
Page 1/16

Analysis of Sagittal Spinal Morphology and Function
of Adolescents: A Cross-Sectional Study
Qiang Feng  (  fengqiang@ciss.cn )

China Institute of Sport Science https://orcid.org/0000-0002-0641-7080
Yu Zhou 

National institute of education Science
Fubaihui Wang 

China Institute of Sport Science
Minghao Wang 

Tianjin university of technology

Research article

Keywords: thoracic kyphosis, adolescent, spinal morphology, spinal disorder

Posted Date: March 19th, 2020

DOI: https://doi.org/10.21203/rs.2.20879/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.20879/v2
mailto:fengqiang@ciss.cn
https://orcid.org/0000-0002-0641-7080
https://doi.org/10.21203/rs.2.20879/v2
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background: Spine health is signi�cant in adolescent health. Few studies have focused on adolescent
sagittal plane health; therefore, this study investigated the sagittal spine morphology and function of
adolescents.Methods: This cross-sectional study analysed 1152 junior and senior high school students
(543 boys and 609 girls) in Beijing. Spinal sagittal morphology and function of adolescents were
measured using the Spinal Mouse. The sacral angle (SA), thoracic kyphosis angle (TKA), lumbar lordosis
angle (LLA), inclination angle (INA), sacral range of motion (SROM), thoracic range of motion (TROM),
lumbar range of motion (LROM), and inclination range of motion (IROM) were measured. The Matthiass
strength test was used to measure changes in angles after external load placement on the adolescent
spine.Results: Abnormal TKA rates were 48.2% and 44.7% in the junior and senior high school groups,
respectively. Abnormal LLA rates were 44.6% and 55.4%, respectively. Spinal mobility test results of the
junior high school group were 60.6°±19.1° (SROM), 23.0°±16.6° (TROM), 81.3°±15.4° (LROM), and 136.1°
±16.9° (IROM) for boys and 66.0°±34.4° (SROM), 14.0°±17.3° (TROM), 66.3°±18.6° (LROM), and 127.4°
±26.8° (IROM) for girls. For the high school group, these results were 66.0°±17.6° (SROM), 21.6°±16.0°
(TROM), 77.9°±15.1° (LROM), and 138.4°±16.0° (IROM) for boys and 72.2°±26.9° (SROM), 15.7°±17.2°
(TROM), 65.8°±18.2° (LROM), and 133.4°±21.7° (IROM) for girls. There were signi�cant differences
between boys and girls (P<0.05 or P<0.01). The Matthiass strength test results indicated that the
inclination angle change (INAc) values of the junior high school group were 5.7°±5.0° and 2.6°±3.7° for
boys and girls, respectively; however, the INAc values of the senior high school group were 2.8°±3.3 and
1.6°±3.0 for boys and girls, respectively, indicating signi�cant differences (P<0.01). The canonical
correlation coe�cients of SA, SROM, LROM, and IROM were 1.3877, -2.5384, -0.6625, and 1.6336,
respectively. SROM and LROM were negatively correlated and IROM was positively correlated with spinal
function.Conclusion: Thoracic kyphosis and lumber lordosis rates were high. During �exion and
extension, Boys had better thoracic and lumbar vertebral activity and overall activity.
Girls had better ability to maintain the normal spinal shape with an extra load. Sacral obliquity and pelvic
position greatly in�uence the spinal morphology.

