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Disc degeneration is easily occurred 
at the same and adjacent cephalad level 
in cervical spine when Modic changes are 
present
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Abstract 

Objective This research aimed to evaluate the influence of Modic changes (MCs) on disc degeneration at the same 
and adjacent cephalad levels in the cervical spine.

Methods This research retrospectively reviewed 1036 patients with neck pain, upper limb pain, or numbness who 
were treated at our out-patient clinic and underwent cervical MRI and cervical anteroposterior/lateral radiography 
from Jan, 2016 to Jan, 2021. MCs and disc degeneration parameters at same and nearby cephalad levels of MCs were 
evaluated. Discs were divided into the MCs, adjacent, and control groups, and the association between MCs and disc 
degeneration at the same and adjacent cephalad levels was investigated.

Results Of the 1036 patients whose MRI scans were reviewed, 986 met the inclusion criteria (503 women and 483 
men; average age, 62.8 years; scope of 35–79 years). The prevalence of MCs in the cervical spine was 13.0% (128/986). 
Type I, II, III changes were observed in 38 (29.69%), 82 (64.06%), and 8 (6.25%) patients, respectively. MCs were most 
frequently identified at the C5–6 (59/986; 5.98%) and C6–7 (38/986; 3.85%) levels. Disc with MCs showed worse out-
comes with regard to disc degeneration grade, anterior osteophyte formation than the adjacent and control groups 
(p < 0.05), whereas they were more severe in the adjacent group compared to normal group.

Conclusion Our findings indicate that MCs increased disc degeneration at the same and nearby cephalad levels 
in cervical spine, and the severity of degeneration at the same segment was more serious than that at the cephalad 
level.
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Introduction
Modic changes (MCs) mainly include the signal inten-
sity changes at nearby vertebral bone marrow on MRI 
[1, 2]. Changes in these vertebral end-plate signals were 
first described by De Roos [3] in 1987, and Modic [2, 4] 
discussed the relevant change features. MCs can be clas-
sified into three types based on different characteristics: 
type I lesions involve low T1 and high T2 signals, which 
are associated with the continuous degeneration of vas-
cularized fibrous tissue in bone marrow; Type II lesions 
involve high T1 and T2 signals, mainly reflecting the 
phenomenon of fat replacement in bone marrow; Type 
III lesions come last, involve low T1 and T2 signals, and 
their signal characteristics are correlated with endplate 
sclerosis [4].

Since the introduction of these changes by Modic in 
1988 [2], many scholars researched the MCs of lumbar 
spine. But only few of them had evaluated MCs in cer-
vical spine. Some studies have investigated the relation-
ship between degenerative spine changes, such as disc 
displacement, Schmorl’s nodes, and facet degeneration, 
and MCs and pain in the cervical spine [2, 5–7]. How-
ever, to the best of our knowledge, no study has investi-
gated the relation between MCs and disc degeneration 
(DD) at the same and adjacent cephalad levels. Our pre-
liminary experiment including 200 cases showed some 
correspondence between MCs and DD at the same and 
nearby cephalad levels. This paper aimed to confirm this 
conclusion in widely population. Therefore, in this study, 
the effect of MCs on disc degeneration and severity at the 
same and nearby cephalad levels in cervical spine were 
evaluated.

Materials and methods
Patients
We selected 1036 cases (with neck pain and discomfort 
or upper limb pain or numbness) who visited our out-
patient clinic and underwent cervical MRI and cervical 
radiography from 2016.1 to 2021.1. The exclusion crite-
ria are as follows: recent spinal surgery, spinal infection, 

inflammatory spondyloarthropathy, vertebral atresia, and 
chronic inflammation.

Imaging evaluation
The presence, type, and location of MCs were assessed 
based on MRI scans, and DD parameters at the same and 
nearby cephalad levels of MCs were detected based on 
X-ray and MRI scans.

