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Background: The aim of this study was to assess the prevalence of cervical Modic change 

(MC) in patients with cervical spondylosis and to develop a better understanding of the possible 

risk factors for the prevalence of MC.

Methods: Between January 2014 and April 2017, patients with cervical spondylosis were 

included in our study. All patients underwent magnetic resonance imaging (MRI) to evaluate the 

presence of MC. The MC was classified into three types according to the Modic classification. 

Potential risk factors were collected from demographic data, lifestyle variables, laboratory tests, 

and radiographic images. Both univariate and multivariate analysis were used to detect factors 

associated with MC. We further compared several variables related to fat metabolism between 

patients with Type 1 and Type 2 MC.

Results: The prevalence of MC in patients with cervical spondylosis was 9.24%. The MC was 

most frequent at C5–6, followed by C6–7, C4–5, and C3–4. The proportion of Type 1 MC in 

patients with neck pain was significantly higher than that in patients without neck pain (46.2% 

vs 13.6%, P=0.027). However, none of the variables associated with fat metabolism showed 

a significant difference between Type 1 and Type 2 MC. Multivariate logistic analysis showed 

that age ≥55 years (odds ratio [OR], 1.91; 95% confidence interval [CI], 1.22–2.98) and body 

mass index (BMI) ≥25 kg/m2 (OR, 2.41; 95% CI, 1.62–3.59) were two significant independent 

factors that are associated with cervical MC in patients with cervical spondylosis (P<0.05).

Conclusion: It appears that advanced age and high BMI were two factors that may be respon-

sible for cervical MC. Type 1 MC is associated with the prevalence of neck pain. However, we 

cannot confirm that Type 2 MC is correlated with fat metabolism.
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Introduction
Modic change (MC) refers to abnormal bone signals under the vertebral endplate on 

spinal magnetic resonance imaging (MRI), suggesting lesions of vertebral endplate as 

well as adjacent bone marrow in the vertebral body. It was first noted by Roos et al1 in 

1987, and a formal classification of it was subsequently provided by Modic et al2 in 

1988. According to the study by Modic et al,3 three types of MC have been identified 

on the basis of MRI: Type 1 MC shows a hypointense signal on T1 sequences and a 

hyperintense signal on T2 sequences; Type 2 MC shows a hyperintense signal on T1 

sequences and a hyper- or isointense signal on T2 sequences; and Type 3 MC shows a 

hypointense signal on both T1 and T2 sequences. Histological and radiological stud-

ies have demonstrated that Type 1 MC represents vascularized bone marrow and/or 
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edema; Type 2 MC represents the conversion of normal red 

hemopoietic bone marrow into yellow fatty marrow; and 

Type 3 MC is rare and represents subchondral bone sclerosis.3 

Types 1 and 2 MC are interconvertible over time and can 

eventually convert to Type 3 MC.4,5 All these changes are 

believed to be associated with rapidly advancing degenera-

tion of the spine.6,7

Elucidation of MC etiology is hindered by the dynamic 

clinical presentation of patients and multifactorial patho-

physiology.8,9 Although appropriate investigations that reveal 

the relationship between MC and potential risk factors are not 

too much, several other studies have provided some clues. 

For example, Frymoyer et al10 hypothesized that smoking 

can reduce bone mineral content because of the contraction 

of small arteries in the vertebral disks and then increase the 

possibility of developing microfractures, which may enhance 

the likelihood of developing MC. Leboeuf-Yde et al11 pro-

posed that heavy labor can increase the burden on the disks 

and weaken the bone structure, which would eventually lead 

to the incidence of MC. Mok et al12 speculated that MC is 

possibly induced by intervertebral disk herniation. However, 

nearly all of the literature on MC focus on the lumbar spine, 

and only a few studies report on the prevalence of and risk 

factors for MC in the cervical spine. Thus, we performed 

this study to assess the classification and distribution of 

cervical MC in patients with cervical spondylosis, and to 

acquire a better understanding of possible risk factors to the 

development of MC.

