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Abstract
Objectives: Poor body posture in adulthood is often formed from the childhood, and individuals with severe abnormal
body posture may associated with the progress to scoliosis. However, there is still a lack of epidemiological evidence in
the prevalence of adolescent abnormal body posture compared to scoliosis.
Methods: We sample a large representative dataset comprising data collected from 1th to 12th graders using a multistage, stratified-cluster, random-sampling method. Our sample consisted of 158.584 children and adolescents who
were screened by visual inspection of clinical signs, the forward-bending test, and the measurement of angle of trunk
rotation (ATR).
Results: The overall prevalence of abnormal body posture in Chinese children and adolescents was 65.3%, around 3.7%
of children and adolescents were referred for radiography. According to gender and age, girls had a higher prevalence
of abnormal body posture than boys (76.0% vs. 56.6%, p<0.001), students aged 10-15 and >15 years old had a higher
prevalence of abnormal body posture than students <10 years old (64.8% and 71.1% vs. 41.3%, p<0.001).
Conclusion: Our findings showed that Chinese children and adolescents have a significantly higher prevalence of abnormal body posture, girls and older students may be an especially high-risk group.
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A

bnormal body posture refers to an abnormal body
state in which the body cannot maintain a stable state
and the normal function of tissues and organs in an upright
state.[1] Previous studies have shown that the poor body
posture in adulthood is often formed from the childhood.
[2]
Children and adolescents with severe abnormal body
posture may associated with the progress to adolescent
idiopathic scoliosis (AIS).[3,4] Understanding the current
prevalence of abnormal body posture of children and adolescents will help to identify high-risk population and formulate targeted interventions.
Previous studies showed that 34%-50% of children and

adolescents have different degrees of abnormal body posture,[5,6] less than a fifth of children and adolescents have a
normal body posture,[7] most of the children have certain
abnormal posture problems (e.g. shoulder asymmetry,
kyphosis, or scapula tilt). Furthermore, some researchers
suggested that compared with children of the same age
who have not received school education, the students who
have received school education have more serious body
posture problems.[8,9]
To the best of our knowledge, previous evidence mainly
come from the western or developed countries. In China,
only one school screening program conducted in Beijing
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showed that nearly 80% of children and adolescents were
reported to have at least one sign of abnormal body postures.[10] However, there is still a lack of large-scale epidemiological evidence in the prevalence of adolescent abnormal body posture.
Therefore, we conducted this large-scale cross-sectional study in south China to estimate the prevalence of abnormal body posture among children and adolescents, to
describe the epidemiological findings according to the demographic characteristics, to provide data support for finding high-risk population and targeted interventions.

Methods
Study Design and Participants
This is a school-based cross-sectional study in children and
adolescent students from the Shenzhen city in south China.
All students were selected by a 3-stage, stratified-cluster, random-sampling method. In stage 1, we divided Shenzhen city
into three economic stratifications (high-level, middle-level,
and low-level) by per capita GDP (gross domestic product),
and then selected two districts from each stratification by
simple randomization using random number generator. In
stage 2, schools in each district were divided into three categories: primary schools (i.e., grades 1-6), junior high schools
(i.e., grades 7-9), and senior high schools (i.e., grades 10-12).
Based on the proportions of these three types of schools,
six primary schools, six junior high schools, and three senior
high schools were randomly selected from each representative district. In stage 3, all classes from each grade within the
selected schools were included in our study, and all available
students in the selected classes were invited to voluntarily
participate in the present study.

School Screening Program
The school screening program for AIS in Shenzhen was
started in 2013 as part of the national public health project,
and conducted and administered by the Shenzhen Youth
Spine Health Center (SYSHC) of the Shenzhen Second
People's Hospital using a national scoliosis screening standardized protocol (GB/T 16133-2014).[11] Students in primary schools, junior high schools, and high schools were
invited to participate in the screening program voluntarily.
School screening was performed by an experienced team
of trained rehabilitation therapists from SYSHC using the
Adams forward bending test (FBT), visual inspection, and
measurement of the angle of trunk rotation (ATR) using the
scoliometer.[12]

Abnormal Body Posture

In total, 159.120 students were invited to participated in
our scoliosis screening, 158.584 students were completed
and qualified for our study.

