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Abstract

Background: Idiopathic scoliosis (IS) affects patiequslity of life, yet there have been few reports of its
morphology and epidemiological study in the southeast region of China. The aim of this study is to access the
curve characteristics, prevalence, and factors associated with IS in Chaozhou city.

Methods: A cross-sectional study was performed in 2018, in which scoliosis screening was conducted amohg 5497
primary school students in Chaozhou city. Then, a case-control study based on the screening involving 2547
children was followed for the exploration of the associated factors. The questionnaires covering demographic

characteristics, postural habits, cognition and self-sensation of scoliosis, and physical conditions were addressed for
the investigationORswith 95%CIswere calculated based on logistic regression analysis to evaluate the factors
associated with scoliosis.

Results:The prevalence of IS among primary school students was 6.15% in Chaozhou city, with 4.04% for males
and 8.71% for females. The average Cobb angle was 15° (range 8 to 37°). Multiple logistic regression analysis
suggested that femalé)2.45), BMOR-0.67), having myopi®R-1.49), self-sensation of scoliosis with symptoms
(OR:5.52), insufficient sleep tinf@R2.65, 3.33), and less exercise ti@R1.09, 7.29) were significantly associated
with IS.

Conclusions:The prevalence of IS among primary school students in Chaozhou was at an average level, and it was
significantly higher in females than in males. Lower body mass, having myopia, insufficient sleep time, and|lower
physical activity were associated with IS.

Keywords: Idiopathic scoliosis, Scoliosis screening, Prevalence, Associated factors

Background coordination ability, or activity ability 2, 3]. According
Scoliosis is a transverse and rotated spine curvature thato the pathogenesis, scoliosis can be sorted as idiopathic
usually occurs in children or around pubertyl]. Clinic-  scoliosis (IS) and non-idiopathic scoliosis. The propor-
ally, patients frequently suffer from back pain symptoms.tion of IS is 80% among scoliosis, mainly in adolescent
For severe patients, scoliosis can affect limb symmetrygirls [4].
appearance, and even affect the functions of the heart, IS screening among school children is vital for diagno-
lung, gastrointestinal or other internal organs, motor sis and confirming progression of the curve. According
to the previous researche 58], the IS prevalence was
*C pr— . mostly between 2% and 16%. The prevalence of IS in fe-
1De0[:;$$r222t Epgre\xzﬁfgul\./leedui(.:?:e, Shantou University Medical College, males was about four times higher than that in males

No.22, Xinling Rd, Shantou 515041, Guangdong Province, China [9]. With a curve progression of 10° studied, the
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prevalence of scoliosis had no difference in genderScoliosis screening
However, the prevalence became higher in females whe$creening criteria
the curve progressed. Spine and chest deformities (including treatment with a
Due to the complicated development of scoliosis, thebrace), musculoskeletal anomalies, neurological disor-
pathophysiological mechanism is debatable. Some studders, and operation history were questioned and ex-
ies [10, 11] indicated that it is related to genetic factors, cluded from the study.
endocrine abnormalities, nervous system dysfunction, The screening method were (1) students were exam-
abnormal growth and development, and any other fac-ined in an upright standing position to observe head
tors, while other studies 12, 13] suggested that IS was lean, shoulder asymmetries, unequal inferior angle of the
mainly related to exercise and habitual posture. Adoles-scapula, scapular prominence, waist asymmetries, or pel-
cence is a period of the rapid development of scoliosisyis lean. (2) Adamsforward bending test (FBT) was ex-
but it is also a critical period for recovery and correction amined to observe thorax asymmetries, scapular
[14]. Adolescent scoliosis is a common spinal disease irasymmetries, waist asymmetries, pelvis lean, and spinous
adolescents, which is asymptomatic in its early stageprocess line is not in the longitudinal midline. Students
and surgery is often required when spinal deformity oc- with at least one positive test were inspected angle of
curs. Early screening to detect scoliosis can effectivelyrunk rotation (ATR), which was screened by the Mesh-
prevent disease progressionly]. Therefore, attention Lab 3D (ISTI-CNR) [L6]. Furthermore, the inclusion cri-
should be paid to this period to reduce the pathogenicteria were that a curve progression of3°was used as
factors to scoliosis. Early screening, diagnosis, and interATR cut-off value and suspected of scoliosis. The stand-
vention are important for the phased treatment of ard Cobb method was used to measure X-ray examin-
scoliosis. ation, and cases with a Cobb angle of0°were accepted
There have been few reports of scoliosis prevalences scoliosis.
based on large-scale morphological and epidemiological
surveys among primary school children in the southeast
coastal region of China. The aim of this study is to ac- Screening procedure
cess the curve characteristics, prevalence, and the factorEhe sample size of the screening was calculated as fol-
associated with IS by scoliosis screening and investigaows: n %”—:2@, where p is the prevalence of scoliosis
tion among primary school students from grade 1 10 6 among primary school students, and value as 6% accord-
in Chaozhou city (Teochew), so as to provide clues forjng to Jiterature report; d is the sensitivity level (margin
prevention, intervention, and treatment of IS and pro- grror), d=0.15p. Finally, we regard 3068 as the minimum
motion of spinal health. sample size after increasing 10%. The physical examin-
ation was performed by orthopedics and rehabilitation
physicians to screen-positive patients. Then the first
positive screening participants were recorded for the
age, gender, class, ID number, and other information
and taken the ATR as reference data. The suspected
scoliosis students were performed an X-ray examination
and were made a definite diagnosis according to the X-
ray results.

