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Background: To explore the diagnostic value of sagittal measurement of thoracic inlet parameters for degenerative cervical
spondylotic myelopathy (DCSM).

Material/Methods: Sixty patients with DCSM (study group) and the same number of normal subjects (control group) were initial-
ly enrolled in the study. All data from X-ray in the standing position and computed tomography (CT) in the su-
pine position were collected and carefully analyzed. Cervical sagittal parameters, including C2-C7 angle, C2-C7
sagittal vertical axis (C2-C7 SVA), T1 slope, thoracic inlet angle (TIA), and neck tilt (NT), were measured at the
lateral radiographs by using standard X-rays and CT. Univariate analysis and multivariate logistic regression
analysis were carried out to explore the diagnostic value of cervical sagittal parameters for the DCSM.

Results: All the enrolled patients in the study and control groups completed the follow-up, and the mean follow-up
periods were 35.8 months in the study group and 36.3 months in the control group. The DCSM group had
smaller T1 slope and TIA when compared with that of the control group (18.14+2.67° vs. 24.16+3.7°, p=0.00;
66.42+12.36° vs. 70.42+10.21°, p=0.01). Logistic regression analysis and receiver operating characteristic (ROC)
curve revealed that preoperative T1 slope of less than 18.5° had significant diagnostic value for the incidence
of DCSM (p<0.05).

Conclusions: Patients with sagittal imbalance of thoracic inlet parameters have higher risk of DCSM, while T1 slope of less
than 18.5° showed significant diagnostic value for the incidence of DCSM.
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Background

Degenerative cervical spondylotic myelopathy (DCSM) has
been defined as a chronic degenerative process caused by
compression of the spinal cord by surrounding bony or liga-
mentous structures. The incidence of cervical spine degener-
ative disease has been rising owing to the increasing aging
population. Diagnosing DCSM has traditionally relied on pres-
ence of clinical symptoms, including clumsy hands, paralysis
of the lower extremities, gait disturbances, urinary/bowel in-
continence and severe neurological dysfunction disturbanc-
es, urinary/bowel incontinence, and severe neurological dys-
function [1,2]. Magnetic resonance imaging (MRI) is the most
widely used method for the diagnosis of DCSM, as it can re-
veal morphological changes and degree of compression of the
cervical spinal cord, as well as provide pathological informa-
tion through T2-weighted (T2W) imaging.

Keeping sagittal balance of the physiologic upright spine is vi-
tal to preventing spine degeneration, as it can minimize ener-
gy expenditure by maintaining alignment. Several published ar-
ticles discussed the relationship between pelvic incidence (PI)
and degenerative lumbar disease, and they confirmed that such
constant parameter in each individual was associated with ori-
entation parameters of the lumbar spine or the thoracic spine,
such as thoracic kyphosis or lumbar lordosis (LL) [3-7]. Another
newly published study was carried out to determine the inci-
dence and risk factors of adjacent segment disease (ASD) after
transforaminal inter-body fusion (TLIF) for degenerative lumbar
disease, and they revealed that preoperative pelvic tilt (PT) of
more than 22.58 was a significant risk factor of the incidence of
ASD after TLIF (P=0.02; odds ratio: 5.1, 95% Cl: 1.62-9.03) [8].

However, there has been no published clinical research on the
relationship between the thoracic inlet parameters and degen-
erative cervical disease. We carried out the present study to
explore the relation between degenerative cervical spondy-
lopathy and thoracic inlet parameters, including TIA, T1 slope,
and NT, by using logistic regression analysis and receiver op-
erating characteristic (ROC).

Material and Methods

Patients selected for the study

The study was approved by the Institutional Review Board of
the University of China, Three Gorges. All methods used in
the research were performed in accordance with the relevant
guidelines and regulations.

We identified 60 patients diagnosed with DCSM (study group)
and the same number of normal subjects (control group) from
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August 2012 to July 2017. All the enrolled subjects had detailed
imaging data, including cervical CT radiographs and standard
plain radiographs; none had previous history of cervical sur-
gery; age ranged from 40 to 60 years old; and none had spinal
stenosis or cervical spondylolisthesis. We excluded those with
scoliosis more severe than 15° and those with malignant tu-
mors or cervical tuberculosis. The follow-up period was from
enrolment to the final follow-up.