Abnormal body posture was assessed by visual inspection,
FBT, and ATR.[13,14] The standard visual inspection was performed in the upright position. The examiner checked for
spine alignment, shoulder asymmetry (high and low shoulder), scapula prominence (scapula tilt), hip and pelvic obliquity (pelvic tilt), back symmetry (flat back, kyphosis), lumbar
curvature (lumbar concave, lumbar lordosis, and lumbar
kyphosis), distance of the hands from the flanks, and length
of the lower limbs.[15] The FBT was performed with the student’s feet placed together, knees straight, while bending
at the hips to nearly 90 degrees with the arms freely hanging forward, palms together. Any significant clinical sign
was recorded. The ATR was used to decide the frequency
of assessments and when should the students be referred
for radiography directly by measuring with a scoliometer,
including angle of thoracic rotation, angle of lumbar rotation, and angle of thoracolumbar rotation.[16] Students with
an ATR >5° or with 1 or more significant clinical signs were
identified as abnormal body posture.

Ethical Statement

Demographic Variables

This study was conducted in accordance with the Declaration of Helsinki, and was approved by the Shenzhen Second People's Hospital Institutional Review Board (Ethic
code: SZ20130816). Written or oral informed consent was
obtained from the parent or legal guardian of each participating student under 18 years old or from each participating student who at least 18 years old.

Demographic variables included gender (boy, girl), age,
ethnic group, school category, and grade. Ethnic group
was assessed based on the student’s self-report about their
ethnic group (Han or minorities).[17] School category included primary school (grade 1-6), junior middle school (grade
7-9), and high school (grade 10-12).

Data Collection

First, descriptive analyses were conducted to describe the
demographic characteristics (e.g. gender and age) of children and adolescents in south China. Second, prevalence
of abnormal body posture among total population was
reported, and sample was further divided into different
groups to calculate gender-, age, school-specific prevalence rates. Chi-square test (χ2) was used to compare the

To protect the privacy of the students, all students in the
selected classes were screened for scoliosis in a closed
room or tent, and administered by research assistants without the presence of teachers or other school personnel (to
avoid potential information bias). All data were collected
from September to November 2019.

Statistical Analysis
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differences between groups. Bias-corrected 95% confidence intervals (CI) were estimated using 1000 bootstrap
samples. All data were analyzed using SPSS 22.0 (IBM Corp,
Armonk, NY, USA), a two-tailed with a P-value of less than
0.05 was considered statistically significant.

Results
Demographic Characteristics of Chinese Children
and Adolescents
The sample demographic information was shown in Table
1. A total of 158,584 Chinese children and adolescents were
screened, 55.3% (87754) were boys, and 44.7% were girls,
yielding a male-to-female ratio of 1.2:1, and the mean (SD)
age of the students was 12.8±2.0 years. Primary school, junior high school, and senior high school students account
for 38.0%, 42.7%, and 19.3% respectively.

Prevalence of Abnormal Body Posture of Chinese
Children and Adolescents
As shown in Table 2, the overall prevalence of abnormal body
posture among Chinese children and adolescents was 65.3%
Table 1. Demographic characteristics of Chinese children and
adolescents (n=158.584)
Variables
Gender
Boy
Girl
Age (Mean±SD)
Ethnic group
Han
Minority
School category
Primary school
Junior middle school
High school
Grade
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6
Grade 7
Grade 8
Grade 9
Grade 10
Grade 11
Grade 12
n: number; SD: standard deviation.

n (%)
87754 (55.3)
70830 (44.7)
12.8±2.0
153886 (97.0)
4662 (3.0)
60131 (38.0)
67785 (42.7)
30668 (19.3)
394 (0.2)
401 (0.3)
400 (0.3)
461 (0.3)
30107 (19.0)
28368 (17.9)
24352 (15.4)
24008 (15.0)
19425 (12.2)
15881 (10.0)
14200 (9.0)
587 (0.4)

Table 2. Prevalence of abnormal body posture among Chinese
children and adolescents (n=158.584)
Variables

n (%)

