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Background: The purpose of the research was to evaluate cervical sagittal parameters on mag-

netic resonance imaging (MRI) in patients with Modic changes and its impact on axial neck pain.

Methods: This study consisted of 266 consecutive asymptomatic or symptomatic patients with 

Modic changes, whose average age was 50.9±12.6 years from January 2015 to December 2016. 

Cervical sagittal parameters included sagittal alignment of the cervical spine (SACS), T1 slope, 

thoracic inlet angle (TIA), and neck tilt (NT). The Modic changes group was compared with an 

asymptomatic control group of 338 age- and gender-matched adults.

Results: In the Modic changes group, T1 slope was significantly higher (25.8º±6.3º) compared 

with that in the control group (22.5º±6.8º) (P=0.000). However, there was no significant differ-

ence of the NT, TIA, and SACS between the two groups. Patients in the Modic changes group 

were more likely to have experienced historical axial neck pain compared with the control group 

(P=0.000). With regard to the disc degeneration, it indicated that the disc in the Modic changes 

group had more severe disc degeneration (P=0.032).

Conclusion: T1 slope in the Modic changes group was significantly higher compared to that of the 

control group. The findings suggested that a higher T1 slope with broken compensation of cervical 

sagittal mechanism may be associated with the development of Modic changes in the cervical spine.

Keywords: Modic changes, T1 slope, axial neck pain, cervical spine

Introduction
Modic changes describe vertebral endplate and bone marrow lesions on magnetic 

resonance imaging (MRI), which are classified into three types. “Modic-1 changes” 

represent marrow edema and inflammatory phase; “Modic-2 changes” appear as fatty 

replacement of the subchondral bone and marrow; “Modic-3 changes” represent sub-

chondral bone sclerosis.1–3 Several studies have evaluated the role of Modic changes 

in relation to low back pain.4,5 Määttä et al found Modic changes were an independent 

risk factor for low back pain in middle-aged women.6 Kääpä et al concluded that Modic 

changes directly correlate with clinical symptoms.7

Axial neck pain, including neck pain, stiff neck or dullness, is a multifactorial 

condition. Many studies have reported that degenerative disc disease (lesions of the 

disc and facet joints) were significant risk factors leading to the symptoms.8,9 Patients 

with Modic changes were associated with higher risk of developing neck pain. 

Recently, Sheng-yun et al found a significant relationship between Modic changes 

and neck pain.10 

However, the natural evolution and risk factors of Modic changes and their clinical 

significance are not completely understood at the moment. Cervical sagittal  parameters 
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include thoracic inlet angle (TIA), neck tilt (NT), and T1 

slope, which are similar to pelvic incidence (PI) and impact 

the cervical sagittal alignment.11,12 T1 slope and TIA are sig-

nificant anatomical landmarks which can be used to assess 

the cervical sagittal balance.13

To the best of our knowledge, no one has reported the 

effect of the cervical sagittal balance on patients with Modic 

changes and axial neck pain. The hypothesis is that cervical 

sagittal parameters have some relationship to Modic changes, 

which might be associated with axial neck pain. The purpose 

of the research was to evaluate cervical sagittal parameters 

on MRI in patients with Modic changes and their impact on 

axial neck pain.

Methods
Study design
In this study, we identified a total of 266 patients (120 males 

and 146 females) with Modic changes, whose average age 

was 50.9±12.6 years (range 30–63 years), from January 2015 

to December 2016. In order to investigate whether cervical 

sagittal parameters were associated with a higher prevalence 

of Modic changes, we also collected MRI scans from 338 

adults (162 men and 176 women) without Modic changes 

who underwent physical examination in the same period. The 

inclusion criteria were defined as patients who had available 

cervical MRI scans with or without nonspecific axial neck 

pain. The exclusion criteria were spinal infection, trauma, 

vertebral fracture, rheumatic disease, spinal tumors, and 

history of cervical surgery.

The Institutional Review Board of the Third Hospital 

of Hebei Medical University approved this study (approval 

no 2015-C006). The clinical investigations were conducted 

according to the principles expressed in the Declaration of 

Helsinki. Patient consent to review their medical records was 

not required, as all data were de-identified.

MRI assessment
Radiographic evaluation included MRI of the cervical spine. 

Two independent radiologists without knowledge of the clini-

cal information assessed the radiographs. Modic changes of 

cervical spine on MRI were classified into none or Modic-1, 

2, or 3. The MRIs of the spinal cord were obtained using a 

spin echo sequence system for T1-weighted images and a 

fast spin echo sequence system for T1-weighted images. A 

cervical coil was used. 

We measured the sagittal cervical parameters on MRI. 

