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Background: To investigate the relationship between sagittal alignment and coronal deformity in patients
with adolescent idiopathic scoliosis (AIS) through analysis of the spinal imaging data.

Methods: Four hundred and fifty-four AIS patients who underwent anteroposterior and lateral radiography
of the while spine were enrolled, and the spinal parameters of Cobb angle, cervical lordosis, C1-C2 angle, T'1
slope, thoracic kyphosis, lumbar lordosis, sacral slope, pelvic tilt (PT), pelvic incidence (PI), cervical sagittal
vertical axis (SVA), and spinal SVA were analyzed.

Results: The patients were divided into two groups according to the size of the Cobb angle: group A (Cobb
angle <45°, n=414) and group B (Cobb angle >45°, n=40). In group A, the Cobb angle was in a medium
negative correlation with the cervical lordosis angle (r=-0.637, P<0.001), a weak positive correlation (Ir1<0.3,
P<0.05) with C1-C2 angle, T1 slope and thoracic kyphosis. In group B, the Cobb angle was in a mild positive
correlation (P<0.05) with PT (r=0.398) and PI (r=0.360). The cervical lordosis angle was significantly (P<0.05)
different between male and female patients in both groups. In Group A, the cervical lordosis angle was in
a significantly (P<0.01) positive correlation with the T1 slope (r=0.586), thoracic kyphosis (r=0.490), and
sagittal vertical axis (r=0.135), and a significantly (P<0.01) negative correlation with cervical sagittal vertical
axis (r=-0.128) and C1-C2 angle (r=-0.155). In group B, the cervical lordosis angle was in a significantly
(P<0.05) positive correlation with T1 slope (r=0.661), thoracic kyphosis (r=0.608), lumbar lordosis (r=0.425),
sacral slope (r=0.434), and sagittal vertical axis (r=0.335).

Conclusions: In AIS patients with the Cobb angle <45°, a significant negative correlation exists between
the cervical lordosis and the Cobb angle. The sagittal morphology of the cervical spine in AIS patients is
affected by the spinal coronal deformity, which plays an important role in the treatment of AIS.
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Introduction

As a 3-dimensional deformity of the spine, adolescent
idiopathic scoliosis (AILS) is a common type of scoliosis with
an incidence of 2-3% in the general population (1-4). The
clinical symptoms of AIS are characterized by disfigurement
of the torso with waist or shoulder asymmetry, rib rotation,
and trunk imbalance (5,6). The main diagnostic criterium of
AIS is the maximal Cobb angle >10°. When scoliosis occurs
in the coronal plane of the spine, the sagittal plane shape
will change accordingly. Due to the complex anatomical
structure and movement mode of the human body, the sagittal
profile changes in each segment of the spine are different.
Many radiological indexes have been used to evaluate the
sagittal spinal and pelvic alignment in the treatment of spinal
diseases (7). In patients who have thoracic scoliosis, coronal
deformity is frequently associated with sagittal alignment.
Current research of AIS sagittal plane is mostly focused on
the interaction between different spinal segments (8), with
few studies on the spinal sagittal morphology and coronal
scoliosis. As the most flexible segment of the spine, the cervical
spine which is rich in peripheral nerves and blood vessels has
the main function of maintaining horizontal line of sight.
Disorders of the structure and function of the cervical spine
will affect the sagittal balance of the body, leading to cervical
spondylosis and neck pain to decrease the life quality of the
patients (9,10). Moreover, the incidence of cervical curvature
straightening or kyphosis or thoracic curvature straightening
in AIS patients is higher than that in normal adolescents and
children (11), and decreases in cervical lordosis and thoracic
kyphosis are commonly related to AIS (12). Cervical spine
deformity has also been reported to be closely associated with
the thoracic deformity, especially on the sagittal plane (1,13),
and sagittal alignment of the cervical spine is changed after
deformity correction in patients with AIS (14). Therefore, it
is of great clinical significance to study the changes of cervical
sagittal curvature in patients with AIS. This retrospective
study was consequently performed to analyze the imaging
characteristics of cervical sagittal curvature and spinal
coronal deformity in AIS patients so as to reveal the clinical
significance. We present the following article in accordance
with the STROBE reporting checklist (available at https://
qims.amegroups.com/article/view/10.21037/qims-21-902/rc).