Background
Spine health is important for both adults and adolescents. Many diseases related to the spine, such as
neck pain, back pain, and scoliosis, affect the health of children and adolescents [1-4]. The spine is the
backbone of the human body, and poor lifestyle habits, lack of exercise, and poor nutrition may lead to a
decline in spine health, resulting in nonspeci�c back pain and abnormal spinal physiological curvature [5,
6]. Recent increases in sedentary lifestyles [7] have increased the prevalence of obesity [8], thereby
affecting the body posture and spine health of adolescents. This study showed that the incidence of low
back pain is high among Chinese adolescents and that spinal morphology (such as thoracic kyphosis)
and spinal function (lumbar mobility) are correlated with nonspeci�c low back pain [9]. Furthermore, the
sagittal morphology of the spine could negatively affect the pulmonary function among children and
adolescents with certain speci�c diseases, such as cystic �brosis and adolescent idiopathic scoliosis [10,
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11]. Although evidence is lacking, it could be inferred that this phenomenon may also affect healthy
children and adolescents. Moreover, there is a correlation between the sagittal morphology of the spine
and coronal scoliosis;for instance, sagittal spinal morphology had led to more severe scoliosis and higher
rates of lumbar lordosis and thoracic kyphosis in adolescents [13]. Anomalies in the sagittal plane are
likely to lead to more severe spinal diseases and changes in the morphology of the thoracic sagittal
plane, which may trigger idiopathic scoliosis [14, 15]. One previous study indicated that hypokyphosis is a
risk factor of thoracic idiopathic scoliosis [16]. Another study indicated that hypokyphosis could increase
the axial rotation [17]. The morphology and function of the sagittal spinal plane have important roles in
adolescent spine health. However, at present, there are few quantitative studies of the sagittal
morphology and function of the adolescent spine. Therefore, this study quantitatively measured the
physiological curvature of the spine and its basic functions in adolescents to determine the status of
adolescent spine health among Chinese students.

Method
Study design

The complete protocol of this cross-sectional study (registration no. ChiCTR1900021700) was approved
by the academic board of the China Institute of Sports Science (no. 201518-21). All methods were
performed in accordance with the guidelines and regulations of the institution. Before the study, written
informed consent was obtained from all study participants and their parents. We excluded all students
who refused to participate in the study. During the analysis, all participants were deidenti�ed.

Participants

From September 2014 to September 2016, the middle schools in the Xicheng District of Beijing were
divided into demonstration, ordinary, and general schools. Three schools at each level were selected by
random sampling. At each school, three classes (junior 2, senior 1, and senior 2) were selected by simple
random sampling. A cluster survey of the selected classes was conducted to test spine morphology and
function.

Before the test, all students and parents were given questionnaires (the main contents of the
questionnaires included questions about whether the student had a de�nite diagnosis of spinal diseases,
whether there had been back or lumbar pain during the past month, whether there had been an acute
back injury during the past month, whether there had been sports-related injuries to other body parts
during the past month, and others).

Sample size

During the pre-experiment, which included 34 boys and 28 girls, the mean thoracic kyphosis angle (TKA)
values were 37.3° and 35.4° for boys and girls, respectively. The standard deviation was 10.2 for all
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participants. With a type I error rate of 0.05 and power of 80%, the study used the following formulas to
compute the sample size:

As a result, each group required at least 450 participants because of the 10% rejection rate. Our design
included at least 500 male and female participants.

Exclusion criteria

Participants completed screening questionnaires and were examined by physical therapists. The
exclusion criteria were as follows: history of spine fracture, spine-related surgery, shoulder joint motion
injury, pelvis-related injury, or de�nitive diagnosis of spine-related diseases (such as cauda equina
syndrome, lumbar disc herniation, spinal stenosis, congenital scoliosis, idiopathic scoliosis); spine pain
during the past month; acute spine-related injuries during the past month; limb fracture, joint trauma, and
other phenomena during the past month; structural kyphosis with obvious structural abnormalities;
positive Adams �exion test result (to exclude possible scoliosis); and anomalous kyphosis with thoracic
deformity.

Test methods to determine spinal morphology and function

The gold standard of spinal morphology testing is X-ray irradiation, but the radiation produced is contrary
to the ethical requirements. Therefore, in this study, a non-invasive device called the Spinal Mouse, which
has good reliability and validity, was used to test the spine morphology and function [18-20]. Several
previous studies have used the Spinal Mouse to measure the spinal alignment and function of different
types of participants [9, 21-23].

