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Background: The aim of this study was to explore the correlations between the different parameters of the cervical sagittal
balance in magnetic resonance images (MRI) and evaluate the criteria for their clinical application in disc-de-
generative diseases.

Material/Methods: We conducted a retrospective review of the MRIs of 125 adult outpatients with disc-degenerative diseases of
the cervical spine; the images were obtained between May and July 2014 at our institute. The control group
comprised 50 volunteers whose MRIs were also obtained. The parameters measured in the MRIs were: neck
tilt (NT), T1 slope (T1S), thoracic inlet angle (TIA), and Cobb’s angle (C2-7). The correlation between the vari-
ous parameters was analyzed using the Pearson correlation coefficient.

Results: The outpatients group showed moderate correlation between TIA and T1S, a significant correlation between
TIA and NT, a weak correlation between T1S and Cobb’s angle, and a weakly negative correlation between T1S
and NT. Further, the TIA showed no significant difference between the outpatient group and the control group,
as per the sample ¢ test.

Conclusions: Our findings indicate that TIA, T1S, and NT could be used as indices for the evaluation of cervical sagittal bal-
ance and that the TIA could be used as a reference to assess the cervical compensation. Restoration of the NT
and T1S should be considered as a goal of surgical treatment during the preoperative planning in patients with
disc-degenerative diseases.
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Background

A well balanced sagittal alignment provides biomechanical sta-
bility and efficiently maintains the integrity of the musculo-
skeletal system [1,2]. On the other hand, sagittal malalignment
can lead to disc degeneration and associated clinical symp-
toms. Spinal sagittal imbalance has been shown to be posi-
tively correlated with the occurrence of clinical symptoms [3].
In addition, spinal malalignment can explain the clinical symp-
toms and guide the treatment, particularly individualized peri-
operative treatment [4-9]. Historically, surgical management
is aimed at achieving complete decompression and relieving
spinal cord compression and clinical symptoms [5,10]. Head-
spine-pelvic balance is now used as an indicator of the symp-
tom severity during preoperative assessment and prognostic
evaluation [11]. Most of the conventional parameters pertain
to the lumbar-pelvic balance, while those pertaining to cervical
alignment are scarce. In order to maintain the spinal sagittal
balance and biomechanical stability of the normal spine, the
cervical spine alignment is adjusted according to the chang-
es in thoracic kyphosis [2]. However, the correlation between
the parameters of the cervical and thoracic spinal parameters
is weaker than that between the lumbar and pelvic spinal pa-
rameters [3,11,12]. In recent years, thoracic inlet angle (TIA),
neck tilt (NT), and T1 slope (T1S) have been extensively inves-
tigated as parameters for the quantification of the balance in
the head-cervical-thoracic region. In this study, we sought to
determine the correlation between TIA, TIS, NT, and Cobb’s
Angle in magnetic resonance images (MRI) of patients with
disc-degenerative diseases and to compare these values with
those obtained for normal individuals.

Material and Methods

The study was designed as a retrospective review of the MRIs
of 125 consecutive outpatients with disc-degenerative diseas-
es (C3-C7), obtained at the China-Japan Union Hospital, be-
tween May and July 2014. The study protocol was approved
by the ethics committee of China-Japan Union Hospital of
Jilin University.

The inclusion criteria were defined as presence of neck pain
with or without neurologic symptoms (i.e., radiculopathy or
myelopathy). The severity of disc degeneration was determined
according to the degree of cervical disc herniation. The exclu-
sion criteria were: trauma, rheumatoid arthritis, spinal tumors,
history of cervical spine surgery, and evidence of the ossifi-
cation of the posterior longitudinal ligament and/or the liga-
mentum flavum. The male-to-female ratio in this group was
56: 69, and the mean age of the patients was 50.3+9.19 years
(age range, 26-69 years).
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Another group of 50 asymptomatic volunteers was also re-
cruited to serve as the control group, and their MRIs were ob-
tained in a similar fashion. The mean age in this group was
44.76+13.72 years (age range, 21-69 years), and the male-to-
female ratio was 19:31.

Ten patients each in both groups were aged between the 3
decade and 6™ decade. The MRIs were obtained by 2 indepen-
dent observers, with the patients lying in the supine position
and facing upwards. All images were obtained using the same
imaging system (Siemens 3.0T, AG, Germany). The scan was
performed from the level of the external auditory canal to the
6" thoracic vertebra. The value of each parameter, including
NT, T1S, TIA and Cobb’s angle, was independently measured
twice by both spinal surgeons using the software Centricity
Enterprise Web V3.0. The mean of the measurements was tak-
en as the final measurement, and the Pearson correlation coef-
ficient was determined. The statistical analysis was performed
using the software IBM Corp. Release 2012 IBM SPSS Statistics
for Windows, Version 21.0 (IBM Corp. Armonk, NY, USA).