Methods
Subjects

This retrospective case-control study was conducted in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Han et al. Cervical morphology in AIS

accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the ethics committee
of the Third Hospital of Hebei Medical University,
and the legal guardians of all patients had signed the
informed consent to participate. Between October 2018
and September 2020, patients with AIS who underwent
anteroposterior and lateral X-ray radiography of the whole
spine in our hospital were enrolled. The inclusion criteria
were patients with AIS, aged between 12 and 17 years, who
underwent anteroposterior and lateral X-ray radiography,
and Cobb angle >10°. The exclusion criteria were patients
with congenital scoliosis (including hemivertebrae,
butterfly vertebrae, and failure of segmentation or spinal
dyssegmentation), other developmental thoracic deformity
(funnel chest etc.), spinal cord deformity, upper limb and
girdle bone malformation, scoliosis with definitive reasons
(secondary to neurofibromatosis, Marfan syndrome,
and syringomyelia), diseases or functional and structural
abnormalities in the pelvic, hip and lower limbs, spinal
tumor lesions, history of spinal trauma and infection, and
metabolic bone disease. The enrollment of patients is shown
in Figure 1. The patients were divided into two groups
according to the size of the Cobb angle: group A with a
Cobb angle <45° and group B with a Cobb angle >45°.

Data measurement

All patients had undergone full-length standing
anteroposterior and lateral X-ray radiography of the
whole spine. All data were saved, extracted, and measured
through the picture archiving and communication systems
(PACS). The maximal Cobb angle was measured on the
anteroposterior radiograph, namely, the angle between the
parallel lines of the upper endplate and the lower endplate.
The morphology of cervical spine in the sagittal plane was
evaluated in four types classified according to the centroid
method (four types: lordosis as shown in Figure 24,
straightening in Figure 2B, kyphosis in Figure 2C, and
sigmoid in Figure 2D). On the lateral X-ray radiograph,
the following parameters were measured: cervical lordosis
(CL, the angle formed between the tangent line of the
lower end plate of C2 and that of the inferior end plate
of C7 using the Jackson physiological stress line method
as shown in Figure 34, in a patient with a large Cobb
angle in Figure 3B,3C, in a patient with a small Cobb
angle in Figure 3D, and in patients with different Cobb
angles and cervical lordosis for comparison in Figure 4),
C1-C2 angle (the angle between the line connecting the
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Among the scoliosis patients aged between
12 and 17 years who came to our hospital
during Oct. 2018-Sep. 2020
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1 Underwent anteroposterior and
lateral X-ray radiography of whole
spine

Y
Above all we got 613 patients

2 Cobb angle >10°

97 patients have conginital scoliosis,
and other developmental thoracic

Y

516 patients remained

\

deformity, spinal cord deformity,
upper limb and girdle bone
malformation patients

Y

28 patients have malformation of

Y

488 patients remained

pelvic and lower limb, or spinal injury

34 patients have Neurofibromatosis,

Y

454 patients were enrolled

Figure 1 Flow diagram shows the enrollment of patients.

anterior and posterior arch of atlas and the line passing
through the inferior endplate of C2 vertebral body), T1
slope (the sagittal angle between a horizontal line and the
superior end plate of T1), thoracic kyphosis (TK, the angle
between the parallel line of T1 vertebral upper endplate
and T'12 vertebral lower endplate), lumbar lordosis (LL,
the angle between the parallel line of superior endplate of
L1 vertebral body and the parallel line of superior endplate
of sacrum), sacral slope (SS, the angle between the parallel
line and the horizontal line of the superior sacral endplate),
pelvic tilt (PT), pelvic incidence (PI), cervical sagittal
vertical axis [cSVA, with ¢SVA >40 mm being defined as
cervical sagittal imbalance (15)], and sagittal vertical axis
[SVA, with SVA >50 mm as sagittal imbalance (16)]. These
spinopelvic alignment parameters had been defined in the
literature (1,17).

