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Objective: Cervical spondylotic myelopathy (CSM) is an incomplete spinal cord injury characterized with pain and stiff-
ness in the neck and motor and sensory dysfunction. This study aims to determine whether C7-T1 intervertebral fora-
men area could be used as a parameter to evaluate the sagittal curvature of cervical spine.

Methods: Patients with clinical manifestations of spinal cord compression were hospitalized in our hospital from
September 2018 to August 2019. All patients were diagnosed with CSM by nuclear magnetic imaging and other imag-
ing methods. C2-C7 Cobb angle and T1 slop (T1S) were measured on the sagittal, T2-weighted magnetic resonance
image of cervical spine, and C7-T1 intervertebral foramen area were measured using oblique cervical spine X-rays.
Patients were divided into two groups according to the value of C2-C7 Cobb angle, including lordosis group (C2-C7
Cobb angle >10°, n = 45) and straight group (C2-7 Cobb angle <10°, n = 55). The reliability of the data was evalu-
ated by intraclass correlation coefficient (ICC), and the correlation of the imaging parameters was analyzed by Pearson
correlation.

Results: A total of 100 patients diagnosed with CSM hospitalized in our department were included. The ICC of the cer-
vical parameters was 0.73. C7-T1 intervertebral foramen area was 40.69 + 11.44 and 39.95 + 10.94 mm? in lordo-
sis and straight group, respectively. The results showed that C7-T1 intervertebral foramen area was positively
correlated with both C2-C7 Cobb angle (r = 0.23, p = 0.02) and T1S (r = 0.21, p = 0.03). In lordosis group, there
was a positive correlation between C7 and T1 intervertebral foramen area and C2-C7 Cobb angle (r = 0.69, p < 0.01)
and T1S (r = 0.34, p = 0.02). However, in straight group, C7-T1 intervertebral foramen area was not correlated with
either C2-C7 Cobb angle or T1S.

Conclusion: C7-T1 intervertebral foramen area measured by oblique X-ray could be an effective method to evaluate
the sagittal balance of cervical vertebrae for CSM patients with cervical lordosis.

Key words: Cervical sagittal parameters; Cervical spondylotic myelopathy; Correlation analysis; Intervertebral fora-
men area

Introduction population and shows an increasing incidence with age,
Cervical spondylotic myelopathy (CSM) is an incomplete | especially in those aged 50 years and above, although

spinal cord injury characterized with pain and stiffness | recently there has been an increase in the incidence of CSM
in the neck and motor and sensory dysfunction. The preva- | in young people. Though current evidence indicates
lence of CSM in North America is about 605 per million | improved neurological function after surgery, symptom relief
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is often dismal or worse in some patients. Neurological func-
tion recovery in CSM depends on spinal cord compression
and injury and cerebral functional reorganization or
plasticity.

Standard treatment of CSM often focuses on surgical
decompression with an anterior or posterior approach. Disc
degeneration has been recognized as the initiating event of
spondylotic changes, which can lead to abnormal cervical
spine biomechanics and loss of normal sagittal alignment.
Abnormalities of the cervical sagittal alignment, in return,
could contribute to spinal cord dysfunction through several
mechanisms, including direct compression, repeated flex-
ion/extension injury and vascular compromise. These find-
ings highlight the importance of cervical sagittal alignment
in the pathogenesis of CSM. A number of studies have ana-
lyzed the cervical sagittal parameters in normal volunteers,
patients with idiopathic scoliosis, patients with ankylosing
spondylitis and patients with cervical spondylolisthesis. The
correlations among cervical lordosis (CL), C2-C7 sagittal
vertical axis (C2-C7 SVA), T1 slope (T1S), neck tilt and
thoracic inlet angle also present varied results among stud-
ies. The interrelations among the cervical sagittal parame-
ters in CSM patients and their correlations with myelopathy
have not been fully elucidated. One study on cervical sagit-
tal balance in degenerative cervical spine suggests that T1S
has a positive correlation with CL. Instead of kyphosis,
worse C2-C7 SVA was found to be correlated with greater
myelopathy severity. Degenerative changes associated with
CSM can result in the loss of normal sagittal alignment,
and the loss of CL may be the initial change of kyphosis
and sagittal imbalance. Several studies suggest that cervical
alignment contributes to the pathogenesis of cervical mye-
lopathy in the CSM nature history. Preoperative alignment
parameters have been demonstrated to predict clinical out-
comes after cervical surgery.