Participants were asked to remove their shoes and jackets to expose the entire back from the seventh
cervical vertebra (C7) to the third sacral vertebra (S3). We located the iliospinale posterius, at the same
level of the S2 spinous process; then, we located the S3 down to S2 (approximately 2 cm below) and
around the anal crease [19, 24]. Surface localization of all spinous processes from C7 to S3 was marked
with a �uorescent pen. The test protocol included the standing sagittal plane, maximum �exion,
maximum extension, and Matthiass test. All body position tests determined all the spinous process
markers on the body surface; then, tests were performed to assess the spine based on those markers. The
speci�c testing methods for each body position were as follows: upright position, study participants were
instructed to stand upright in a casual position with feet shoulder-width apart bearing equal weight, arms
by their sides, and looking straight ahead; forward bending position, study participants were instructed to
stand with their feet shoulder-width apart and to bend the torso forward while keeping the legs straight
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and allowing the arms to fall naturally; extended position, study participants were instructed to stand with
their feet shoulder-width apart bearing equal weight, arms by their sides or supported by the hips, looking
straight ahead, with the jaw close to the chest, and to stretch the torso backwards as far as possible; and
the Matthiass test. During Matthiass test, study participants were instructed to stand with their feet
shoulder-width apart, looking straight ahead. When asked, the participants pushed their arms forward
horizontally while holding a certain amount of weight (5% of participant’s body weight) until their arms
created a 90° angle with the shoulders. Spinal curvature and pelvic tilt were measured. Participants were
instructed to retain this posture for 30 seconds; then, the second spinal curvature and pelvic tilt were
measured. The Matthiass test is a useful method for detecting spinal posture changes related to strength
levels [9, 25, 26].

Indexes

The test indexes included the TKA, lumbar lordosis angle (LLA), sacral/hip angle (SA), and incline angle
(INA) of the sagittal plane while the participants were in the standing and sitting positions. The TKA is the
Cobb angle from T1 to T12, and the LLA is the Cobb angle from L1 to S1. The SA re�ects pelvic
positioning (the angle between the surface contour line and the vertical line of the sacrum) and pelvic
mobility as a result of the limited movement of the sacroiliac (SI) joint. The incline line is the line between
T1 and S1. The angle between the incline line and the vertical line is called the INA. The range of motion
(ROM) of the thoracic spine and the ROM of the lumbar spine in the frontal plane were recorded. The
ROM values of the sacrum, thoracic spine, and lumbar spine from the fully �exed position to the fully
extended position in the sagittal plane, which can re�ect the overall mobility of the spine, were also
recorded. The Matthiass test was used to measure the changes in the TKA, LLA, SA, and INA upon
loading.

Normal ranges for the TKA and LLA

The normal range of the TKA is 20°–40° [27, 28]. However, few studies have reported the normal range of
the LLA for adolescents. Jean et al. reported that the mean normal LLA was 48.0°±11.7° [29]; therefore, in
this study, the normal range for the LLA was based on that result (mean value ± 2 standard deviations).

Statistical methods

We created groups based on sex and grade. Because of the differences in sexes and grades, there was
great diversity in the lifestyles of the Chinese students involved in this study. Using SPSS 19.0 statistical
software, an independent sample t test was performed using height, weight, and age to test whether there
were signi�cant differences among the groups. An independent samples t-test was used for all
characteristics of those with the same sex and age. The likelihood ratio chi-square test was used to
analyse whether there were differences in the incidence of abnormal thoracic kyphosis and lumbar
lordosis among the different groups. A simple correlation analysis was performed for age and spinal
morphology and function. The difference was statistically signi�cant (P<0.05).
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SAS 9.4 was used for data cleaning and analysis. The CANCORR process was used to analyse four
indexes (sacral INA, TKA, lumbar lordosis angle, INA) re�ecting spinal morphology and eight indexes
(sacral activity, thoracic activity, lumbar activity, INA activity, sacral inclination load, thoracic kyphosis
load, and lumbar lordosis load) re�ecting spinal function.

