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	 Background:	 Modic changes on magnetic resonance imaging (MRI) represent lesions in the bone marrow of the vertebral 
body that may be associated with pain. This study investigated the relationship between neck pain and cervi-
cal Modic changes, and risk factors for neck pain (NP).

	 Material/Methods:	 This study included 168 patients diagnosed with cervical spondylotic myelopathy between February 2013 and 
April 2017. Basic patient information about demographic and lifestyle variables was obtained from medical re-
cords. Radiographic images provided cervical alignment (C2–C7 Cobb), T1 slope and C7 slope. All patients un-
derwent MRI to evaluate the presence of Modic changes. Univariate analyses identified the variables as po-
tential factors. Variables with a p<0.10 were included in the multivariate logistic regression analysis models. 
P-values <0.05 were statistically significant.

	 Results:	 Only 93 patients (55.4%) had NP. Modic changes in patients with NP were significantly higher than those with-
out Modic changes (p=0.002). Eighty-five patients had Modic changes types I, II, III; 41 (48.2%), 29 (34.1%), 15 
(17.6%), respectively. The distribution of these Modic changes varied with NP (p<0.001). Type I Modic changes 
were seen with NP more frequently than other types of Modic changes. Univariate and multivariate analyses 
showed that age (odds ratio [OR], 1.09; 95% confidence interval [CI], 1.02–1.16) and Modic changes (OR 1.25; 
95% CI, 0.09–1.46) were significant independent factors for NP.

	 Conclusions:	 In cervical spondylosis, age and Modic changes were associated with NP. Modic change type I is more likely to 
occur with NP.
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MRI – magnetic resonance imaging; NP – neck pain
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Background

Neck pain (NP) is a common symptom with a probability of 
0.40% to 41.5% [1]. In the US, more than 40% adults suffer 
from chronic NP [2]. These adults endure the pain for an aver-
age of 10 years [3]. As NP is expensive to cure, it is becoming 
the fourth burden on people’s lives [4]. Cervical Modic chang-
es are a degenerative phenomenon, seen as signal changes of 
vertebral endplates and subchondral bone on magnetic reso-
nance imaging (MRI). Clinically, we found that NP in patients 
was often accompanied by cervical Modic changes. We sus-
pect a connection between Modic changes and NP. In recent 
years, there has been considerable literature on the treatment 
of NP [5]. Some researchers studied the correlation between 
NP and high-density lipoprotein (HDL), low-density lipoprotein 
(LDL), and physical workload. The relationship between cervi-
cal sagittal range of motion (ROM) and the severity of NP has 
also been demonstrated [7]. However, there is little literature 
that demonstrates the relationship between Modic chang-
es (MCs) and NP. It is important to recognize the risk factors 
for developing NP as this may be the guide to its prevention.

Material and Methods

Patient population

This was a retrospective single-center study of 168 patients di-
agnosed with cervical spondylotic myelopathy between February 
2013 and April 2017. They were divided into two groups based 
on the presence or absence of neck pain; NP (+), NP (–), respec-
tively. Inclusion criteria were adults aged between 30 and 70 
years; adults diagnosed with cervical spondylotic myelopa-
thy for more than 1 month in an outpatient or ward setting. 
Exclusion criteria were trauma, infectious diseases, tumors, 
cervical spinal surgery, congenital malformation, and scolio-
sis. This study was approved by the Orthopedics Hospital of 
Xingtai City Ethics Committee. As the data were collected and 
analyzed anonymously in this single-center study, the Ethics 
Committee waived informed consent.

Parameter evaluation

Data were collected to predict risk factors and divided into 
four categories, including demographic data, lifestyle variables, 
radiographic images and MRI images. Medical records con-
tained demographic data and lifestyle variables such as age, 
gender, weight, height, body mass index (BMI), smoking and 
alcohol history. Radiographic images included C2–C7 Cobb, T1 
slope and C7 slope. MRI images included three types of Modic 
changes. These definitions were measured in standing lateral 
radiographs (Figure 1). The terms used are defined as: C2–C7 
Cobb is the angle between the inferior endplates of C2 and 

C7; T1 slope is the angle formed by the horizontal line and the 
superior endplate of T1; C7 slope is the angle formed by the 
horizontal line and the superior endplate of C7.

All the radiographs were performed by two experienced radio-
logic technologists. The reports were made by two investiga-
tors. In case of a disagreement, the final decision was made 
by a third image investigator.

Statistical analysis

IBM SPSS Statistics 21 (SPSS Inc., Chicago, IL, USA) was 
used for data analysis. Continuous variables were shown as 
mean±standard deviation, and categorical variables were pre-
sented as frequencies and percentages, analyzed by the Chi-
square test or Kruskal-Wallis test. T-tests or Mann-Whitney 
U-tests were used for numerical data. Univariate regression 
analyses identified some variables as potential risk factors. 
Variables with a p-value <0.10 were included in the multivar-
iate logistic regression analysis models. P-values <0.05 were 
considered statistically significant.