The sagittal balance of spine is related to the prognosis
and life quality of patients. The lack of sagittal balance
increases the incidence of facet joint arthritis, the risk of adja-
cent segments degeneration, and the probability of postopera-
tive complications.' Sagittal parameters are widely used as
important indicators for evaluating sagittal balance, and can
be a significant guidance for the diagnosis, treatment, and
prognosis of non-deformed patients.” At present, X-ray films
are mostly used for the observation of the sagittal parameters
of cervical spine. Recently, studies have showed that the sagit-
tal section of nuclear magnetic resonance can be a supplement
to X-ray films,” although with a smaller measurement at the
supine position.*> Except for C2-C7 Cobb angle, a previous
study has shown that T1S value measured by magnetic reso-
nance imagery (MRI) can be used as the main parameter to
evaluate the sagittal curvature of the cervical spine for CSM
patients with CL.° MRI can describe the alterations of the cer-
vical spinal canal (CSC) and spinal cord completely. First,
morphological changes of CSC can be described through
anterior—posterior (a—p) diameter, area, and the Pavlov ratio
of CSC. Second, MRI can find the reasons which lead to
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cervical spinal canal stenosis, such as, congenital cervical spi-
nal canal stenosis, intervertebral disc bulging or protrusion,
hyperosteogeny, ligament hypertrophy, etc. Third, pathologic
changes of cervical spinal cord in gross structure can be
reflected by MR signal changes. Long T1 long T2 signal region
in cervical spinal cord represents tissue edema and short T1
long T2 signal region in cervical spinal cord represents tissue
hemorrhage. Fourth, the microstructure of cervical spinal cord
on molecular level also can be described by diffusion tensor
imaging (DTI) parameters, such as trace value, fractional
anisotropy (FA) value. There were lots of MR study on
healthy or CSM volunteers. But the patients showing cervical
spine degeneration on medical imaging without clinic symp-
toms were not mentioned, which was called latent cervical
spondylosis (LCS). In this case, the parameters including Pav-
lov ratio, trace value and FA value of LCS were compared
with healthy and CSM volunteers. At the same time, the cor-
relation and clinical applications of the above parameters were
also studied. However, these parameters have certain limita-
tions. For example, for patients with obesity and unclear
shoulder contours, the increased soft-tissue inhomogeneity is
likely to occur from a greater and/or more variable amount of
visceral fat surrounding the organs in overweight and obese
patients, so that X-ray measurement is difficult to perform,”
and lateral radiograph of C7 vertebrae is unclear for many
patients.® The MRI measurement is not suitable for patients
with metal prostheses. In addition, the MRI measurement is
expensive and time-consuming. Therefore, it is necessary to
find parameters, which are more suitable to evaluate the sagit-
tal balance of cervical spine.

This study was aimed to evaluate the intervertebral
foramen area. Especially, the C7-T1 intervertebral foramen
area was evaluated. We aimed at determining whether C7-
T1 intervertebral foramen area can be used as a parameter to
evaluate the sagittal curvature of cervical vertebra in CSM
patients.

Materials and Methods

Patients

Patients with clinical manifestations of spinal cord compres-
sion were hospitalized in our hospital from September 2018
to August 2019 were recruited. The included patients under-
went the imaging examination.

Inclusion criteria: The patients were diagnosed with
CSM, after confirming by nuclear magnetic imaging and
other imaging methods according to previous study.’

Exclusion criteria: (i) patients with a history of cervical
spine surgery and cervical spine injury; (ii) patients with
altered spinal cord signals caused by spinal tuberculosis, spi-
nal tumor, syringomyelia, sclerosing muscle atrophy and
other causes; and (iii) Patients with congenital kyphosis and
cervical kyphosis.