The measurements were made on the mid-sagittal slice. NT
was defined as the angle between a vertical line drawn on
the tip of the sternum and a line connecting the center of up-
per endplate of T1 to the tip of the sternum. T1S is the an-
gle formed between a horizontal line and the upper endplate
of T1. Further, TIA is defined as the angle formed between a
vertical line at the center of the upper endplate of T1 and a
line connecting the center of the upper endplate of the T1 to
the sternum tip (Figure 1). Thus, TIA is a sum of T1S and NT,
similar to PI, which is the sum of SS and PT [12]. Further, sag-
ittal lordosis was measured as the angle between the hori-
zontal line on the lower endplate of C2 and a horizontal line
on the lower endplate of C7.

Results

In the outpatient group, the mean T1S was 22.56°+6.88°
(range, 4.60° to 39.00°); mean NT, 52.94°+8.92° (range,
33.30° to 78.10°); mean TIA, 75.70°+9.40° (range, 43.60° to
101.60°); and mean Cobb’s angle, 10.64°+8.38° (range, 1.10°
to 47.00°) (Table 1). The correlation coefficient for TIA and T1S
was 0.40 (p value <0.01), implying a moderate correlation be-
tween these parameters. Further, TIA was significantly correlat-
ed with NT, with the correlation coefficient being 0.74 (p value,
<0.01). However, both TIA and T1S showed a weak correlation
with Cobb’s angle (0.22 with p value <0.05 and 0.40 with p val-
ue <0.01, respectively). Further, the correlation coefficient be-
tween TIS and NT was negative (-0.27, p value <0.01) (Table 2).

In the asymptomatic group, the mean T1S was 29.31°+6.04°
(range, 15.7° to 40.9°); mean NT, 45.21°+9.05° (range, 22.7° to
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Figure 1. (A) T1S is the angle between a horizontal line and the superior end plate of the first thoracic vertebral. (B) NT is the angle
between a vertical line at the sternum tip and a line connecting the center of the T1 upper end plate to the sternum tip. (C)
TIA is defined as the angle between the vertical line of the center of the T1 upper end plate and a line connecting the center
of the superior end plate of T1 to the sternum tip.

Table 1. The mean value and range of parameters in the outpatient group.

Mean Range Standard deviation
T1S (degree) 22.56 4.60-39.00 6.88
NT (degree) s204 330780 892
CTIA (degree) 7570 s360-10160 040
| Cobb's angle (degree) 06 1104700 838

T1S - T1 slope; NT — neck tilt; TIA — thoracic inlet angle.

Table 2. Pearson correlation coefficients and p value in the outpatient group.

Age T1S NT TIA Cobb’s angle
Age = 0.167 0.190* 0.274* 0.138
""""""" ns - - o7~ o0403* 039"
""""""" N - = - ome  -o10
""""""" ™o - - o

T1S - T1 slope; NT — neck tilt; TIA — thoracic inlet angle. ** Correlation significant at 0.01 (2-tailed); * correlation significant at 0.05
(2-tailed).

Table 3. Mean value and range of parameters in the asymptomatic group.

Mean Range Standard deviation
T1S (degree) 29.31 15.70-40.90 6.04
| NT(degree) sn 270-6250 o0s
CTIA (degree) 7485 5200-9280 017
| Cobb's angle (degree) 13ss 1603450 799

T1S - T1 slope; NT — neck tilt; TIA — thoracic inlet angle.
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Table 4. Pearson correlation coefficient and p value in the asymptomatic group.

Age T1S NT TIA Cobb’s angle
Age = -0.127 0.347* 0.238 0.285*
""""""" ns - - —ome o4~  o0a0*
""""""" N - = - ogos* o028
""""""" TA - o

T1S - T1 slope; NT — neck tilt; TIA — thoracic inlet angle. ** Correlation significant at 0.01 (2-tailed); * correlation significant at 0.05
(2-tailed).

Table 5. Results of independent samples t-test.

Independent samples Parameter Mean differences t df sig
T1S —6.23 -5.08 108 0.000
gTOUP L NT 8.95 5.46 108 0.000
Asymptomatic L 2l L8 s oo

Group 2 NT 6.65 331 89 0.001
eymptomatic Ao o s o8
Cobb’s angle -2.96 -1.74 89 0.085
""""""""""""""""""""""""""""" ms -840 520 & 0000
Group 3 N 680 288 6 0006
Aymptomatic A s s e oSy
Cobb’s angle -7.19 —-4.50 67 0.000
""""""""""""""""""""""""""""" ms  -1037  -35 53 o000
Group 4 N 529 124 53 022
Aeymptomatc A tst e s 0304
Cobb’s angle 0.95 0.25 53 0.803
""""""""""""""""""""""""""""" ms -7 607 173 0000
Outpatient N 772 515 173 0000
eymptomatc A s o3 os0
Cobb’s angle -2.91 -2.11 173 0.037

Group 1 n=60, Group 2 n=41, Group 3 n=19, Group 4 n=5, Outpatient Group n=125, Asymptomatic Group n=50.

