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Abstract
The aim of this study is to investigate the relationship between theModic changes (MCs) and sagittal parameters of the cervical spine.
We conducted a retrospective review of 100 outpatients with magnetic resonance imaging (MRI) scans of the cervical spine (50

male and 50 female). MRI parameters weremeasured, including neck tilt, T1 slope (T1 ), thoracic inlet angle (TIA), and cervical lordosis
(CL: Cobb C2–7). Patients were divided into 4 groups according to the presence or absence of MC and T1s, respectively: MC(+) and
MC(�) groups, as well as H-T1s (T1s≥25°) and L-T1s subgroups (T1s<25°). Relationships between theMC and sagittal alignment in
the cervical spine and other parameters were evaluated via Spearman correlation coefficient. Radiologic parameters were compared
between the MC(+) group and MC(�) group, and the prevalences of MC were compared between the H-T1s and L-T1s groups.
T1s was significantly correlated with TIA and CL, with correlation coefficients of 0.562 and 0.725, respectively. T1 slope was

significantly higher in patients with MC than those without MC (P= .041), and the prevalence of MC was higher in the H-T1s group
than the L-T1s group (37.5% and 17.1%, respectively). However, the relationship between the parameters of sagittal balance and
MC was not significant.
The present study demonstrated that high T1 slope is a potential risk factor for the development of MC due to impaired sagittal

balance, especially in the C5–6 cervical segment.

Abbreviations: CL = cervical lordosis, MC =Modic change, MRI =magnetic resonance imaging, NT = neck tilt, T1s = T1 slope,
TIA = thoracic inlet angle.
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1. Introduction

Modic change (MC), a common degenerative change observed in
magnetic resonance imaging (MRI) in the patients with spinal
degenerative diseases summarized by Modic et al,[1] is believed
to be associated with rapidly advanced degeneration.[1–3] The
cervical spine is the most mobile region of the spine and
withstands the axial load of the head; thus, normal lordotic
alignment is the most important factor contributing to effective
motion and function of the cervical spine. However, malalign-
ment may induce pathologic changes in the kinematics and
accelerate degeneration of the functional motion unit.[4]
Editor: Dennis Enix.

The authors declare that they have no conflict of interest.

Department of Orthopaedics, China-Japan Union Hospital of Jilin University,
Changchun Jilin, China.
∗
Correspondence: Peng Liu and Jianlin Xiao, Department of Orthopaedics,

China-Japan Union Hospital of Jilin University, No. 126 Sendai Avenue,
Changchun 130033, Jilin, China (e-mails:
1252308715@qq.com, Xiaojianlin10@qq.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2017) 96:33(e7699)

Received: 23 January 2017 / Received in final form: 7 June 2017 / Accepted: 19
June 2017

http://dx.doi.org/10.1097/MD.0000000000007699

1

MC of the cervical spine has been extensively studied. Studies
on MC using MRI have indicated that Modic degenerative
change in cervical disorders may cause cervical morbidities,
such as neck pain, motion disorder, and neurologic deficits.[5,6]

Following these preclinical studies, several clinical trials focused
on evaluating the factors of MC.[7,8] However, studies assessing
the correlation betweenMC and sagittal alignment in the cervical
spine have been limited.
Therefore, we firstly hypothesized that impaired sagittal

balance may result in Modic degenerative change. Thus, we
investigate the relationship between sagittal alignment of the
cervical spine and MC in the MRI scan.
2. Methods

From January 2015 to August 2015, MRI scans of the cervical
spine were conducted on 100 outpatients in the China-Japan
Union Hospital. The mean age of the outpatients was 52.94
years, ranging from 29 to 72 years. Among these, 100 outpatients
(50 male and 50 female) with mild symptomatic neck pain, with
or without radiculopathy or myelopathy, were randomly
allocated. Patients with trauma, rheumatoid arthritis, infectious
spondylitis, spinal tumors, prior cervical fractures or disloca-
tions, or prior cervical spine surgery were excluded from this
study. The study protocol was approved by the ethics committee
of China-Japan Union Hospital of Jilin University.
Patients were divided into 2 groups according to the presence

of MC: an MC(+) group and a MC(�) group. Patients were also
subdivided into 2 groups according to T1s: a H-T1s group (T1s
≥25°) and a L-T1s group (T1s <25°).
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Table 1

The mean value and range of parameters.