A total of 100 patients were included in this study.
This study had been approved by the ethics committee of
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our hospital and informed consent has been obtained from
all patients prior to the study (No. 2021 [B35]).

Evaluation

MRI Examination

The patients were placed in a supine neutral position and the
sagittal T1-weighted, T2-weighted, and cross-sectional
T2-weighted scans of cervical spine were performed using a
Philips Signa CV/i 3.0T MRI scanner (Philips, Amsterdam,
the Netherlands). C2-C7 Cobb angle was measured on the
sagittal T2 weighted MRI of cervical spine (the angle between
C2 inferior endplate and C7 inferior endplate) and T1S
(the angle between superior endplate of T1 and horizontal).
The posterior oblique X-ray of cervical spine was taken for
the same patient in standing position. The patient was facing
the film, with the mandible extended forward, slightly raised,
close to the film, and the coronal plane of the body was
60°away from the film. The coronal plane of the head was 45°
from the film. The central line of the tube ball inclined to the
foot side for 15°. At the lower edge of C3 vertebral body, the
film center was injected. The focus distance was 180-200 cm.
The exposure condition was 3-5 kv higher than the lateral
position. The MAS remained unchanged and the breath was
hold during the exposure.

X-ray Examination

X-ray (Philips, Amsterdam, the Netherlands) was set as tube
voltage: 73-75 KV, tube current: 16 mAs. C7/T1 inter-
vertebral foramen area was calculated using the MAS-1 sys-
tem. Because the severity of cervical spondylosis symptoms
is related to the size of the cervical intervertebral foramen
area, the intervertebral foramen with more severe symptoms
was selected. Two spine surgeons were included as overseers
for this study. And the average values of the measurements
were used.

The measured sagittal parameters of cervical spine
included: (i) C2-C7 Cobb angle: the angle between C2 infe-
rior endplate and C7 inferior endplate (Fig. 1A); (ii) T1S: the
angle between superior endplate of T1 and horizontal
(Fig. 1B); and (iii) C7-T1 intervertebral foramen area: area
of the intervertebral foramen between inferior vertebral
notch of C7 vertebrae and superior vertebral notch of T1
vertebrae (Fig. 2A-C). In the present study, C2-C7 Cobb
angle and T1S were obtained by MRI measurements.

Statistical Analysis

Statistical analyses were performed using the SPSS 24.0 statisti-
cal software. The data were expressed as mean + standard
deviation. The reliability of the data was evaluated by intraclass
correlation coefficient (ICC). The correlation of the imaging
parameters was analyzed by Pearson correlation. P < 0.05 was
considered statistically significant.
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Fig. 1 The sagittal, T2-weighted magnetic resonance image of the
cervical spine. (A) The measurement of the C2—-C7 Cobb angle: the
angle between the C2 inferior endplate and C7 inferior endplate. The
measured sagittal parameters of cervical spine included: 1. C2-C7
Cobb angle: the angle between C2 inferior endplate and C7 inferior
endplate; (B) The measurement of the T1S: the angle between the
superior endplate of T1 and the horizontal. T1S: the angle between
superior endplate of T1 and horizontal.

Results

Basic Characteristics

Patients were divided into two groups according to the value
of C2-C7 Cobb angle, including lordosis group (C2-C7
Cobb angle >10°, n = 45) and straight group (C2-7 Cobb
angle <10°, n = 55). The lordosis group included 26 males
and 19 females, aged between 39 and 77, with an average age
of 60.3 years. The straight group included 35 males and
20 females, aged between 35 and 81 with an average age of
58.1 years.