Figure 1. �Measurements of the radiological parameters C7 slope, 
T1 slope, C2–C7 Cobb on a cervical lateral radiograph.
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Results

In total, 168 participants (79 males and 89 females) were in-
cluded in this study. The average age was 51.1±12.4 years. Of 
these, 93 patients (55.4%) had NP, and the other 75 (44.6%) 
had no NP. All patient details, demographic data and clinical 
characteristics are shown in Table 1. The average age of pa-
tients with NP was significantly higher than those without NP 
(58.1±10.1 years vs. 42.4±9.1 years, p<0.001). There was a sig-
nificant difference (p=0.005) in the height of patients with NP 
(170.7±8.4 cm) compared to those without NP (170.5±7.0 cm). 
Smokers with NP were significantly higher than nonsmokers 
(p<0.001). The T1 slope was 28.9±4.0° in patients with NP, and 
24.0±2.1° in patients without NP, and the difference was sig-
nificant (p<0.001). MCs in patients with NP were significant-
ly higher than in patients without MCs (p=0.002) with NP. 
Gender, weight, BMI, C2–C7 Cobb, C7 slope and alcohol con-
sumption were not statistically significant in NP and non-NP 
patients. There were 85 patients with Modic changes types I, 
II, III; 41 (48.2%), 29 (34.1%), 15 (17.6%), respectively. Using 
the Kruskal-Wallis test, we found that MCs types I, II, and III 
varied in their distribution in patients with NP (p<0.001). Type I 
MCs are often observed more frequently with NP than other 
types of Modic changes. (Table 2).

Univariate analyses revealed that age, smoking status, T1 
slope, C7 slope, and MCs were the risk factors for NP (Table 3). 
Multivariate analysis was performed to investigate the inde-
pendent variables on the development of NP. The results show 
that age (odds ratio [OR], 1.09; 95% confidence interval [CI], 
1.02–1.16) and MCs (OR 1.25; 95% CI, 0.09–1.46) were signif-
icant independent factors for NP (Table 4).

Discussion

In our study, we found that age and MCs were risk factors 
for neck pain.

Relationship between age and neck pain

Romano et al. [8] reported that older people have a lower pain 
threshold. They reported that men and women behave dif-
ferently when it comes to pain, and men are more sensitive 
to it. Monroe et al. [9] stated that the prevalence of painful 
conditions increase with age. In our study, the average age of 
patients with NP (58.1±10.1 years) was higher than patients 
without NP (42.4±9.1 years). However, this study did not in-
vestigate the difference between the sexes for NP sensitivity. 
Another reason for NP is that degeneration of the cervical spine 
becomes more severe with age. However, degeneration of the 

Neck pain (+) Neck pain (–) p-Value

Age (years) 	 58.1±10.1 	 42.4±9.1 <0.001*

Gender (M/F) 46/47 33/42 0.48

Weight (kg) 	 62.8±10.3 	 62.8±9.2 0.16

Height (centimeter) 	 170.7±8.4 	 170.5±7.0 0.005*

Body mass index (kg/m2) 	 21.5±2.2 	 21.6±2.8 0.81

Smoking (Yes/No) 71/22 14/61 <0.001*

Alcohol (Yes/No) 56/37 39/36 0.29

C2–C7 Cobb angle (degrees) 	 20.8±5.5 	 20.5±6.0 0.45

T1 slope angle (degrees) 	 28.9±4.0 	 24.0±2.1 <0.001*

C7 slope angle (degrees) 	 25.8±2.4 	 22.9±2.0 0.07

Modic changes (Yes/No) 57/36 28/47 0.002*

Table 1. Patients’ demographic data and clinical characteristics.

Data presented as the number, or mean±standard deviation.

Modic change Patients Neck pain (+) Neck pain (–) c2 p-Value

Type I 41 30 11

54.3 <0.001Type II 29 19 10

Type III 15 7 8

Table 2. Distribution of Modic changes.
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cervical spine is associated with cervical pain. Internal disc dis-
ruption (IDD) is a type of cervical degeneration. Cervical disc 
herniation can compress the nerve root, which can lead NP. 
Ito et al. [10] stated that IDD accounts for 1% of the causes of 
NP. Forty percent of lower back pain was attributed to IDD [11]. 
Videman et al. [12] studied 157 cases of lumbar disc hernia-
tion, where the risk of IDD occurrence rate ranged from 0.6% 
to 0.7% in adults. Older people may almost have IDD, which 
can press on nerve roots and cause pain, meaning that old-
er people are more likely to have neck pain. Therefore, there 
must be a correlation between age and NP. There is incidence 
of NP increased with age. The exact mechanisms for a connec-
tion between age and neck pain remains elusive. If the elder-
ly suffer from NP, they should seek medical attention as soon 
as possible to eliminate cervical spondylosis.

Relationship between Modic changes and neck pain

Modic change is one of the manifestations of cervical degener-
ation, showing signal changes of vertebral endplates and sub-
chondral bone on the MRI. De Roos [13] first highlighted it in 
1987, describing the signal changes in the lumbar endplate. 

