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Abstract
Background  Dental caries is still a major disease that affect the oral health of people in China. First permanent 
molars (FPMs) are the most caries-susceptible teeth among school-aged children. The aim of this study was to 
investigate the eruption and caries status of first permanent molars in children aged 6–7 years in Shijingshan District, 
Beijing, China, to provide information for oral health promotion.

Methods   The study was a cross-sectional survey conducted in 6-7-year-old first grade children from public 
elementary schools in Shijingshan District, Beijing. Participants were invited to receive a clinical oral examination. The 
eruption status and caries experience of FPMs were recorded. Questionnaires assessing children’s sociodemographic 
information and oral health-related behaviors were completed by the children’s parents or guardians.

Results  A total of 3,176 children, including 1,644 boys (51.8%) and 1,532 girls (48.2%) were included in the oral 
examination and questionnaire. Eruption status of FPMs was as follows: 37.5% fully erupted, 28.3% partially erupted, 
34.2% not erupted. Girls had more erupted FPMs than boys (70.1% VS 61.8%, P < 0.001). The prevalence of dental caries 
in FPMs was 5.5% (174/3,176) in studied children. The mean decayed missing filled teeth score of FPMs was 0.11 and 
the mean decayed missing filled surface score of FPMs was 0.19. Binary Logistic regression analysis demonstrated that 
girls had more tooth decay than boys and father’s educational background also associated with the caries experience 
of the studied children (P < 0.05).

Conclusions  Around two-thirds of FPMs were fully erupted or partially erupted among children aged 6–7 years 
old in Shijingshan District, Beijing. Approximately 5% of the newly erupted FPM established dental caries. Effective 
intervention should be applied in this age group for oral health promotion.
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Background
Dental caries is a worldwide chronic non-communicable 
disease [1]. According to the most recent National Oral 
Health Survey of China conducted in 2015, the mean 
decayed, missing and filled teeth (DMFT) score of Chi-
nese 12-years-olds was 0.86 [2], which was still on the 
very low level from a global perspective. However, the 
prevalence of dental caries rocketed from 28.9% in 2005 
[3] to 38.5% in 2015 [2], and the dental caries is still 
a major disease that affect the oral health of Chinese 
people [4]. From 2008, the central government of China 
started to invest annually in the National Oral Health 
Comprehensive Intervention Program (NOHCIP) for 
children, aiming to promote their oral health and con-
trol oral diseases [5]. The program provided a series of 
measures for oral health promotion, including training of 
dental workforce and conducting oral health education, 
regular oral health examination as well as pit-and-fissure 
sealants for 7-9-year-olds [5]. The expansion and exten-
sion of coverage of this national program was expected 
to be beneficial for improving oral health status in chil-
dren and strengthening the dental workforce in some 
underdeveloped regions [5]. The program achieved some 
success in preventing dental caries. Data of 12-year-olds 
participating in the 4th National Oral Health Survey of 
China conducted in 2015 demonstrated lower preva-
lence of dental caries in regions covered by the national 
program than those not covered [5]. The Healthy China 
2030 blueprint released by the Chinese government in 
2016 aimed to decrease the prevalence of dental caries in 
12-year-olds to 25% or lower by 2030 [6]. In addition, the 
General Office of State Council drafted and distributed 
the National Program for Chronic Disease Control and 
Prevention (2017–2025) (Chronic Diseases Program), 
another document for implementing the Healthy China 
2030 Plan, aiming to reduce the prevalence of dental 
caries to 30% or lower in 2025 [7]. All these policies will 
guide mid-term to long-term efforts toward oral health 
promotion and provide good opportunities for the devel-
opment of sustainable public oral health in China [8].

Beijing, China’s capital, has always been the top per-
formers in the control and prevention of dental caries 
nationwide. Since the pilot study of NOHCIP conducted 
in Beijing in 2005, the caries prevalence rate in 12-year-
olds in Beijing was only 28.3% in 2015, 10% lower than 
the national average [9]. Unfortunately, there was some 
alarming trend in Beijing with the prevalence increased 
significantly to 31.6%, 32.2% and 34.9% in 2017, 2019 and 
2021 respectively [10–12], making it a huge challenge to 
fulfill the dental caries prevention goal of the Healthy 
China 2030 Plan.