Association between C7-T1 Intervertebral Foramen Area
and Sagittal Curvature

The ICC of the sagittal parameters was 0.73. In lordosis
group, C2-C7 Cobb angle was 19.07 £ 6.98°, C7/T1 inter-
vertebral foramen area was 40.69 + 11.44 mm?, and T1S was
26.78 + 6.33°. In straight group, C2-C7 Cobb angle was
3.95+2.69°, C7/T1 intervertebral foramen area was
39.95 + 10.94 mm? and T1S was 18.85 + 4.42° (Table 1).
The correlation of the parameters was calculated. C7-T1
intervertebral foramen area was positively correlated with
both C2-C7 Cobb angle (r = 0.23, P = 0.02) and TIS
(r =0.21, P = 0.03). In lordosis group, C7-T1 intervertebral
foramen area was positively correlated with C2-C7 Cobb
angle (r = 0.69, P <0.01), and T1S (r = 0.34, p = 0.02).
However, in straight group, C7-T1 intervertebral foramen
area had no correlation with C2-C7 Cobb angle (r = —0.04,
P =10.78) and T1S (r = 0.14, p = 0.32) (Table 2).

When the age is 265 years old, there is no correlation
between each parameter and age, and there is no statistical
difference. When the age is <65 years old, C7/T1 inter-
vertebral foramen area has a negative correlation with age
(r = —0.236, P = 0.044), and other parameters have no
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Fig. 2 The sagittal, T2-weighted magnetic
resonance image of the cervical spine.
(A) Left posterior oblique at 45°. The
arrow points to the C7/T1 intervertebral
foramen which is the area surrounded by
the inferior vertebral notch of upper
vertebra and the superior vertebral notch
of lower vertebra; (B) Right posterior
oblique at 45°. The arrow points to the
C7/T1 intervertebral foramen; (C) The
C7/T1 intervertebral foramen area circled
on the left posterior oblique at 45°, the
area measured by the MAS-1 simulation
system.

TABLE 1 Measurement of the sagittal parameters

Lordosis subjects (n = 45) Straight subjects (n = 55) t P
C2-C7 Cobb (°) 19.07 + 6.98 3.95 + 2.69 13.72 <0.01
T1S (°) 26.78 £ 6.33 18.85 + 4.42 7.10 <0.01
C7-T1 intervertebral foramen area (mm2) 40.69 + 11.44 39.95 + 10.94 2.25 <0.05

TABLE 2 Correlation between C7-T1 intervertebral foramen area and C2-C7 Cobb angle and T1S

Lordosis group (n = 45) Straight group (n = 55) Total
r P r P r p
C7-T1 intervertebral foramen area and C2—-C7 Cobb angle 0.69 <0.01 —0.04 0.78 0.23 0.02
C7-T1 intervertebral foramen area and T1S 0.34 0.02 0.14 0.32 0.21 0.03

TABLE 3 The association between the indexes with age

>65 years old

<65 years old

Indexed r P r P

C2-C7 Cobb 0.047 0.818 -0.019 0.873
T1S —0.098 0.627 -0.172 0.146
C7/T1 intervertebral foramen area —0.249 0.210 —0.236* 0.044

*indicates that C7/T1 intervertebral foramen area has a negative correlation with age.
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TABLE 4 The association between the indexes with gender (r/p)

Male Female
Indexed T1S Intervertebral foramen area T1S Intervertebral foramen area (mm?)
C2-C7 Cobb 0.719/0.000 0.213/0.097 0.696,/0.000 0.312/0.057
T1S 0.318/0.012 0.428/0.007

correlation with age (Table 3). In males, there was a positive
correlation between T1S and C2-C7Cobb (r = 0.719,
P = 0.000), a positive correlation between T1S and C7/T1
intervertebral foramen area (r = 0.318, P = 0.012), and no
correlation between C2-C7 cobb and C7/T1 intervertebral
foramen area (r = 0.213, P = 0.097). In females, there was a
positive correlation between T1S and C2-C7 Cobb
(r = 0.696, P = 0.000), and there was no correlation between
other parameters (Table 4).

