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The relationship between the flexor and extensor 
muscle areas and the presence and degree  
of intervertebral disc degeneration in the  
cervical region
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Abstract 
Background: This study aimed to investigate the relationship between the presence and degree of cervical intervertebral disc 
degeneration (IVDD) and the cervical region muscle areas.

Methods: The magnetic resonance imaging (MRI) examination of the patients who were sent to our clinic for investigation of 
neck pain between 2019 and 2020 years were evaluated retrospectively. 143 Turkish women patients between 30 and 40 ages 
were examined in the study. The presence and degree of IVDD was evaluated for each patient. The areas of the cervical flexor and 
extensor paravertebral muscles were measured.

Results: No cervical disc degeneration was present in 44 (30.76%) patients (grade 1). The cervical intervertebral disc degeneration 
was grade 2 in 28 (19.58%), grade-3 in 41 (28.67%), and grade 4 in 30 (20.97%) patients. In early stage degeneration (grade 
2), an increase was observed in the area of all cervical paravertebral flexor and extensor muscles examined. As the degree of 
degeneration increased (grades 3 and 4), a decrease was observed in the areas of all muscles. Statistical significance was found 
for musculus (m) sternocleidomastoideus, m. levator scapulae, m. splenius capitis, m. semispinalis capitis, and m. multifidus 
muscles (P = .009, r = −0.261; P = .014, r = −0.248; P = .008, r = −0.267; P = .002, r = −0.307; P = .028, r = −0.222, respectively).

Conclusions: IVDD is common in middle-aged females with neck pain. An increase in muscles areas is observed in the early 
stages of cervical disc degeneration but progressive decrease develops in all cervical paraspinal muscles areas as the degree of 
disc degeneration increases.

Abbreviations:  IVDD = intervertebral disc degeneration, m = musculus, MRI = magnetic resonance imaging, WI = weighted 
images.
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1. Introduction

Cervical intervertebral disc degeneration (IVDD) is the main 
cause of spinal disorders leading to neck pain and numbness in 
the upper extremity..[1] The intervertebral discs undergo mor-
phological and cellular changes with age.[2,3]

Early diagnosis and intervention are clinically important as 
late stage IVDD may require surgical treatment and result in a 
severe financial burden by progressing to disc herniation and a 
narrow cervical spinal canal.

IVDD’s relationship with obesity, genetic factors, trauma, 
smoking, the sagittal morphology of the vertebral column, age, 
gender, and ethnic group has previously been investigated.[4–14] 
Various studies have revealed a direct correlation between 

the degree of IVDD and the mechanical load on the spinal 
column.[10]

As far as we know, there is no study investigating the rela-
tionship between the muscle areas in the cervical region and the 
presence and degree of cervical IVDD.

Magnetic resonance imaging (MRI) is considered to be the 
best noninvasive imaging method to investigate IVDD and the 
paraspinal muscles in humans and animal models as it clearly 
shows the structural integrity of the intervertebral discs and 
paraspinal muscles.[15,16]

The aim of this study was to investigate the presence and 
degree of cervical IVDD, which is a part of the cervical spondy-
losis process, and its relationship with the cervical region muscle 
area.
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2. Material and Methods
A total of 1760 patients who underwent cervical MRI at our 
clinic to investigate the cause of neck pain during 2019 and 
2020 years were retrospectively evaluated.

A study group was selected from 143 Turkish female 
patients, 30 to 40 years of age, in order to eliminate age, gen-
der and ethnic-related differences. Patients who were found on 
MRI to have a cervical mass, cervical congenital anomaly, cer-
vical vertebral fracture, discitis, osteomyelitis, spondylolysis, or 
spondylolisthesis and patients with a symptom other than neck 
pain, those with a history of cervical surgery, and patients at 
stage 2 or above according to the Goutallier classification of 
muscle fatty degeneration were not included in the study to 
avoid any effect on the muscle area measurement results.[17,18] 
Grade 5 degeneration of the intervertebral disc was found in 
very few cases (n = 2) and these patients were also not included 
in the study in order to prevent a statistical error. A total of 143 
female patients with a mean age of 34.7 ± 0.22 years who met 
the inclusion criteria were finally investigated within the scope 
of the study. This study was approved by Alanya Alaaddin 
Keykubat University Medical Ethics Committee (No. E-11-04), 
Turkey.

