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Background: In cervical disc degeneration, cervical disc height (CDH) and cervical disc angle (CDA)have a certain but uniden-
tified relationship with cervical lordosis (CL). This study aimed to reveal the relationship among CDH, CDA, and
CL in patients diagnosed with cervical spondylotic myelopathy (CSM).

Material/Methods: A retrospective analysis was conducted using the data of 212 CSM patients (136 males and 76 females). According
to CL angle, patients were classified into 2 groups: patients with CL £10° constituted Group 1 (n=102); patients
with CL >10° constituted Group 2 (n=110). The CDH, CDA, and CL were measured using X-ray imaging. Pearson
correlation analysis measured the correlation between CDH, CDA, and CL. Multiple linear regression was uti-
lized to analyze the effects of CDH and CDA on CL.

Results: The CDAs in every level were higher in Group 2 than those in Group 1 (P<0.05).CDH and CDA gradually increased
with the increase in vertebral level and dropped at C5-C6 level in both groups. We found statistically signifi-
cant correlations between C3/4H, C4/5H, C3/4A,C4/5A, C5/6A, and C6/7Aand CL in Group 1 (P<0.05), and be-
tween C4/5H, C3/4A, and C4/5Aand CL in Group 2 (P<0.05). C3/4A and C4/5A predicted CL in Group 1 (adjust-
ed R?=0.176, P<0.001), while C4/5A predicted CL with high sensitivity in Group 2 (adjusted R?=0.198, P<0.001).

Conclusions: CDA contributes more than CDH to CL in CSM. Further studies are necessary to reveal the relationship between
CL and cervical disc degeneration.
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Background

Cervical spondylotic myelopathy (CSM) is a common type of
cervical degenerative disease, and disc degeneration is the
initial event in spondylotic changes, which can cause abnor-
malities in cervical spine biomechanics and changes in cervi-
cal sagittal parameters [1-3]. Also, the loss of cervical sagittal
alignment may be associated with pain and neurological dis-
orders via a number of mechanisms, such as compression, re-
peated flexion/extension injury, and vascular compromise [4,5].
Several studies have revealed that cervical sagittal parameters,
including cervical lordosis (CL), C2—-C7 sagittal vertical axis, T1
slope, neck tilt, and thoracic inlet angle, correlate to each oth-
er in certain ways, and some of these parameters could pre-
dict the severity of myelopathy in CSM [1,6]. Due to the de-
generation of the cervical disc in CSM, CL could theoretically
decrease with narrowed cervical disc height (CDH) and cervi-
cal disc angle (CDA), but this relationship has not been fully
elucidated. This study aims to reveal the relationship among
CDH, CDA, and CL, and to explore which parameter contrib-
utes more to CL in CSM.

Material and Methods

Patient population

Our retrospective study included 212 patients with CSM (136
males and 76 females) with an average age of 54.5+10 years
that received surgical interventions in our department be-
tween January 2014 and August 2016. The patients were at a
later stage of CSM and presented more featured radiological
results compared to patients requiring no surgical interven-
tions. The patients were divided into 2 groups according to CL
angle: patients with CL <10°were placed in Group 1 (n=102),
while those with CL >10° were placed in Group 2(n=110). All
participants had a cervical spine X-ray examination performed
prior to undergoing surgical treatment. Patients with a histo-
ry of cervical spine surgery, cervical spine trauma, congeni-
tal cervical abnormality, and hip or knee surgery were exclud-
ed from this study. The study was approved by the hospital’s
institutional review board (No: 20182542). Written informed
consent was obtained from all the participants in the study.

Imaging data collection

Patient imaging data from a lateral X-ray examination included
the C2-C7 cobb angle as well as the cervical disc height (CDH)
and cervical disc angle (CDA) at 5different levels: C2/3, C3/C4,
C4/C5, C5/C6, and C6/C7. The C2-C7 cobb angle was the an-
gle formed by the lower endplate of C2 and the lower endplate
of C7, representing CL (Figure 1A). CL was defined as positive
and cervical kyphosis was defined as negative. The cervical disc
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anterior height (CDAH) was defined as the distance between the
anterior points of the endplates, while the cervical disc middle
height (CDMH)was defined as the distance between the mid-
dle points of the endplates. Furthermore, the cervical disc pos-
terior height (CDPH) was defined as the distance between the
posterior points of the endplates. The following formula was
used to calculate the CDH: (CDAH+CDMH+CDPH)/3 (Figure 1B).
The CDA was defined as the angle formed by the endplates of
the upper and lower vertebrae (Figure 1C). Surgimap (Version
2.2.13.1) was used as the measurement tool, and 2 independent
spine surgeons with extensive experience in radiograph mea-
surement techniques performed the measurements twice. The
mean values of the measurements were used in the analysis.

