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The Third Chinese National Oral Health Survey in 
2005 estimated that the prevalence of dental caries 
in a 5-year-old group was 66.0% and that the aver-
age decayed, missing and filled primary teeth (dmft) 
was 3.5 per child. The indices of decayed teeth (dt), 
decayed tooth surfaces (ds), filled teeth (ft), missing 
teeth (mt), filled tooth surfaces (fs), decayed, missing, 
and filled teeth (dmft), missing tooth surfaces (ms) and 
decayed, missing, and filled tooth surfaces (dmfs) were 
common indices to evaluate caries. The Significant 
Caries Index (SiC) of 5-year-old children was 8.333. 
In other words, the dmft of the most serious third of 
affected children was 8.33. Thus, a preventive and con-
trol program for dental caries in children should focus 
on high-risk children, those diagnosed with severe 
early childhood caries (s-ECC) and children below 
5  years of age.
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Objective: To explore the effectiveness of comprehensive oral health care to reduce the caries 
incidence for children with severe early childhood caries (s-ECC) in an urban area in China. 
Methods: A total of 357 children aged 3 to 4  years old and diagnosed with s-ECC were 
recruited in this randomised controlled, single-blinded clinical trial for 1  year. Children of 
two different kindergarten classes were enrolled in this study and randomly divided into a test 
group (205 children) and a control group (152 children). The test group received comprehen-
sive oral health care, which included: oral health examination, oral health education, topical 
fluoride application and dental treatment, and the children in the control group only received 
the oral health examination. The evaluation of the oral health questionnaire for parents was 
also performed. An evaluation was carried out at the time of recruitment and 1  year later to 
explore the effectiveness of the comprehensive oral health care model.
Results: The differences in decayed teeth (dt), decayed tooth surfaces (ds), filled teeth (ft), 
filled tooth surfaces (fs) and the ratio of ft /(dt + ft) between the two groups were statistically 
significant (P < 0.001) at 1 year. The incidence of caries in the control group was higher than 
that of the test group (P = 0.02). The rate of awareness of oral health knowledge (P = 0.01) 
and the practice of good diet habits (P = 0.02) by parents in the test group were significantly 
higher than those in the control group. 
Conclusion: The present study demonstrated that the comprehensive oral health care program 
reduces and prevents caries amongst children with s-ECC.
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Dental caries is a common, complex and chronic 
disease resulting from an imbalance between risk 

factors and protective factors over time1. Early child-
hood caries (ECC) is a very common and consequential 
chronic disease affecting young children2.The preva-
lence of caries of primary teeth in China is high3. 
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The ECC has been defined by the American Academy 
of Pediatric Dentistry (AAPD) in 19994. In children 
younger than 3  years of age, more than one of the 
decayed, missed or filled tooth surfaces due to caries 
in smooth surface is indicative of s-ECC. From ages 
3  years old through to 5 years old, one or more cavi-
tated, missed, or filled smooth surfaces due to caries 
in primary maxillary anterior teeth or dmfs   4 (age 
3  years old), dmfs   5 (age 4 years old), or dmfs   6 
(age 5  years old) surfaces was also regarded as s-ECC5. 
Severe early childhood caries progresses rapidly and is 
difficult to control5. Caries and its consequence affect 
oral and general health6. 

The Third Chinese National Oral Health Survey 
in 2005 showed that only 20% of 5-year-old children 
brush their teeth twice a day and that 20% of 5-year-
old children have not started brushing their teeth at 
all1. The risk factors of caries are not only multiple, but 
also complex2. Hence multiple preventive methods are 
required to control s-ECC. Clinical studies have shown 
the effectiveness of some preventive methods, such as 
oral health education5,7-11, fluoride toothpaste12,13 etc. 
A few studies reported that oral health education for the 
parents could decrease the occurrence of s-ECC5,7-11. 
Other studies explored the effect of fluoride toothpaste 
in caries prevention12,13. Another study observed the 
effect of fluoride varnish in preventing early childhood 
caries14. So far, preventive strategies had focused main-
ly on one age group of children and consisted of a single 
preventive strategy at one time15-17. The objective of 
the present program is to develop a comprehensive oral 
health care model for s-ECC in kindergartens in urban 
areas of China, and to evaluate its effectiveness in redu-
cing and preventing dental caries.