Mean Range Standard deviation

TIA, degree 75.30 49.50∼105.50 11.95
T1s, degree 21.42 4.40∼47.30 7.64
NT, degree 54.47 31.30∼82.80 10.00
CL, degree 10.69 �14.60∼56.10 10.70

The average value was 75.30°±11.94° (range, 49.50°–105.50°), 21.42°±7.64° (range,
4.40°–47.30°), 54.47°±10.00° (range, 31.30°–82.80°), 10.69°±10.70° (range, �14.60° to
56.10°) for TIA, T1s, NT, and CL, respectively.
NT=neck tilt, TIA= thoracic inlet angle, T1s=T1 slope.
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2.1. Imaging

The patients were in the supine position facing upwards when
MRI scans of the cervical spine were taken. All images were taken
using the same imaging system (Siemens 3.0T,MRI Scanner, AG,
Germany). The general information, including patient age,
gender, and presence or absence of MC, were also collected.
Basic measurements of each patient were made on a mid-sagittal
T2-weighted MRI (TR/TE 2980/122.6, matrix size 208�320,
time to recovery: 3000 to 3600ms, time to echo: 87 to 114ms,
and slice thickness: 4mm). The value of each parameter,
including neck tilt (NT), T1 slope (T1s), thoracic inlet angle
(TIA), and cervical lordosis (CL: CobbC2–7), was obtained using
the software Centricity Enterprise Web V3.0, and then
independently reviewed by 2 senior orthopedic surgeons. If
differences were present, we took the average of the 2
measurements for each parameter for analysis.
2.2. Outcome parameters

MCs were evaluated fromMRI at the levels from C2–3 to C6–7:
type 1, hyperintense signal on T1-weighted and T2-weighted
imaging; type 2, hyperintense signal of T1-weighted imaging and
hyper- or isointense signal on T2-weighted imaging; type 3,
hypointense signal on T1-weighted and T2-weighted imaging.
NT was defined as the angle formed by a vertical line drawn in

the upper end of the sternum and a line connecting the upper
endplate center of T1 to the upper end of the sternum. T1s was
defined as the angle formed by a horizontal line and the upper
endplate of T1. TIA was defined as the angle between a vertical
line at the upper endplate center of T1 and a line connecting the
upper endplate center of the T1 to the tip of the sternum. CL was
measured as the angle between the horizontal line on the lower
Figure 1. 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; 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; T1s is the angle between a horizontal line and the superior end
plate of the first thoracic vertebrae. CL is the angle between the horizontal line
on the lower endplate of C2 and a horizontal line on the lower endplate of C7.
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endplate of C2 and a horizontal line on the lower endplate of C7
(Fig. 1).

2.3. Statistical analysis

The values were represented as the mean± standard deviation
(SD). Relationships between MC and sagittal alignment in the
cervical spine and other parameters were evaluated using
Spearman correlation coefficient. Radiologic parameters
obtained from MRI scans of the cervical spine were compared
between the MC(+) group and MC(�) group using a t test. SPSS
(Version 19.0; SPSS, Chicago, IL) was used for the statistical
analyses. Statistically significant differences were considered
when the P value was< .05.
3. Results

The average age of the MC group was 54.26±11.35 years, and
that of the nMC group was 52.55±10.49 years. The mean value
and range of parameters are summarized in Table 1 and Fig. 2.
There were no significant differences between the MC and nMC
groups in terms of age or gender (P= .50 and P= .48,
respectively).
T1s was significantly correlated with TIA and CL in the present

study with correlation coefficients of 0.562 and 0.725,
respectively (Table 2). However, there was no statistically
significant difference between the parameters and MC (Table 3).
The T1 slope in the MC(+) group was significantly higher than

that in the MC(�) group (P= .041), with average T1 slopes of
24.26±8.66° and 20.57±7.15°, respectively. However, no
Figure 2. The average measurements of the parameters and mean age of
different genders. C2–7=Cobb angle between C2-C7, F= female, M=male,
NT=neck tilt, TIA= thoracic inlet angle, T1S=T1 slope.
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Table 4

Comparison between MC (+) and MC (�).

MC (+) MC (�) P

TIA 78.60 74.31 .131
T1s 24.27 20.57 .041
NT 54.69 54.41 .905
CL 11.75 10.37 .591

NT=neck tilt, TIA= thoracic inlet angle, T1s=T1 slope.

Table 3

Spearman correlation coefficient between MC and parameters.

TIA T1s NT CL

MC .166 .186 .050 .074

MC=Modic changes, NT=neck tilt, TIA= thoracic inlet angle, T1s=T1 slope.

Table 2

Pearson correlation coefficient and P value.