Statistical analysis

The statistical analysis was performed using SPSS 20.0
(SPSS, Chicago, IL, USA). Quantitative data was denoted as
meanzstandard deviation, and correlation analysis was conduct-
ed with Pearson’s correlation coefficient to measure the correla-
tion between the variables (CL, CDH, and CDA). Linear regression
analysis was applied to identify the parameters that could pre-
dict CL. Values of P<0.05 were taken as statistically significant.

Results

The CL, CDH, and CDA for both groups are shown in Table 1.
The results indicated that there was a statistical difference in
CL between the 2 groups (P<0.05). Furthermore, the CDAs in
each level were higher in Group 2 than those in Group 1, and
the difference was statistically significant (P<0.05). However,
the CDH and age difference of patients in the 2 groups were
not statistically significant (P>0.05). Whereas the CDH and CDA
generally increased from the upper to the lower vertebral levels
in both groups, they decreased at the C5/6 level (Figures 2, 3).

Regarding the correlations between the parameters, we ob-
served a notable correlation between CL and several variables
(Table 2, Figure 4) in Group 1: C3/4H (r=0.25, P=0.01), C4/5H
(r=0.21, P=0.04), C3/4A (r=0.31, P<0.01), C4/5A (r=0.39, P<0.01),
C5/6A (r=0.226, P=0.022), and C6/7A (r=0.22, P=0.03); and in
Group 2: C4/5H (r=0.21, P=0.04), C3/4A (r=0.36, P<0.01), and
C4/5A (r=0.37, P<0.01).

Multiple linear regression was used to model the relationship
between CL and C3/4H, C4/5H, C3/4A, C4/5A, C5/6A, and C6/7A
in Group 1 and CL and C4/5H, C3/4A, and C4/5A in Group 2.
Other parameters that correlated with each other were excluded
to avoid multicollinearity. The results showed that C3/4A and
C4/5A predicted CL in Group 1 (adjusted R2=0.176, P<0.001),
while C4/5A predicted CL in Group 2 with high sensitivity (ad-
justed R?=0.198, P<0.001).
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Figure 1. The CL, CDH, and CDA measurement methods in lateral X-ray images. (A) CL was defined as the angle formed by the lower
endplates of C2 and C7, with lordosis defined as positive and kyphosis defined as negative. (B) CDAH was defined as the
distance between the anterior point of the endplates, CDMH was defined as the distance between the middle point of endplates,
and CDPH was defined as the distance between the posterior point of endplates, while CDH=(CDAH+CDMH+CDPH)/3. (C) The
CDA was defined as the angle formed by the endplates of the upper and lower vertebrae.

Table 1. Age, cervical disc height, angle, and cervical lordosis in 2 groups.

Group 1, CL <10° (n=102)

Group 2, CL »>10° (n=110)

Age, years

19.68.1

Data is presented as mean+SD. H — height; A — angle; CL — cervical lordosis. * P<0.05; ** P<0.01.

Discussion

By analyzing the contribution of each cervical disc to the for-
mation of CL, we observed that the CDA is more important than
the CDH, and the angle of C3/4 and C4/5predicted CL when
CL <10°, while the angle of C4/5 predicted CL when CL >10°.

The maintenance of a normal CL is dependent on the muscles,
ligaments, and elasticity of the cervical disc. Hence, CL is one

of the important indicators of the general function of the cer-
vical spine. Abnormal CL is an indicator in patients with CSM
and can be easily identified in a lateral X-ray image of the cer-
vical spine. Studies have demonstrated that patients with se-
vere CSM or neck pain showed obvious CL abnormalities [7,8].
Such abnormalities change the cervical biomechanics, increas-
ing its load and accelerating degenerative changes [9]. Overall,
we believe that patients with CSM first experience change in
the disc before CL occurs [2,10].
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Figure 2. The CDH of each disc in the 2 groups. There is no
statistical difference between the2 groups.