Methods

Study design and subjects

This study was divided into two stages. In the first
stage, a cross-sectional study was carried out to sur
vey the morphology and prevalence of IS among pri-
mary school students (grades 1 to 6) in Chaozhou
city based on a cluster random sampling method
from October to November, 2018. Scoliosis screening
for these primary school students was performed nyestigation on the factors associated with scoliosis in
based on available internamal methods (introducing  chaozhou city

below in detai). Based on the previous screening results, we conducted a

In the second stage, a case-control study based on thgase-control study to explore the factors associated with
screening survey was conducted, which involved the

screening out scoliosis students as cases, and the stdS. The sample size was calculated as follows:
dents without scoliosis from the same classes as con- p 200 2 P pytiob Prcsb ]
trols, to explore the factors associated with IS. Ya o&ng  Wherepo is the exposure rate
The study was approved by the human ethics commit- of a related factor in the controls, ang, is the exposure
tee of Shantou University Medical College. All partici- rate of a related factor in the casesp=1-py, h=1-p;.
pates were noticed of the contents of this study andwe selected the variabléHaving myopid to calculate
attached with their privacy and confidentiality commit- the sample size, and the needed number is 150 for the
ments utilizing voluntary. case group and control group, respectively.
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Table 1 The prevalence rates of idiopathic scoliosis among questionnaire was checked by the investigators at once,

primary school children in Chaozhou, China to avoid any questions being neglected.
Age Male Female
(vears) N Positive, n (%) N Positive, n (%)

Statistical analysis

6 338 10(2.96) 308 20(6.49) The database was established with EpiData (Jens M.
7 457 16(3.50) 400 27(6.75) Lauritsen, Odense, Denmark)with double entry and val-
8 490 21(4.29) 388 33(8.51) idation to ensure consistency testing. The IBM SPSS
9 554 23(4.15) 471 34(7.22) Statisti_c ?6.0 (IBM Corp., Armonk, _NY, USA) was used
10 502 21(4.18) 428 31(7.24) to StatIStI(.:a|. analysgs.. Demographic data were analyzed

by descriptive statistical methods. The results were
11 507 22(4.34) 379 41(10.82)

expressed as the percentage value or mean + standard
12 170 9(5.29) 105 30(28.57)

deviation. The continuous variables were performed by

Total 3018 122 (4.04) 2479 216(8.71)  independent samplé tests, and the categorical variables

were performed by chi-squared tests. Logistic regression
C?malysis was performed to explore the factors associated
with scoliosis. All the statistical tests were two-sided,

fand P < 0.05 was considered statistically significant.