Thereafter, based on the different signal intensity on MRI, 
Modic et al. [14] classified the signal changes into types I, 
II, and III. Type I shows hypointense T1 and hyperintense T2 
manifests as bone marrow inflammation and edema; type II 
shows hyperintense T1 and T2 indicating fatty involution of 
the marrow and bone; type III shows hypointense T1 and T2 
resulting from endplate sclerotic changes (Figure 2). Previous 
literature has shown a relationship between osphyalgia and 
MCs [15,16]. Kuisma et al. [17] reported that Modic changes at 
L5–S1 and Modic type I lesions are more likely to be associat-
ed with pain symptoms than other types of Modic changes or 
changes located at other lumbar levels. Braithwaite et al. [18] 
did a discography of the disc and found that the sensitivity to 
pain was 86.7% in the presence of Modic changes and pain 
sensitivity without MCs was 23.3%. Therefore, lower back pain 
due to MCs in the lumbar spine is likely related to disc degen-
eration, which may be discogenic specific changes in low back 
pain on MRI. This study showed that the incidence of NP in 
patients with cervical spondylotic disease with Modic changes 
was higher than that in patients without Modic changes. Our 
study identified that NP patients with Modic changes type I 
were more (35.3%), followed by Modic changes type II (22.4%). 

Variable Odds ratio 95% CI p-Value

Age (years) 1.15 1.10–1.19 <0.001

Gender (M/F) 1.24 0.68–2.29 0.48

Weight (kg) 1.01 0.97–1.03 0.99

Height (centimeter) 1.06 0.96–1.08 0.90

BMI (kg/m2) 1.86 1.27–2.23 0.52

Smoking status (Yes/No) 0.07 0.03–0.15 <0.001

Alcohol (Yes/No) 0.71 0.39–1.32 0.29

C2–C7 Cobb 1.01 0.96–1.07 0.71

T1 slope 1.60 1.37–1.86 <0.001

C7 slope 1.80 1.49–2.17 <0.001

MCs (Yes/No) 1.03 0.08–1.16 <0.001

Table 3. Univariate logistic regression analysis of risk factors for neck pain.

BMI – body mass index; CI – confidence interval; MCs – Modic changes.

Variable Odds ratio CI p-Value

Age (years) 1.09 1.02–1.16 0.008

Smoking status (Yes/No) 2.76 0.28–26.83 0.38

T1 slope 1.27 0.93–1.73 0.13

C7 slope 1.12 0.74–1.70 0.58

MCs (Yes/No) 1.25 0.09–1.46 <0.001

Table 4. Multivariate logistic regression analysis of risk factors for neck pain.

CI – confidence interval; MCs – Modic changes.
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We believe there is a relationship between cervical MCs and 
NP, especially type I Modic changes. Many patients with type I 
Modic changes present with NP. At present, most scholars 
believe that mechanical compression is not the main cause 
of lumbago and leg pain, chemical stimulation plays a key 
role [19]. Peng et al. [20] studied 17 patients with discogen-
ic lower back pain and reported that the nucleus pulposus of 
the outer ring of fibers along the intervertebral disc fissures, 
where there is a vascular granulation tissue region have ab-
normally abundant substance P, prostaglandin E2, and brady-
kinin, which can lead to pain. Podichetty [21] also found a va-
riety of inflammatory regulators in the discogenic lower back 
pain intervertebral discs, such as carbon albumin matrix me-
talloproteinase, prostaglandin E2, tumor necrosis factor and 
various cytokines, which have been found in degenerative in-
tervertebral discs. Nitric oxide synthase was also reported in 
the spinal fluid of these patients. We think there are two rea-
sons for Modic changes causing neck pain. First, Modic changes 
are microfractures that cause mechanical pain. Second, Modic 
changes produce inflammatory factors that cause pain. These 
explanations need further investigation.

Limitations of the current study

First, Modic changes are rare in the cervical spine; therefore, 
the sample size is very small. In addition, our conclusion is that 

age and Modic changes are associated with NP. Further study 
is required to understand how age and Modic changes cause 
NP. Finally, this study analyzed the relationship between a fi-
nite factor and NP. There may be many other, as yet uniden-
tified factors that influence neck pain.

Conclusions

In cervical spondylosis, age and MCs were associated with NP. 
When older patients with neck pain seek medical advice as soon 
as possible, it helps in the early detection of cervical degenera-
tion changes. If the MRI shows Modic changes in patients with 
neck pain, then neck pain may be caused by Modic changes.
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Figure 2. �1a. Modic changes type I: A superior C4 vertebral body showed a lower signal intensity on FSET1WI (arrow). 1b. A superior 
C4 vertebral body showed a higher signal intensity on frFSE-T2WI (arrow). 2a. Modic changes type II: A superior C6 vertebral 
body showed high signal intensity on FSE-T1WI (arrow). 2b. A superior C6 vertebral body showed high signal intensity on 
frFSE-T2WI (arrow). 3a. Modic changes type III: A superior C6 vertebral body showed low signal intensity on FSET1WI (arrow). 
3b. A superior C6 vertebral body showed low signal intensity on frFSE-T2WI (arrow).
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