Methods
Patient population
The patients who presented to our hospital from January 

2014 to April 2017 because of neurologic symptoms from 

the cervical spine, such as radiculopathy or myelopathy, 

were included in our study. The inclusion criteria were 

adult patients with cervical disk herniation or cervical 

spondylotic myelopathy. Patients were excluded if they had 

prior cervical spinal surgery, ossification of the posterior 

longitudinal ligament, amyotrophic lateral sclerosis, spinal 

tuberculosis, or spinal infection. The Ethics Committee of 

the Third Hospital of Hebei Medical University approved 

this research and waived the informed consent because this 

was a cross-sectional study and all data were collected and 

analyzed anonymously.

Assessment of MC
All patients underwent MRI to evaluate the presence of 

MC. MRIs were performed with a 3.0-T imager (Siemens 

Magnetom Symphony; Siemens, Berlin, Germany), and a 

body spine surface coil was used with the patients in the 

supine position. Images of sagittal T1-weighted turbo spin 

echo and sagittal T2-weighted turbo spin echo sequences 

were collected and analyzed. According to the definition by 

Modic et al,2,3 the MC was classified as Type 1, Type 2, and 

Type 3. The criteria of classification are listed in Table 1. An 

example of Type 2 MC at the C4–5 level in the cervical MRI 

is shown in Figure 1.

The classification of MC on MRI was completed by two 

independent reviewers who were blinded to patients’ informa-

tion. Disagreements between the two reviewers were settled 

by discussion, and if no consensus could be reached, the third 

reviewer made the final decision.

Data collection
Data were collected on potential risk factors in the following 

four categories: demographic data, lifestyle variables, labora-

tory tests, and radiographic images. Demographic data and 

lifestyle variables were collected from the medical record, 

including age, gender, weight, body mass index (BMI), 

history of smoking or alcohol, history of cervical injury, 

participation in sports, and physical workload. Participation 

in sports was defined as regular performance of any kind of 

exercise routine with a minimum frequency of once per week. 

Occupation was categorized as sedentary, light, medium, 

heavy, or very heavy workload according to a classification 

of jobs scheme based on workload.13 Patients with sedentary, 

light, and medium workloads were defined as “nonheavy,” 

and those with heavy or very heavy workloads were defined 

as “heavy.” From laboratory tests, we retrieved the value of 

high-density lipoprotein (HDL), low-density lipoprotein 

(LDL), and triglyceride (TRIG). Cervical alignment and 

range of motion (ROM) were measured in standing lateral 

Table 1 Types of MC in vertebral body based on MRI

Type of MC T1 signal intensity T2 signal intensity Represents 

1 Hypointense Hyperintense Vascularized bone marrow and/or edema
2 Hyperintense Isointense or hyperintense Proliferation of fatty tissue
3 Hypointense Hypointense Subchondral bone sclerosis

Abbreviations: MC, Modic change; MRI, magnetic resonance imaging.
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radiographs of the cervical spine. Cervical alignment was 

defined as the Cobb angle from C2 to C7. The C2–7 ROM 

was defined as the sum of the C2–7 Cobb angle during flexion 

and extension on lateral radiographs. To perform multivariate 

analysis, continuous covariates were dichotomized. There 

is no generally accepted cutoff point for defining elder age, 

heavy weight, high BMI, large C2–7 Cobb angle, or large 

C2–7 ROM in patients with cervical spondylosis. The choice 

for their particular cutoff values (age ≥55 years, <55 years; 

weight ≥65 kg, weight <65 kg; BMI ≥25 kg/m2, <25 kg/m2; 

C2–7 Cobb angle ≥20°, <20°; C2–7 ROM ≥40°, <40°) were 

based on previous studies, clinical meaning, or the popula-

tion distribution.

Statistical analysis
The statistical analyses were performed with the Statistical 

Package for the Social Sciences, version 18.0 (SPSS Inc., 

Chicago, IL, USA). Variables were presented as a mean 

with standard deviation for continuous variables and with 

frequencies and percentages for categorical variables. The 

independent sample t-test or Mann–Whitney U- test was 

used for numerical data, and Fisher’s exact test was used to 

identify differences in the frequency of nominal variables 

between groups. After univariate analyses, variables found 

to be potentially predictive of the outcome variable from 

the univariate analyses (P<0.20) were included in the multi-

variate logistic regression models. P-values below 0.05 were 

regarded as statistically significant.

