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Abstract

Objectives: To investigate the effectiveness of hands-on training in parental toothbrushing,

with or without semi-annual applications of 5% sodium fluoride varnish in preventing ECC.

Methods: Study was conducted in Hong Kong where water is optimally fluoridated. Children
aged 8-23 months were recruited and randomly allocated to one of three groups: Gp 1 - control,
one-off oral health education talk to parents; Gp 2 - oral health education talk and parental
toothbrushing training, reinforced every six months; Gp 3 — semi-annual application of
fluoride varnish onto child’s teeth in addition to the intervention provided to Gp 2. Clinical
examinations of the children and interviews were conducted at baseline and after 24 months
to assess the children’s dental caries status and toothbrushing behavior.

Results: Out of the 450 child-parent dyads recruited at baseline, 415 (92%) remained after 24
months. At baseline, 2% of the children had noncavitated enamel caries lesions and the mean
dmft score was 0.03+0.24. Most of the children did not have daily parental toothbrushing (65-
73%) and self toothbrushing (86-90%). At 24-month follow-up, including both noncavitated
and cavitated carious lesions, the incidences of ECC in Gp 1 to Gp 3 were 11.9%, 11.8%, and
17.5%, respectively (p>0.05) and; the mean new dmft scores in Gp 1 to Gp 3 were 0.3, 0.2,
and 0.3, respectively (p>0.05). Proportions of parents who practiced parental toothbrushing
twice daily were 62.7%, 60.4%, and 65.7% in Gp 1 to Gp 3, respectively (p > 0.05).

Conclusions: In a water fluoridated area, hands-on training in parental toothbrushing, with
or without semi-annual application of 5% sodium fluoride varnish may not have additional
effect on preventing ECC in young children with low risk of dental caries compared to
provision of oral health education to parents.

Clinical Significance: In a water fluoridated area, provision of individual oral health
education to parents may be sufficient for preventing ECC in young children below age three.
Supplemental training in parental toothbrushing and semi-annual applications of fluoride
varnish may not have additional caries prevention effect in young children with low risk of
dental caries.



Introduction

Early childhood caries (ECC), defined as “presence of one or more decayed
(noncavitated or cavitated lesions), missing (due to caries) or filled tooth surfaces in any
primary tooth in a child 71 months of age or younger”,! is one of the most prevalent chronic
diseases among children worldwide.? It was reported that 52% of the 5-year-old children in
Hong Kong had dental caries.®> Among the 3-year-old children in Hong Kong, the prevalence
of ECC was reported to be 31% and the mean dmft score was 1.2.* The vast majority of the
decayed teeth were left untreated.® The dental status of preschool children in Hong Kong is far

from satisfactory and needs to be improved.

Dental caries is a disease caused by dental plaque bacteria. Early colonization of
cariogenic bacteria is a key risk factor for the initiation and development of ECC in the early
stage of life.® It was reported that children with high prevalence of ECC had more dental plaque
deposition.” Proper toothbrushing is an effective mechanical method to remove dental plaque.
In a systematic review it was found that brushing with manual toothbrushes could reduce
plague by 30% to 50%.% Preschool children are often too young to perform effective
toothbrushing and therefore, parental toothbrushing is recommended.® It is suggested that
parents should start to clean their child’s teeth twice a day, as soon as the eruption of the first
primary tooth.'® However, the oral hygiene practice of preschool children in Hong Kong is not
good. It was reported that less than 40% of the preschool children started brushing their teeth
before 18 months old. 2 Only 18% of the parents assisted their child’s toothbrushing until three

years old.!

Nowadays, the effectiveness of fluoride in preventing dental caries has been
confirmed®? and regular use of fluoride toothpaste is considered to be one of the most cost-
effective dental caries prevention methods. The effectiveness of fluoride toothpaste has been
shown to be positively related to the concentration of fluoride ion.'* The common
concentrations of fluoride ion in toothpaste are between 1000 and 1500 ppm.!* For young

children, due to the immature swallowing reflex, some authorities recommend the use of low-
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fluoride toothpaste with a concentration of around 500 ppm to reduce fluoride ingestion from
toothpaste.’> However, evidence for the effectiveness of child toothpaste with low fluoride
concentration in preventing dental caries is inconclusive.'® Some researchers found that low

concentration fluoride toothpaste was not effective in preventing dental caries in primary teeth.
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Fluoride varnish was introduced for topical application to prolong the contact of
fluoride with tooth surface and its effectiveness in preventing dental caries is supported by
robust scientific evidence from clinical trials. However, most of the studies were conducted in
school children or in adolescence and very few studies investigated the effect of fluoride
varnish in young children aged below three years. ‘8 The evidence for applying fluoride varnish
to prevent dental caries in young children aged below three years is still inconclusive and more

longitudinal, high quality clinical studies need to be conducted.