Radiographical assessment

Allincluded subjects underwent radiographical assessment dur-
ing the study. C2-C7 Cobb angle and sagittal vertical axis of
C2-C7 (C2-C7 SVA) were the parameters, measured by lateral
radiographs. The sagittal measurement of thoracic inlet param-
eters was carried out using cervical CT (Brilliance CT 64-channel
scanner; Philips Electronics Amsterdam, Netherlands), while the
thoracic inlet parameters included TIA, NT, and T1 slope. Two
independent spine surgeons performed the measurement by
using Centrieity Enterprise Web V3.0 (General Electric, USA).
The slice thickness and the interval spacing was 2.5 mm for
the cervical CT scanning.

The C2-C7 Cobb angle is mainly formed when the horizontal
line of the C2 lower endplate and the horizontal line of the C7
lower endplate intersect (Figure 1). C2—C7 sagittal vertical axis
(C2-C7 SVA) was usually defined as the distance between a
plumb line dropped from the posterior superior corner of C7
and the center of C2, which was defined as the anterior de-
viation. T1 slope is the angle formed by drawing a line along
the superior endplate of T1 and horizontal reference line at
the median sagittal cervical vertebra from the CT radiographs
(Figure 1). Two independent lines come from the upper ster-
num and form the neck tilt angle: one is the vertical line and
the other is the line to the center of the TIUEP (Figure 1). The
TIA is formed when the T1 vertical line of the upper endplate
(from the center of the T-1 upper endplate) meets with the
line formed between the upper end of the manubrium and the
center of the T-1 upper endplate (Figure 1).

Other clinical characteristics were also recorded in the study,
including body mass index (BMI), patient age, sex, and smok-
ing history.

Statistical analysis

Data are presented as mean + standard deviations. Statistical
analysis was performed using SPSS 21.0 J for Windows. The
x? and t tests were performed for the

comparison of DCSM and control groups (univariate analysis).
A P value of less than 0.05 was considered statistically signif-
icant. We performed logistic regression analysis of selected
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Figure 1. Parameters of the cervical parameters on CT scan
(T1 slope, TIA, neck tilt, C2-C7 angle, C2-C7 SVA); CT
indicates computed tomography, TIA indicates thoracic
inlet angle, C2-C7 SVA indicates sagittal vertical axis.
CT means computed tomography.

significant variables (P<0.05) from the univariate analysis. The
area under the receiver operating characteristic curve (ROC)
is the concordant index (c-index), which was used to identi-
fy which radiographic measurements were most effective in
predicting DCSM. Pearson correlation test was used to evalu-
ate the correlation strength between the T1 slope and C2-C7
angle in the DCSM and control groups.

Results

Basic characteristics of enrolled patients

All of the enrolled 120 subjects, divided into study and con-
trol groups, finished the follow-up. The main characteristics
of the enrolled patients — mean age, sex, follow-up period,
and BMI — showed no significant differences between the 2
groups (p>0.05) (Table 1). The incidence of DCSM was found
in specific segments of the cervical vertebra, shown in Table 1.
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Figure 2. Logistic regression and ROC analysis. Logistic
regression and ROC analysis revealed a cut-off value
for T1 slope of 18.5. The area under the curve (AUC)
was 0.857. AUC indicates under area under the curve,
ROC indicates receiver operating characteristic.

Results of the univariate analysis

The mean T1 slope was 18.14+2.67° in the DCSM group and
the mean T1 slope was 24.16+3.7° in the control group, with
significant differences detected between the 2 group (p=0.00).
The DCSM also had larger TIA when compared with the control
group (66.42+12.36° vs. 70.42+10.21°, p=0.01). For the oth-
er results, no significant differences were found (C2-C7 an-
gle, 9.18+2.11 vs. 9.55+1.44, p=0.62; C2-C7 SVA, 20.33+8.09
vs. 19.99+2.01, p=0.39; neck tilt, 46.33+4.05 vs. 47.44+5.01,
p=0.28) (Table 2).

Results of multivariate logistic regression

Multiple logistic regression analysis was carried out to assess
the relative impact of variables on the incidence of DCSM.
The significant variables from the results of univariate analy-
sis were T1 slope and TIA (Table 3). Logistic regression analy-
sis and ROC curve confirmed that a T1 slope of less than 18.5°
had significantly diagnostic value for the incidence of DCSM,
and the area under curve (AUC) was 0.857, which shows good
predictive value for DCSM (Figure 2).

Results of Pearson correlation test

We carried out Pearson correlation analysis to explore the re-
lationship between the T1 slope and C2-C7 Cobb angle by
using SPSS 21.0. Significant correlations were found between
the T1 slope and C2-C7 Cobb angle in the DCSM and control
groups (r=8.12, p=0.00; r=91, p=00) (Figure 3).
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Table 1. Characteristics of enrolled subjects in the DCSM and control group.