Materials and methods

Enrollment of participants

This program was a single-blinded clinical trial designed 
to test the effect of comprehensive oral health care for 
s-ECC. The patients were selected by the random cluster 
sampling method. Children of two different kindergarten 
classes were enrolled in this study and randomly divided 
into a test group (205 children) and a control group (152 
children). The two kindergarten classes were matched 
in size, organisation and level. The oral health statuses 
of the two groups were also similar at baseline. Only 
children that met the eligibility criteria were included 
in this study.

The eligibility criteria of the samples were as fol-
lows: children aged 3 to 4  years old diagnosed with 
s-ECC enrolled in primary classes and middle classes 
of kindergartens in urban areas of Beijing. The parents 
of the enrolled children signed a consent form. The 
test group received comprehensive oral health care, 
which included: oral health examination, oral health 
education, topical fluoride application and dental treat-
ment, and the control group only received oral health 
examination twice a year. When the study was fin-
ished, the children in the control group would receive 
our comprehensive oral health care, such as dental 
treatment and fluoride application, after their parents 
signed the consent form. The study was approved by 
the Peking University Institutional Review Board in 
Beijing (IRB00001052-10090).

Baseline evaluation

The baseline evaluation included an oral health exam-
ination and an evaluation of the oral questionnaire. Oral 
health examination was carried out using a plain mirror, 
Community Periodontal Index (CPI) probe and artificial 
light. The oral health examination evaluated dmfs. Four 
faculty members from the Department of Preventive 
Dentistry at the Peking University School and the Hos-
pital of Stomatology conducted the oral health examin-
ation. Before the baseline investigation, these faculty 
members received training by an epidemiologist who 
attended the Third Chinese National Oral Health Sur-
vey. Through the standard consistency examination, the 
Kappa values for examiners were calculated. The inter-
examiner Kappa value before the survey ranged from 
0.82 to 0.91. During the survey, the standard assessment 
of consistency was performed, where the inter-examiner 
Kappa value ranged from 0.80 to 0.93, and the intra-
examiner value ranged from 0.82 to 0.97.

With the collaboration of the doctors and teachers in 
the kindergartens, the questionnaires were distributed 
to the parents of the participants. The questionnaire 
was prepared by the author and then modified by tak-
ing advice from several specialists, who were respon-
sible for the design of the questionnaires used in the 
Third Chinese National Oral Health Survey. Further 
modifications of the questionnaire were performed 
following a pre-test, and the final version was used in 
this project. The content of the questionnaire included 
questions evaluating the risk factors, sociodemograph-
ic data, diet habits and oral hygiene habits of children 
diagnosed with s-ECC, as well as questions evaluat-
ing the Knowledge, Attitude and Practice (KAP) of 
parents regarding oral health in their children. The 
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questionnaire which evaluated the awareness of oral 
health knowledge included four sub-questions, such as 
“the role of fluoride application to prevent caries was 
uncertain”, “pit and fissure sealant could prevent car-
ies”, “brush teeth twice a day could prevent primary 
caries” and “oral health examination regularly could 
find oral health problems in time”. The questionnaire 
which evaluated the correct attitude for oral health 
care also included four sub-questions, such as “our 
tooth were instinctive and had little relationship with 
self-protection”, “oral health was very important to 
our life”, “mothers with bad teeth would affect their 
children‘s teeth” and “primary teeth caries did not need 
treatment”. The questionnaires were multiple-choice 
questions. The answers of these questions included 
“agree”, “disagree” or “no answer”. Awareness rate of 
oral health knowledge and the correct rate of attitude 
for oral health care was the ratio of the number of 
the correct sub-questions:the number of the total sub-
questions.