Due to the poor oral hygiene and dental status among the young children in Hong Kong,
this study aimed to investigate the effectiveness of hands-on training in parental toothbrushing,
with or without semi-annual applications of a 5% sodium fluoride varnish in preventing dental
caries in young children. In this study, specific instructions in the use of child fluoride
toothpaste were not given to the parents and they could decide on whether to use fluoride

toothpaste or not for their child’s toothbrushing.

Methods

This study was implemented in 2010 in Hong Kong where the drinking water is
fluoridated at an optimal concentration of 0.5 ppm. 1° Ethical approval from the IRB of the
University of Hong Kong (HKClinicalTrials.com, registration #HKCTR-831) was obtained

prior to the implementation of the study.



Subject recruitment

Subject recruitment and allocation were performed by a dental assistant who was not
involved in the provision of intervention. The target population of this randomized controlled
trial was preschool children aged 8-23 months. The inclusion criteria were being in good
general health and not on long-term medication. Recruitment was carried out in parenting
education centers and child day care centers. Children meeting the inclusion criteria and with
parental consent were recruited into the study. Children with major systemic disease or on long-

term medication, and those who were not cooperative and refused examination were excluded.

Allocation

The recruited subjects were randomly allocated into three groups through stratified
block randomization by a statistician who was not involved in this study. A name list with the
information on age and gender of all children who met the inclusion criteria and agreed to
participate in this study was obtained prior to the allocation. Children were divided into 2
subgroups according to their gender and were sequenced according to their age in each
subgroup. A block randomization list was produced for each subgroup separately and the block
size was six, generating 90 different combinations. Children were allocated according to the
randomly chosen combinations generated by computer software. According to the result of the
group assignment, interventions for the study children and parents were delivered by a dental

hygienist at baseline.

Intervention

There were three groups in this study. Gp 1 was the positive control group and parents
of the children in this group were provided with a one-off oral health education talk and printed
materials at baseline. The content of these printed materials included information on children’s
tooth eruption, suggested method for cleaning baby’s mouth, parental toothbrushing methods,
healthy oral health-related dietary practice, need for regular dental visits, and a brief
introduction to early childhood caries. There was no reinforcement of the oral health education

messages by the investigators during the study period. Gp 2 and Gp 3 were test groups. In



addition to an oral health education talk and printed materials, parents of children in Gp 2
received hands-on training on brushing their child’s teeth from a trained dental hygienist.
Demonstration on proper brushing was performed by the dental hygienist on a model and the
parents were asked to brush their child’s teeth in front of the dental hygienist to ensure that
they could master the toothbrushing technique. They also got the same oral health education
materials distributed to the parents in Gp 1. Follow-up visits were made every 6 months by a
dentist who was not involved in the outcome assessment so as to reinforce the dental health
messages and to monitor the practice of parental toothbrushing. A new toothbrush for each
study child was given to the parents at baseline and in each of the follow-up visits. Toothpaste
without fluoride was applied onto the child’s teeth with a microbrush as placebo in the follow-
up visits, to blind parents from knowing whether their child received fluoride varnish or not.
Parents of the children in Gp 3 were provided with the same dental health intervention program
as that provided to the parents in Gp 2. However, instead of the placebo, a 5% sodium fluoride
varnish (Clinpro White Varnish, 3M ESPE Dental Products, St. Paul, U.S.A.) was applied onto
all of the child’s erupted teeth during the semi-annual follow-up. Same as in Gp 2, a new child

size toothbrush was provided in each follow-up visit.

