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Abstract: Objective: To identify the prevalence of adolescent idiopathic scoliosis (AIS) and potential disease-related
factors in children aged 11 to 16 years in the Huangpu district, Shanghai, China. Methods: A total of 10,731 children
(5,518 boys and 5,213 girls) were screened in the year of 2019. The screening process included a bending forward
test and scoliometer measurements. The children who were deemed to be at risk for scoliosis from the screening
were referred for a X-ray examination to confirm the diagnosis. Data from basic and clinical characteristics of the
screened children were collected. Results: 214 children (138 girls and 76 boys, P<0.05) were diagnosed with sco-
liosis with a prevalence of 2.00%. The mean angel was 15.61°. The groups with the highest prevalence were girls
aged 14 and boys aged 15. Conclusion: The prevalence of AIS in Huangpu district, Shanghai, China is 2.00% and is

moderatley high, and it can occur more often in female children.
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Introduction

Adolescent idiopathic scoliosis (AlS) is the most
common type of spinal deformity with a preva-
lence of 1-4% [1]. Since AIS is asymptomatic in
its early stage, patients and their guardians
often ignore it. Recently, the US Preventive
Services Task Force (USPSTF) has shifted the
recommendation for routine screening of
asymptomatic adolescents for idiopathic scoli-
osis from negative to neutral [2]. Therefore,
screening for scoliosis appears to be a valuable
and an important way to identify patients with
unrecognized scoliosis at an early stage [3].
They can receive early treatment (observation,
exercise, bracing, and surgery) to avoid curve
progression and adverse long-term health out-
comes such as pulmonary disorders, disability,
back pain, cosmetic issues, and reduced qual-
ity of life [4-71].

However, scoliosis screening is not popular in
mainland China. According to the 2010 nation-
al population census, the population under the
age of 15 in China is approximately 0.22 billion.

The prevalence of scoliosis was 2.52% reported
in Chongming [8] and 1.91% reported in Jing’an
district [9]. Based on such a high incidence, it is
estimated that there are about 4.20-5.54 mil-
lion people under the age of 15 with scoliosis in
China and more screening is necessary.

Therefore, we carried out this school scoliosis
screening study in Huangpu district, Shanghai,
to detect children with scoliosis and recom-
mend corresponding treatments. In order to
help clairify the relationship between preva-
lence and other factors.

Methods and materials

This was a cross-sectional study aimed at stu-
dents aged 10-15 years of age (6th-8th grade)
in Huangpu district, Shanghai, China. All 6" to
8" grade students in Huangpu district were
enrolled without any restrictions or filtering
process.

This study was approved by the Institution
Review Board of the Second Affiliated Hospital
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of Naval Medical University. All methods were
carried out in accordance with relevant guide-
lines and regulations. All students and their
legal guardians were well informed of compre-
hensive information about the screening pro-
cess. Written informed consent was obtained
from the legal guardians of all participating
students.

Ten experienced orthopedists, 10 nurses, and
4 rehabilitation physicians from the Second
Affiliated Hospital of Naval Medical University
were well trained in the screening methods and
criteria before the screening. The team mem-
bers then informed the teachers and parents
about the goals, importance and procedures of
the school scoliosis screening study. Adam’s
forward bending test (FBT), visual inspection,
and scoliometer measurements were used for
scoliosis screening [10, 11]. The criteria to con-
sider positivity of the tests included: (1) visual
inspection: when shoulder asymmetries, scap-
ula prominence, unequal waistline and lower
limb length discrepancy appears; (2) FBT: bend
forward with head bent and lower limbs extend-
ed. When the asymmetry of the trunk appears,
this test is considered positive; (3) ATR: bend
forward with head bent and lower limbs extend-
ed. Then the examiners measure the ATR using
a scoliometer (Orthopedic Systems, Inc., CA,
USA). If ATR is greater than 5°, this test is con-
sidered positive [12]. Once a child had at least
one positive test, radiography was recommend-
ed to confirm the screening diagnosis and
quantify the severity of the curve [2, 13].