Comprehensive oral health care model for the test group

The comprehensive oral health care model for the test 
group included oral health examination, oral health 
education, topical fluoride application and dental treat-
ment. 

The oral health professionals delivered lessons and 
lectures to the teachers once a year and the standard 
Power Point (PPT) files would be given to the teachers 
for them to teach children. Physicians and kindergarten 
teachers would deliver the oral health education lessons 
for children about three to four times per year. If teach-
ers had any questions about oral health care, the oral 
health professionals would provide professional help. 
Parents underwent oral health education lectures at least 
once a year, which was performed by oral health pro-
fessionals. The education focused on the following top-
ics: the relationship between oral health and systemic 
health; the importance of oral health for children; the 
skills of oral hygiene for children; how to help children 
brush their teeth; diet habits useful for oral health; and 
instructions regarding consuming sugar products.

Topical fluoride (1.23% fluoride) in the form of 
fluoride foam was given to the children aged between 
3 to 5  years old. Fluoride foam was placed in a suitable 
tray and retained in the mouth for 4  min twice a year 
after oral health examination during the same period. 
This treatment was given by oral health professionals 
after obtaining consent from the parents. Another four 
faculty members from the Department of Preventive 
Dentistry at the Peking University School and Hospital 

of Stomatology conducted the fluoride application. 
Before the fluoride application, these faculty members 
received training by experienced professionals.

Oral health examinations were performed by oral 
health professionals twice a year before fluoride appli-
cation. The parents were then informed about the results 
of the oral health examination, including information 
regarding teeth that needed treatment. Dental treat-
ment was performed only after obtaining their signed 
consent. Faculty members from the Department of 
Preventive Dentistry at Peking University School and 
the Hospital of Stomatology provided dental treatment 
for the children. The treatment included pit and fissure 
sealant, filling of caries and root canal therapy of pri-
mary teeth.

The comprehensive oral health care evaluation survey

One year after the baseline investigation, a survey was 
conducted to evaluate the effect of the comprehensive 
oral health care program. The content of the survey 
included the evaluation of the oral health status of the 
children via an oral health examination and the evalu-
ation of the oral health knowledge level of parents via an 
evaluation of the oral health questionnaire. 

Data analysis

The Statistical Product and Service Solutions 18.0 
(SPSS, Illinois, USA) was used to analyse the data. The 
distribution of the gender and age among the test and the 
control groups was tested with the chi-square test. The 
difference between the caries indices of the control and 
the test groups at baseline and at 1  year was analysed 
with an independent t test. Paired t tests were used to 
compare the caries indices (dt, mt, ft, dmft and the ratio 
of the (dt + ft)/ft, ds, ms, fs and dmfs ) of the children 
between the baseline and 1 year. Independent t tests were 
used to compare the continuous variables between the 
two groups, such as “the awareness rate of oral health 
knowledge” and “the correct rate of attitude for oral 
health care”. Cross-tabulation analysis was used to com-
pare the categorical variables between the two groups, 
such as the diet and oral hygiene habits of children.

Results

General information

A total of 357 children aged from 3 to 4  years old diag-
nosed with s-ECC were subjected to baseline investiga-
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boys (47%) and 160 girls (53%). The distribution of the 
gender and age among the test and the control groups 
was similar (Table  1). The average ages of the control 
group and the test group were 4.31 (SD = 0.61) years 
and 4.21 (SD = 0.83) years, respectively.

tion. After 1  year, 302 (84.6%) participants completed 
the intervention and evaluation, while 55 (15.4%) were 
lost to follow up. In total, 302 children diagnosed with 
s-ECC were recruited, and their average age was 4.25 
(standard deviation [SD] = 0.75) years. There were 142 

Table 1  Comparison of the baseline characteristics of the test group and the control group.