62.5°); mean TIA, 74.45°+10.17° (range, 52.00° to 92.8°); mean
Cobb’s angle, 13.55°+7.99° (range, 1.60° to 34.5°) (Table 3). TIA
was significantly correlated with NT and Cobb’s angle (p<0.01),
but weakly correlated with T1S. Further, the correlation be-
tween T1S and Cobb’s angle was weak (Table 4).

Additionally, the outpatients group was divided into different
subgroups numbered according to the number of segments
with disc protrusion, e.g., Group 1, with protrusion in 1 seg-
ment. Each of these subgroups was compared with the asymp-
tomatic group using the independent-sample ¢ test (Table 5).

The value of TIA did not differ significantly between the out-
patient group and the asymptomatic group, whereas those of
T1S, NT, and Cobb’s angle showed significant differences. The
values of NT and T1S differed markedly among groups 1, 2,
and 3, which had similar sample sizes (Table 5).

Discussion

In this study, we compared the values of the parameters for
the assessment of cervical spine alignment obtained using
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MRI acquired for patients with disc-degenerative diseases and
those acquired for normal subjects.

Although measurements of parameters related to cervical align-
ment obtained for asymptomatic individuals without a histo-
ry of spinal surgery are available in literature, most of these
measurements were obtained using radiographs acquired in
the standing position [11-14]. The contour of the sternum tip
is difficult to detect in plain radiographs, which may compro-
mise the accuracy of the measurements. Further, no significant
difference has been reported between the measurements of
the parameters obtained using cervical computerized tomog-
raphy scan images acquired in the supine position and those
obtained using radiographs acquired in the erect position [14].
Thus, we made the measurements using MRI acquired in the
supine position, similar to previous studies in Asian populations.

In the past, Cobb’s angle was considered a gold standard for
the assessment of cervical alignment because of its reliabili-
ty and easy applicability [15]. However, the complexity of the
cervical anatomy and biomechanics limited the accuracy of
measurements made using Cobb’s methods. Subsequently, it
was shown that the Cobb’s angles at C1-7 and C2-7 overesti-
mated and underestimated, respectively, cervical lordosis [16].
Previously, some studies have shown deficiencies in the mea-
surements of the range of cervical lordosis using Cobb’s meth-
od [15-17]. Therefore, no normal range and measuring method
have been established. With the technological advancements
and improvement in our understanding of the properties of
the spine, the parameters of regional balance were examined
and those related to the cervical alignment attracted consid-
erable attention. Berthonnaud et al. conducted a retrospec-
tive review of the lateral radiographs of 160 asymptomatic
adults. On analyzing the parameters, he found that a change
in a single region would cause a change in the spinal sagittal
balance of the adjacent segment. In order to maintain the up-
right posture, cervical lordosis changes with a change in tho-
racic kyphosis. However, the correlation coefficient between
cervical lordosis and thoracic kyphosis is weaker than that be-
tween the pelvis and lumbar alignments [2]. C0-2 had high
mobility and strong compensation. Although the head direct-
ly influences the stability of this segment, the lower cervical
alignment plays a key role in the biomechanics of the spine.
Hardacker et al. reported that the lower cervical segment had
a significant correlation with the total cervical lordosis, despite
the fact that the physical lordosis is lesser at the lower cer-
vical levels. Since the thoracic spine is the skeletal basement
of the cervical vertebrae, it is important that the relationship
between the 2 segments be properly examined, as is the case
with the lumbar and pelvic segments of the spine [3]. Many
studies have confirmed the feasibility of TIA for assessing cer-
vical sagittal balance, similar to Pl that is used for the assess-
ment of lumbar lordosis. In a retrospective study of standing
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lateral radiographs of 77 asymptomatic volunteers, Sang-Hun
Lee et al. found that T1S correlated significantly with sagittal
balance and was, in fact, one of the key factors influencing
the latter. They stated that in order to maintain the balance
of the cervical spine, T1S would increase if the cervical lordo-
sis increased and that the value of T1S is affected by posture.
Therefore, they stressed the importance of using TIA as a con-
stant parameter in the evaluation of cervical balance [13]. In
2012, Sang-Hun Lee et al. conducted a prospective study of
lateral radiographs. In that study, the mean value of TIA was
69.5°+8.6 and it was significantly correlated with T1S. They
concluded that TIA could be considered as a guide parameter
to evaluate the cervical sagittal balance because TIA was not
affected by the change of posture. By determining that the
normal NT in the upright position was preserved at around
44° and considering that the NT maintained the physiologi-
cal needs and the direct line of sight, they concluded that TIA
would increase when T1S increased, since TIA=T1S+NT [12].