Disc degeneration was evaluated according to the grad-
ing criteria for cervical DD (Table  1) [8, 9]; a disc with 
grade 1 or 2 in the same patient was defined as the con-
trol. The severity of disc degeneration at same and nearby 
cephalad levels was compared with that of the control. 
Discs were divided into the MCs, adjacent, and control 
groups, and the effect of MCs on disc degeneration at 
the same and adjacent cephalad levels was  investigated 
(Fig. 1).

Imaging evaluation was performed by radiologist 
and spine surgeon of blinded condition. The consensus 
was reached under condition of divergence existed. The 
kappa index was 0.82.

Disc degeneration parameters
Plain radiographic assessments included disc height 
and anterior osteophyte formation. The disc height was 
defined as the distance between the middle point of end-
plates. The disc height was measured using digital image 
processing software (Image J from National Institutes of 
Health, Bethesda, MD, USA). DD was also assessed based 
on the corresponding grading system [8, 9]. The reliabil-
ity of this grading system has been previously reported 
[9] (Fig. 1).

The relevant research scheme was approved by the 
medical ethics committee of the hospital, and all the can-
didates were informed of the research situation and pre-
cautions, obtained their informed consent, entered the 
collected information, and kept in a unified and stand-
ardized manner to provide support for subsequent study.

Table 1 Grading system for cervical intervertebral disc degeneration

Grade Nucleus signal intensity Nucleus structure Distinction of nucleus and 
annulus

Disc height

1 Hyperintense Homogeneous, white Clear Normal

2 Hyperintense Inhomogeneous with horizontal band, 
white

Clear Normal

3 Intermediate Inhomogeneous, gray to black Unclear Normal to decreased

4 Hypointense Inhomogeneous, gray to black Lost Normal to decreased

5 Hypointense Inhomogeneous, gray to black Lost Collapsed
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Data analysis
Data were analyzed using Excel (Microsoft, WA, USA) 
and SPSS20.0 software, and quantitative data were 
described as mean ± SD. Two-sided group t-tests were 
applied to determine the mean values difference of differ-
ent groups. And p < 0.05 was regarded as the significant 
judgement standard.

Results
Prevalence of MCs at each vertebral level
Of the 1,036 patients whose MRI scans were reviewed, 
986 met the inclusion criteria (503 women and 483 men; 
average age, 62.8 years; scope of 35–79 years). The preva-
lence of MCs in the cervical spine was 13.0% (128/986) 
in the 986 patients. Type II was the most commonly 
observed MCs, followed by type I, and type III was the 
least prevalent. Types I, II, and III changes were observed 
in 38 (29.69%), 82 (64.06%), and 8 (6.25%) patients, 
respectively. MCs were most frequently identified at the 
C5–6 (59/986; 5.98%) and C6–7 (38/986; 3.85%) levels; 
53% of the MCs were observed in women, whereas 47% 
of the changes were evident in men, no obvious sex dif-
ferences exist in different groups (P > 0.05).

Effect of MCs on DD at the same and nearby cephalad 
levels
The effects of MCs on DD at the same and nearby ceph-
alad levels were shown in Tables 2 and 3. Disc with MCs 
exhibit worse outcomes with regard to disc degeneration 
grade, anterior osteophyte formation than the adjacent 
and control groups (p < 0.05). Outcomes in the adjacent 
group were more severe compared to that of control 

group. MCs increased disc degeneration at same and 
nearby cephalad levels in the cervical spine, and degen-
eration was more severe at the same segment than that at 
the cephalad level.

Discussion
The present study investigated the effect of MCs on disc 
degeneration at same and nearby cephalad levels in cer-
vical spine. Our study showed that the prevalence of 
MCs was 13.0%, with type II predominating. Consensus 
has been reached in this respect [10–13]. The result of 
this paper suggested that cervical segments with MCs 

Fig. 1 Patient; 60-year-old man, T1-weighted (a) and T2-weighted (b) magnetic resonance images of the cervical end-plates showing the presence 
of type II Modic changes (indicated by high signal on T1 and T2) on C5–6 level. C4–5 was defined as the adjacent cephalad level, and C3–4 
with grade 2 was defined as the control. X-ray showed anterior osteophyte formation on C5–6 level (c)