TIA T1s NT CL

TIA .562
∗

.765
∗

.382
∗

T1s �.053 .725
∗

NT �.092
CL

NT=neck tilt, TIA= thoracic inlet angle, T1s=T1 slope.
∗
Correlation significant at 0.01 (2-tailed).
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significant differences were found between the 2 groups for the
other parameters, as summarized in Table 4. The prevalence of
MCwas 37.5% (9 of 24 patients) in the H-T1s group and 17.1%
(13 of 76 patients) in the L-T1s group, respectively.
4. Discussion

To our knowledge, the sagittal balance of the physiological
upright spine maintains an alignment with a minimum of energy
expenditure to the global axis of gravity.[9–12] Malalignment of
the cervical spine in the sagittal plane has been proven to
accelerate segment degeneration, which results in cervical
Figure 3. Prevalence and distribution of Mo
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degenerative disorders. MC, a common degenerative
change, was believed to be associated with rapidly advanced
degeneration.[3] T1 slope, which is the angle formed by a
horizontal line and the upper endplate of T1, is considered a
landmark of overall spinal sagittal balance,which is an extremely
important factor in the relationship between pelvic incidence and
lumbar lordosis.[16–20] Knott et al[16] reported that patients with
a high T1 slope of more than 25° can have sagittal imbalance due
to the increased sacral vertical axis.
However, few studies have evaluated the relationship between

MC and the sagittal alignment in the cervical spine. Therefore, the
aim of the present study was to evaluate the parameters of each
patient with a Modic degenerative change of the cervical spine to
assess cervical sagittal balance and to investigate the relationship
between the sagittal alignment of the cervical spine andMC in the
MRI scan. In our study, the patients were divided into 4 groups
according to the presence of MC and T1s, respectively: anMC(+)
group andMC(�) group, as well as a H-T1s subgroup (T1s ≥25°)
and L-T1s subgroup (T1s <25°). Our results showed that the T1
slope in the MC(+) group was significantly higher than that in the
MC(�) group. We also found that MCs were most frequent at
the C5–6 level followed by C4–5 and that the prevalence ofMC in
the patients with higher T1s was greater than those with lower
T1s. These findings implied a correlation betweenMC and higher
T1s. However, no statistically significant difference between the
parameters and MC was observed.
Previous studies had interesting findings in accordance with

our study[20,21]; notably, a positive correlation between T1s and
CL was found in the present study. An individual with a high T1
slope required a large CL to maintain a horizontal gaze. When
normal lordotic alignment progressed to hyper-lordotic align-
ment, the translational motion and angular variation was greater
at the C4–C5 and C5–C6 levels, which represents the tip of
lordosis. The changes in the sagittal alignment of the cervical
spine affect the kinematics and consequently accelerate the
degeneration of this segment rather than that of other parts.[4]

Hayashi et al[22] found in 437 symptomatic patients (mean age
49.8±10) that MC had the highest prevalence in the C5-C7
levels, as was the case in our study (Fig. 3). According to the
current literature, there are 2 pathogenetic mechanisms leading to
MC: biomechanical and biochemical causes. T1s greater than
dic changes (MCs) in the cervical spine.
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[5] Barsa P, Suchomel P. Factors affecting sagittal malalignment due to cage
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25°, especially at C5–6, may affect kinematics due to impaired
balance, which accelerates its degeneration and results in MC.
However, Yang et al[16] found that patients with a lowT1 slope

had a higher grade of degeneration. Their study indicated that
cervical degeneration and spondylotic change may be caused by
stress concentration with decreased cervical lordosis, which may
cause stress concentration at C5–6; this stress concentration may
result in a higher degree of degeneration of these segments rather
than impaired sagittal balance.[16] We believe that the difference
between this study and those 2 studies may be due to the varying
ages because these patients were all older than 50 years.
The present study has also several limitations. First, unlike

prospective and randomized studies, this was a retrospective
study with a heterogeneous conclusion, which could be improved
with a high-quality prospective study of participants who
undergo cervical MRI. Second, complete clinical information
was not available for all patients because only relevant
parameters obtained from images of the patients in our
institution were available. Thus, more specific clinical correla-
tions could not be attempted. Third, the sample size differed
significantly between the MC(+) group andMC(�) group, which
could affect the accuracy of our findings. Therefore, further
studies with larger sample sizes are urgently needed.

5. Conclusion

The present study demonstrated that there is a certain degree of
correlation between MC and sagittal alignment of the cervical
spine. Our results suggested that high T1 slope is a potential risk
factor favoring the development of MC resulting from impaired
sagittal balance, especially at the C5–6 segment level.
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