to
reduce mutans streptococci to low levels in saliva and dental
plaque, although bacterial levels eventually increase to pretreatment levels.9,10 The need for frequent application of
chlorhexidine, plus other side effects such as unpleasant
taste and staining,11,12 has stimulated the search for alternatives that are more appropriate for young children.
Topical application of iodine solutions has also demonstrated suppression of oral S mutans populations. An early
investigation indicated that a single application of 0.2%
potassium iodine solution (KI) eliminated mutans streptococci from accessible human tooth sites for up to 13 weeks
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following treatment.13 A subsequent trial utilizing 2% iodine-potassium iodide solution (I2-KI) reported similar
findings, which persisted for 20 to 24 weeks after treatment. 14 Recently, investigators applied 10%
povidone-iodine (PVP-I) at 2-month intervals to a group
of children 12 to 19 months of age, identified to be at high
risk for caries.15 While none of the children in the PVP-I
group developed caries, 5 of the 16 in the placebo group
had caries in 8 months. Long-term follow-up corroborated
the initial observations.16 However, the response of oral bacteria to the 10% PVP-I was not measured.
PVP-I or betadine is a potent microbicidal agent with
several advantages over other iodine solutions.17 The 10%
PVP-I solution contains 90% water, 8.5% polyvinylpyrrolidone (PVP), and only 1% available iodine and
iodide.18 Combining iodine with PVP increases its ability to dissolve in water and alcohol, reduces irritability,
and decreases the staining caused by pure iodine.19 PVP,
the hydrophilic polymer that acts as a carrier in povidoneiodine, does not have any intrinsic antibacterial activity,
but because of its affinity to the cell membrane, it delivers free iodine (I2) directly to the bacterial cell surface.19
Delivery of iodine to the sensitive elements of the cell
membrane is a crucial event of antibacterial action. Iodine targets are located in the bacterial cytoplasm and
cytoplasmic membrane, and its killing action takes place
in a matter of seconds.19
The purpose of this pilot study was to investigate the
effect of 10% PVP-I solution on S mutans levels and on
incidence of new carious lesions in a group of young children, who had undergone oral rehabilitation under GA in
a private practice setting.

Methods
Approval for the project was received from the Clinical
Research Ethics Board of the University of British Columbia, Canada. This pilot study was designed as a randomized,
single-blind, no-treatment control trial, and was conducted
at Monarch Pediatric Dental Center, a pediatric dental
practice in Burnaby, British Columbia. This private practice has 3 full-time pediatric dentists and an on-site general
anesthetic suite. Twenty-seven children, ages 2 to 7 years,
in need of GA as a consequence of caries were consecutively
enrolled in the study over a 4-week period. All children
resided in nonfluoridated communities. Criteria for a child
to be included in the study were:
1. all treatment was to be performed under GA;
2. unremarkable medical history, particularly no history
of thyroid disease;
3. at least 15 teeth remaining after completion of treatment.
Using a random number table, 15 subjects were randomly assigned to the experimental group and 12 to the
control group (Figure 1). A survey instrument20 obtained
demographic and developmental data, including variables
such as the child’s age and gender, mother’s age, and length
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of time the mother had been a resident of Canada. Data
was also collected on feeding practices and oral hygiene.
Height and weight of all participants were recorded at each
study appointment.20
At the GA appointment following intubation, a dental
examination, including the exposure of necessary radiographs, was conducted. The pediatric dentist treating the
child performed the examination. However, the project
investigator was always present to ensure consistency
among the examiners. Tooth surfaces were scored for caries as 0=sound, 1=noncavitated, incipient lesion, or
2=cavitated lesion.