Two researchers independently measured the above
parameters, and an average of the parameters was
calculated for analysis. When the error was large between
two measurements, the values were measured again for
calculation of the average value.

Statistical analysis

The statistical analysis was performed with the SPSS
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Marfan syndrome, syringomyelia

21.0 software (IBM, Chicago, IL, USA). Measurement
data were presented as mean = standard deviation if in
normal distribution and tested with the student z-test. If
measurement data were in skew distribution, they were
presented as median and interquartile range and tested
with the Mann-Whitney-U test. Enumeration data were
presented as numbers and percentages and tested with
the Chi square test. The correlation analysis between
measurement data was performed with the Spearman
correlation analysis (bilateral sides) with Irl <0.3 as weak
correlation, 0.3< Irl <0.5 as mild correlation, 0.5< Irl <0.8
as moderate correlation, Irl >0.8 as marked correlation,
and Irl >0.95 as highly marked correlation. Comparison
between groups was conducted with the Mann-Whitney-U
test. The significant P was set at <0.05.

Results

A total of 454 patients with AIS were enrolled (Figure I),
including 146 (32.2%) male and 308 (67.8%) female
patients, with an age range of 12-17 (median 14) years.
Patients between 13-14 years accounted for 41.2%.
According to the sagittal morphology of the cervical spine, a
lordosis spine was in 132 (29.1%) patients, straightening in
228 (50.2%), kyphosis in 85 (18.7%), and S type in 9 (2.0%)
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Figure 2 Morphological classification of cervical spine in the sagittal plane. (A) Cervical lordosis. (B) Cervical straightening. (C) Cervical

kyphosis. (D) Cervical sigmoid.

(Figures 2,3).

There were 414 patients in group A, including 128
(30.9%) male and 286 (69.1%) female patients, and
40 patients in group B, including 18 (45.0%) male and 22
(55.0%) female patients (Zable I). No significant (P>0.05)
differences existed in the age and sex component between
the two groups. In group B, the main curve was in the
thoracic spine (17/40), and other curves included lumbar
curve in 6 cases, thoracolumbar curve in 5, double curve in
11, and triple curve in 1.

Correlation analysis was performed between the Cobb
angle and the spinal sagittal parameters (Table 2). In group A,
the Cobb angle (median 24, 95% CI: 24.56-26.13) was in a
medium negative correlation with the CL angle (median 5.1,
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95% CI: 3.38-5.96, r=-0.637, P<0.001), in a weak positive
correlation (Irl <0.3, P<0.05) with the C1-C2 angle
(median 31.0, 95% CI: 30.21-32.28), T1 slope (median
20.0, 95% CI: 19.70-21.16) and TK (median 34.5, 95% CI:
33.25-35.40), but in no apparent correlation with the other
parameters. In group B, the Cobb angle (median 51.2, 95%
CI: 50.14-54.08) was in a mild positive correlation (P<0.05)
with PT (median 7.1, 95% CI: 5.34-10.17, r=0.398) and
PI (median 48.3, 95% CI: 44.43-50.69, r=0.360) but in no
apparent correlation with the other parameters.

The CL angle was significantly (P<0.05) different
between male and female patients in both groups (7able 3).
Correlation analysis was performed between the CL angle
and other parameters (7able 4). In Group A, the CL angle
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Figure 3 Cervical spine Jackson physiological stress line and

abnormal range of spinal vertebra. (A) Jackson physiological stress
line method. (B,C) Large scope of thoracic kyphosis is shown from
thoracic spine to L5 in a patient with large thoracic kyphosis scope.
The Cobb angle is 30.2 degree, with an unexpected large cervical
lordosis of 15 degree. (D) The vertebras rotate obviously at the
scoliosis segment in a patient with a small Cobb angle of 12 degree

but obvious vertebral rotation.