Results
Characteristics of the study participants

Students who met the test criteria and agreed to participate in the test underwent spinal morphology and
function tests. Altogether 502 junior and 670 senior high school students were tested; 490 junior (244
boys, 246 girls) and 662 senior high school students (299 boys and 363 girls) effectively completed the
testing. Twenty participants did not complete the testing and were excluded from the analysis.

The basic information of the participants is shown in Table 1. There were no signi�cant differences in
height, weight, or body mass index (BMI) between the groups.

Sagittal plane morphology and abnormal rates

The results of the spine morphology test in the upright position are shown in Table 2. In the junior high
school group, the INA of girls was smaller and signi�cantly different than that of boys (P<0.01). The INA
of the high school group was smaller and signi�cantly different than that of the junior high school group
(P<0.05 for boys; P<0.01 for girls).

Abnormal thoracic kyphosis and lumbar lordosis rates are shown in Table 3. In the high school group, the
abnormal TKA rate of girls was lower than that of boys. Additionally, among the girls, the abnormal TKA
rate of the high school group was lower than that of the junior high school group (P<0.01).

Spine function (strength and range of motion)

The spinal function of adolescents was evaluated using the spine mobility test and Matthiass strength
test. The results of the spine mobility test are shown in Table 4. The sacral mobility of the boys was less
than that of the girls, whereas the ranges of thoracic angles, lumbar angles, and INA of boys were larger
than those of the girls, and the difference was signi�cant (P<0.05 or P<0.01). The sacral mobility of the
high school group was greater than that of the middle school group, whereas the lumbar mobility of the
high school group was less than that of the middle school group, and the difference was signi�cant
(P<0.01). Among the girls, the sacral mobility and INA of the high school group were greater than those of
the middle school group, and the difference was signi�cant (P<0.05 or P<0.01).

The Matthiass test results are shown in Table 5. Changes in the sacral INA, TKA, and INA of the girls in
the junior high school group were smaller than those of the boys (signi�cantly different; P<0.01). In the
senior high school group, only the changes in the sacral INA were smaller in the girls than in the boys
(signi�cantly different; P<0.01). The spinal motion change of the high school group was smaller than that
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of the middle school group among boys. The INA of the high school group was smaller than that of the
middle school group among girls.

Canonical correlation analysis of spinal sagittal morphology and function

The likelihood ratio method involving four sets of typical variables was used to test whether the
difference between the canonical correlation coe�cient and zero was signi�cant (Table 6). The �rst
typical variable provides 62.6% of the relevant information. The variation explained by the �rst set of
typical variables accounts for 62.6% of the total variation (variance), indicating a dominant role.
Therefore, the �rst set of typical variables was further analysed. The speci�c results are shown in Tables
7 and 8.

As shown in Tables 7 and 8, the �rst typical variable (Form1) of the spinal morphological index was
Form1 = 1.3877*sacral inclination*+0.4332*thoracic kyphosis*+0.4683*lumbar
lordosis* 0.1544*inclination*(the upper right corner of the original variable * represents a standardized
variable). The results showed that in Form1, the typical coe�cient of sacral inclination was larger,
indicating that it had a larger role in the �rst typical variable. Form1 mainly represented the sacral
inclination index, and its value positively correlated with spinal morphology.