More than 90% of dental caries was confined to 
FPMs among school-aged children [2, 3]. The emer-
gence of FPMs is an important developmental milestone 

influencing caries risk and the timing of sealant place-
ment [13]. A large scale epidemiological survey in 2015 
reported that the percentage of fully erupted FPMs was 
79.53%, 89.84% and 93.81%, and the prevalence of den-
tal caries in FPMs was 12.18%, 16.83% and 19.61% among 
Chinese children aged 7,8,9 years, respectively [14]. 
Therefore, a considerable portion of FPMs have already 
been decayed before they can be sealed, and thus FPMs 
should be protected from the very onset of tooth erup-
tion, earlier than 7–9 years old. The time of tooth erup-
tion for FPMs was approximately six years of age. The 
majority of published epidemiological data on FPMs of 
6–7 year old children focused on the prevalence of dental 
caries [15–17]. However, the eruption status are closely 
related to preventive interventions. Unfortunately, there 
were very few epidemiological surveys on the eruption 
and caries status of FPMs in children age 6–7 years [18].

The aim of the present study was to investigate the 
eruption and prevalence of dental caries of FPMs in 
children aged 6–7 years in Shijingshan District, Bei-
jing, China, and to provide information for oral health 
promotion.

Methods
Study design and participants
The study was designed as a cross-sectional survey and 
conducted in Shijingshan District, Beijing, China from 
September 14th, 2022, through November 30th,2022. 
There are 31 public elementary schools in Shijingshan 
District. Two of the schools are for children of migrant 
workers, which will be excluded from the study for the 
accuracy of local data. All non-migrant children in Grade 
One were invited to participate the study. Children with 
written informed consent from their parents or guard-
ians were included. All procedures were performed in 
compliance with relevant laws and institutional guide-
lines and have been approved by the Ethics Committee of 
China Oral Health Foundation (approval number: COHF 
#2021-002).

Sample size
Based on previous report [14], the prevalence of dental 
caries on FPMs was estimated to be 10%. The minimal 
sample size needed was calculated to be 1,536 male or 
female participants, with a 95% confidence interval and 
a 5% margin of error. Therefore, the minimal sample size 
was required to be 3,072.

Caries examination
Clinical examinations were carried out under artificial 
light using dental mirrors and CPI (community periodon-
tal index) probes. The eruption status, pit and fissure 
patterns and dental caries of FPMs were examined and 
recorded. The stage of eruption of FPM was recorded by 
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means of the following criteria: 1) unerupted; 2)partially 
erupted: erupted but not in full occlusion, and 3) full 
occlusion [19]. Pit and fissure patterns were categorized 
into (1) shallow pattern: Cuspal inclines meet at a wide 
angle. The base of the fissure is visible. No visible cleft-
ing between the cuspal inclines. (2) deep pattern: Cuspal 
inclines meet at a narrow angle. The base of the fissure is 
not visible. Slit-like clefting is visible between the cuspal 
inclines [20]. Dental caries was diagnosed according to 
the World Health Organization criteria [21]. Eight exam-
iners completed training and were calibrated for clinical 
examination to ensure the validity and reliability of the 
data collection. 5% of the subjects were selected ran-
domly for repeated tests by examiners to measure their 
consistency. The inter-and intra-examiner kappa values 
of all examiners were all greater than 0.7. Children were 
instructed by dentists to brush their teeth before the 
oral examination. The oral examination was carried out 
at school with children in a supine position. Examiners 
dried the surface of the teeth with cotton rolls and swabs. 
No radiography examinations were taken. After the oral 
examination, a report was sent to the child’s caretakers to 
inform them if the child needed treatment.

Questionnaire
The questionnaire was designed based on the National 
Oral Health Survey of China [2, 3] and included the fol-
lowing aspects: (a) children’s sociodemographic infor-
mation (sex, the number of children in the family and 
parental educational background); (b) oral health-related 
behavior (frequency of toothbrushing, sweets intake and 
the use of dental floss). The questionnaire was completed 
by the parents or guardians of the participation children.

Data analysis
A statistical software package, SPSS Statistics (version 
26, IBM), was used for data analysis. Descriptive statis-
tics and frequencies of categorical variables, mean and 
standard deviation (SD) for continuous variables were 
reported on the individual level or tooth level. The preva-
lence of dental caries was the proportion of individuals 
with DMFT score ≥ 1 in the study population. Chi-square 
tests were used to analyze the relationship between the 
presence of caries and independent variables (sex, sib-
ling, father’s educational background, mother’s educa-
tional background, frequency of toothbrushing habits, 
frequency of sweets intake and the use of dental floss). 