95% CI

Total
158584 (100.0)
High and low shoulder		
Normal
71832 (45.3)
45.1-45.6
Left shoulder height
47935 (30.2)
30.0-30.5
Right shoulder height
38817 (24.5)
24.2-24.7
Scapula tilt		
Normal
91695 (57.8)
57.6-58.1
Tilt to the left
40007 (25.2)
25.0-25.5
Tilt to the right
26882 (17.0)
16.8-17.1
Pelvic tilt		
Normal
146165 (92.2)
92.0-92.3
Tilt to the left
6009 (3.8)
3.7-3.9
Tilt to the right
6410 (4.0)
3.9-4.2
Flat back		
Normal
157507 (99.3)
99.2-99.4
Abnormal
1077 (0.7)
0.6-0.8
Kyphosis		
Normal
154264 (97.3)
97.2-97.4
Abnormal
4320 (2.7)
2.6-2.8
Lumbar concave		
Normal
122166 (77.0)
76.8-77.2
Left concave
14754 (9.3)
9.2-9.4
Right concave
21664 (13.7)
13.5-13.8
Lumbar lordosis		
Normal
157834 (99.5)
99.4-99.6
Abnormal
750 (0.5)
0.4-0.6
Lumbar kyphosis		
Normal
158264 (99.8)
99.7-99.9
Abnormal
320 (0.2)
0.1-0.3
Angle of thoracic rotation		
Normal (ATR: 0-5°)
156239 (98.5)
98.4-98.6
Rotate to the left (ATR>5°)
696 (0.4)
0.3-0.5
Rotate to the right (ATR>5°)
1649 (1.1)
1.0-1.2
Angle of lumbar rotation		
Normal (ATR: 0-5°)
155291 (97.9)
97.8-98.0
Rotate to the left (ATR>5°)
2470 (1.6)
1.5-1.7
Rotate to the right (ATR>5°)
823 (0.5)
0.4-0.6
Angle of thoracolumbar rotation
Normal (ATR: 0-5°)
157885 (99.6)
99.5-99.7
Rotate to the left (ATR>5°)
309 (0.2)
0.1-0.3
Rotate to the right (ATR>5°)
309 (0.2)
0.1-0.3
Abnormal body posturea		
Normal
55048 (34.7)
34.5-35.0
Abnormal
103536 (65.3)
65.0-65.5
Referral for radiographyb		
No
152775 (96.3)
96.2-96.4
Yes
5809 (3.7)
3.6-3.8
n: number; CI: confidence intervals; ATR: angle of trunk rotation;
a
Abnormal body posture was defined as participant who was screened
out one or more to the following abnormal physical signs: high and low
shoulder, scapula tilt, pelvic tilt, flat back, kyphosis, lumbar concave,
lumbar lordosis, lumbar kyphosis, angle of thoracic rotation >5°, angle
of lumbar rotation >5°, angle of thoracolumbar rotation >5°; bReferral
for radiography: an angle of trunk (thoracic, lumbar or thoracolumbar)
rotation of 5° was the recommended threshold for referral to
radiography.
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(95% CI: 65.0%-65.5%), around 3.7% (95% CI: 3.6%-3.8%) of
children and adolescents were referred for radiography. The
most serious sign of abnormal body posture was high and
low shoulders (left shoulder height: 30.2%, 95% CI: 30.0%30.5%; Right shoulder height: 24.5%, 95% CI: 24.2%-24.7%)
and scapula tilt (tilt to the left: 25.2%, 95% CI: 25.0%-25.5%;
tilt to the right: 17.0%, 95% CI: 16.8%-17.1%).

Prevalence of Abnormal Body Posture of Chinese
Children and Adolescents Stratified by Gender
According to gender (as shown in Table 3), the prevalence
of abnormal body posture was significantly higher in girls
than that in boys (76.0% vs. 56.6%, χ2=6519.15, p<0.001),
girls had a 1.34 times higher prevalence of abnormal body
posture than boys. Girls had a higher prevalence of referral for radiography than boys (5.2% vs. 2.4%, χ2=822.31,
p<0.001). Besides pelvic tilt and kyphosis, the rest of the
abnormal signs were higher for girls than boys.