The �rst typical variable of the spine function index (Function1) is Function1 = 2.5384*sacral
ROM* 0.3198*thoracic ROM* 0.6625*lumbar ROM*+1.6336*INA ROM* 0.4797*sacral
change* 0.2094*thoracic vertebral change* 0.5157*lumbar vertebral change*+0.3377*INAc* (the upper
right corner * of the original variable represents the standardized variable). The results showed that the
typical coe�cients of sacral ROM, INA ROM, and lumbar ROM in Function1 were larger, which indicated
that Function1 had a larger role. Function1 mainly represents sacral ROM, INA ROM, lumbar ROM, and
other indicators. However, because the coe�cients of sacral ROM and lumbar ROM were negative, they
negatively correlated with spinal function, whereas INA ROM positively correlated with spinal function.

The canonical correlation coe�cient of Form1 and Function1 is 0.442 (P<0.0001), which indicates a
positive correlation between the sacral INA of spinal morphology and the ROM of spinal function, but a
negative correlation with sacral ROM and lumbar ROM.

Discussion
At present, there are only a few studies on the morphology of the sagittal spine in adolescents, and there
are no corresponding quantitative screening criteria for curvature abnormalities of the sagittal spine. This
study showed that the rates of abnormal thoracic kyphosis and lumbar lordosis are high (>45%), except
for girls in the junior high school group. The LLA values of the junior high school group were 22.8±8.1
and 23.5±9.9 for boys and girls, respectively; however, those of the senior high school group were
22.9±7.8 and 23.7±11.2, respectively. There was a certain gap between these values and the standard
values reported by foreign scholars. Although this study did not use X-rays for testing, the test method
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used has su�cient reliability and validity and can re�ect the status of adolescent spinal morphology in
the sagittal plane.

The high incidence of sagittal morphological abnormalities may be related to the prevalence of sedentary
behaviour and screen time. Long sitting times are likely to have adverse effects on the spinal
development of adolescents, who are still growing. If the correct sitting posture is not maintained, then
the normal S-shape of the spine may be altered, thereby affecting the normal biomechanical structure of
the human spine. One study showed that the formation of excessive kyphosis of the thoracic spine is
closely related to poor daily posture [30]. Another study assessed the differences in the spine shape in a
sitting posture and a standing posture during the growth and development of children and adolescents
and reported signi�cant differences in some segments of the spine in the sagittal plane [31]. The
adolescent skeleton is susceptible to bad posture, which may lead to excessive kyphosis of the thoracic
spine and decreased lumbar curvature. Abnormalities of the TKA comprise a common phenomenon.
Additionally, obesity could be a risk factor for abnormalities. Valdovino et al suggested that increased
BMI is associated with increased thoracic kyphosis in adolescent scoliosis patients and adolescents
without scoliosis [32]. Considering the fast growing obesity prevalence in China [33], there could be some
correlation with abnormalities of the spine. We could not determine the exact reasons for the high
thoracic kyphosis and lumbar lordosis rates; therefore, more studies should be performed in future,

Muscle strength is closely related to human health, and strength has an impact on adolescent spine
health. Studies have shown that better back muscle endurance can protect against back pain [34]. In this
study, the Matthiass strength test results showed that the girls were better at maintaining the correct
shape of the spine against external force. This result may indicate that the girls had stronger small
muscle groups than the boys. According to China's physical education syllabus and �tness monitoring of
students, the main emphasis is on the maximum strength and explosive power of large muscle groups;
although sit-ups and standing long jump exercises use the core muscles, the deep small muscle group is
not su�ciently activated or effectively trained. Effective exercise methods for maintaining the strength
and quality of the small muscle groups that contribute to the correct shape of the spine are lacking.
Several studies have shown that the small muscle groups, especially the stable muscle groups in the core
area of the body, are closely related to spine health [35-37]. This study showed poor small muscle
strength among the participants, which may suggest that the coordinated development of the small and
large muscles should be emphasized in future physical education reforms and adolescent health
interventions.