Control group Test group Total

N Proportion (%) N Proportion (%) N Proportion (%)

Gender

Boys 57 46.72 85 47.22 142 47.02

Girls 65 53.28 95 52.78 160 52.98

Total 122 100.00 180 100.00 302 100.00

Age group

3 years old 44 36.07 77 42.78 121 40.07

4 years old 78 63.93 103 57.22 181 59.93

Total 122 100.00 180 100.00 302 100.00

 

Table 2  The oral health status of children at baseline.

Control group Test group Independent t test

X SD X SD t P

Dt 3.84 2.94 3.85 3.18 -0.02 0.987

Mt 0.02 0.13 0.01 0.07 0.93 0.353

Ft 0.75 1.98 0.48 1.08 1.53 0.127

Dmft 4.61 3.43 4.34 3.28 0.70 0.482

Ratio of the (dt+ft)/ft 0.11 0.26 0.12 0.26 -0.30 0.761

Ds 7.94 7.37 7.71 7.25 0.28 0.782

Ms 0.05 0.46 0.02 0.30 0.62 0.538

Fs 1.25 3.61 1.02 2.35 0.69 0.489

Dmfs 9.25 8.16 8.74 7.62 0.55 0.586

Number of permanent teeth 0.20 0.87 0.07 0.47 1.71 0.089

Number of primary teeth 19.83 0.58 19.90 0.42 -1.24 0.215

Dt: decayed teeth; Mt: missing teeth; Ft: filled teeth; Dmft: decayed, missing, and filled teeth; Ds: decayed tooth surfaces; Ms: missing tooth 
surfaces; Fs: filled tooth surfaces; Dmfs: decayed, missing, and filled tooth surfaces; SD: standard deviation.
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Oral health status of children

The caries indices in terms of dt, mt, ft, dmft, and the 
ratio of the (dt + ft)/ft, ds, ms, fs and dmfs, of the control 
and the test groups at baseline was not significantly dif-
ferent (Table  2).

In contrast, the caries indices were significantly dif-
ferent between the control group and the test group at 
the second evaluation 1  year later, including dt, mt, ft, 
the ratio of the (dt + ft)/ft, ds, ms and fs (all P < 0.05, 
Table  3). The incidence of primary caries in the con-
trol group and the test group were 43.4% and 31.7%, 
respectively, which was significantly different ( 2 = 
4.354, P = 0.02).

The caries indices of the children were compared 
at baseline and at 1  year within each group using the 
paired t test. In the test group the dt, ft, dmft and the 
ratio of the (dt + ft)/ft, ds, fs and dmfs were signifi-
cantly different (P < 0.001), between baseline and the 
second evaluation. In the control group the ft, the ratio 
of the (dt + ft)/ft, fs and dmfs values were significantly 
different (P < 0.001), between baseline and the second 
evaluation (Table  4).

KAP of the parents and the diet and oral hygiene habits 
of children
The following indices between the two groups were not 
significantly different at enrollment: the awareness rate 
of oral health knowledge and the correct rate of attitude 
to oral health care; the proportion of children with a cor-
rect diet habit; and whether parents helped or checked 
the results of toothbrushing.

At the 1  year evaluation, the awareness rate of oral 
health knowledge and the correct rate of attitude to oral 
health care in the test group had increased. The differ-
ence in the awareness rate of oral health knowledge 
between the control group and the test group was sta-
tistically significant (t = -2.549, P = 0.012) (Table  5). 
Similarly the difference in the proportion of correct 
diet habits between the control group and the test group 
was statistically significant ( 2 = 4.373, P = 0.026) 
(Table  6).

Table 3  The oral health status of children after 1 year.