A pooled plaque sample was obtained by swabbing the
gingival third of buccal surfaces of all the teeth with a sterile cotton swab (BBL CultureSwab System, Becton &
Dickinson, Sparks, Md). The swabs were placed in transport media and shipped at room temperature to the
authors’ laboratory for processing within 24 hours of collection. The swab was placed into 1 ml of reduced saline
(0.038 M NaCl, 1.073 mM KCl, 2.05 mM Na thiosulfate, 1 mM resazurin, and 23 mM L-cystine, PRAS) and
vortexed for 1 minutes. The sample was serially diluted
1:10 in PRAS buffer, and 100 ml of the various dilutions
was plated onto Brucella agar base (Becton Dickinson,
Sparks, Md) and onto 5% blood supplement with vitamin K and hemin for total aerobic counts. Similarly, 100
ml of the various dilutions was plated onto Mitis
Salivarius agar (Becton Dickinson, Sparks, Md) supplemented with 1% potassium tellurite and 2 mg/ml
kanamycin (MSKB) to isolate S mutans.21 All plates were
incubated at 36.5ºC for 72 hours. Only those colonies
with typical S mutans were counted.
The active agent employed in this study was 10% povidone-iodine (Betadine solution, Purdue Frederick, Inc),
applied 3 times at 2-month intervals to the teeth of children in the experimental group by dentists who had been
standardized to the application technique. First, the teeth
were wiped with a cotton roll and then betadine was applied by swabbing the dentition with a small sterile cotton
ball that was saturated with the solution and held in locking cotton pliers. The teeth were wiped off immediately
with gauze after application. Study dose for each application was approximately 0.20 ml—a dose that contains
2 mg iodine, which is nontoxic when applied bimonthly.22
After 6 months, all children had a follow-up dental examination by the available pediatric dentist with the project
investigator in attendance. Plaque samples were taken from
all subjects prior to tooth polishing and application of fluoride varnish. Parents were interviewed briefly to determine
if their child had any problems or after effects related to
betadine application. The study was originally funded to
only include a dental examination and processing of plaque
samples at a 6-month follow-up. However, while no funds
were available for microbiology, a dental examination at 1
year was performed for all available subjects (N=19).
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Figure 1. Overview of study design.

Baseline variables were compared by t test and Fisher
exact test. Significant differences were defined as P<.05.
CFUs per unit volume of S mutans counts were transformed to log10 values to control variance for the purpose
of applying parametric statistical tests to the microbiological
data.14 Differences in log10 counts of S mutans at baseline
and 6 months were compared for the experimental and control groups using a t test. One log10 reduction in the number
of S mutans was considered to be a significant decrease. A
Fisher exact test compared the number of children with
new carious lesions at 6 months and 1 year in the experimental and control groups.

Results
A total of 25 of the original 27 children presented for 6month follow-up (Figure 1). Two children in the
experimental group withdrew for family reasons. Baseline
comparisons demonstrated a significant difference in gender distribution between 2 groups (P=.03); however,
gender was not significantly associated with reduction of
S mutans levels. The experimental and control groups were
similar for other demographic variables, feeding habits, caries status, and bacterial levels (Table 1). Height and weight
measurements recorded regularly throughout the study revealed no adverse changes in physical growth and
development for children who received betadine. Overall,
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parents and children reacted favorably to application of
betadine and no untoward effect was reported.
Results demonstrated an overall reduction in total
counts and S mutans for all children in the experimental
and control groups, 6 months after GA dental treatment
(Table 2). The reductions of total counts and S mutans were
greater for the experimental group. However, the differences between the 2 groups were not statistically significant
(P [total count]=.14, P [S mutans]=.58). Ten of 13 experimental children had a >1 log10 decrease in S mutans over 6
months, compared with 7 of 12 control children. Proportion of children with >1 log10 decrease was not significantly
different between groups (P=.21).
At the 6-month recall dental examination, 3 children in
the control group and 1 child in the experimental group
demonstrated newly decalcified or carious surfaces (P=.27).
At 1 year following GA, 19 of 25 subjects returned for follow-up. Two of 11 subjects from the experimental group and
5 of 8 subjects from the control group demonstrated dental
caries. The difference was not significant (P=.06).