Results
A total of 498 patients (271 males and 227 females) with 

cervical spondylosis were included in our study. The mean 

age of these patients was 53.6±8.9 years. Among them, 46 

patients (9.24%) had MC, and the other 452 (90.76%) did not. 

The number of endplates with MC was 48 (1.93%), and the 

number of Type 1, Type 2, and Type 3 MC were 15 (31.2%), 

31 (64.6%), and 2 (4.2%), respectively. The MC was most 

frequent at C5–6 (45.8%), followed by C6–7 (33.3%), C4–5 

(16.7%), and C3–4 (4.2%; Figure 2). In patients with MC, 25 

patients had symptoms of neck pain, and 21 did not. The pro-

portion of Type 1 MC in patients with neck pain was 46.2%, 

which was significantly higher than that in patients without 

Figure 1 An MC at the C4-5 level in the T1 sequence (left) and T2 sequence (right) of cervical MRIs.
Abbreviations: MC, Modic change; MRI, magnetic resonance image.

Figure 2 The distribution of MC according to cervical disk level.
Abbreviation: MC, Modic change.
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neck pain (13.6%), and the P-value was 0.027. The details of 

MC in patients with or without neck pain are listed in Table 2.

Patients’ variables from demographic data, lifestyle 

variables, laboratory tests, and radiographic images were 

summarized and compared (Table 3). The mean age in 

patients with MC was significantly higher than that in those 

without MC (57.3±8.4 vs 53.2±9.3, P=0.004), and the BMI 

was also significantly higher than that in patients without 

MC (24.7±3.1 vs 22.3±3.4, P<0.001). The C2–7 ROM was 

36.1±8.9 in patients with MC, 39.4±9.6 in patients without 

MC, and the difference was statistically significant (P=0.026). 

In addition, the weight in patients with MC (64.1±10.7) was 

higher than that in patients without MC (61.6±11.3), although 

we cannot demonstrate a statistically significant difference 

(P=0.152), and the C2–7 Cobb angle in patients with MC 

was lower than that in patients without MC (16.8±9.9 vs 

19.4±10.2, P=0.099). However, there was no significant 

difference in gender, history of smoking, alcohol, history 

of cervical injury, participation in sports, physical workload 

category, HDL, LDL, or TRIG (P>0.20).

We further compared several variables about fat metabo-

lism between patients with Type 1 MC and Type 2 MC. There 

were 15 patients with Type 1 MC, and 29 patients with Type 

2 MC. However, none of these variables showed a significant 

difference between the two groups (Table 4).

The multivariate analysis was also performed to investi-

gate the impact of independent variables on the development 

of MC. The final results of multivariate logistic analysis 

showed that age ≥55 years (odds ratio [OR], 1.91; 95% con-

fidence interval [CI], 1.22–2.98) and BMI ≥25 kg/m2 (OR, 

2.41; 95% CI, 1.62–3.59) were two significant independent 

factors that are associated with MC in patients with cervical 

spondylosis (P<0.05, Table 5).

Discussion
MC is a common phenomenon on MRI of patients with 

cervical spondylosiss.14 In our study, we investigated the 

Table 2 Details of MC in patients with or without neck pain

 With neck  
pain n, (%)

Without  
neck  
pain n, (%)

Overall 

Number of patients with MC 25 (54.3) 21 (45.7) 46
Number of endplates 125 (54.3) 105 (45.7) 230
Number of endplates with MC 26 (54.2) 22 (45.8) 48
Number of Type 1 MC 12 (25.0) 3 (6.2) 15
Number of Type 2 MC 14 (29.2) 17 (35.4) 31
Number of Type 3 MC 0 (0) 2 (4.2) 2

Abbreviation: MC, Modic change.