Prevalence of Abnormal Body Posture of Chinese
Children and Adolescents Stratified by Age
According to age (as shown in Table 4), the prevalence of
abnormal body posture was significantly higher in students
aged 10-15 and >15 years old than that in students <10
years old (64.8% and 71.1% vs. 41.3%, χ2=681.18, p<0.001),
students aged 10-15 and >15 years old had a 1.57 and 1.72
times higher prevalence of abnormal body posture than
students <10 years old, respectively. Students aged 10-15
and >15 years old had a higher prevalence of referral for
radiography than students <10 years old (3.3% and 6.7%
vs. 0.5%, χ2=590.82, p<0.001). Besides lumbar lordosis and
lumbar kyphosis, the rest of the abnormal signs were higher for students aged 10-15 and >15 years old than students
<10 years old.

Discussion
In this study, our large-scale cross-sectional study found
that Chinese children and adolescents had serious body
posture problems, around 3.7% children and adolescents
were referred for radiography, girls and senior students
were especially at high risk. These findings help describe
the epidemiological characteristics of abnormal body posture in Chinese children and adolescents, and provide evidence for identifying high-risk groups.
Our results illustrated that the overall prevalence of abnormal body posture among children and adolescents in
China was 65.3%, around 3.7% of children and adolescents
were referred for radiography, which was similar to previous research findings.[15,18] In western countries, most of
the primary and secondary school students have a certain
degree of abnormal body posture, only 18%-50% of chil-

dren and adolescents have a normal body posture.[19,20] The
findings of our study in the coastal areas of South China
also showed the similar epidemic characteristics with the
previous studies, the high and low shoulders and scapula
tilt account for a high proportion, indicating that the physical posture of children and adolescents in China has become more serious, which needs to be highly concerned
by education departments and related public health organizations.
Furthermore, our group comparison results showed that
the prevalence of abnormal body posture in girls was much
higher than that in boys, 5.2% girls were referred for radiography which was 2.2 times higher than that in boys. Our
findings were consistent with Alen[21] and Penha,[22] but a
study conducted in northern China showed that boys had
a higher prevalence of abnormal body posture than that of
girls.[23] This variation in results may derive from the different sampling areas and age structures. Due to the earlier
physiological development, girls are more likely to extend
their neck and chest to reduce the change of appearance
image.[24,25] Besides, girls are less than boys in physical activity intensity, which tends to lead to lack of muscle strength,
resulting in girls are more difficult to control body posture
than boys.[26] Therefore, based on these possible reasons,
girls may be a high-risk group with abnormal body posture.
Previous studies have shown that with age, children and
adolescents’ body posture problems would become more
serious.[27] Our results also found that students aged 10-15
and >15 years old had more serious body posture problems
than the students aged <10 years old. The reason for the
rising trend of abnormal body posture rate with the aging
may be related to the increase of hormone secretion and
the significant changes of physical development and mental status in adolescence.[28,29] Therefore, adolescence may
be a period of high incidence of abnormal body posture.
In our large-scale school screening program conducted
in south China, apart from the objective criteria (ATR of
thoracic, lumbar, or thoracolumbar), a student would also
be examined when there were significant signs of body
appearances, including uneven shoulder height, scapular prominence, hip and pelvic obliquity, and so son.[13,15]
According to our best knowledge, this is the first population-based, cross-sectional study to report the prevalence
of abnormal body posture of children and adolescents. Our
findings can provide essential information to the understanding of the epidemiology of abnormal body posture,
which can be an important reason for progression to adolescent idiopathic scoliosis, and to help policymakers develop appropriate program through rational planning. Our
data showed that there is a high prevalence of abnormal
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Table 3. Prevalence of abnormal body posture stratified by gender (n=158.584)
Variables		Gender		
		