This study explored the relationship between spinal morphology and function in adolescents through a
canonical correlation analysis. Most importantly, sacral inclination positively correlated with spinal
morphology; that is, within a certain range, the larger the sacral inclination, the better the spinal
morphology. Sacral obliquity is the angle between the upper end plate and the horizontal line of S1 [38,
39], and studies have shown that it may be associated with low back pain [40]. Furthermore, the Spinal
Mouse test indicated that sacral inclination was highly correlated with the pelvic position, and that sacral
inclination was more often present than absent when the pelvis was excessively retroverted. It can be
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inferred from the experimental results that there may be a small sacral inclination (i.e., pelvic retroversion)
in adolescent spines. The phenomenon of pelvic retroversion may also affect the curvature of the lumbar
spine in adolescents, thus affecting the shape of the entire spine. Sacral obliquity is seldom involved in
the study of the sagittal and stiff surface morphology of the spine. However, Barrey et al. found that a
decrease in sacral obliquity and increase in pelvic obliquity in adolescents were signi�cantly different
from those of normal adults [41]. Moreover, sacral obliquity is highly correlated with lumbar lordosis [42].
Whether sacral inclination affects the shape and function of lumbar lordosis in adolescents deserves
further study. Based on the results of this study, spine health intervention efforts should focus on sacral
inclination and pelvic position to correct the abnormal spinal morphology caused by the sacrum and
pelvis.

The �rst canonical correlation of spinal function indicated that the greater the sacral mobility and lumbar
mobility, the worse the spinal function. The stability of the lumbar spine should be maintained as much
as possible during sports because it is closely related to the function of the spine and the prevention of
back pain [43]. The results of this study are consistent with this idea. As the spine progresses from full
�exion to full extension, the sacrum and lumbar spine should remain as stable as possible; the greater the
activity, the worse the spinal function. In this study, the degree of tilt activity represented the change in the
tilt line and re�ected the overall degree of activity. Because the cervical spine, lumbar spine, and
lumbosacral joints compensate for one another (in part), the change in tilt angle cannot be simply
understood as the sum of all joint activities; rather, it re�ects the activity of the thoracic, lumbar, and
lumbosacral joints (sacrum/hip joint), as the spine moves from �exion to extension. Because it is
assumed that sacral mobility is negatively correlated with lumbar mobility and spinal function, there may
be a lack of thoracic mobility in adolescents. According to the Selective Functional Movements
Assessment (SFMA) system, spinal motion requires the participation of all segments; the absence of
function of any segment will inevitably impact the overall spinal function[44-46]. For example, the results
of this study suggested that adolescents who perform �exion-extension exercises use excessive lumbar
spine compensation due to inadequate activity of the thoracic spine, thus affecting the overall function of
the spine. Recently, insu�cient activity of the thoracic vertebrae has attracted the attention of scholars.
Studies have shown that increased activity of the thoracic spine has an important role in improving spine-
related problems, such as nonspeci�c low back pain and neck pain[44, 47]. Therefore, insu�cient
thoracic spine activity is likely to be prevalent among adolescents. Future spinal-related interventions
should consider thoracic spine mobility to achieve better prevention and treatment.

The canonical correlation analysis of spine morphology and function also showed that, within a certain
range, the greater the sacral INA of spine morphology, the greater the degree of motion of the INA. This
suggests that sacral inclination is a factor that restricts the overall ROM of the spine in adolescents. In
this study, sacral obliquity can be considered somewhat related to pelvic position [39, 48]; the smaller the
sacral obliquity, the smaller the pelvic retroversion. Whether long-term sedentary behaviour or other
unhealthy lifestyle factors of adolescents result in pelvic retroversion that restricts the overall ROM of the
spine during movement deserves further consideration and research. Each segment of the spine interacts
with the others during daily activities [49], and the results of this study support this idea. Mobility with
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lumbar lordosis and sacral inclination (which represents pelvic mobility) are mutually constrained. The
mobility of the pelvis increases but the mobility of the lumbar spine decreases, and vice versa.The lumbar
spine should be stable, whereas the pelvis and hip joints should be more �exible [49, 50]. If the pelvic
mobility of adolescents is limited, then the adjacent lumbar spine is likely to compensate for the
increased mobility to maintain motor ability. This adaptive change may lead to nonspeci�c low back pain
and other spine-related diseases [43, 45]. Therefore, adolescent spine health intervention efforts should
improve pelvic mobility during exercise to reduce the pressure of the lumbar spine.