The sagittal alignment of the cervical spine (SACS) was 

defined as the angle by the caudal endplates of C2 and C7 in 

MRI (Figure 1). T1 slope was measured as the angle between 

a horizontal line and cephalad endplate of T1 in MRI. NT 

was measured as an angle formed by a vertical line passing 

through the cephalad end of the sternum and a line connecting 

the center of the T1 cephalad endplate of and the cephalad end 

of the sternum. TIA was defined as T1 slope + NT (Figure 2).

Disc degeneration was assessed by the method of Schnei-

derman et al.14 Axial neck pain included neck pain, stiff neck 

or dullness.

Statistical analysis
Statistical analysis was performed using SPSS software 

(version 21.0; IBM Corporation, Armonk, NY, USA). The 

kappa statistic was used to evaluate the inter-observer and 

intra-observer reliability of the Modic changes (excellent: 

0.81–1.0; substantial: 0.61–0.80; moderate: 0.41–0.60; fair: 

0.21–0.40; slight: 0.0–0.20; poor: less than 0.0). The signifi-

cant difference of measurements between the Modic changes 

group and control group was analyzed using Student’s t-test 

or Chi-square test. In all analysis, significance was defined 

as P<0.05. Results are presented as mean ± SD.

Results
The inter-observer agreement with the Modic changes classi-

fication was 0.73 (substantial). The intra-observer agreement 

with the Modic changes classification was 0.81 (excellent).

Of patients with Modic changes, 65 patients (24.4%) had 

Modic-1 changes, 189 patients (71.1%) had Modic-2 changes, 

Figure 1  The sagittal alignment of the cervical spine was defined as the angle by the 
caudal endplates of C2 and C7 in magnetic resonance imaging (d).
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and 12 patients (4.5%) had Modic-3 changes. Sixty-one 

patients (35.5%) had Modic changes in more than one seg-

mental level. In 1,330 motion cervical segments, 257 segments 

demonstrated Modic changes (19.3%): Modic-1 changes in 70 

segments (5.3%), Modic-2 changes in 175 segments (13.2%), 

and Modic-3 changes in 12 segments (1.0%). Modic changes 

were most frequent at C5-6 followed by C6-7 and C4-5.

The comparison of the demographic characteristics of the 

Modic changes group and the control group was performed. 

The disc degeneration score and axial neck pain in the Modic 

changes group was significantly higher than the control group. 

Patients in the Modic changes group were more likely to 

have experienced historical axial neck pain (112 patients) 

compared with the control group (90 patients) (P=0.000). 

According to disc degeneration, significant differences were 

revealed between the Modic changes group and the control 

group, which indicated that the disc in the Modic changes 

group had more severe disc degeneration (P=0.032) (Table 1).

T1 slope in the Modic changes group was 25.8º±6.3º and 

in the control group 22.5º±6.8º (P=0.000). The difference of 

T1 slope between the Modic changes group and the control 

group was 3.3º. NT in Modic changes group was 50.2º±7.6º 

and in the control group 52.3º±7.2º. TIA in the Modic changes 

group was 76.9º±8.2º and in the control group 75.1º±7.9º. 

SACS in the Modic changes group was 12.8º±6.5º and in the 

control group 11.5º±7.3º. However, there was no significant 

difference when comparing the NT, TIA, and SACS between 

the two groups (Table 2).

Discussion 
The cervical spine has higher mobility and less load com-

pared to the lumbar spine, which might also cause the disc 

degeneration and clinical symptoms. The cervical spine has 

higher global and segmental activities compared to the lum-

bar spine. Degenerative marrow changes on MRI also have 

a definite correlation with disc degeneration. The incidence 

of Modic changes in the lumbar spine is reported to be 19% 

and 59%, with Modic-1 and 2 changes being the most com-

mon. However, Modic changes are less in the cervical spine 

compared to the lumbar spine, with prevalence varying from 

4.5% to 40.4%.4,10,15,16 Matsumoto et al17 and Mann et al18 

demonstrated that Modic-2 changes in the cervical spine were 

the most common. Recently, Sheng-yun et al found Modic-2 

changes were the most common and Modic-3 changes were 

the least common.10 In our study the prevalence of Modic-2 

changes was more frequent and most common at C5-6 and 

C6-7, which was similar to other studies. 

As we know, T1 slope is a critical issue similar to the PI 

and lumbar sagittal balance. The cervical sagittal balance is 

related to the T1 slope. Previous studies have compared vari-

ous sagittal parameters obtained from radiographs and com-

puted tomography (CT) scans.11,19,20 Jun et al demonstrated 

the strong correlation of sagittal parameters between cervical 

Figure 2 T1 slope was measured as the angle between a horizontal line and 
cephalad endplate of T1 in magnetic resonance imaging (a). NT was defined as an 
angle formed by a vertical line passing through the upper end of the sternum and 
a line connecting the center of the T1 cephalad endplate and the upper end of the 
sternum (b). TIA was defined as T1S + NT (c).
Abbreviations: NT, neck tilt; TIA, thoracic inlet angle; T1S, T1 slope.