An unexpected number of subjects from both the experimental and control group demonstrated a 1 log10 or
more decrease in S mutans levels 6 months following treatment. To determine if there were unforeseen factors
responsible for this reduction in so many of the children,
data from all the experimental and control subjects were
pooled together and then separated into 2 groups:
1. children with ≥1 log10 reduction in S mutans;
2. children with <1 log10 reduction.
When comparisons were made between the 2 groups,
the only variable that was significantly different was the
time the mother had been in Canada (P=.03). Other variables—including age, gender, ethnicity, caries status,
number of crowns placed for each child, and number of
missing teeth at 6 months—were not significantly different between the 2 groups (P>.05).

Discussion
Positive outcomes have been demonstrated for PVP-I
(betadine) in controlling the incidence of new carious lesions for children at risk of developing extensive caries.15-16
The pilot study described in this paper was undertaken to
explore the effect of betadine on S mutans and new caries
in young children with a history of extensive caries. Pooled
plaque samples were used to determine levels of S mutans.
Plaque sampling was chosen because it is likely the most
reliable method in children due to the higher odds ratio
between caries and S mutans in plaque samples compared
to saliva.23 Collection of plaque also eliminated the difficulties associated with saliva collection in young
children.23-24 In addition, plaque sampling was much more
practical and convenient for young children in this study
who were likely to have had a dry mouth at the baseline
visit because of fasting prior to GA and apprehension about
the procedures.
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clinic. Despite the challenges,
prospective clinical studies in
the setting of a busy pediatric
Variables
All children
Experimental
Control
P value
practice are to be encouraged.
Gender
A placebo group was not inFemale
13
4
9
.03
cluded in this pilot study
because appointing both conMale
12
9
3
trol and experimental children
for appointments every 2
Child’s age (years)
4.3 (1.1)*
4.2 (1.2)
4.3 (0.6)
.74
months may have substantially
increased the number of dropMother’s age (years)
33.5 (4.7)*
33.7 (5.1)
33.1 (4.3)
.75
outs. This study’s primary
focus was on the children in
the experimental group, and
Length of time mother in Canada (years)
.61
great effort was expended to
<6
8
4
4
ensure that all experimental
>6
17
9
8
children were seen every 2
months. This effort was, for
the most part, successful.
Still on bottle
7
5
2
.22
Results of this study demHistory of sleeping with bottle 15
10
5
.08
onstrated a significant decrease
for S mutans counts, 6 months
dmfs
27.9 (11.4) *
28.2 (14.3)
27.7 (7.8)
.92
after restorative treatment, for
all children. However, the deS mutans log10
3.9 (1.5)*
4.2 (1.4)
3.7 (1.5)
.38
crease was not significantly
greater for children who had
received betadine than for the
Total count log10
7.8 (0.6)*
7.8 (0.6)
7.8 (0.7)
.79
control children. A variety of
reasons may explain why
*Mean (±SD).
betadine did not demonstrate
as significant an effect on S
Table 2. Comparisons of the Mean Log10 Total Counts and Streptococcus mutans at
mutans at 6 months as had
Baseline and 6 Months for All Subjects in Experimental and Control Groups
been anticipated. “One-time”
restorative treatment perTotal count
S mutans
formed for all subjects under
Mean log10(±SD)
Mean log10(±SD)
GA probably made a major
Baseline 6 months
P value
Baseline 6 months P value
contribution to decreasing
All children
7.8 (0.6)
7.0 (0.7)
.00006
3.9 (1.5) 2.0 (2)
.003
plaque S mutans at 6 months
Experimental
7.8 (0.6)
6.8 (0.7)
.001
4.2 (1.4) 2.1(2.2)
.0005
following treatment that may
Control
7.8 (0.7)
7.2 (0.5)
.03
3.7 (1.5) 1.9 (2.0)
.004
have overwhelmed the antibacterial effect of betadine. This
reduction may be explained by
the fact that, because complete
dental rehabilitation eliminates the carious lesions, most of
Conducting a prospective study in a private practice prothe mutans streptococci may be eliminated as well. However,
vides unique opportunities for a clinical trial, including
previous studies on the effect of restorative treatment on levaccess to a large number of potential subjects, but is not
els of S mutans have produced equivocal results. Some
without challenges. In this study, language barriers and
investigators suggest that successful routine restorative treatscheduling conflicts precluded the participation of many
ment does not alter numbers of S mutans,25 while others have
families. A secondary aim of the study was to determine
demonstrated that extensive restorative dental treatment efthe feasibility and acceptability of applying betadine at 2fectively reduces the level of caries-associated microorganisms
month intervals to children in a private setting, and this
for a period of at least 6 months.5,26-27 In the present study,
aim was successfully fulfilled. All attempts were made to
the extent or type of restoration was not related to S mutans
integrate the study as seamlessly as possible into the roulevels. Furthermore, no significant association was found
tine of the dental practice. Unfortunately, “routines” are
between the number of stainless steel or composite crowns
not always as predictable in a private practice as in a more
and reduction in S mutans.