A self-designed questionnaire was addressed to colle
the following information: demographic characteristics,
postural habits, cognition of scoliosis, self-sensation o
scoliosis with symptoms, physical condition, sleeping
time, exercise time, and any other factors. The question-Results
naire was revised twice following a pre-survey and con-Demographics of the participants
sulting spine specialists and epidemiologists. TheScoliosis screening was conducted on 5497 primary
participant students were requested to finish the ques-school students in Chaozhou city, including 2479 girls
tionnaire in about 30 min. If anyone could not under- and 3018 boys (Tablel). In total, the positive rate of
stand any question, he/she would consult the trainedgirls (8.71%) was 2.16 times as many as boys (4.04%).
teachers and investigators. After finished, theThe prevalence rate increased with age, and the

Fig. 1 3D images of the baclk 3D image on the baclB An angle-adjusted 3D image. The line is the tangent of the plane of the chest and
back, showing an obvious asymmetrical tilt of the chest and back

J
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prevalence in girls is all higher than in boys in different Investigation on the factors associated with IS

age groups (¢ = 51.45,P < 0.001, Tablel). A total of 2550 questionnaires were collected, among
which 2547 (1094 girls and 1453 boys) were valid, with
an effective response rate of 99.8%. Significant associa-

3D scanning on body surface tions with IS were found in gender, weight, BMI, appe-

In this study, 3D scanning on the back of all positive tite, myopia, cognition of scoliosis, self-sensation of

pre-screened subjects (338) was recorded at MeshLabcoliosis with symptoms, sleep time, and exercise time

3D. The 3D scanning was filtered to find the most obvi- (all P < 0.05, Table3).

ous part of the back asymmetry and simulate the Scoli- Body coordination, vertebral discomfort, postural

ometer. The 3D images obtained in this screeninghabits, and exercise methods between cases and controls

showed that the minimum ART is 3°and the maximum were shown in Table4. In terms of body coordination,

ART is 8°. Figurel shows the 3D image on the back of a 3.4% of the cases have the problem of asymmetrical

female scoliosis case, and the surface tilt angle is meaack, 14.3% of the cases have hunchback, while 1.3% and

sured at 4.8324°(Fi@). 9.1%, respectively, in the controls (botP<0.05). In the
survey of vertebral discomfort, 42.3% of the cases had
neck pain, which was higher than the controls (33.2%,

ART of MeshLab 3D and Cobb angle of X-ray examination P=0.014). As to exercise methods, more IS cases engaged

A total of 12 screened positive patients participated inin badminton (54.3% vs. 44.9%), but less engaged in bas-

the reexamination, among which the minimum ART ketball (24.0% vs. 34.7%).

was 2.3° and the maximum was 10.4°. The minimum

Cobb angle of X-ray examination was 8°, and the max-

imum was 37°. The ART of 11 patients was3°, with a Multifactorial analysis of correlative factors of IS

positive rate of 91.67%. The Cobb angle of 10 patientdJnivariate logistic regression analysis models were used

was 10°, with a positive rate of 83.33%, and the accurio explore the factors associated with IS. The results

acy rate was 84.62% (Tabk. showed that gender, myopia, cognition of scoliosis, self-

Fig. 2 3D scanning image on body surface. The thick black line in the image is where the asymmetry of the back is most pronounced and
where the inclination of the surface is measured

J
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Table 2 Comparison of ART and Cobb angle
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sensation of scoliosis with symptoms, sleep time, and

Cobb angle 10°

daily exercise duration were all related to the occurrence

ATR 3° +
+ 10
0

of IS (allP<0.05, Tableb).