All of the independent variables were included in binary 
logistic regression analysis to estimate the odds ratio 
(OR) and 95% confidence intervals (CI) for the associa-
tion between caries and explanatory variables. P values 
less than 0.05 were considered statistically significant.

Results
Study population
In total, there were 3,204 non-migrant children aged 
6–7 years in Grade One in public elementary schools 
in Shijingshan District. A total of 3,176 children, 1,644 
boys (51.8%) and 1,532 girls (48.2%) were included in the 
study, who completed both the oral examination and the 
questionnaire. Those who were absent due to the Covid-
19 pandemic, could not cooperate the oral examination 
or had no parental consent were excluded.

Eruption status of FPMs of the studied children
The eruption rate of FPMs was 65.8% (8,360/12,704). 
Girls had more erupted FPMs than boys (70.1% VS 61.8%, 
P < 0.001) (Table  1). More than 70% of the mandibular 
FPMs had been erupted at the age of 6–7 years, while the 
eruption rate of the maxillary FPMs was approximately 
60% (Fig. 1).

Caries experience of FPMs of the studied children
The prevalence of dental caries in FPMs was 5.5% 
(174/3,176) in studied children. The mean DMFT score 
of FPMs was 0.11 and the mean DMFS score of FPMs was 
0.19. The caries prevalence of FPMs was 3.9% (64/1,644) 
among boys, while 7.2% (110/1,532) among girls. The 
caries experience was more severe in girls than in boys 
(p < 0.05). Table 2 presents the distribution of dental car-
ies in different locations and surfaces. The occlusal sur-
faces were the mostly affected surfaces of FPMs. Caries 
also often occurred on the buccal surface of lower teeth 
and the lingual surface of upper teeth.

The association between relevant variables and caries of 
FPMs
The response rate of questionnaire was 89.7% 
(2,849/3,176). The prevalence of dental caries of FPMs 
according to different contributing factors studied is 
shown in Table  3. It was found that fathers with higher 
educational background associated with a lower car-
ies experience of FPMs in their children(p < 0.001). Only 
3.8% of the studied children used dental floss daily. The 

Table 1  The percentage of first permanent molars according to the stage of eruption
Stage of eruption total boy girl P-value*
Non-erupted No emergence in oral cavity 34.2% 38.2% 29.9% < 0.001
Partially erupted Erupted but not in full occlusion 28.3% 28.1% 28.5% 0.79
Fully erupted Full occlusion 37.5% 33.7% 41.6% < 0.001
* Chi-square test between se
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daily use of dental floss was found to be positively associ-
ated with a lower caries prevalence of PFMs(P < 0.05).

Children who brushed their teeth at least twice a day 
had lower caries prevalence of FPMs than those who 
brushed their teeth less than twice a day. A lower caries 
prevalence of FPMs was also found in children without 
siblings or daily sweets intake. However, no statistical sig-
nificance was found in these variables (P > 0.05). Mother’s 
educational background was found not significantly asso-
ciated with the prevalence of dental caries of FPMs of the 
studied children (P > 0.05).

The results of the Binary Logistic regression analysis 
showed that sex and father’s educational level contrib-
uted to the caries experience of FPMs of the studied chil-
dren (p < 0.05). Girl exhibited a higher risk for FPM caries 
than boys(P < 0.001). It also showed that high educational 
level of father correlated with a lower caries experience of 
FPMs in their children (p < 0.05) (Table 4).

The eruption and caries status of the studied children
For all the FPMs emerged in oral cavity of the studied 
children, 43.0% of FPMs partially erupted and not yet 
been decayed. The rate of partially emerged mandibular 

Table 2  The distribution of dental caries in different locations and surfaces
#16 #26 #36 #46

O P MDB O P MDB O B MDL O B MDL
1.5% 1.0% 0.4% 2.0% 1.5% 0.6% 3.6% 2.0% 0.7% 3.1% 1.8% 0.8%
O: Occlusal; P: Palatal; M: Missal; D: Distal; B: Buccal; L: Lingual

Table 3  The prevalence of dental caries of first permanent molars of the surveyed children according to different variables studied 
(N = 2,849)
Variable N Prevalence of dental caries of FPMs P-value*
sibling no 1,734 4.8% 0.080

yes 1,115 6.4%
Father’s educational background High (college or above) 1,926 4.4% < 0.001