Boy		

χ2

P

Girl		

Total
87754 (55.3)		
70830 (44.7)		
High and low shoulder				
9709.54
Normal
48849 (55.7)		
22983 (32.4)		
Left shoulder height
24001 (27.3)		
23934 (33.8)		
Right shoulder height
14904 (17.0)		
23913 (33.8)		
Scapula tilt				
4431.13
Normal
56530 (64.4)		
35165 (49.7)		
Tilt to the left
20592 (23.5)		
19415 (27.4)		
Tilt to the right
10632 (12.1)		
16250 (22.9)		
Pelvic tilt				
2167.83
Normal
71393 (81.4)		
63251 (89.3)		
Tilt to the left
6182 (7.0)		
3719 (5.3)		
Tilt to the right
10179 (11.6)		
3860 (5.4)		
Flat back				
263.56
Normal
87422 (99.6)		
70085 (98.9)		
Abnormal
332 (0.4)		
745 (1.1)		
Kyphosis				
128.61
Normal
84998 (96.9)		
69266 (97.8)		
Abnormal
2756 (3.1)		
1564 (2.2)		
Lumbar concave				
2164.81
Normal
71393 (81.4)		
50773 (71.7)		
Left concave
6182 (7.0)		
8572 (12.1)		
Right concave
10179 (11.6)		
11485 (16.2)		
Lumbar lordosis				
20.18
Normal
87400 (99.6)		
70434 (99.4)		
Abnormal
354 (0.4)		
396 (0.6)		
Lumbar kyphosis				
22.43
Normal
87619 (99.8)		
70645 (99.7)		
Abnormal
135 (0.2)		
185 (0.3)		
Angle of thoracic rotation				
383.52
Normal (ATR: 0-5°)
86886 (99.0)		
69353 (97.9)		
Rotate to the left (ATR>5°)
343 (0.4)		
353 (0.5)		
Rotate to the right (ATR>5°)
525 (0.6)		
1124 (1.6)		
Angle of lumbar rotation			
476.74
<0.001
Normal (ATR: 0-5°)
86548 (98.6)		
68743 (97.1)		
Rotate to the left (ATR>5°)
898 (1.0)		
1572 (2.2)		
Rotate to the right (ATR>5°)
308 (0.4)		
515 (0.7)		
Angle of thoracolumbar rotation			
92.53
<0.001
Normal (ATR: 0-5°)
87492 (99.7)		
70393 (99.3)		
Rotate to the left (ATR>5°)
125 (0.1)		
184 (0.3)		
Rotate to the right (ATR>5°)
137 (0.2)		
253 (0.4)		
6519.15
Abnormal body posturea				
Normal
38071 (43.4)		
16977 (24.0)		
Abnormal
49683 (56.6)		
53853 (76.0)		
822.31
Referral for radiographyb				
No
85606 (97.6)		
67169 (94.8)
Yes
2148 (2.4)		
3661 (5.2)		

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

ATR: angle of trunk rotation; aAbnormal body posture was defined as participant who was screened out one or more to the following abnormal physical
signs: high and low shoulder, scapula tilt, pelvic tilt, flat back, kyphosis, lumbar concave, lumbar lordosis, lumbar kyphosis, angle of thoracic rotation >5°,
angle of lumbar rotation >5°, angle of thoracolumbar rotation >5°; bReferral for radiography: an angle of trunk (thoracic, lumbar or thoracolumbar) rotation
of 5° was the recommended threshold for referral to radiography.
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Table 4. Prevalence of abnormal body posture stratified by age (n=158.584)
Variables		
		