Control group Test group Independent t test

X SD X SD t P

Dt 3.61 3.17 2.22 2.90 3.93 0.000 ***

Mt 0.04 0.24 0.00 0.00 2.32 0.021 *

Ft 1.33 2.43 2.63 2.72 -4.25 < 0.001 ***

Dmft 4.98 3.80 4.84 3.47 0.31 0.757

Ratio of the (dt+ft)/ft 0.21 0.32 0.56 0.41 -7.78 < 0.001 ***

Ds 8.03 7.46 5.19 7.25 3.30 < 0.001 ***

Ms 0.20 1.12 0.00 0.00 2.36 0.019 *

Fs 2.55 5.05 5.20 5.68 -4.16 < 0.001 ***

Dmfs 10.78 9.31 10.39 8.35 0.37 0.708

Dt: decayed teeth; Mt: missing teeth; Ft: filled teeth; Dmft: decayed, missing, and filled teeth; Ds: decayed tooth surfaces; Ms: missing tooth 
surfaces; Fs: filled tooth surfaces; Dmfs: decayed, missing, and filled tooth surfaces: SD: standard deviation.
*: 0.01 ≤ P < 0.05
**: 0.001 ≤ P < 0.01
***: P < 0.001
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Discussion

Findings from this study showed that comprehensive 
oral health care could reduce and prevent caries of chil-
dren with s-ECC. In conjunction with oral health educa-
tion, the oral health knowledge and the practice of good 
diet habits by parents were significantly improved.

s-ECC is a multifactorial disease that cannot be 
controlled effectively by a single preventive method 
and requires a comprehensive prevention strategy. The 
comprehensive oral health care model was used in this 
study for the test group and included oral health exam-
ination, oral health education, topical fluoride applica-
tion and dental treatment. This model focused not only 
on the prevention of caries, but also on the prevention 
of the progression of existing caries. Parents, teachers, 
doctors and dentists joined together to improve the oral 
health level of children in this study.

We used a combination of primary, secondary and 
tertiary preventive methods to generate our compre-
hensive oral health care model. The primary prevention 
included oral health education for parents and teachers 
in kindergarten and topical fluoride use for children. 
The secondary prevention included oral health examin-
ation twice every year for early diagnosis and therapy. 
The tertiary prevention included dental treatment.

The results of this study showed that the oral health 
status of the control group and the test group at the time 
of recruitment was not significantly different. However, 
many of the oral health indices were significantly dif-
ferent at the post-intervention evaluation survey time 
point, including dt, mt, ft, ratio of the (dt + ft)/ft, ds, 
ms and fs (P < 0.001). In addition, the difference of 
incidence between the two groups was statistically sig-
nificant (P = 0.025). The awareness rate (P = 0.012) and 
the proportion of children with a correct diet habit (P = 
0.026) between the control group and the test group at 
the 1 year evaluation were significantly different. Taken 
together, these results indicate that the comprehensive 
oral health care model is effective in children diagnosed 
with s-ECC in our sample population in urban China.

In addition, in the test group, the dt, ft, dmft and the 
ratio of the (dt + ft)/ft, ds, fs and dmfs at 1  year were 
significantly higher than those at baseline (P < 0.001). 
In the control group, the ft, the ratio of the (dt + ft)/ft, fs 
and dmfs at 1  year were significantly higher than those 
at baseline (P < 0.001).

Although the children in the control group did not 
receive comprehensive oral health care, the parents 
of these children were informed about the results of 
their oral health examination and were advised to take 
their children to the hospital to receive dental treat-
ment. Some parents took their children to the hospital 
to receive dental treatment, but they might not have 
received comprehensive oral health care, such as oral 
health education and fluoride application. The con-
trol group results revealed that only the proportion of 
filled tooth surfaces increased, while the proportion of 
decayed tooth surfaces did not significantly change. 
Therefore, dental treatment could only increase the 
filled proportion, but it did not prevent caries. Other 
preventive methods need to be combined in order to 
obtain better results.

There are several limitations in this study. First, the 
period of this study was only 1  year. Longer studies are 
needed to assess the exact impact of the model. Second, 
more indices, such as the microbial level, should be 
investigated, in order to evaluate the effectiveness of the 
comprehensive oral health care model. Third, inclusion 
of additional strategies, such as pit and fissure sealant 
or other types of topical fluoride agents may be more 
effective in preventing s-ECC. In conclusion, we dem-
onstrated the effectiveness of the comprehensive oral 
health care model to prevent s-ECC in children.
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