All examinations were conducted with a 1.5-tesla, 16-coil 
MRI device (Signa: GE Medical Systems, Milwaukee, WI). 
Sagittal T1-weighted images (WI), sagittal T2-WI, and axial 
fast spin-echo T2-WI were obtained with the imaging pro-
tocol (T1WI: TR/TE 520/12 ms, echo train length 4; T2WI: 
5000/102 ms, echo train length 16; slice thickness 5 mm, no slice 
gap, field of view 24 cm for sagittal images and 16 cm for axial 
images; matrix 256 × 192; 4 excitations).

All measurements and evaluations were performed with the 
consensus of two radiologists experienced on evaluating the 
musculoskeletal system.

The presence and degree of cervical IVDD were investigated. 
The evaluation was performed on sagittal T2-WI. The degree 
of cervical IVDD was classified in accordance with the grading 
system identified by Miyazaki et al (Table 1) (Fig. 1A and B).[19] 
The patients were grouped according to the highest degree of 
degeneration in the intervertebral discs.

The C4–C5 intervertebral disc area was identified as the ref-
erence region for the measurement of the flexor and extensor 
muscles in the cervical region. The C4–C5 level was chosen in 
order to prevent measurement errors as the axial image passing 
through the intervertebral disc level could be at various angles 
with the ground plane at other levels.

The areas of the flexor [musculus (m) sternocleidomas-
toideus and m. longus colli] and extensor [m. trapezius, m. 
levator scapulae, m. splenius capitis (including m. splenius cer-
vicis), m. semispinalis capitis, and m. multifidus (including m. 
semispinalis cervicis)] muscles were measured from both sides 
in axial T2-WI passing through the C4–C5 intervertebral disc 
level and recorded in mm2 by using the Sectra software pro-
gram (Sectra workstation IDS7, Linköping, Sweden) (Fig. 2A 
and B). Muscles were differentiated with reference to an MRI 
anatomical atlas outlining the muscles at each level.[20] Cross-
sectional muscle areas was measured by manually tracing the 

fascial boundary of selected neck muscles (Fig. 2A and B). The 
muscle areas may differ according to the body fat ratio. In 
order to eliminate this difference and provide a standardized 
muscle area, these areas were divided into the area of the C4 
vertebral body. Similar to the other studies in the literature, 
the areas of the splenius capitis and splenius cervicis muscles, 
and those of the multifidus muscle and semispinalis cervicis 
muscles were combined during the measurement as they could 
not be clearly differentiated.[21]

2.1. Statistical analysis

The statistical analyses of the data were performed with the 
SPSS software program (Version 22.0, SPSS Inc., Chicago, IL). 
Descriptive statistics were presented as mean ± standard devia-
tion. The Mann–Whitney U test was used in the comparison of 
the muscle areas of patients with a mild degree of degeneration 
(grade 2) and those without degeneration (grade I). The correla-
tion between the degeneration degree and the muscle area was 
investigated with Spearman’s correlation test. The P < .05 level 
was considered statistically significant.

3. Results
No cervical disc degeneration was present in 44 (30.76%) of the 
143 patients included in the study (grade 1). The cervical IVDD 
was grade 2 in 28 (19.58%), grade 3 in 41 (28.67%), and grade 
4 in 30 (20.97%) patients.

In early stage degeneration (grade 2), an increased was 
observed in the area of all cervical paravertebral flexor and 
extensor muscles examined (Table 2).

A decrease in the areas of the m. sternocleidomastoideus, m. 
levator scapulae, m. splenius capitis, m. semispinalis capitis, and 
m. multifidus muscles was observed as the degeneration degree 
increased (grades 3 and 4) (P = .009, r = −0.261; P = .014, r = 
−0.248; P = .008, r = −0.267; P = .002, r = −0.307; P = .028, r 
= −0.222, respectively). However, no significant difference was 
found for the m. trapezius and m. longus colli muscles despite 
the presence of an inverse relationship between the degeneration 
degree and the muscle area (P = .467, r = −0.149; P = .443, r = 
−0.151, respectively) (Table 2).

4. Discussion
This is the first study, to the best our knowledge, to investigate 
the relationship between the presence and degree of cervical 
IVDD and the cervical muscle cross sectional areas.

The relationship of cervical degenerative changes with age 
has been investigated in a large number of studies. The incidence 
of cervical degenerative changes has been reported to increase 
with age by Matsumoto et al[22] in their study evaluating the 
cervical MRI images of 497 individuals.

Cervical degenerative changes may also show gender-related 
differences. Wang et al[23] have reported cervical degenerative 
changes to be more common in females.