(median 5.1, 95% CI: 3.38-5.96) was in a significantly
(P<0.01) positive correlation with the T1 slope (median
20.0, 95% CI: 19.70-21.16, r=0.586), TK (median 34.5,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

95% CI: 33.25-35.40, r=0.490), and SVA (median 8.0, 95%
CI: 2.41-6.91, r=0.135), in a significantly (P<0.01) negative
correlation with ¢SVA (median 17.1, 95% CI: 16.72-18.46,
r=-0.128) and C1-C2 angle (median 31.0, 95% CI: 30.21-
32.28, r=-0.155), but in no significant correlation with
other parameters. In group B, the CL angle (median 6.0,
95% CI: 2.01-13.23) was in a significantly (P<0.05) positive
correlation with T'1 slope (median 22.0, 95% CI: 18.07-
24.10, r=0.661), TK (median 35.5, 95% CI: 29.50-39.61,
r=0.608), LL (median 53.0, 95% CI: 47.23-56.0, r=0.425),
SS (median 39.5, 95% CI: 36.90-42.22, r=0.434), and SVA
(median 11.3, 95% CI: 5.80-23.68, r=0.335), but in no
significant (P>0.05) correlation with other parameters.

Discussion
Major findings

In this study investigating the relationship between the
spinal sagittal alignment and coronal deformity in patients
with AIS, it was found that in patients with the Cobb angle
<45°, the cervical lordosis significantly decreases with
increase of Cobb angle, and that in patients with the Cobb
angle >45°, no significant (P>0.05) correlation is found
between the cervical lordosis and the Cobb angle.

Characteristics of cervical sagittal morphology

In newborns, there is only large C-shaped kyphosis in the
sagittal plane of the spine. After the infant begins to learn
to crawl, stand and walk, four physiological curves of the
spinal sagittal plane are formed, namely cervical anterior
curve, thoracic posterior curve, lumbar anterior curve, and
sacral posterior curve. When the body static posture and
movement mode change, the three-dimensional shape of
the spine also changes for adaptation, and bad living habits
and environmental factors may lead to abnormal spinal
adaptation and subsequent AIS. AIS is an abnormal change
of curvature in three-dimensional directions of the spine
and affects the coronal, horizontal, and sagittal plane in
varying degrees.

In as early as 1995, it was found that the cervical
curvature of AIS patients decreased (18), which was
confirmed by later research (15). The CL of AIS patients
was less than that of normal adolescents while the incidence
of kyphosis was significantly higher than that of normal
adolescents (15). In our study with the sagittal morphology
of cervical spine being divided into four types: lordosis,
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Figure 4 Patients with different Cobb angles and cervical lordosis (CL) and healthy patient. (A,D) A 13-year-old girl had a Cobb angle of
30° and CL of -12° with cervical kyphosis (CK). (B,E) A 12-year-old girl with a Cobb angle of 61° and CL of 23° is shown. (C,F) A healthy
10-year-old girl with CL of 22° is shown. In patients of group A with the Cobb angle <45°, the Cobb angle is negatively correlated with CL,

that is, the larger Cobb angle, the smaller CL. If patients in group B with the Cobb angle >45° were also in line with the law as that in group

A, the CL of patient 2 (B,E) should be less than -12°, however, it is not. On the contrary, the CL of patient 2 measured 23°, which is close to

the normal control (C,F). Therefore, we called this phenomenon “normalization”.

straightening, kyphosis and S type based on the detailed
centroid method, the incidence of AIS patients with
cervical straightening, kyphosis, and S-type (70.9%) was
significantly higher than that of AIS patients with lordosis
(29.1%). In a study investigating the incidence and risk
factors of cervical kyphosis (CK) in AIS patients, it was
found that CK occurred in 60.7% (68/112) of AIS patients
but only in 35% (14/40) of normal population. Hiyama
et al. also found a higher incidence of CK in AIS patients

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

than in normal control subjects (59.5% vs. 41.1%) (1).