When the data of the junior and senior high school groups were compared in terms of spinal
physiological curvature, the INA index of the boys and that of the girls in the senior high school group
were signi�cantly smaller than those of boys and girls in the junior high school group. The tilt angle
represents the degree of forward and backward tilt of the body’s centre of gravity. The smaller the tilt
angle, the greater the range of backward tilt of the body’s centre of gravity. With increasing age,
adolescents have a tendency toward retroverted centres of gravity, which may be related to their
abnormal body posture. For example, the long periods spent in the supine position may cause upper and
lower crossing syndrome, which may affect the body’s centre of gravity [5, 6, 51]. At present, there are a
few studies on the standard value of the correct body posture and tilt angle for the whole population. It is
important to determine the standard angle of the adolescent centre of gravity to promote spine health. In
terms of the strength index, the high school group was better than the junior high school group at
maintaining the basic form of the spine; this was especially true for the boys. The degree of spinal
deformation of each spinal segment in 30 seconds was lower in the high school group than in the junior
high school group. Although the female students had lower scores, the difference was not statistically
signi�cant. The results suggested that with increasing age, the boys’ ability to maintain the physiological
curvature of the spine improved, whereas the ability of the girls remained the same with age. It has been
reported that increasing age is a risk factor for low back pain [4]. Furthermore, some studies have shown
different rates of spinal pain based on age among girl [52-54]. The results of this study, which indicated
that the strength of the small muscle group did not improve with age and was related to the higher
prevalence spinal pain, need further consideration. 

There were some limitations to this study. Although the reliability and validity of the Spinal Mouse test
have been recognized, there is a notable difference between this method and the gold standard (X-ray
examination). It is important to �nd a more reliable evaluation method that can effectively replace the use
of X-rays for the future study of adolescent spinal morphology and function. Furthermore, this study
included middle school students in the Xicheng District of Beijing. The Xicheng District comprises
residents with a higher educational level compared to other areas of China, and it is a leader in terms of
quality education promotion. In other areas of China, students face greater learning pressure and
schoolwork burden. Whether the sagittal shape and function of their spines will be affected is uncertain.
Therefore, more scienti�c research should be performed to identify the morphological and functional
characteristics of the sagittal spine of Chinese students to obtain reliable data to promote adolescent
spine health.
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Conclusion
Compared with the standards for thoracic kyphosis and lumbar lordosis, the rates of abnormal thoracic
kyphosis and lordosis in the adolescents who participated in our study are high. Moreover, during the
weight-bearing test, girls were better than boys at maintaining the strength of stable muscle groups with
normal spine morphology with an extra load. During the motion from �exion to extension, the ROM of the
thoracic spine and lumbar spine and the total ROM were better in boys than in girls, and the decrease in
ROM of the thoracic spine may have a greater impact on the function of the adolescent spine. In the
upright posture, girls in junior and senior high schools showed a tendency toward a more forward centre
of gravity. The SA, which re�ects the pelvic position, had a great impact on adolescent spinal
morphology. Our data provide a reference value for the development of postural spine health screening
among adolescents and provide a direction for preventing serious adolescent spine-related diseases and
reducing the risk of spine-related problems in adulthood.

List Of Abbreviations
sacral angle SA

thoracic kyphosis angle TKA

lumbar lordosis angle LLA

inclination angle INA

sacral range of motion SROM

thoracic range of motion TROM

lumbar range of motion  LROM

inclination range of motion IROM

sacral angle change Sac

thoracic angle change TKAc

lumbar lordosis angle change LLAc

inclination angle change INAc
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