Low (senior school or below) 923 7.7%
Mother’s educational background High (college or above) 1,940 4.7% 0.016

Low (senior high school or below) 909 6.9%
Frequency of toothbrushing ≥ 2/d 2,001 4.9% 0.075

< 2/d 848 6.6%
Sweets intake Everyday 234 6.4% 0.495

Not everyday 2,615 5.4%
The use of dental floss Everyday 109 1.8% 0.003

Not everyday 2,740 5.6%
*Chi-square test

Fig. 1  The distribution of erupted first permanent molars
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FPMs was nearly twice that of the maxillary FPMs. In 
total, 37.8% of the erupted FPMs were in full occlusion 
and can be sealed. The percentage of fully erupted and 
sealable FPMs in the right maxillary, the left maxillary, 
the left mandibular and the right mandibular section was 
47.3%, 47.7%, 29.6% and 30.3%, respectively. These teeth 
satisfied the indication for the pit and fissure sealants 
procedure. At the same time, 4.1% of the erupted FPMs 
had already been decayed or filled, including partially 
erupted and fully erupted ones. The distribution of the 
erupted FPMs with different stages of eruption and caries 
status of the surveyed children was shown in Table 5.

Discussion
This study has a large sample size, covering all non-
migrant elementary schools in Shijingshan District of 
Beijing. Though there were very few children absent from 
the study, the studied sample can approximate the erup-
tion and caries status of FPMs of the entire district. In 
addition, monitoring data from the past few years (2017, 

2019 and 2021), the prevalence of dental caries in Shi-
jingshan District has been similar to the average level in 
the city of Beijing [10–12]. Therefore, results based on 
children in the district may provide a glimpse into the 
conditions of the city of Beijing.

The time of eruption for FPMs of children is approxi-
mately six years of age [22] and erupted teeth are more 
susceptible to caries during the first one to three years 
after the eruption [23]. This study found that the preva-
lence of dental caries of FPMs was 5.5% among 6-7-year-
old children. Therefore, the effective intervention should 
be applied closer to the very onset of tooth emergence.

This study showed that sex and father’s educational 
level corelated with the caries experience of the studied 
children. A higher prevalence of caries was found in girls 
and children from families with father of lower educa-
tional background. The 2005 and 2015 National Oral 
Health Survey of China also showed that girls exhibited 
more caries than boys in permanent dentitions [2, 3]. This 
may be greatly attributed to the earlier eruption of FPMs 
in girls than in boys [14]. It has been frequently reported 
that mother’s educational level associated with child’s 
caries status both in primary and permanent dentition 
[24, 25]. In our study, father’s education level showed a 
statistically significant correlation with caries experience 
among the studied children. Fathers may play more sig-
nificant roles in their children’s dental hygiene practice 
in Beijing. Another study conducted in Wuhan, China, 
also found father’s education level plays an important 
role in their children’s oral health, mainly reflected due 
to on their responsibility on in managing financial issues 
for oral health care [26]. Studies have also suggested that 
low-education families are less diligent about dental care 
measures and regular preventive visits to dental profes-
sionals, resulting in the development of dental caries [26, 
27]. Therefore, it is important to include fathers in oral 
hygiene promotion and education. It is also critical to 
do the promotion in low-income or families with lower 
parental education levels.

The contribution of pit and fissure sealants could effec-
tively protect FPMs from caries [28, 29]. From a clini-
cal perspective, it is noteworthy that the best indication 
for sealants is when FPMs have fully erupted. From our 
findings, the eruption rate of FPMs was 65.8% and only 
24.9% of FPMs were fully erupted with no caries at the 

Table 4  Binary logistic regression analysis for the dental caries of 
first permanent molars of the surveyed children
Variables OR 95%CI P value
sex
  Boy*
  Girl 2.03 1.45–2.85 < 0.001
The only child in the family
  Yes*
  No 1.21 0.87–1.68 0.268
Father’s educational level
  High(college or above)*
  Low(senior high school or below) 1.71 1.16–2.52 0.007
Mother’s educational level
  High(college or above)*
  Low(senior high school or below) 1.08 0.73–1.61 0.697
Frequency of toothbrushing
  ≥ 2/d*
  < 2/d 1.32 0.94–1.87 0.110
Sweets intake
  Everyday*
  Not everyday 1.02 0.58–1.79 0.942
The use of dental floss
  Everyday*
  Not everyday 2.51 0.61–10.32 0.203
* reference