<10

Age (year)		
10-15

χ2

P

>15		

Total
1510 (0.9)
138279 (87.2)
18795 (11.9)		
High and low shoulder				
798.23
Normal
1050 (69.5)
63376 (45.8)
7406 (39.4)		
Left shoulder height
158 (10.5)
40965 (29.6)
6812 (36.2)		
Right shoulder height
302 (20.0)
33938 (24.6)
4577 (24.4)		
Scapula tilt				
203.03
Normal
1107 (73.3)
80096 (57.9)
10492 (55.8)		
Tilt to the left
197 (13.1)
34707 (25.1)
5103 (27.2)		
Tilt to the right
206 (13.6)
23476 (17.0)
3200 (17.0)		
Pelvic tilt				
101.97
Normal
1492 (98.8)
127453 (92.2)
17220 (91.6)		
Tilt to the left
7 (0.5)
5264 (3.8)
738 (3.9)		
Tilt to the right
11 (0.7)
5562 (4.0)
837 (4.5)		
Flat back				
94.57
Normal
1506 (99.7)
137435 (99.4)
18566 (98.8)		
Abnormal
4 (0.3)
844 (0.6)
229 (1.2)		
Kyphosis				
34.76
Normal
1498 (99.2)
134410 (97.2)
18356 (97.7)		
Abnormal
12 (0.8)
3869 (2.8)
439 (2.3)		
Lumbar concave				
432.13
Normal
1365 (90.4)
107214 (77.5)
13587 (72.3)		
Left concave
62 (4.1)
12444 (9.0)
2248 (12.0)		
Right concave
83 (5.5)
18621 (13.5)
2960 (15.7)		
Lumbar lordosis				
4.06
Normal
1501 (99.4)
137610 (99.5)
18723 (99.6)		
Abnormal
9 (0.6)
669 (0.5)
72 (0.4)		
Lumbar kyphosis				
1.39
Normal
1509 (99.9)
137998 (99.8)
18757 (99.8)		
Abnormal
1 (0.1)
281 (0.2)
38 (0.2)		
Angle of thoracic rotation					
Normal (ATR: 0-5°)
1509 (99.9)
136425 (98.7)
18305 (97.4)		
Rotate to the left (ATR>5°)
0 (0.0)
571 (0.4)
125 (0.7)		
Rotate to the right (ATR>5°)
1 (0.1)
1283 (0.9)
365 (1.9)		
Angle of lumbar rotation				
380.50
Normal (ATR: 0-5°)
1505 (99.7)
135729 (98.2)
18057 (96.1)		
Rotate to the left (ATR>5°)
3 (0.2)
1896 (1.4)
571 (3.0)		
Rotate to the right (ATR>5°)
2 (0.1)
654 (0.4)
167 (0.9)		
Angle of thoracolumbar rotation					
Normal (ATR: 0-5°)
1508 (99.9)
137741 (99.6)
18636 (99.2)		
Rotate to the left (ATR>5°)
0 (0.0)
234 (0.2)
75 (0.4)		
Rotate to the right (ATR>5°)
2 (0.1)
304 (0.2)
84 (0.4)		
681.18
Abnormal body posturea				
Normal
887 (58.7)
48728 (35.2)
5433 (28.9)		
Abnormal
623 (41.3)
89551 (64.8)
13362 (71.1)		
590.82
Referral for radiographyb				
No
1502 (99.5)
133738 (96.7)
17535 (93.3)		
Yes
8 (0.5)
4541 (3.3)
1260 (6.7)		

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.132

0.499

<0.001c

<0.001

<0.001c

<0.001

<0.001

ATR: angle of trunk rotation; aAbnormal body posture was defined as participant who was screened out one or more to the following
abnormal physical signs: high and low shoulder, scapula tilt, pelvic tilt, flat back, kyphosis, lumbar concave, lumbar lordosis, lumbar kyphosis,
angle of thoracic rotation>5°, angle of lumbar rotation>5°, angle of thoracolumbar rotation>5°. bReferral for radiography: an angle of trunk
(thoracic, lumbar or thoracolumbar) rotation of 5° was the recommended threshold for referral to radiography. cFisher's exact probability test.
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body posture among Chinese children and adolescents, it
is of importance to screen boys and senior students for a
significantly high rate.
The present study has several limitations that are worth
noting. First, due to the cross-sectional nature of the data,
it is difficult to make causal inferences. Second, our study
sample included only school students and did not include
children and adolescents who had dropped out of school
or were not present in school on the day the screening
was conducted. Third, although gender and age have been
reported to be important factors in abnormal body posture,[27] other relevant influencing factors (e.g., genetics,
hormone, and nutritional status)[30–32] have not been investigated in this study.

Conclusion
Our large-scale epidemiology evidence showed that Chinese children and adolescents have a significantly higher
prevalence of abnormal body posture, girls and older students may be an especially high-risk group. Appropriate prevention and intervention programs targeting for school students should be established to improve their physical health.
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