controlled clinical setting like a public health or hospital
Table 1. Baseline Demographics, Bottle-feeding History, Caries Status, and
Bacterial Levels for Experimental and Control Children
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Time and circumstances of plaque collection differed between baseline and 6-month follow-up, and this difference
may have affected bacterial levels. Baseline plaque samples were
taken at the GA appointment after the children had been fasting and most likely had not brushed their teeth that morning.
The 6-month plaque samples were taken at a routine recall
appointment, when children were not fasting and might have
brushed their teeth before the appointment. Altered plaque
accumulations at baseline and 6-month visit related to overnight fasting before GA, and differences in tooth-brushing
behavior at both time periods may also have had an unanticipated effect on S mutans counts.28,29
In addition, during the 6-month time period after surgery, families may also have been more attentive to
preventive practices. Following their child’s dental treatment under GA, parents have reported significant changes
in their participation in tooth-brushing and reductions in
their child’s consumption of sweets.30 Therefore, the effect
of an additional chemotherapeutic intervention may not
have been detectable. Unfortunately, follow-up information on oral hygiene and dietary practices at 6 months was
not collected in the present study.
Betadine may have had a more pronounced effect if the
levels of S mutans in the children had been higher at the
beginning of the study. In spite of the elevated caries experience of these children (Table 1), baseline levels of S mutans
were not as high as had been anticipated. In addition, a
longer period of follow-up may have demonstrated greater
differences as a result of betadine between the levels of
S mutans in the experimental and control groups. Gradual
increases have been reported in the number of S mutans at
time periods greater than 6 months following restorative
treatment.26
Further research on betadine, alone or in combination
with other preventive strategies, should be explored. At 1year follow-up, 5 of 8 control children had new decay,
compared to only 2 of the 11 experimental children who
presented for a recall appointment. This finding is promising and similar to results of previous studies.15,16 While
the number of subjects in this pilot study was small, the
effectiveness of betadine cannot be rejected, and results of
this study support further research. Furthermore, betadine
was well-tolerated by the children, acceptable to parents,
simple and quick to apply, and did not cause any staining
of composite restorations. In fact, no negative side effects
of betadine were noted.
Finally, it was an interesting but unexpected observation that the mean length of time that mothers had been
in Canada for children with 1 log10 or more reduction in
S mutans was twice as long as that for those whose levels
did not change by this amount or increased. In other words,
the longer a mother had lived in Canada, the more likely
her child’s S mutans counts had substantially decreased at
6-month recall. Perhaps families who been in Canada
longer may have had increased knowledge of healthy dental practices and better home care. In addition, the oral
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hygiene and dietary practices of the mother, who is the
main reservoir of cariogenic bacteria, may also have improved as a result of better access to oral health education,
dental care products, and more availability of dental services in Canada than in her country of origin.31

Conclusions
1. Extensive one-time restorative dental treatment resulted in a significant reduction in plaque S mutans
levels at 6 months.
2. Povidone-iodine did not significantly reduce plaque
S mutans levels in children 6 months after dental treatment under GA.
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