Table 1

Grading system for cervical intervertebral disc degeneration.

Grade Nucleus signal intensity and nucleus structure Distinction of nucleus and annulus Disc height 

1 Hyperintense homogenous, white Clear Normal
2 Hyperintense inhomogenous with horizontal band, white Clear Normal
3 Intermediate inhomogenous, gray to black Unclear Normal to decreased
4 Hypointense inhomogenous, gray to black Lost Normal to decreased
5 Hypointense inhomogenous, gray to black Lost Collapsed
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Figure 1.  The illustration (A) and MR images (B) of the degree of cervical intervertebral disc degeneration.

Figure 2.  (A) Cervical mid-sagittal T2-WI. (B) Measurements of the cervical paraspinal muscles areas on axial T2-WI passing through the C4–5 intervertebral 
disc level.

Table 2

Relationship between cervical intervertebral disc degeneration and cervical muscle areas.

Muscles Grade 1 degeneration Grade 2 degeneration Grade 3 degeneration Grade 4 degeneration P value 

M. sternocleidomastoideus 1.19 ± 0.04 1.25 ± 0.04 1.13 ± 0.03 1.08 ± 0.04 .009**
M. Trapezius 0.36 ± 0.02 0.37 ± 0.03 0.35 ± 0.02 0.34 ± 0.02 .467
M. levator scapulae 0.93 ± 0.04 0.97 ± 0.05 0.94 ± 0.02 0.84 ± 0.04 .014**
M. splenius capitis 0.64 ± 0.02 0.67 ± 0.03 0.60 ± 0.02 0.56 ± 0.03 .008**
M. semispinalis capitis 0.75 ± 0.03 0.8 ± 0.04 0.73 ± 0.03 0.64 ± 0.03 .002**
M. multifidus 0.86 ± 0.03 0.91 ± 0.04 0.87 ± 0.02 0.82 ± 0.03 .028**
M. longus colli 0.25 ± 0.02 0.025 ± 0.02 0.26 ± 0.02 0.023 ± 0.03 .443

**Statistically significant at P ≤ 0.05.
M = musculus.
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Thus, in order to avoid probable age, gender and ethnic-re-
lated differences, the present study was performed with individ-
uals of a specific age group, same gender, and ethnic group.

An increased IVDD degree promotes a loss of disc height 
and the development of annular tears and herniation.[24] These 
structural changes are irreversible due to the limited heal-
ing potential of adult intervertebral discs.[25] It is therefore 
extremely important to recognize all the factors associated with 
increased IVDD.

Various studies have investigated the relationship between 
IVDD in the lumbar spine and paravertebral muscle area. Miki 
et al[26] have found a negative correlation between disc degenera-
tion and the areas of the multifidus and erector spina muscles in 
a recent MRI study on 52 patients. Other studies have produced 
similar results.[27] The current study is the first to investigate this 
relationship for the cervical spine and the results are consistent 
with the literature. Interestingly, an increase was found in the 
areas of the all cervical paraspinal muscles in the presence of 
early stage (grade 2) degeneration in this study. Our results have 
revealed that the muscles areas increased in the early stages of 
spinal loading (grade 2), but progressive decrease in muscle 
areas developed in the later stages of IVDD (grades 3 and 4).

A relationship has previously been reported between 
paravertebral muscle degeneration and chronic spinal pain, 
degenerative disc disorder, radiculopathy, and scoliosis.[17,28,29] 
The paraspinal muscles support the spinal column and help 
decrease compressive forces on the disc.[30] Weakened paraspi-
nal muscles result in more rapid development of degenerative 
spinal pathologies. Therefore planning rehabilitation pro-
grams by taking into account the fact that the clinical picture 
may be accompanied by a decrease in muscle areas will be 
beneficial especially for patients with grade 3 and higher disc 
degeneration.

Our study had a couple of limitations. The first is that we did 
not query the history of smoking, alcohol use, obesity, occupa-
tion, and chronic diseases such as diabetes that may be associ-
ated with IVDD.[31] The second limitation is that the evaluators 
being aware of the degree of IVDD during the evaluation could 
lead to errors, although unlikely.

5. Conclusion
IVDD is common in middle-aged females with neck pain. An 
increase in cross sectional areas of all cervical paraspinal mus-
cles is observed in the early stages of cervical disc degeneration 
but progressive decrease develops in all cervical paraspinal mus-
cles as the disc degeneration increases.
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