Characteristics

DCS group (n=60)

Control group (n=60) Value of x> or t

Age of patients (years)

Sex 53.1+3.6 52.9+2.1 1.26 0.08
"""" Male 20 (@33%  2(@67% 02 058
"""" Femae 40 (666%)  38(33% 076 011
Follow-up (months)  423:76 43231 054 020
B 251s35 248136 010 061
Smokinghistory s (83%) 6 0%

Table 2. Parameters at sagittal plane of cervical vertebra.

Characteristics

DCS group (n=60)

Control group (n=60) Value of x? or t

C2—C7 angle (°) 9.18+2.11
"""" C-C7SVA(mm) 20334809
"""" Tislope® 18141267
"""" TAC) 641236
"""" Necktilt¢) 4633405

9.55+1.44 0.42 0.62
© 1ese201 060 039
"""""""" 416837 1381 000
"""""""" 704261021 742 o001
"""""""" 47448500 085 028

Table 3. Logistic regression analysis of risk factors for DCSM.

Risk factors P OR 95%ClI
T1 slope 0.00 0.55 (0.44-0.66)
TIA 0.12 0.22 (0.18-0.25)
Discussion

Physiological curvature of the spine, including the normal cer-
vical lordosis, thoracic kyphosis, and lumbar lordosis, has re-
ceived increasing research attention as it has been proved to
be associated with accelerated disc degeneration and low back
pain (LBP). Many questions concerning the proper assessment
of sagittal balance have been put forward in several published
papers [9,10]. The thoracic inlet (TI) forms the cervicothoracic
junction, which is a fixed bony circle composed of the struc-
tures of the first ribs on both sides, T-1 vertebral body, and
the upper part of the sternum; while the Tl consists of 3 im-
portant sagittal parameters: TIA, T1 slope, and neck tilt [11].
The TIA is formed where the T1 vertical line of the upper end-
plate (from the center of the T-1 upper endplate) meets with
the line formed between the upper end of the manubrium and
the center of the T-1 upper endplate. Several published pa-
pers confirmed that T1 slope and the other cervical parame-
ters are highly correlated with cervical sagittal balance [12,13].
T1 slope is considered to be a variable usually influenced by
aging, posture, and spinal degeneration. However, TIA is usu-
ally considered to be a constant, which does not change with
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increased thoracic kyphosis or any position change [14-19].
Several published papers confirmed that a lager T1 slope usual-
ly leads to larger TIA and TS, which results in a greater magni-
tude of cervical lordosis, just as a greater pelvic incidence cor-
responds to greater lumbar lordosis [20-23]. Our study showed
that positive correlation was detected between T1 slope and
C2-C7 Cobb angle, which was identical to the hypothesis de-
scribed above. The physiological curvature of cervical vertebra
becomes smaller (C2—C7 Cobb angle) as the degree of degen-
eration of the intervertebral disc increases, which decreases
the Tl parameters.

Increasing research attention has focussed on cervical spine
sagittal balance because it is correlated with cervical degen-
erative disc diseases, spondylotic myelopathy, and clinical out-
comes after fusion surgery [24,25]. T1 slope is the angle formed
between the TIUEP and horizontal plane. Vedantam et al. [26]
reported that the T1 slope has a significant relationship with
thoracic kyphosis (TK). Knott et al. [27] was the first to use the
“T1 sagittal angle” to predict the overall sagittal balance of
the cervical spine, similar to the T1 slopes usually described in
published papers. They confirmed that this parameter was cor-
related with SVA, but the potential influence on cervical spine
sagittal balance remains unclear. T1 slope is also regarded as
the only parameter showing significant correlation with both
spinopelvic balance and TI alignment, which means it is an
important parameter influencing Tl alignment and spinopel-
vic balance [28-31]. The present study was carried out mainly
to assess the diagnostic value of T1 slope in DCSM. Our study
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Figure 3. Statistically significant relationships were detected between T1 slope and C2-C7 angle in the DCSM (A) and control group

(B), which is shown in the scatter plot.

showed that T1 slope less than 18.5° was an independent risk
factor for DCSM, which means that cervical spine sagittal im-
balance aggravates as the T1 slope becomes smaller, which
may increase the incidence of DCSM.

Two groups of subjects were enrolled in the clinical research:
the study group and the control group. We found no signifi-
cant differences between the 2 groups in clinical characteris-
tics, and no others factors influenced the imaging results in
the 2 groups.

Some limitations may exist in the present study. First, its ret-
rospective design may have induced section bias. Secondly,
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