Table 3 Comparison of variables between patients with and 
without MC

Variable MC (+)  
group

MC (–)  
group

P-value

Number 46– 452
Age (years) 57.3±8.4 53.2±9.3 0.004
Gender 

Male 22 249 0.356
Female 24 203

Weight (kg) 64.1±10.7 61.6±11.3 0.152
BMI (kg/m2) 24.7±3.1 22.3±3.4 <0.001
Smoking

Yes 18 197 0.640
No 28 255

Alcohol
Yes 11 132 0.499
No 35 320

History of cervical injury
Yes 2 8 0.234
No 44 444

Participation in sports
Yes 19 204 0.644
No 27 248

Physical workload category
Heavy 13 94 0.259
Nonheavy 33 358

HDL (mmol/L) 1.1±0.4 1.0±0.3 0.356
LDL (mmol/L) 3.0±1.0 3.1±0.9 0.478
TRIG (mmol/L) 1.1±0.3 1.0±0.4 0.379
C2–7 Cobb angle (degrees) 16.8±9.9 19.4±10.2 0.099
C2–7 ROM (degrees) 36.1±8.9 39.4±9.6 0.026

Note: Data presented as n, or mean ± SD.
Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; MC, Modic change; ROM, range of motion; TRIG, triglyceride.

Table 4 Comparison of variables between Type 1 and Type 2 MC

Variable Type 1 MC  
(n=15)

Type 2 MC  
(n=29)

P-value

Weight (kg) 63.3±10.3 64.4±10.9 0.723
BMI (kg/m2) 24.3±3.3 24.8±3.0 0.541
HDL (mmol/L) 1.1±0.3 1.0±0.3 0.295
LDL (mmol/L) 2.9±1.0 3.0±1.1 0.768
TRIG (mmol/L) 1.0±0.3 1.1±0.2 0.186

Note: Data presented as mean ± SD.
Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; MC, Modic change; TRIG, triglyceride.

Table 5 Multivariate logistic regression analysis of risk factors for 
MC of cervical spine

Variable OR CI P-value

Age ≥55 years 1.91 1.22–2.98 0.005

Weight ≥65 kg 1.32 0.89–1.97 0.172

BMI ≥25 kg/m2 2.41 1.62–3.59 <0.001
C2–7 Cobb angle ≥20° 1.06 0.67–1.68 0.795

C2–7 ROM ≥40° 1.26 0.80–1.98 0.301

Abbreviations: BMI, body mass index; CI, confidence interval; MC, Modic change; 
OR, odds ratio; ROM, range of motion.
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distribution of MC in cervical endplates and evaluated the 

relationships of MC with some potential risk factors. The 

MC was most frequent at C5–6, and followed by C6–7, 

C4–5, and C3–4. A multivariate logistic regression analysis 

confirmed that advanced age and high BMI were two factors 

that were responsible for MC. Type 1 MC is associated with 

the prevalence of neck pain; however, we cannot confirm that 

Type 2 MC is correlated with fat metabolism.

The prevalence of MC in the cervical spine has been 

reported by several previous studies. Sheng-yun et al15 reviewed 

1,023 patients with neck pain and reported that MC was seen 

in 90 patients (8.8%). They also reviewed 497 asymptomatic 

patients and found 42 patients (8.5%) with MC.15 In our study, 

46 (9.24%) of 498 patients had MC, and the lowest two cervi-

cal levels were most commonly seen. The subjects recruited 

in this study were patients with cervical spondylosis; there-

fore, the prevalence reported in this study was slightly higher 

than those based on neck pain or asymptomatic populations. 

However, the proportion of MC types showed various results 

in previous studies. Peterson et al16 reported that Type 1 MC 

was the most commonly seen, while Mann et al17 and Hayashi 

et al18 observed that Type 2 MC was the most common MC. We 

assumed that the inconsistent results between studies might be 

because of the differences in the study population. In addition, 

the natural history of MC suggests that they are reversible. The 

interconversion over time between Type 1 and Type 2 MC may 

be another factor that contributes to different proportions of MC 

types.5 Furthermore, differences in field strengths of the used 

MRI equipment may explain part of the differences as well.