Table 2 Comparison of disc height and anterior osteophyte 
formation between the modic changes (MCs), adjacent, and 
control groups

Group Disc height (mm) Anterior 
osteophyte 
(n = 128)

MCs group 4.23 ± 0.41 93/128

Adjacent group 5.67 ± 0.28 62/128

Control group 6.81 ± 0.19 12/128

Table 3 Comparison of disc degeneration grade between the 
Modic changes (MCs), adjacent, and control groups

Group Grade 1/2 Grade 3 Grade 4 Grade 5

MCs group (n = 128) 0 18 66 44

Adjacent group (n = 128) 24 32 37 35

Control group (n = 128) 128 0 0 0
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were significantly more likely to have disc degenera-
tion. In addition, MCs increased DD at nearby cephalad 
level in the cervical spine, and degeneration at the same 
segments was more severe than at the cephalad level, 
indicating that MCs may be an important sign of disc 
degeneration at the same and adjacent cephalad levels.

Effect of MCs on disc degeneration at the same level
Hayashi found that patients with MCs had severe DD 
compared to those without, which may cause range of 
motion reduced [10]. Our study found that such kind of 
patients had worse outcomes in regard to disc degen-
eration grade, disc space height, and anterior osteophyte 
formation, which was also consistent with the study by 
Mann et al. who found a link between MCs and disc her-
niation [14]. In our study, we found that MCs possibly 
cause and promote disc degeneration, one explanation is 
because MCs can destroy the structure of intervertebral 
disc and endplate, and increase the abnormal loading on 
disc [15, 16]. Besides, the nutritional pathway associated 
with the disc will also be inhibited. All these confirmed a 
conclusion that MCs are possible causes of DD, and they 
may promote degeneration when the disc has slight aging 
degeneration.

Effect of MCs on DD at the nearby cephalad level
According to relevant report, no study has assessed 
the relationship between DD at the nearby cephalad 
level and MCs in cervical spine. In our research, it can 
be inferred that discs with MCs were significantly more 
prone to have DD and a lower disc height, indicating that 
the disc maintains a relatively steady state, which may 
affect the loading conditions at the adjacent motor units. 
The mobility of the cervical spine is then transferred to 
nearby segment, accelerating the early development 
of degenerative changes in the disc above, which may 
explain our finding.

Our study had several limitations. First, it belongs to 
retrospective research. Second, it only included symp-
tomatic cases, whereas healthy volunteers were not 
included, which may have limited the accuracy of the 
results. Moreover, small sample inhibits us from deter-
mining the effect of MCs type on disc degeneration at 
same and nearby cephalad levels in cervical spine. There-
fore, further studies are required in future.

In total, the findings of this study are clinically signifi-
cant. Our findings showed that MCs increased DD at 
same and nearby cephalad levels in cervical spine, indi-
cating that MCs may be an important sign of DD at the 
same and nearby cephalad levels.

Abbreviations
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MRI  Magnetic resonance imaging
DD  Disc degeneration

Acknowledgements
None.

Author contributions
All authors were involved in conception and design. Study design: JHL, BHC 
and FDZ. Study conduct: JHL and BHC. Data collection and analysis: LH, YLC, 
ZS. Data interpretation: BHC and FDZ. Drafting manuscript: JHL, BHC, and FDZ. 
All authors take responsibility for the integrity of the data analysis. All authors 
read and approved the final manuscript.

Funding
Zhejiang Medical and Health Science and Technology project (Project nos. 
2021433841 and 2023564481).

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Medical Ethics Committee of our 
hospital. The study approval number is SRRSH2023012801. Additionally, all 
patients gave written informed consent for their information to be stored in 
the hospital’s database and used for research. The study was reviewed and 
approved by the institutional review board and the ethics committee of our 
institution. Patients or their family members agreed to our study, and signed 
the informed consents.

Consent for publication
Written informed consent for publication was obtained from all participants.

Competing interests
All authors state that we have no competing of interest.