Analysis of the MRI of the asymptomatic group showed that
TIA had a strong positive correlation with NT and Cobb’s an-
gle. Further, the value of TIA would change to a certain degree
with an increase in the number of degenerative segments, but
not significantly. The mean TIA measured in this study was
75.70°4+9.40°, which is similar to the values reported by Hyo
Sub Jun (75.09°+8.1°) [14] and Ji Hoon Park (70.50°+10.66°) [18]
based on measurements obtained using computerized tomog-
raphy scans. The TIA did not differ significantly in the outpa-
tients group and the asymptomatic group. Further, a decrease
in the value of T1S was associated with an increase in the value
of NT. The T1S, NT, and Cobb’s angle differed markedly in the
2 groups. Because of the small size of Group 4, there was no
statistical significance of the differences noted for this group.
Groups 1, 2, and 3, however, differed significantly in T1S and
NT, as compared to the control group. With regard to the as-
ymptomatic group, Groups 1 and 2 showed no difference in
Cobb’s angle. In general, with an increase in the number of
cervical disc protrusions and the severity of degeneration, the
values of the parameters tended to decrease. However, the TIA
remained within a certain range, and did not differ in the out-
patients and the asymptomatic groups. Compared to the lum-
bar spine, the cervical spine is exposed to a lower level of bi-
ological force and its compensatory ability is greater. Cervical
vertebral dislocation caused by degenerative disease is rare,
but when severe, cervical degenerative diseases can cause
bone changes such as osteophyte formation or neck deformi-
ty and also lead to difficulty in maintaining a horizontal line
of vision. These changes can then lead to changes in the de-
gree of thoracic kyphosis and lumbar lordosis in order to main-
tain the quality of life. In this study, we found that although
TIA did not show any obvious differences in the outpatients
group and the asymptomatic group, it does respond to com-
pensatory changes. This indicates that the cervical spine is in
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a stage of offset, whereby alignment deformity of the cervi-
cal spine, such as the swan-neck deformity, does not occur if
the TIA is maintained at around 75° in the supine position.
The first thoracic vertebra, which is a bony unite connecting
the cervical and thoracic spines, plays a key role at the base
of the cervical vertebrae. The T1S at the junction of the cervi-
cal and thoracic spines reacts to the tilting of the basement of
the neck. It is an important process in maintaining the phys-
iological curvature of the cervical spine. NT changes in order
to maintain a horizontal vision line. Geometrically, TIA is the
sum of T1S and NT. During the process of offset, the neck un-
dergoes gradual hypsokinesis and directly increases NT and
indirectly reduces T1S. Meanwhile, the TIA changes within a
range of compensatory value. In the cervical disc-degenera-
tive diseases, TIA does not change markedly and could be used
as a reference parameter during surgery. When analyzing the
data from the MRI obtained in the supine position, the sur-
geon should consider the restoration of NT and T1S, particu-
larly NT. This is possible because the same data are required
for surgery with the anterior approach, which is widely per-
formed for cervical anterior compression. Before the operation,
a surgeon can plan the surgery in such a manner that T1S is
maintained or increased appropriately, thereby decreasing the
NT indirectly with an acceptable range of the TIA; this would
minimize the changes of long-term complications of the de-
formity and ensure an improved postoperative outcome [19].

This study has a few limitations. First, it focused only on im-
aging findings, rather than the clinical symptoms, and did not
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assess the outcome of the treatment. Few published reports
have been discussed in our paper because of the lack of the
research on the parameters of cervical alignment, such as TIA,
NT, and T1S, and because the comparison of the parameters in
patients with cervical disc-degeneration disease and normal,
asymptomatic subjects has not been reported. In future, we
intend to evaluate the parameters in patients of different ages
undergoing treatment for cervical spondylosis. Further, we in-
tend to assess the reliability of the TIA in explaining symptoms,
establishing the goals of treatment, and evaluating prognosis.

Conclusions

The TIA, T1S, and NT could be used as tools for assessing
the cervical sagittal balance. TIA could be used as a refer-
ence and constant parameter, similar to PI, to assess cervical
compensation since TIA in the outpatients group was similar
to that in the asymptomatic control group in the supine po-
sition. NT and T1S, however, differed remarkably. Therefore,
surgical treatment of patients with disc-degenerative diseas-
es should include restoration of NT and T1S as a therapeu-
tic goal during the preoperative planning. Our study showed
that TIA, T1S, and NT were predictable indices that can assist
preoperative planning.
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