In the multiple logistic regression analysis model, fe-
males had more likelihood to develop IS (OR=2.45,
95%C1 1.71-3.36); myopia children presented 1.49 times

ATR 3 was screening value; Cobb angle 10° was confirming value

Table 3 Demographic characteristics of idiopathic scoliosis

cases and controls

(95%I 1.05-2.11) higher likelihood of IS, when com-
pared to children without myopia. With the BMI of the
children increasing, the IS decreased (OR=0.67, @%%
0.23-0.89). The IS cases had more self-sensation of
scoliosis symptoms (OR=5.52, 9&% 3.279.29). The

Variable

Casesni=175) Controls f=2372) P

likelihood of scoliosis increased gradually as the sleep

time decreased, and those who sleep less than 8 h were

Height (mean+SD, cm) 142.64+12.89 141.64+12.78 0.323 . -
Weight (mean+SD, kg) 32.74+8.28 34.35+10.32 0.045 3.33 times (95%! 1.5110.64) greater likelihood than
BMI (mean+SD, kg/én 16.03:3.22  16.91+3.95 0.004 those with more than 10 h a day. With the increase of
Gender exercise time, the |Ike|lh00d. of scoliosis decreased grad-
ually, and those who exercised less than 1 h were 7.29
Female 116 (66.3) 978 (41.2) <0.00times (95%1 1.99-53.37) greater likelihood than those
Male 59 (33.7) 1394 (58.8) with 3 h a day (Table5).
Appetite
Bad 3(17) 111 (4.7) 0.034 Discussion
General 117 (66.9) 1379 (58.1) This study_ was conguclted tz surr]\_/lzy the_ IS é)r:evalhence
among primary school-aged children in aozhou,
G?Od _ °e(314) 882 (31.2) Southeast of China, and further investigate the factors
Having myopia associated with 1S, which was the first time to screen IS
No 112 (64.0) 1774 (74.8) 0.002in primary school students based on a large-scale epi-
Yes 63 (36.0) 598 (25.2) demiological study. The results indicated that the preva-
Have a habit of carrying a backpack on one shoulder lence of IS among primary school students in Chaozhou
Sometimes 54 (30.9) 758 (32.0) 0.215Was §.15%, with 4.04% in mal_es and 8.71_% in females. In
addition, the prevalence of IS increased with age. The fe-
No 110 (62.9) 1375 (58.0) . .
male students, with more possibility of trunk asymmetry,
Yes 11(6.3) 238 (10.0) had a higher prevalence than the males. Many factors
Cognition of scoliosis such as BMI, myopia, cognition of scoliosis, self-
Never known 58 (33.1) 1231 (51.9) <0.00$ensation of scoliosis with symptoms, sleep time, and ex-
Have heard 62 (35.4) 687 (29.0) ercise time were associated significantly with scoliosis.
Known 55 (31.4) 453 (19.1)
Self-sensation of scoliosis with symptoms Gender, agg-rglated prevalence o
Our study indicated that females had more possibility to
No 65(37.1) 1142 (48.2) <0.00%5ffer from IS. As reported in literature elsewhere, IS was
Not clear 83 (47.4) 1136 (47.9) more common in females. Adolescent girls are easier to
Yes 27 (15.4) 93 (3.9) suffer from idiopathic scoliosis because the curvature of
Sleep time the spine progress in puberty, and females enter physio-
More than 10 h 2 (1.1) 117 (4.9) 0.049 Iogl_cal puberty equy. Anotr_\er reason is t_hat boys_ are more
81010 h 156 (89.1) 1095 (84.1) motlvated than g_lrls wh_en it comes to doing physmal exer-
cise [L7], except in relation to weight and body image and
Lessthan 8 h 17.(9.8) 260 (11.0) agility or flexibility, which is superior in the female gender.
Daily exercise duration The reduced body weight, especially in girls, strongly pre-
More than 3 h 1 (0.6) 117 (4.9) 0.036 disposes the occurrence of scoliosis. In the annual obser-
2t03h 10 (5.7) 175 (7.4) vation, the girls who had trunk asymmetry, in order to
1to2h 63 (36.2) 869 (36.7) decrease_: the ATR value, gannot significantly increase their
Less than 1 h 100 (57.5) 1209 (51.0) body weight [L8]. The studies L9, 20] showed that adoles-

cents with scoliosis were taller than other adolescents in

Data are no. (%) unless indicated. Independent sampleest was used for the
continuous variables, and chi-squared test or Fistseexact test was used for
categorical data

the same age group, and a growth velocity of more than 2
cm per year was associated with curve progression. It is
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Table 4 Distribution of body coordination, vertebral discomfort, postural habits, and exercise adopted in daily activities in
participants