In clinical observation, we found that when the curvature
of cervical spine changed, the three-dimensional structure
of the whole spine changed. The cervical spine is the most
easily observed spinal segment. Therefore, we studied the
morphology of the cervical spine to estimate the severity
of scoliosis. Scoliosis in patients with a large Cobb angle
is more manifested in the body posture, and its severity
is easy to observe. For patients with a small Cobb angle,

Quant Imaging Med Surg 2022;12(6):3049-3060 | https://dx.doi.org/10.21037/qims-21-902



Quantitative Imaging in Medicine and Surgery, Vol 12, No 6 June 2022

Table 1 Clinical data of patients with AIS in groups A and B
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95% Cl
Parameters Group A, median [IQR] Group B, median [IQR] P
Group A Group B

No. 414 40 - - —

Male/female 128/286 18/22 - - 0.077%
Age (years) 14 [3] 14 [3] 14.20-14.51 13.83-14.87 0.996
Cobb angle 24 12] 51.2[9] 24.56-26.13 50.14-54.08 0.000
CL angle 5.1 [19] 6.0 [29] 3.38-5.96 2.01-13.23 0.540
C1-C2 angle 31.0 [14] 30.9 [14] 30.21-32.28 28.41-34.49 0.966
cSVA 17.1[13] 18.7 [14] 16.72-18.46 15.27-21.15 0.780
T1S 20.0[10] 22.0 [14] 19.70-21.16 18.07-24.10 0.559
TK 34.5[16] 35.5 [25] 33.25-35.40 29.50-39.61 0.910
LL 48.0 [15] 53.0 [17] 47.20-49.28 47.23-56.00 0.107
SS 36.0 [10] 39.5[10] 35.21-36.69 36.90-42.22 0.009
PT 8.0 [9] 7.1 [11] 8.08-9.54 5.34-10.17 0.419
Pl 44.0[13] 48.3 [11] 43.74-45.78 44.43-50.69 0.037
SVA 8.0 [32] 11.3 [43] 2.41-6.91 5.80-23.68 0.032

AIS, adolescent idiopathic scoliosis; QR, interquartile range; CL, cervical lordosis; cSVA, cervical sagittal vertical axis; T1S, T1 slope;
TK, thoracic kyphosis; LL, lumbar lordosis; SS, sacral slope; PT, pelvic tilt; Pl, pelvic incidence; SVA, sagittal vertical axis; Cl, confidence

interval. ®, means Chi-Square Test result; other Ps are of Mann-Whitney U Test result.

Table 2 Relationship of Cobb angle and sagittal profile of spine in groups A and B

Cobb angle (Group A)

Cobb angle (Group B)

Parameters
r P r P

CL -0.637 0.000* 0.150 0.355
C1-C2 angle 0.119 0.015* 0.054 0.740
cSVA 0.078 0.112 0.155 0.339
T1S -0.255 0.000** 0.056 0.731
TK -0.238 0.000** -0.073 0.655
LL 0.007 0.884 -0.107 0.510
SS 0.067 0.173 0.065 0.691
PT 0.043 0.385 0.398 0.011*
PI 0.064 0.197 0.360 0.023*
SVA 0.017 0.734 0.056 0.732

*, P<0.05; **, P<0.01. CL, cervical lordosis; cSVA, cervical sagittal vertical axis; T1S, T1 slope; TK, thoracic kyphosis; LL, lumbar lordosis;
SS, sacral slope; PT, pelvic tilt; Pl, pelvic incidence; SVA, sagittal vertical axis.

the posture changes little, which is difficult to observe.
Therefore, we hope to make a preliminary assessment of the
severity of scoliosis through a simpler method by observing

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the cervical curvature, which is convenient for clinicians to
screen patients and for patients and their families to observe
and evaluate the changes of their condition. This can help
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to avoid unnecessary radiological examination. In addition,
it also lays a foundation for further evaluating changes of
cervical curvature after surgery and brace treatment. After
surgery and brace treatment, if we do not pay attention to
the recovery of cervical curvature, the correction effect of
patients will be affected. Therefore, strengthening the study
on cervical curvature still has some clinical value.