Author details
1 Department of Orthopaedics, Sir Run Run Shaw Hospital, School of Medicine, 
Zhejiang University, No. 3, Qingchun Road East, Hangzhou 310016, People’s 
Republic of China. 2 Key Laboratory of Musculoskeletal System Degeneration 
and Regeneration Translational Research of Zhejiang Province. No. 3, Qing-
chun Road East, Hangzhou 310016, People’s Republic of China. 3 Department 
of Orthopaedic Surgery, Ningbo Medical Center Li Huili Hospital, Ningbo, 
Zhejiang, People’s Republic of China. 

Received: 19 March 2023   Accepted: 14 July 2023

References
 1. Chung CB, et al. End plate marrow changes in the asymptomatic 

lumbosacral spine: frequency, distribution and correlation with age and 
degenerative changes. Skeletal Radiol. 2004;33:399–404.

 2. Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR. Degenerative disk 
disease: assessment of changes in vertebral body marrow with MR imag-
ing. Radiology. 1988;166:193–9.

 3. de Roos A, Kressel H, Spritzer C, Dalinka M. MR imaging of marrow 
changes adjacent to end plates in degenerative lumbar disk disease. AJR 
Am J Roentgenol. 1987;149:531–4.

 4. Modic MT, Masaryk TJ, Ross JS, Carter JR. Imaging of degenerative disk 
disease. Radiology. 1988;168:177–86.

 5. Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C. Modic changes 
and their associations with clinical findings. Eur Spine J. 2006;15:1312–9.

 6. Jensen RK, et al. Is the development of Modic changes associated with 
clinical symptoms? A 14-month cohort study with MRI. Eur Spine J. 
2012;21:2271–9.



Page 5 of 5Liu et al. Journal of Orthopaedic Surgery and Research          (2023) 18:548  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 7. Lv B, et al. Analysis of correlation between age and cervical facet joint 
degeneration and modic changes in patients with cervical spondylotic 
myelopathy. Med Sci Monit. 2019;25:7882–8.

 8. Miyazaki M, et al. Kinematic analysis of the relationship between the 
grade of disc degeneration and motion unit of the cervical spine. Spine. 
2008;33:187–93.

 9. Miyazaki M, Hong SW, Yoon SH, Morishita Y, Wang JC. Reliability of a mag-
netic resonance imaging-based grading system for cervical intervertebral 
disc degeneration. J Spinal Disord Tech. 2008;21:288–92.

 10. Hayashi T, et al. Effect of Modic changes on spinal canal stenosis and 
segmental motion in cervical spine. Eur Spine J. 2014;23:1737–42.

 11. Peterson CK, Humphreys BK, Pringle TC. Prevalence of modic degenera-
tive marrow changes in the cervical spine. J Manipulative Physiol Ther. 
2007;30:5–10.

 12. Sheng-yun L, et al. Comparison of modic changes in the lumbar and 
cervical spine, in 3167 patients with and without spinal pain. PLoS ONE. 
2014;9: e114993.

 13. Kang KT, et al. Effect of modic changes in cervical degenerative disease. 
Korean Journal of Spine. 2017;14:41–3.

 14. Mann E, Peterson CK, Hodler J. Degenerative marrow (modic) changes 
on cervical spine magnetic resonance imaging scans: prevalence, 
inter- and intra-examiner reliability and link to disc herniation. Spine. 
2011;36:1081–5.

 15. Albert HB, et al. Modic changes, possible causes and relation to low back 
pain. Med Hypotheses. 2008;70:361–8.

 16. Dolan P, et al. Intervertebral disc decompression following endplate dam-
age: implications for disc degeneration depend on spinal level and age. 
Spine. 2013;38:1473–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Disc degeneration is easily occurred at the same and adjacent cephalad level in cervical spine when Modic changes are present
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Imaging evaluation
	Disc degeneration parameters
	Data analysis

	Results
	Prevalence of MCs at each vertebral level
	Effect of MCs on DD at the same and nearby cephalad levels

	Discussion
	Effect of MCs on disc degeneration at the same level
	Effect of MCs on DD at the nearby cephalad level

	Acknowledgements
	References