Data collection

At baseline and 24-month follow-up, the study children were clinically examined by a
trained dentist who did not know the group assignment of the children. Calibration exercise on
the clinical diagnosis of dental caries with an experienced epidemiologist was carried out prior
to the start of this study. Children were examined in a face-to-face or a knee-to-knee position.
Tooth status was assessed by careful visual inspection using a disposable mouth-mirror
attached to an intraoral LED light. A microbrush was used to remove plaque and food debris
that obstructed inspection, if any. A CPI probe with a 0.5-mm ball tip was used to confirm the
presence of a carious cavity when necessary. Diagnostic criteria for dental caries were based
on the International Caries Detection and Assessment System (ICDAS) criteria. 2° Drying of
teeth by air blow was not carried out in this study and thus code 1 of the ICDAS was not used.

Dental caries was assessed at two levels. At Level 1, the diagnosis of caries included both



noncavitated and cavitated lesions (ICDAS codes 2-6), and at Level 2, it involved cavitated
lesions only (ICDAS codes 5 and 6). A random sample of 10% of the children were re-

examined in the baseline and follow-up examinations to monitor intra-examiner reproducibility.

All parents were asked to complete a structured questionnaire at baseline and also at
24-month follow-up to collect information on the child’s socio-demographic background and
child’s oral health-related behaviors. Child’s socio-demographic background included the
child’s age and gender, monthly household income, and parent’s education level. Child’s oral
health-related behaviors included parental toothbrushing, child’s self toothbrushing, and use of
toothpaste. In each questionnaire, one question selected randomly was repeated to assess the
reproducibility of the parent’s answers. Information on the frequency of practice of parental
and child self toothbrushing, as well as the use of toothpaste was collected from the parents
every 6 months in a face-to-face interview in Gp 2 and Gp 3 or at the 12-month follow-up by
an interview over the telephone in Gp 1. The questions which were asked during the follow-
ups were standardized for all three groups and were the same as those in the structured

questionnaire used at baseline.

Sample size calculation

The primary outcome of this study was the development of new dental caries in the
children over the 24-month study period. It was reported that the mean dmft score of Hong
Kong children at the age of 3 years was 1.2, the standard deviation of the dmft score was around
1.0. It was anticipated that there was a 30% reduction in new dental caries development
between the group with highest mean dmft score and the group with the lowest score, i.e. a
difference of 0.4 in mean dmft score. Results of the sample size calculation, based on a 5%
statistical significance level and an 80% power, showed that a minimum of 120 children in
each group were required. To allow for loss of power due to drop-out over 24 months, the
initial sample size should be around 25% larger, i.e. 150 children were needed in each group

at the beginning of the study. Thus, the total initial sample size was 450 children (150 x 3

groups).



Data analysis

The collected data were entered into a computer and analyzed by using the statistical
software SPSS for Windows 19.0. The primary outcome of this study was the development of
new dental caries in the children over the 24-month study period, and the secondary outcome
was the practice of parental and child self toothbrushing. Chi-square test was used to assess the
difference in caries incidence, the practice of parental and child self toothbrushing, and the use
of fluoride toothpaste between the three study groups. Since the results of the normality test
showed that the distribution of dental caries among the study children was not normal, the
differences in the severity of new dental caries (measured by the dmft score) among the three
study groups were assessed by Independent-Samples Kruskal-Wallis test. The level of

statistical significance for all tests was set at 0.05.

Results

A total of 450 children, 201 boys (45%) and 249 girls (55%) with a mean age of 16
months (SD = 3.9) were recruited from one parenting education center and thirteen child care
centers at the baseline. The flow of subjects from baseline to the 24-month final evaluation is
shown in Figure 1. At the 24-month evaluation, 415 children were examined and all examined
children’s parents completed the questionnaire. Overall, the retention rate was 92% and no
significant differences were found in the retention rates among the three groups (Chi-square
test, p>0.05). Overall, the children who dropped out were not significantly different from those
who remained in the study in terms of their age and gender. However, compared to those who
remained in the study, parents of the children who dropped out from the study had lower
education levels (Chi-square test, p=0.001) and lower income levels (Chi-square test, p<0.001).

No adverse effects were reported by the parents over the 24-month study period.