SPSS version 21.0 (SPSS Inc., Chicago, IL, USA)
was used to calculate all statistical analyses.
Descriptive statistics in terms of frequencies,
means, and standard deviations were provided
in table for those screened positive. The overall
prevalence, as well as the prevalence stratified
by gender and age, was based on the cut-off
point (a curve of 10° or more). The statistically
significant differences in overall prevalence
and Cobb angel distribution was calculated
using the chi-squared test. The correlations
between the quantitative variables of gender
and age and the prevalence of AIS were identi-
fied by logistic regression analysis. P<0.05 was
considered statistically significant.

Results

In the first phase of this school screening study,
462 (156 males and 306 females) out of
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10,731 (4.31%) adolescents were found to be
positive and need to receive a radiographic
evaluation. Forty-four of them (24 males and
20 females) refused to undergo further exami-
nation, which meant that the response rate
was 90.48%. Demographic information for
these children is shown in Table 1. There are
significant differences in gender. Students in
grade 8 had the highest percentage of partici-
pation in radiography evaluation.

Among the children who received radiographic
examination, 214 (76 males and 138 females)
were confirmed with scoliosis by Cobb angels
greater than 10° (51.20%), which meant the
prevalence was 2.00%. The prevalence in
females (2.65%) is significantly higher than in
males (1.38%) (P<0.001) (Table 2). The preva-
lence of AIS and gender had a significant asso-
ciation using the logistic regression model
(P<0.05). However, there were no significant
differences by gender in Cobb angel (P=0.36)
(Figure 1). The severity of the curve by age, gen-
der, and grade is shown in Table 3.

Of the 214 patients with scoliosis, 182 had
mild curves (10° to 19°), 23 patients had mod-
erate curves (20° to 29°), and 9 patients had
severe curves (>30°). Observation and profes-
sional exercises were recommended for 200
patients whose curves are 25° or less. Twelve
patients with curves between 25° and 45°
were advised with brace treatment. Also, 2
patients with curves greater than 45° who were
Risser 2 were advised with surgical treatment.
The distribution of curve magnitude by gender
was not statistically significant.

Logistic regression analysis

By bivariate logistic regression analysis, being
female, sitting more time, and dancing would
significantly increase odds of being diagnosed.
Age (P=0.701), bag type (P=0.822), bag weight
(P=0.295), BMI (P=0.101), more time spent
exercising (P=0.150), receiving milk supple-
mentation (0.433), sleeping posture (P=0.414)
and grade (P=0.799) were no longer significant
in the present study. The bivariate odds ratios
of the logistic regression models are shown in
Table 4.

Discussion

In the present study of school screening for
scoliosis, the prevalence rate in grade 6-8
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Table 1. Demographic information of children identified in the first phase of screening

Total (N=462) Non—r(e; s=p::)d ents Re(snpjzfg; S pyalue

Gender, n (%) 0.03

Male 153 (33.12) 21 (47.73) 132 (31.58)

Female 309 (66.88) 23 (52.27) 286 (68.42)
Age, years, mean (SD) 13.13 (0.93) 12.98 (1.09) 13.14 (0.91) 0.26
School grade, n (%) 0.37

6 151 (32.68) 18 (40.91) 133 (31.82)

7 153 (33.12) 11 (25.00) 142 (33.97)

8 158 (34.20) 15 (34.09) 143 (34.21)
BMI, mean (SD) 19.92 (3.41) 19.49 (4.15) 19.96 (3.32) 0.39
Distance from home to school, mean (SD) 2.16 (1.10) 2.38 (1.11) 2.14 (1.10) 0.17
Schoolbag type, n (%) 0.35

Single-shoulder bag 7 (1.52) 1(2.27) 6 (1.44)

Backpack 417 (90.26) 37 (84.09) 380 (90.91)