Table 5  The distribution of the erupted first permanent molars with different stages of eruption and caries status of the surveyed 
children
Eruption status Caries status #16 #26 #36 #46 Total
Partially erupted Non-decayed 30.4% (571/1,876) 29.7% (555/1,873) 53.7% (1,236/2,314) 53.2% (1,219/2,297) 43.0% (3,581/8,360)

Decayed or filled — 0.1% (2/1,873) 0.3% (6/2,314) 0.2% (4/2,297) 0.1% (12/8,360)
Fully erupted Sealable 47.3% (887/1,876) 47.7% (893/1,873) 29.6% (686/2,314) 30.3% (697/2,297) 37.8% (3,163/8,360)

Sealed or shallow fissures 19.5% (365/1,876) 19.0% (358/1,873) 11.6% (273/2,314) 12.0% (278/2,314) 15.1% (1,274/8,360)
Decayed or filled 2.8% (53/1,876) 3.5% (65/1,876) 4.8% (113/2,314) 4.3% (99/2,297) 4.0% (330/8,360)
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age of 6–7 years old. The main target population for 
the intervention of pit and fissure sealants in the on-
going NOHCIP was set at 7–9 years old. Although this 
may be beneficial in terms of saving time, manpower 
and resources, this may result in missed opportunity for 
the most optimal application of sealant and preventing 
potential tooth decay in some children. Our findings sug-
gest that the sealant procedure should be performed at 
an earlier age among children in Beijing, which is consis-
tent with findings from studies conducted in other cities 
in China [14, 30–33]. Furthermore, our results demon-
strated that caries often occurred on the occlusal surface 
of maxillary and mandibular FPMs, the buccal surface 
of mandibular FPMs, and the lingual surface of maxil-
lary FPMs, which is in agreement with the observations 
from a Chinese national survey in 2015 [14]. Therefore, 
when applying sealants, special attention should be paid 
to these high-caries risk tooth surfaces.

The stage of eruption and tooth-specific anatomy are 
two intra-oral factors for the occurrence and distribution 
of plaque accumulation [19]. The erupting FPMs are the 
most caries-prone teeth due to favorable conditions for 
plaque accumulation [19]. The complex fissures of FPMs 
are partially covered by gingiva for a considerable period 
of time [34]. The vulnerability is also attributed to incom-
plete post eruptive maturation of the enamel [35] and 
lack of awareness of the tooth emergence [36]. The time 
between eruption and full functional occlusion is the 
most important period for maintenance of tooth integ-
rity. The preservation of these non-decayed partially and 
fully erupted FPMs is of prime importance for the control 
of dental caries in permanent dentition. Our study found 
a considerable number of partially erupted FPMs with no 
caries at this age. In terms of the difficulty in controlling 
humidity for erupting teeth, the topical application of flu-
oride on erupting FPMs is desirable to reduce the caries 
attack to FPMs both clinically and economically favorable 
[37–41]. In addition, it is necessary to strengthen oral 
health education and oral hygiene instruction for both 
children (both girls and boys) and their parents, including 
both fathers and mothers. This is also an important sup-
plementary measure for oral health promotion. The vast 
majority of children in China go to elementary school 
at 6–7 years of age. From then on, children will receive 
more systematic education in school, which is also a criti-
cal period for the formation of oral health behavior.

Though the results of this study can provide some 
information for the prevention of dental caries in school-
age children, there are inevitable some limitations. First 
and foremost, this survey was a local study. Whether 
the results of this local study can be generalized to other 
regions need further more studies for confirmation. 
Second, as the fissure pattern and eruption status were 
reported as the associated factors to dental caries [34, 42, 

43], the result of our binary logistic regression analyzed 
association between caries and explanatory variables 
on subject level without adjusting the factor at tooth 
level (sealed or not sealed, partial erupt or fully erupt), 
which may contain certain bias. Last but not least, the 
cross-sectional study can only provide the distribution 
of conditions in a specific population at a specific time 
point and within a specific range, regular and extensive 
researches will be needed. Our future studies will con-
centrate on the severity of dental caries of FPMs and clin-
ical trials for caries prevention .

Conclusions
In conclusion, around two-thirds of FPMs were fully 
erupted or partially erupted among children aged 6–7 
years old in Shijingshan District, Beijing. Approximately 
5% of the newly erupted FPM established dental caries. 
Effective intervention should be applied in this age group 
for oral health promotion.
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