Variables Casesrn=175) Controls ©=2372) P

Body coordination
Shoulder asymmetries 8 (4.6) 77 (3.2) 0.346
Unequal length of legs 1(0.6) 41 (1.7) 0.361
Asymmetrical back 6 (3.4) 31(1.3) 0.038
Hunchback 25 (14.3) 217 (9.1) 0.025
Crooked neck 8 (4.6) 60 (2.5) 0.137

Vertebral discomfort
Neck pain 74 (42.3) 787 (33.2) 0.014
Chest pain 17 (9.7) 298 (12.6) 0.269
Waist pain 37 (21.1) 464 (19.6) 0.612

Postural habits
Write or read on your stomach 32 (18.3) 442 (18.6) 0.909
Curl up with a book 15 (8.6) 162 (6.8) 0.382
Sleep on one side 109 (62.3) 1340 (56.5) 0.135
Paralyzed sitting 13 (7.4) 169 (7.1) 0.880
Sleep on your stomach 18 (10.3) 371 (15.6) 0.057
Cross your legs 20 (11.4) 295 (12.4) 0.696
Watch TV in bed 28 (16.0) 349 (14.7) 0.644
Play mobile phone in bed 60 (34.3) 947 (39.9) 0.141

Exercise methods
Badminton 95 (54.3) 1065 (44.9) 0.016
Basketball 42 (24.0) 824 (34.7) 0.004
Football 20 (11.4) 269 (11.3) 0.972
Table tennis 20 (11.4) 313 (13.2) 0.503
Shuttlecock 7 (4.0) 87 (3.7) 0.822
Dance 31 (17.7) 331 (14.0) 0.169
Roller skating 43 (24.6) 536 (22.6) 0.548
Ride on a bicycle 132 (75.4) 1708 (72.0) 0.329
Chinese Kungfu 13 (7.4) 239 (10.1) 0.258
Running 102 (58.3) 1434 (60.5) 0.571
Swimming 63 (36.0) 877 (37.0) 0.797

Data are no. (%) unless indicated. Chi-squared test or Fishekract test was used for categorical data

believed that the increased prevalence of scoliosis in girlgases is 32.74+8.28 kg, which is less than that of the con-
compared to boys is justified by the fact that girls tend to trols (34.35£10.32 kg). At the developmental stage of a
grow more than boys from ages 11 to 121]. The ratio of child, weight can reflect the nutritional status, muscle
females to males was reported to range from 2.3 to 18levelopment, and bone development to some degree.
[22-24). The previous studiesd5, 26] reported that fe- BMI was a more comprehensive index of reflecting the
males had a higher prevalence in all age groups than thabody shape. The BMI of the IS cases is 16.03+£3.22 kg/
in males, and both genders had a higher prevalence in then? which is also less than that of the controls (16.91 +
age group 1516 after puberty, which is consistent with 3.95 kg/n?f), but both fall within the normal range of the

our study. national standard for studentsphysical health. The
study [27] indicated a population-based prospective
Weight, BMI, and IS study, and the results suggested that BMI/body weight

Weight is one of the important indexes to reflect a chil- at age 10 and scoliosis at age 15 had a negative associ-
dren's health condition. The average weight of the ISation, with per SD increase in BMI 20% reduced risk of



Caiet al. Environmental Health and Preventive Medicine (2021) 26:71 Page 7 of 10

Table 5 Univariate logistic regression analysis of the factors Table 6 Multiple logistic regression analysis of the factors

associated with idiopathic scoliosis associated with idiopathic scoliosis

Variable P OR 95%ClI Variables P OR 95%CI

Gender Gender (female vs. male) <0.001 2.45 (1.71, 3.36)
Male 1.0 (Reference) BMI 0.032 0.67 (0.23, 0.89)
Female <0.001 2.80 (2.03,3.87) Having myopia