Trolley case 38 (8.23) 6 (13.64) 32 (7.66)
Schoolbag weight mean (SD) 6.84 (3.25) 6.95 (2.84) 6.83 (3.29) 0.81
Exercise time, mean (SD) 1.91 (2.30) 1.96 (2.00) 1.80 (2.33) 0.65
No exercise, n (%) 156 (33.77) 10 (22.73) 146 (34.93) 0.10
Dancing time, mean (SD) 0.30(1.03) 0.45 (0.76) 0.30(1.03) 0.65
Sitting time, mean (SD) 10.42 (2.37) 9.87 (2.26) 10.49 (2.38) 0.10
Sleeping posture, n (%) 0.79

Supine 60 (12.99) 6 (13.64) 54 (12.92)

Prone 45 (9.74) 3(6.82) 42 (10.05)

Lateral 357 (77.27) 35 (79.55) 322 (77.03)
Calcium and milk supplement, n (%) 354 (76.62) 32(72.73) 322 (77.03) 0.52
Family history, n (%) 26 (5.63) 1(2.27) 25 (5.98) 0.31
Eutocia, n (%) 299 (64.72) 29 (65.91) 270 (64.59) 0.86

SD: standard deviation; BMI: body mass index.

schoolchildren in the Huangpu district, Shang-
hai, was 2.00%. In addition to regional and eth-
nic differences, the overall prevalence of scolio-
sis may be different because the methods and
diagnostic criteria are not standardized in each
screening study [14]. The prevalence of the
present study is within the range of 0.13% to
3.26% as reported in previous studies from dif-
ferent countries [15-24] and similar to the prev-
alence of 2.52% reported in Chongming, China
[8] and 1.91% reported in Jing’ an district,
Shanghai [9]. The percentage of students
referred for radiographic evaluation is 4.31%
(462 of 10731) and is within the range of
0.25%-19.79% that is similar in other reports
[6, 14, 25-27].

In this study, we found that the prevalence of
AIS was significantly higher among females.
Several previous studies have confirmed the
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consensus of a higher prevalence of AIS in
girls [16, 28, 29]. In the present study, the
male/female ratio was 1:1.82, which is similar
to that reported from Chongming (1:1.53),
Shanghai, in 2016 [8] and Wuxi, Jiangsu
Province, China (1:1.75) in 2016 [13]. Based on
the publications of different countries (1:11.6
for Japan, 1:1 for Iran, 1:2.4 for Korea, 1:2.67
for Norwegian, 1:4.6 for Singapore) [16, 21, 28,
30-32], the male/female ratio in this study is
higher than most of them, which indicates that
the number of male patients aged 11-16 is
greater in Huangpu district, Shanghai, China.

According to Raphael’s study [32], ideally, sc-
reening for girls should be performed before
menses and 1-2 years earlier than for boys. In
their study, girls with Cobb angel >20° were all
too mature to receive brace treatment. Although
the present study did not count the radiological
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Table 2. Clinical and radiological detected scoliosis in the adolescents according to grades and gen-

der

Demographic variable No. of students No. of studeqps diagnosed Prevglepce of  Average Cobb angel
referred for X-ray positive scoliosis (%) (Degrees)
Gender
Male 132 76 1.38 15.48
Female 286 138 2.65 15.67
Grade
6th 133 66 1.86 15.09
7th 142 73 2.02 15.38
8th 143 75 2.10 16.28
Age
11 5 3 1.39 12.67
12 112 57 1.80 14.79
13 138 69 1.99 15.94
14 146 76 2.27 16.00
15 15 9 1.83 15.78
16 2 0 / /
30— the patients, although there is no statistically
significant correlation.
Grade
T 204 m G By Iogisﬁc regressiqn analy§is, we .fou.nd sever-
2 = 7 al predictors associated with the incidence of
< AIS. First, girls were more likely to be affected in
ﬁ | 8 the present screening, which was consistent
83 10 |l‘ with previous results. Second, we found that
sitting more time and dancing were significantly
associated with the incidence of AIS. In the
o | present study, 68.69% (147 out of 214) of the
M F M F M F students reported having a wrong sitting pos-
Gender ture, which may influence the normal biome-

Figure 1. Comparison of mean Cobb angel between
genders.

skeletal maturity of the students, the preva-
lence of scoliosis in girls before menses was
significantly lower than in the others. In the
present study, male and female patients had a
similar prevalence with curve between 10°-
20°, however, female patients were 1.5 times
more likely than male patients to have curva-
ture above 20°.