Table 1 Demographic characteristics of the Modic changes 
group and the control group

Modic changes  
group

Control  
group

P-value

Age (years) 50.9±12.6 48.1±10.3 0.186
Gender (M/F) 120/146 162/176 0.491
Body mass index (kg/m2) 23.8±3.3 22.6±3.6 0.192
Disc degeneration score 4.6±2.8 2.2±2.5 0.032
Axial neck pain (n) 112 90 0.000

Note: Data presented as mean ± SD.
Abbreviations: F, female; M, male.

Table 2 Comparison of the TIA and SACS between the Modic 
changes group and the control group

Modic changes  
group

Control  
group

P-value

SACS 12.8º±6.5º 11.5º±7.3º 0.377
T1 slope 25.8º±6.3º 22.5º±6.8º 0.000
Neck tilt 50.2º±7.6º 52.3º±7.2º 0.271
TIA 76.9º±8.2º 75.1º±7.9º 0.106

Note: Data presented as mean ± SD.
Abbreviations: TIA, thoracic inlet angle; SACS, sagittal alignment of the cervical 
spine.
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radiographs and CT scans. For this reason, to avoid limitations 

of cervical radiographs, we chose MRI to perform this study.13 

In the current study, patients in the Modic changes group 

were found to have a higher T1 slope than the control group. 

Previous studies confirmed that the large TIA increased T1 

slope and finally increased SACS.11,13,19 Therefore, patients 

with Modic changes might have a greater SACS than those 

in the control group. However, SACS were statistically 

comparable in this study. There may be a damage compen-

sation of cervical sagittal mechanism in the Modic changes 

group. Patients with higher T1 slope needed more cervical 

lordosis and energy expenditure to keep horizontal balance. 

The similar SACS have a different meaning. Patients in the 

Modic changes group come to have more horizontal or grav-

ity direction, which may lead to kyphotic force.

Modic changes were impacted by the structural deteriora-

tion of the cervical discs caused by mechanical stress. The 

torsional forces led to the injury of cartilage endplates and 

bone marrow as a consequence of disc degeneration. The 

torsional forces and hyperactivity in the Modic changes group 

resulted in a sagittal imbalance and/or anterior translation of 

the axis of gravity. According to the similar SACS between 

the two groups, segmental kyphosis might be the reason. On 

the other hand, patients in the control group needed moder-

ately lower SACS to keep cervical sagittal balance. Thus, 

as shown in our study, no significant variations in the other 

parameters were detected in the Modic changes group owing 

to the broken compensation mechanism by disc hyperactivity 

and loss of cervical lordosis.

In this study, we found Modic changes to be more com-

mon at C5-6 and C6-7, similar to other studies. Chaput et 

al found that C3-5 are subjected to increased stress, which 

may result in cervical degeneration and abnormal cervical 

translation.21 Therefore, it was demonstrated that higher T1 

slope needed more cervical lordosis to keep horizontal bal-

ance, which caused more stress and hypermobility at the disc. 

The higher T1 slope suggested that an unusual mechanism 

influenced the incidence of Modic changes. However, this 

correlation was one of many factors, not a causal relationship. 

Previous studies reported that Modic changes were 

associated with both disc degeneration and the presence 

of low back pain.4,22 In our study, we also showed that the 

patients in the Modic changes group were significantly more 

likely to experience axial neck pain than those in the control 

group. The higher T1 slope might lead to cervical kyphosis, 

increasing the risk of endplate damage and disc degeneration. 

However, a causal relationship was not proven.

Limitations
The present study has some limitations. There was a lack of 

study on the relationship between the cervical parameter of 

Modic changes and disc degeneration. Owing to the retro-

spective nature of this study, it is difficult to control for the 

many variables inherent in patients with Modic changes. 

Furthermore, the possibility of selection bias exists. As we all 

know, Modic changes are a dynamic phenomenon, and their 

conversion in patients with T1 slope is still unknown. There-

fore, a large scale follow-up study should be carried out to 

define the relationship between T1 slope and Modic changes. 

Conclusion 
T1 slope in Modic changes group was significantly higher 

compared to that of the control group. The findings suggested 

that a higher T1 slope with broken compensation of cervical 

sagittal mechanism may be associated with the development 

of Modic changes in the cervical spine. 
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