Effect of Cobb angle on the cervical sagittal parameters

Spinal coronal scoliosis can affect some sagittal parameters
(TK, LL, and PI). In patients with the Cobb angle of
coronal thoracic curvature >20°, the incidence rate of CK is
high (13). In the study investigating the incidence of CK in
AIS patients, the incidence of CK increased with increase
of the Cobb angle, however, no correlation was found
between these two parameters. We thought that there was
a certain relationship between cervical sagittal morphology

Table 3 Sex difference in CL between groups A and B

Male, median Female, median

p
Group [IQR] [IQR]
A 8.8 [20] 2.75[17] 0.000**
B 8.4 [23] —4.2[30] 0.016*

*, P<0.05; **, P<0.01. IQR, interquartile range; CL, cervical
lordosis.

Table 4 Correlation analysis of CL and other parameters in groups A and B

Han et al. Cervical morphology in AIS

and coronal deformity of spine. In clinical practice, we
found that in patients with the Cobb angle <45, the anterior
curvature of the cervical spine tended to become smaller
(straightened or even kyphosis) as the Cobb angle or
scoliosis increased. However, in patients with the Cobb
angle >45°, the anterior curvature of the cervical spine
appeared to enlarge and tended to become “normalized”
(Figure 4). Of course, it’s not really normal. Rather, the
head moves anteriorly to compensate for increased scoliosis.
If the cervical anterior curvature decreased with increase
of the Cobb angle, the CK should be more apparent in
patients with the Cobb angle greater than 45°, however, it
had been observed clinically that these patients exhibited
cervical lordosis, straightening, or only mild kyphosis.
Moreover, the Cobb angle of 45° is one of the important
surgical indications for clinical treatment (19,20). Thus, in
our study, AIS patients were divided into two groups based
on the criteria of Cobb angle of 45° for correlation analysis,
and a certain relationship was confirmed between cervical
curvature and coronal deformity. When the Cobb angle
was <45°, a moderate negative correlation existed between
CL and Cobb angle (r=-0.637), suggesting that the cervical
curvature decreased with increase of the Cobb angle.

In patients with the Cobb angle <45°, the larger the
Cobb angle, the more prone the cervical spine was to
kyphosis. However, in patients with more severe scoliosis
or the Cobb angle >45°, no significant correlation existed

between the Cobb angle and CK. No significant (P>0.05)

CL (Group A) CL (Group B)
Parameters
r r =)

Age -0.019 0.692 -0.080 0.625
C1-C2 angle -0.155 0.002** -0.018 0.911
cSVA -0.128 0.009** 0.008 0.961
T1S 0.586 0.000** 0.661 0.000**
TK 0.490 0.000** 0.608 0.000*
LL 0.047 0.344 0.425 0.006**
SS -0.039 0.428 0.434 0.005**
PT -0.056 0.252 0.001 0.994
Pl -0.064 0.195 0.239 0.137
SVA 0.135 0.006** 0.335 0.035*

*, P<0.05; **, P<0.01. CL, cervical lordosis; cSVA, cervical sagittal vertical axis; T1S, T1 slope; TK, thoracic kyphosis; LL, lumbar lordosis;
SS, sacral slope; PT, pelvic tilt; Pl, pelvic incidence; SVA, sagittal vertical axis.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Table 5 Analysis of 39 cases in group A without a positive
correlation between CL and Cobb Angle (n)

Abnormal conditions n LargeCL Small CL
Large range of thoracic kyphosis 18 14 4
Increased thoracic curvature 9 9 0
Straightened thoracic curvature 7 1° 6
Wedge-shaped or flattened 5 3 2
vertebral body

Cervical scoliosis 5 2 3
Scoliosis vertebral rotation 4 3 1?
Cervical spine extension 2 2 0

2 the patient also has a large scope of thoracic kyphosis; °,
the patient also has thoracic kyphosis decrease. CL, cervical
lordosis.