There were no statistically significant differences between the 3 groups in terms of the
children’s age, gender, family income, parents’ education level, parental toothbrushing and

child self toothbrushing at baseline (Table 1). Around two thirds (59-68%) of the children came
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from high income families. More than half (52-60%) of the mothers and the fathers received at
least 14 years of education. Most of the children had no regular daily parental toothbrushing
(65-73%) or self toothbrushing (86-90%).

The percentage of agreement of the answers to the repeated parental questions at
baseline was 82%. For the repeated questions at the 24-month follow-up, the percentage of
agreement of the answers was 86%. The kappa value for the intra-examiner reproducibility in

dental caries diagnosis were 0.97 and 0.98, at baseline and 24-month follow-up, respectively.

At the 24-month evaluation, the mean number of erupted teeth among the study children
was 19.7 (SD = 0.9) and there were no significant differences among the three groups (One-
way ANOVA, p>0.05). At baseline, a total of 14 noncavitated enamel caries lesions were
detected in 10 (2%) children and no dentine caries lesion was found. There were no significant
differences in dmft scores between three groups at baseline (Independent-Samples Kruskal-
Wallis Test, p>0.05) and the overall mean dmft score was 0.03+0.24. The overall incidences
of ECC for the children in the 24-month study period were 13.7% (57/415) and 8.4% (35/415)
at Level 1 and Level 2, respectively (Table 2). There were no statistically significant
differences in the incidences of ECC among the three groups, at both levels of caries diagnosis
(p>0.05). No statistically significant differences in the 24-month dental caries increment
among the three groups were found (Table 3, p>0.05). Overall, the mean new dmft scores were

0.3and 0.2 at Level 1 and Level 2, respectively.

Among the children with new caries, their dmft scores ranged from 1 to 9 and from 1
to 7, at Levels 1 and 2, respectively (Fig. 2). The distribution of dental caries among these
children was highly skewed. At Level 1, only 16% of these children had a dmft score of 3 or
higher, but they contributed 43% of the teeth with caries experience. At Level 2, 23% of these
children had a dmft score of 3 or higher, but they contributed 54% of the teeth with caries

experience.



As shown in Table 4, there were no statistically significant differences in parental
toothbrushing among the three groups at the 24-month follow-up (p>0.05). Overall, most of
the study parents brushed their child’s teeth every day; 62.9% of the parents brushed their
child’s teeth at least twice a day and more than one quarter of the parents performed parental
toothbrushing once daily. However, the child’s self toothbrushing behaviors were significantly
different between the study groups. The proportion of children who did not carry out self
toothbrushing was significantly higher in the control group than those in the two test groups

(p=0.018).

There were no statistically significant differences in the use of fluoride toothpaste
between the three study groups at the 24-month follow-up (Table 5, p>0.05). In all three

study groups, more than 70% of children used fluoride toothpaste.

Discussion

In this study, only 8% of the parents and their children dropped out over two years and
the retention rate was very high. The high retention rate may be due to the parents’ high socio-
economic status (SES) which was found to be associated with patient’s compliance in clinical
trial. 2! Parents’ education level was also found to be positively related to children’s compliance.
22 |n this study, most of parents had middle to high SES and education level, which suggests

that they would have good compliance with the interventions and follow-ups.

Most of the previous studies on toothbrushing supervision and training was school-
based or community-based and took a class or a community as a unit for intervention. 2% In
the present study, an individualized face-to-face approach was adopted in the delivery of
toothbrushing training so to establish a closer relationship between the parents and dental
hygienist. This individualized training approach probably had made a deep impression on the

parents and enhance the learning outcome.
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In the present study, no significant differences in the development of new dental caries
in the young children were found between the groups. This may be related to the low caries
experience of the children in the study. Compared to the 3-4-year-old children in Hong Kong,
dental status of the children in both the control and test groups in this study was much better.
In recent epidemiological surveys conducted in Hong Kong, the prevalence of ECC among the
preschool children was reported to be 30% to 35% and the mean dmft score was reported to be
1.2 to 1.5.> % The low dental caries experience among the control group children in this study
may be partially due to the Hawthorne effect, which refers to the behavioral change that is
caused by the observation itself. 2’ Hawthorne effect has been found to be common in
longitudinal clinical trials. 2 2° In this study, parents in the control group knew that they were
involved in a dental caries prevention clinical trial and they might pay more attention to their
child’s oral health. Another possible reason is that most of the children in this study came from
families in the middle to high socio-economic classes and their parents received good education.
Children’s SES and their parents’ education level have been reported to be risk factors in the
development of ECC. *° High SES and education level are associated with good health