Cobb angels, 10° to 19°, were the most com-
mon in the present study (80%). Twenty-three
patients (10 boys and 13 girls) had a moderate
scoliosis curve and only 2 patients (2 girls) had
a more severe curve. As shown in Table 3, the
Cobb angel is positively related to the age of
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chanics of the spine. A cross-sectional study
was designed to investigate the differences
between the prevalence of AlS in ballet dancers
and age-matched non-dancers [33]. In that
study, about 30% of ballet dancers were tested
positive while only 3% of non-dancers were
tested positive. We concluded that adolescent
dancers were at high risk of developing scolio-
sis compared to controls and dancers pos-
sessed characteristics such as hypermobility,
low BMI, delayed menarche, which were associ-
ated with scoliosis.

Although the combination of FBT, the scoliom-
eter test and Moiré topography had the highest
sensitivity and specificity [11, 34, 35], the
sensitivity cannot yet reach 100%. In Dalila’s
study, being positive for at least one examina-
tion (Adam’s test, axial trunk rotation, and
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Table 3. Curve magnitude by gender, grade and age

among the 214 AIS patients

skeletal maturity of patients and a fol-
low-up study of patients with scoliosis

No. of AIS patients with the curve

should also be performed after 6 or 12
months, which would collect more data

. . magnitudes )
Demographic variable = Angel Cobb Angel CobbAngel O the longterm benefits and harms of
(10°-19°)  (20°-30°) (>30°) ecohosns. Thlrd, the lack of radiograph-
Gender |e evalqanon for some screened.nega-
tive children made the calculation of
Male 63 10 3 false negative rates impossible.
Female 119 13 5
Grade Conclusion
6th 57 7 2 . o
7th 64 7 5 In Shanghai, Huangpu District, '.the
8th 61 9 5 prevalence of AIS was 2.00% and W|th-
in the range 0.13%-3.26% reported in
Age previous studies. The highest preva-
11 3 / / lence of 2.95% was found in females
12 48 6 2 aged 14 years, reminding researchers
13 60 8 2 that future screening programs should
14 64 7 5 focus on females. The present study
15 7 2 / provides evidence to support that the

Table 4. Odds rations and 95% ClI for variables from

bivariate logistic regression model

scoliosis screening study in annual
school-based health screening pro-
grams (primary, junior and senior high
schools) may be an effective way for

OR  Cl Lower bound CI Upper bound P-value

early detection, which would allow

Gender 1.632 1.059 2.514
Sitting time ~ 1.193 1.090 1.306
Dancing time 1.559 1.178 2.072

young patients with potential issues to

0.026 receive professional orthopedic and
0.000 rehabilitation treatments.
0.002

Plumb line) had the highest sensitivity (100%)
and the lowest specificity (80.1%) [30]. In a
10-year follow-up program, the forward bend-
ing test produced 51 false negative results
[36]. All this suggested that combining screen-
ing tests could optimize diagnostic sensitivity.
With the popularity of the scoliometer APPs
(ScolioTrack, Scoliosis Tools, Scoliometer, etc.)
for the mobile phone, people with no medical
background knowledge can determine whether
scoliosis is present following the APPs’ guid-
ance and then consult a professional physician
for further diagnosis and treatment. Therefore,
we informed all students and their parents
about these APPs to reduce the possibility of
false negatives and monitor the Cobb angle of
the patients. In this way, the entire screening
study can be separated into three stages.
However, the specificity of this method may be
lower.

The present study has limitations. First, we only
included schoolchildren in grades 6-8, but not
all children between the ages of 11-16. Second,
additional investigations should be done for the
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