difference in CL between the two groups also reflects the
tendency of the cervical curvature to being normalized in
patients with the Cobb angle >45°. If group B also is in line
with this law, the CL will be significantly different. The
cervical spine of AIS patients will compensate to a certain
extent for the imbalance of the whole spine and the body in
the sagittal plane, but the compensation of the cervical spine
has a certain limit. When this limit is exceeded or other
plane compensation occurs, the curvature of the cervical
spine will deviate from this law. This phenomenon occurs
more frequently in group B with the Cobb angle >45°.
After analyzing 39 cases in group A whose cervical
curvature did not decrease with the increase of Cobb
angle (Table 5), it was found that in patients with enlarged
thoracic kyphosis and extended range (Figure 2B,2C), CL
was enlarged (14/18) probably to compensate for lumbar
lordosis. In patients with thoracic vertebral straightening,
CL was mostly small (9/9). Because the cervical spine
was directly adjacent to the thoracic vertebra, CL would
decrease with decrease of thoracic vertebra kyphosis (1,21).
When the vertebral body becomes flat or wedge-shaped,
the change of spinal curvature is related to the shape of the
deformed vertebral body. Vertebral rotation (Figure 2D) is
also to compensate for the imbalance of the spine and to
replace the effect of cervical vertebral straightening on the
balance of the spine to a certain extent. The compensation
effect of CL is similar to that of CK, which makes the head
moving forward to balance the retroverted spine. This
suggests that both CL (cervical spine leading forward) and
CK make the head move forward in a similar way to balance

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the retroverted spine. When CL (cervical spine leading
forward) occurs, the degree of CK will decrease. The
shape and function of the spine are complex, and the above
conditions may exist at the same time, with different effects
on the sagittal plane of the cervical spine.

The Cobb angle was also in a weak negative correlation
with the T1S and TK (-0.255 and -0.238, respectively,
P<0.001), but in no correlation with LL, SS, PT and PI.
This may suggest some certain correlation between Cobb
angle and sagittal parameters of thoracic vertebrae, but
there is no linear correlation. The Cobb angle in AIS
patients may have an effect on the sagittal morphology
of thoracic spine, lumbar spine and pelvis, which may be
related to the location of scoliosis.

Other factors affecting cervical sagittal parameters

In our study, the CL was significantly (P<0.05) decreased
in women than in men in both groups (7able 4), and
other studies have also confirmed that CL was related to
gender (17,22). This may be due to the fact that compared
with adolescent males, females have a softer spine, lower
neck muscle volume, and less muscle tension around the
spine compared with males (23), and the morphology of
cervical spine is more easily affected by spinal deformity.
Zheng et al. (23) found in their study investigating sex-
specific prediction of neck muscle volume that females had
59% lower total neck muscle volume compared to that
of males (51043 vs. 81464 cm’, P<0.0001). In the study
of cervical spine alignment and range of motion (24), Liu
et al. found that segmental range of motion (65.02°£15.48°
vs. 61.41°£14.94°), flexion range of motion (-25.59°£9.68° vs.
-24.97°+9.96°) and extension range of motion (39.42°£11.70°
vs. 36.44°+10.59°) in the cervical spine were significantly
greater in females than those in males and were related to
cervical alignment. Gong ef al. (17) found in their study
investigating changes of upright body posture in the sagittal
plane of men and women that marked changes in the neck,
thorax and hip in different body posture were significantly
present in women than in men. The C1-C2 angle is a
parameter of the upper cervical spine, and its main function
is to maintain the horizontal line of sight. Our study
demonstrated no linear relationship between CL and C1-
C2 angle regardless of the size of Cobb angle. However,
multiple uncertain factors, including the patient’s posture and
anatomical position, may affect the measurement accuracy of
C1-C2 angle, and the exact relationship between the C1-C2
angle and Cobb angle remain to be determined. The cervical
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vertebra is adjacent to the thoracic vertebra, which makes the
CL greatly affected by the thoracic sagittal parameters (T'1S
and TK) (1,21,25). Our study had confirmed this finding,
demonstrating that CL positively increased with increase of
T1S and TK (r=0.586 and 0.490, respectively) in patients
with the Cobb angle <45° and increase of T1S (r=0.661) in
patients with the Cobb angle >45°.