behaviors and low dental caries experience. 3

In recent oral health surveys conducted in Hong Kong, it was found that the distribution
of dental caries among Chinese preschool children was highly skewed.>* The result of the
present study is consistent with these findings. The pattern of dental caries among the study
children showed a polarized distribution. Around half of the decay teeth were contributed by a
small proportion of the children with a dmft score of 3 or higher. For better use of resources,

dental caries prevention program should focus more on the children who are in high caries risk.

Not involving specific instructions in the use of child fluoride toothpaste is one of the
limitations in this study, which might have an influence on the children’s caries experience.
However, the proportion of children who used fluoride toothpaste was over 70% in all three
groups and there were no significant differences between groups at 24-month follow-up. The

popular use of fluoride toothpaste probably partially contributed to the children’s low caries
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incidence in this study. However, from the information provided by parents on the brand name
of the toothpaste, it was found that the fluoride toothpastes used by the children in this study
were mainly child toothpaste with a low fluoride concentration of around 500 ppm. Although
fluoride toothpaste has been found to be effective in caries prevention, its effectiveness is dose-
dependent® and the effectiveness of low fluoride concentration toothpaste is still
controversial®3. More health education for the parents regarding the use of fluoride toothpaste

is needed and supervised or parental toothbrushing is recommended.

In the present study, no significant difference in the children’s dental caries experience
was found between the fluoride varnish group and the other two groups. A recent study reported
that among the 6-15-month-old children from low income families with high risk of dental
caries, fluoride varnish was effective in preventing dental caries at the cavitated level, but not
for prevention of dental caries at the precavitated level. 3* However, in the present study, most
of the children came from middle and high SES families and they would have a low risk of
dental caries. The outcomes from this study suggest that semi-annual applications of fluoride
varnish for young children aged below three years who are at low risk of dental caries is not

necessary.

One of the shortcomings of this clinical trial is that a rather large proportion of the study
children came from families with high parental education and income. In future studies,
parental toothbrushing promotion program should focus more on children in deprived
communities or whose parents have poor education and low income. Children in high caries
risk may benefit more from oral health promotion program in ECC prevention. In addition,
long-term follow-up should be carried out to assess the long-term effect of parental

toothbrushing training in preventing dental caries in children.

Conclusion

Based on the findings of this study and within limitations, it is concluded that the

effectiveness of providing oral health education and hands-on training in parental
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toothbrushing to parents in preventing dental caries in young children with low risk of dental
caries may not be different from that of providing oral health education alone. In an optimally
water fluoridated area, semi-annual application of 5% sodium fluoride varnish may not be

effective in preventing dental caries in young children aged below three years with low risk

of dental caries.
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Table 1 Socio-demographic background and oral health-related behaviors at baseline of the

children who completed the study

Group
Gp 1 Gp 2 Gp 3 p-value*
(n=134) (n=144) (n=137)
Age at baseline(month)
mean (SD) 15.5 (3.9) 15.6 (3.8) 15.3 (3.8) 0.764
Gender
Boys 58 (43%) 62 (43%) 62 (45%) 0.921
Girls 76 (57%) 82 (57%) 75 (55%)
Monthly household income (HKD)
<15,000 20 (15%) 24 (17%) 21 (15%)
15,000-25,000 23 (17%) 35 (24%) 30 (22%) 0.603
>25,000 91 (68%) 85 (59%) 86 (63%)
Father’s education level (years of education)
=<9 12 (9%) 19 (14%) 16 (12%)
10-13 49 (37%) 39 (27%) 38 (28%) 0.384
>= 14 72 (54%) 85 (59%) 82 (60%)
Mother’s education level (years of education)
=<9 6 (5%) 12 (9%) 15 (11%)
10-13 50 (37%) 45 (31%) 50 (37%) 0.260
>= 14 78 (58%) 87 (60%) 72 (52%)
Parental toothbrushing
<1/day 98 (73%) 93 (65%) 88 (65%)
1/day 24 (18%) 32 (22%) 28 (20%) 0.414
>=2/day 12 (9%) 19 (13%) 21 (15%)
Child self toothbrushing
No 106 (79%) 116 (80%) 117 (85%)
<1/day 10 (7%) 11 (8%) 7 (5%)
0.741
1/day 17 (13%) 14 (10%) 11 (8%)
>=2/day 1 (1%) 3 (2%) 2 (2%)