In line with previous studies in which a significantly higher 

prevalence of MC was seen in patients with neck or back 

pain,15,19 we found that Type 1 MC was associated with the 

prevalence of neck pain. The spine is a nonlinear viscoelastic 

structure, and the vertebral endplates are its weak link. Axial 

compressive loading deforms the cartilage endplates during 

movement of the spine. The main cause of MC has been 

considered to be minor trauma of the endplate because of 

repetitive loading or injury, which causes the inflammatory 

reaction of nucleus pulposus, initiating endplate changes 

and leading to subsequent pain. Burke et al20 reported that 

levels of interleukin-6, interleukin-8, and prostaglandin E2 

in the intervertebral disk are significantly higher when Type 1 

MC is present in comparison with Type 2, suggesting that 

inflammatory changes in the disk may be involved in the 

initiation of Type 1 MC. Karppinen et al21 also reported that 

interleukin-1 cluster polymorphisms are significantly associ-

ated with Type 1 MC. Anti-inflammatory treatment may be a 

good choice for these patients with MC to relieve neck pain.

In a previous study by Mok et al12 investigating MC of 

the lumbar spine, the authors found the prevalence of MC 

increased with advancing age. Wang et al22 also reported that 

the presence of any type of MC in the lumbar region was sta-

tistically associated with greater age and that the prevalence 

of MC seems to be very low in patients at a young age. In 

our study, advanced age was demonstrated to be associated 

with the prevalence of MC in the cervical spine. This finding 

indicates that MC may be considered to be a cause of neck 

pain mainly in middle age or later.

High BMI value is another factor that may cause MC of 

the cervical spine. As previous studies reported, repeated 

mechanical loads could accelerate disk degeneration and 

lead to microfractures, which further encourage the nucleus 

pulposus to contact the circulatory system, induce autoim-

mune reactions, and result in MC.23 This process may explain 

why high BMI was positively related to MC in the lumbar 

spine. However, in contrast to the case of the lumber spine, 

obesity patients do not add significantly higher loads on 

the cervical spine than other patients. We hypothesized that 

the interrelationship between fat metabolism and marrow 

composition may play an important role in the development 

of MC. Although the etiopathogenesis is unclear yet, some 

insights may be gained from the studies of bone marrow 

lesion in osteoarthritis. The MC adjacent to a degenerated 

disc shares many characteristics with bone marrow lesion in 

the femur/tibia of an osteoarthritis knee joint. High serum 

lipids increase the risk of developing bone marrow lesion 

in the knee.24 The two disorders may share the same patho-

logical variables at a systemic level.8 Therefore, knowledge 

from bone marrow lesion research at peripheral skeletal 

sites may also help clarify the etiopathogenesis of MC. In 

addition, Type 2 MC is histologically characterized by fatty 

replacement;2,3 it is possible that this type of pathological 

change is strongly linked to obesity. However, our further 

comparison of variable about fat metabolism did not reveal 

any significant difference between Type 1 and Type 2 MC, 

and studies are still needed on this aspect in the future.

There are several limitations in our study. First, because 

of the low prevalence of MC in the cervical spine, the 

sample of patients was relatively small, limiting our abil-

ity to conclude which factors cause specific types of MC. 

Secondly, we did not take the size of the MC in MRI into 

consideration; thus, we cannot determine whether the size 

of MC affects the clinical symptoms of patients. Quantita-

tive measurement of MC in further studies may provide 

more valuable information. Finally, this study analyzed 

only patients with neurological symptoms. The results of 
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this study should be interpreted with caution in the general 

population.

Conclusion
In spite of the aforementioned limitations, this study is clini-

cally valuable to some extent. In summary, the prevalence 

of MC in patients with cervical spondylosis was 9.24%. It 

appears that advanced age and high BMI are two factors that 

may be responsible for MC. Type 1 MC is associated with 

the prevalence of neck pain; however, we cannot confirm that 

Type 2 MC is correlated with fat metabolism.
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