The ¢cSVA and SVA are parameters representing the
sagittal balance of the cervical spine and the whole spine,
respectively. Generally, cSVA >4 cm and SVA >5 cm
represent sagittal imbalance of the cervical spine and the
whole spine, respectively. The ¢SVA and SVA were in a
negative correlation with the health-related quality of life
(HRQoL) score, and in ¢SVA >4 ¢m and SVA >5 cm, the
HRQoL score markedly decreased (26). In our study, the
CL in group A with the Cobb angle <45° did not have a
linear correlation with ¢cSVA (r=-0.128) or SVA (r=0.135),
indicating no direct impact on CL by ¢SVA and SVA. In
group B with the Cobb angle >45°, the CL was in a mild
positive correlation with SVA (r=0.335), suggesting that
the spinal sagittal balance in patients with severe scoliosis
will have a certain effect on the cervical curvature. In a
study by Yu ez al. (27), it was found that the SVA in patients
with no CK was significantly higher than that in patients
with CK, whereas ¢cSVA had no statistical difference. The
study by Tang er al. (21) suggested that decrease of SVA
was an independent risk factor for CK in AIS patients.
The decrease of SVA means that the body has a tendency
of leaning backward, which makes the cervical spine and
head move forward for compensation, thus resulting in
decreased CL and even kyphosis. When severe scoliosis
occurs and involves a long segment of the spine, a greater
degree of change is needed in the horizontal rotation and
sagittal curvature for compensation, resulting in a certain
kyphosis tendency of the cervical spine. The increase of
cSVA indicates extension of cervical spine, which, just like
decrease of CL, compensates for spinal retroversion.

In our series, CL did not have a linear relationship with
LL and SS in patients with the Cobb angle <45°, but had
a medium positive correlation with LL (r=0.425) and SS
(r=0.434) in patients with the Cobb angle >45°, suggesting
that CL will increase with increase of LL and SS. In
patients with severe scoliosis, lumbosacral imbalance may
be more serious, which has a certain impact on the sagittal
morphology of cervical spine. In group B with the Cobb
angle >45° in our study, the main curve was in the thoracic
spine (17/40), and other curves accounted for over 1/2 of
the cohort (23/40). The correlation of CL with LL or SS
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was medium, which may be due to the serious scoliosis of
the patients in this group because more than half of the
patients do not have the main curve in the thoracic spine.

Our study suggested that spinal coronal deformity is
related to the cervical sagittal morphology in AIS patients
with the Cobb angle <45°. In AIS patients with the Cobb
angle >45°, the spinal coronal deformity is not related to
the cervical spine but is mildly correlated with the pelvic
parameters. It is suggested that there may be different
modes of sagittal balance adjustment in patients with
different severity of scoliosis.

Strengths and limitations

Our study investigated the relationship of the Cobb angle
with the cervical sagittal parameters by dividing AIS
patients into two groups with a Cobb angle <45° or >45°. It
was thus found that in patients with Cobb angle <45°, the
more severe the coronal scoliosis, the smaller the CL was,
resulting in straightening or kyphosis of the cervical spine.
The limitations of our study included the retrospective and
one center design, no observation on the dynamic changes
of AIS condition, no control, and Chinese patients enrolled
only, which may all affect the outcomes of the study. Future
studies will have to solve these issues for better conclusions.

In conclusion, the Cobb angle is in a moderate negative
correlation with cervical lordosis in AIS patients with Cobb
angle <45°, and is correlated with the pelvic parameters
rather than cervical lordosis in AIS patients with Cobb
angle >45°. The cervical lordosis is in a Moderate positive
correlation with the T1 slope and thoracic kyphosis
regardless of the Cobb angle. In AIS patients with Cobb
angle >45°, the cervical lordosis is also positively correlated
with lumbar lordosis and sacral slope. The sagittal
morphology of the cervical spine in AIS patients is affected
by the spinal coronal deformity, and the interaction mode
of the two has a certain law to follow, which has a certain
guiding significance for the treatment of AIS.
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