Having myopia No 1.0 (Reference)
No 1.0 (Reference) Yes 0.026 1.49 (1.05,2.11)
Unclear 0.524 0.85 (0.52,1.40) Self-sensation of scoliosis
Yes 0.005 1.62 (1.16,2.26) No 1.0 (Reference)

Keep good posture while reading Not clear 0.249 1.23 (0.87,1.74)
No 1.0 (Reference) Yes <0.001 5.52 (3.27,9.29)
Yes 0.947 1.01 (0.74,1.37) Sleep time

Relax back after sitting for a long time More than 10 h 1.0 (Reference)
Never 1.0 (Reference) 8to10h 0.039 2.65 (1.08,19.97)
Sometimes 0.284 1.24 (0.84,1.83) Lessthan8h 0.014 3.33 (1.51,10.64)
Usually 0.817 0.94 (0.55,1.60) Duration of exercise

Self-sensation of scoliosis with symptoms More than 3 h 1.0 (Reference)
No 1.0 (Reference) 2to3h 0.103 5.39 (0.67,43.25)
Not clear 0.144 1.28 (0.92,1.79) 1to2h 0.045 7.09 (1.06,52.17)
Yes <0.001 5.101 (3.11,8.38) Lessthan1h 0.025 7.29 (1.99,53.37)

Sleep time ORodds ratio,95% Clkonfidence interval forOR
10to 11 h 1.0 (Reference)

increase the likelihood of scoliosis and lead to impaired

9t010h 0.043 4.38 (1.05,18.35) .. ) _ L o
vision. The major cardinal feature is joint hypermobility,
8togh 0.105 3.22 (0.78,13.26), ligamentous laxity, 29, 30]. In the absence of vision
Less than 8 h 0.219 2.54 (0.57,11.2%pctification, the impaired vision will promote the cre-
Duration of reading ation of forced posture, which in turn exacerbated the
More than 3 h 1.0 (Reference) occurrence of scoliosis3l]. This is in line with Egoro-
2t03h 0.820 0.92 (0.44,1.93) Va@s [32] study, which found that the musculoskeletal

system of high myopia and impaired vision school-age

1to2h 0.503 0.79 0.40,1.57) ~7° ! : .
¢ ) children was more distorted than the controls, including

Less than 1 h 0.929 0.97 (0.48,1.97)ggliosis, pelvic dislocation, kyphosis, lordosis, torsion of
Duration of exercise the column, flatfoot, lower limb, and chest deformation.

More than 3 h 1.0 (Reference)

2to3h 0.072 6.69 (0.85,52.93)Cognition and self-sensation of scoliosis

1t02h 0.035 8.48 (1.17,61.73)The IS cases had higher self-sensation of scoliosis symp-

Less than 1 h 0.025 9.68 (1_34‘70_0]50ms. The most common scoliosis symptoms are phys-

ical asymmetry, back pain injury, muscle spasms, and
others. According to the studies 33, 34], idiopathic
scoliosis may result in a difference in leg length which
scoliosis. Worthington et al 28] indicated that malnu- regards that the difference in leg length can lead to com-
trition might play a crucial part in the etiology of IS. But pensated non-progressive lumbar scoliosis. In the pub-
nutrition covers a wide range of areas that still need tolished study B5], smaller leg length differences (2 cm)

ORodds ratio,95% Ckonfidence interval forOR

be studied in conjunction with other indicators. may lead to functional or non-fixed scoliosis, which
should not be overlooked by medical professionals. Pos-
Myopia and IS tural imbalances caused by muscle spasms, injury, pain,

Students with myopia presented 1.49 times more possi-or any other factor sB6] can also develop into unstruc-
bility of 1S, when compared with students who did not tured scoliosis, which is generally considered to be in-
have myopia. It can be considered as a process of mutualonsequential 37]. However, if functional scoliosis is
or simultaneous development. Incorrect posture will not diagnosed and corrected in puberty, it may
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