Discussion
Cervical curvature can be used to assess the sagittal bal-
ance of cervical spine, which enables the body to main-
tain biomechanical stability by consuming the least amount
of energy. Previous studies have shown that the CL of
patients with CSM is slightly smaller than that of normal
people,'® indicating that patients with CSM need higher
energy to maintain the sagittal balance of the cervical spine.
The sagittal parameters were used to assess the sagittal bal-
ance of the cervical spine. In addition, studies have shown
that there is a certain correlation between these
parameters.' "'

Intervertebral Foramen Evaluation

The intervertebral foramen is the area surrounded by the
inferior vertebral notch of upper vertebra and the superior
vertebral notch of lower vertebra, forming the passage for
cervical nerve root. The size of intervertebral foramen can
directly affect the nerve root."” Siemionow et al."* found that
the placement of an interbody cage during posterior neck
surgery could increase the corresponding intervertebral fora-
men area and relieve nerve root compression. Sun et al."
confirmed that for CSM patients, intraoperative interbody
fusion cages in the intervertebral space could expand inter-
vertebral foramen in various degrees. Zhang et al.'® showed
that when the opening was 2-3 mm higher than the original
gap, intervertebral foramen area could be increased to
achieve the effect of decompression. Other studies also
pointed out that an appropriate increase in the area of cervi-
cal intervertebral foramen could relief spinal cord compres-
sion symptoms and maintain the sagittal balance.'”'®
Considering that cervical intervertebral foramen of CSM
patients is related to the sagittal balance of cervical spine,
this study investigated the relationship between intervertebral
foramen measured by posterior oblique X-ray and the

sagittal parameters of cervical spine measured by MRI in
CSM patients.

C7/T1 Intervertebral Foramen Area Evaluation

C7/T1 intervertebral foramen is used in this study, since T1
is the base of the entire cervical vertebrae. The size of the
C2-C7 Cobb angle can directly reflect the lordosis of cervical
vertebra,'”*” and there is a positive correlation between C2-
C7 Cobb angle and T1S.*""** The current study showed that
in lordosis group (Cobb angle >10°), C7/T1 intervertebral
foramen area was positively correlated with the C2-C7 Cobb
angle (r = 0.69, P <0.01), and T1S (r = 0.34, P = 0.02).
Therefore, C7/T1 intervertebral foramen can be used as the
sagittal parameter of cervical spine for CSM patients with
CL. However, in the straight group (C2-C7 Cobb angle
<10°), there is no correlation between C7-T1 intervertebral
foramen area and C2-C7 Cobb angle and T1S. Therefore,
for CSM patients in whom the CL has been straightened,
C7-T1 intervertebral foramen area cannot be used as a sagit-
tal parameter. We suspect that intervertebral foramen area
may be narrowed in the straight group including straighten-
ing of the physiological curvature of the cervical spine.

Correlation between C7-T1 Intervertebral Foramen

Area and Sagittal Curvature of Cervical Vertebra

For CSM patients with CL, the sagittal balance of cervical
vertebrae can be evaluated by a simple and economic
method by measuring C7-T1 intervertebral foramen area
with oblique X-ray. For CSM patients with straightened CL,
multiple parameters such as C2-C7 Cobb angle and T1S are
needed to evaluate the sagittal balance of cervical spine.
However, our study only included patients with CSM. In
addition, the factors affecting the severity of cervical degen-
eration and the intervertebral foramen of other cervical seg-
ments have not been analyzed, which may limit the
application of our study. Furthermore, the sample size has
not pre-calculated and it is relatively small. Thus, we cannot
neglect the influence of bias on the statistical results. Further
studies with large sample sizes need to be performed.

Limitations

There were also some limitations in this study. This is an
observational study without control. The sample size is small.
Further study with control group and large sample size is
need. The effect of gender or age on the association has not
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been evaluated in this study, which is still needed to be
investigated in further study.

Conclusion

In summary, the C7-T1 intervertebral foramen area mea-
sured by oblique X-ray can be used as an effective method to
evaluate the sagittal balance of cervical vertebrae for CSM
patients with CL. From this study, we provide a simple,
effective and economic sagittal parameter of the cervical
spine.

C7-T1 AND SAGITTAL CURVATURE OF SPINE
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