* One-way ANOVA/Chi-square test
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Table 2 Incidence of ECC among the children in the three study groups according to the
two levels of caries diagnosis

Grou N Incidence value* Incidence value*
P (Level 1) P (Level2) P

Gp 1 134 16 (11.9%) 11 (8.2%)

Gp 2 144 17 (11.8%) 0291  10(6.9%)  0.610

Gp 3 137 24 (17.5%) 14 (10.2%)

Total 415 57 (13.7%) 35 (8.4%)

* Chi-square test; " Level 1 included non-cavitated and cavitated lesions, Level 2 included

cavitated lesions only.
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Table 3 Mean dmft increment of the children in the three study groups at 24-month follow-up

Level 17 Level 2*
Group n
Mean SD p-value* Mean SD p-value*
Gpl 134 0.3 1.2 0.2 1.0
Gp 2 144 0.2 0.6 0.323 0.1 0.5 0.630
Gp3 137 0.3 1.0 0.2 0.9
Total 415 0.3 0.9 0.2 0.8

* Independent-Samples Kruskal-Wallis Test; © Level 1 included non-cavitated and cavitated
lesions, Level 2 included cavitated lesions only.
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Table 4 Parental and child self toothbrushing at the 24-month follow-up

Group
Gp 1 Gp 2 Gp 3 p-value®

(n=134) (n=144) (n=137)
Parental toothbrushing
<1/day 14 (10.4%) 11 (7.6%) 11 (8.0%)
1/day 36 (26.9%) 46 (32.0%) 36 (26.3%) 0.735
>= 2/day 84 (62.7%) 87 (60.4%) 90 (65.7%)
Self toothbrushing
No 26 (19.4%) 18 (12.5%) 7 (5.1%)
<1/day 12 (9.0%) 22 (15.3%) 23 (16.8%)

0.018

1/day 37 (27.6%) 41 (28.5%) 39 (28.5%)
>= 2/day 59 (44.0%) 63 (43.7%) 68 (49.6%)

* Chi-square test
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Table 5 Toothpaste usage among the three study groups at the 24-month follow-up

Use of toothpaste

Group n p-value*
No use No F- paste F- paste

Gp 1 134 18 (13.4%) 22 (16.4%) 94 (70.2%)

Gp 2 144 20 (13.9%) 12 (8.3%) 112 (77.8%) 0.113

Gp 3 137 12 (8.8%) 24 (17.5%) 101 (73.7%)

Total 415 50 (12.0%) 58 (14.0%) 307 (74.0%)

* Chi-square test
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Enrolment

Allocation

Follow-up

Analysis

Assessed for eligibility (n=512)

Excluded (n=62)
Did not meet inclusion criteria (n=29)
Declined to participate (n=33)

Randomized (n=450)

Allocated to Gpl (n=149)

Received allocated
intervention (n=149)

Did not received (n=0)

Allocated to Gp2 (n=152)

Received allocated
intervention (n=152)

Did not receive (n=0)

Allocated to Gp3 (n=149)

Received allocated
intervention (n=149)

Did not receive (n=0)

Lost to follow-up (n=15)

Reasons: 8 subjects
refused follow-up, 7
subjects lost contact

Lost to follow-up (n=8)

Reasons: 0 subjects
refused follow-up, 8
subjects lost contact

Discontinued
intervention (n=7)

Lost to follow-up (n=12)

Reasons: 4 subjects
refused follow-up, 8
subjects lost contact

Discontinued
intervention (n=5)

Analyzed (n=134)

Analyzed (n=144)

Analyzed (n=137)

Figure 1 Flow diagram of this study, from baseline to 24-months follow-up
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Figure 2 Percentage distribution of the children according to dmft score (1-9) among those with

dmft increment>0 at 24-month evaluation (Level 1 included non-cavitated and

cavitated lesions, Level 2 included cavitated lesions only)
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