Figure 3. The CDA of each disc in the 2 groups. The CDA of all levels
in Group 1 were significantly higher than those in Group 2.

Table 2. Correlations of the age, cervical disc height and angle with cervical lordosis in 2 groups.

Group 1, CL <10° (n=102)

Group 2, CL >10° (n=110)

CL — cervical lordosis; H — height; A — angle; r — correlation coefficient. * P<0.05; ** P<0.01.

Although several methods to measure CL exist, the C2-C7
cobb angle method has been proven to show a relatively high
interobserver reliability, and is thus one of the most common
methods for clinical measurement of CL[1,11,12]. While there
is currently no clear definition of a disc angle, it is worth not-
ing that the sum of the 5 CDAs does not equal the C2—-C7 cobb
angle because the upper and lower endplates of each verte-
brae are not exactly parallel. In other words, each vertebra is
wedge-shaped and has a certain vertebral angle [13].

To evaluate the vertebral levels that are most likely to cause
CSM, Pan et al. [14] analyzed the MRIs of 539 patients with
CSM. Changes in the cervical cartilage endplate, called “modic
change,” were visualized using MRI and used as an indicator

of cervical degeneration. The results revealed that the largest
modic change occurred at the C5/6 level disc. In the present
study, the height of the C5/6level disc decreased significantly
when CL <10°, indicating tha tC5/6 level disc degeneration is
most common in patients with CSM. Hussain et al. [15] used
a finite element model for biomechanical analysis and report-
ed a reduction in the range of motion activity in the C5/6 seg-
ment; thus, the disc degeneration at this level was most pro-
nounced, which is in line with our results.

In our study, the Pearson correlation coefficients of the CDA at
the C3/4 and C4/5 levels were larger than those of the other
variables, indicating that the C3/4 and C4/5 level CDAs make
the greatest contribution to CL. Similarly, Mashasi et al. [16]
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Figure 4. Correlation among CDA, CDH and CL.

used MRI to study the cervical spines of 201 patients with
neck pain and found that when CL was relatively mild, lev-
el C2/3 and C3/4 CDAs could largely influence the changes in
CL, whereas level C4/5, C5/6, and C6/7 CDAs largely affected
CL when it was normal. Based on these results, we speculate
that due to the degeneration at the C5/6 level, the CDH and
the CDA decreased; thus, maintaining a relatively normal CL
requires a compensatory increase in the elasticity of the ad-
jacent C5/6 disc [17]. In the cervical spine, greater mobility is
observed at the C3/4 and C4/5 levels [18],and for patients with
a prolonged course of disease, the C4/5 and C3/4 levels have
poor elasticity causing the discs to collapse, which in turn leads
to degeneration. The results of grouped linear regression per-
formed in our study revealed that among CSM patients with
more severe CL, the CDAs at the C3/4 and C4/5 levels contrib-
uted notably to CL, while among CSM patients with less severe
CL, the CDA of the C4/5 level contributed more notably to CL.
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Katsuura et al. [19] retrospectively analyzed patients who
underwent anterior cervical surgery and reported that there
was a notable correlation between degeneration of the adja-
cent disc and a decrease in CL. We therefore speculate that
if the C5/6 level were used as the target for surgery and CL
was less than 10 degrees, there would be a larger probability
of degenerative changes occurring at the C4/5 level after sur-
gery. Furthermore, if the CL of the patient in the preoperative
period was greater than 10 degrees, the probability of degen-
erative changes occurring at the C3/4 level would increase.
Nonetheless, our study did not find a specific relationship be-
tween the CDH and CL.

There were a number of limitations in the current study. First,
the study lacked a normal population control group. Second,
the design of the current study did not include sagittal param-
eters of the cervical spine, thoracolumbar spine, and pelvis.
Finally, due to the nature of retrospective studies, the mea-
surements performed were based on imaging results, which
could have led to bias. A further prospective study is necessary.

Conclusions

The current study showed that the CDA contributes more than
CDH to CL inpatients with CSM. Although these results pres-
ent a clear correlation between disc angle and CL, further re-
search is needed to explore the relationship among disc an-
gle, height, and disc degeneration.
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