Morphological changes of deep extensor muscles in relation to the maximum level of
Compression and canal compromise in patients with degenerative cervical myelopathy
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Introduction

Discussion

Degenerative cervical myelopathy (DCM) is a major
cause of disability in the adult population. This
condition is characterized by a narrowing of the
cervical spinal canal, leading to pain and neurological
impairments (1).
Deep extensor neck muscles of the cervical spine
play an important role in maintaining normal cervical
curvature, stability, and activity (2,3).
Recent studies have reported that the deep
extensor neck muscles, especially the cervical
multifidus (MF) and semispinalis cervicis (Scer), are
often impaired in patients with cervical disorders
(4,5), and atrophied in patients with whiplash-type
injury or chronic neck pain (5,6).
However, few studies have evaluated the deep
extensor neck muscles of patients with DCM (7,8).
Therefore, the presence and extent of morphologic
muscle changes in patients with DCM warrants
further attention.

This study is the first to demonstrate that the degree of cervical
muscle fatty infiltration and asymmetry in patients with DCM is
associated with the degree of spinal cord compression and canal
compromise at the maximum level of compression.
The paraspinal muscles are innervated by the dorsal branches
of the adjacent spinal nerves. Therefore, the structure of the
paraspinal muscles may be affected by spinal cord compression or
nerve root damage (12) which could explain the phenomenon of
more obvious fat infiltration and atrophy of the paraspinal muscles
at the spinal cord compression segment.

Results
• The average MSCC and MCC was 42.84%(SD=17.7) and 45.38% (SD=14.96), respectively.
• Greater MF+Scer fatty infiltration (e.g., lower FCSA/CSA) was associated with greater MCC (P= 0.032) and MSCC
(p=0.049) at the same level. Greater asymmetry in MF+SCer CSA was also associated with greater MCC (p=0.006).
• Similarly, greater asymmetry in FCSA and FCSA/CSA of the entire extensor muscle group was associated with
greater MCC (p=0.011, p=0.013).
• There was no significant association between muscle measurements obtained at the level below the level of
maximum compression, MCC and MSCC.

This study aimed to examine the relationship
between morphological changes of the deep extensor
neck muscles in patients with degenerative cervical
myelopathy (DCM) and the level of maximum spinal
compression and canal compromise.

A total of 171 patients from a Prospective DCMInternational cohort study database were included in
this study.
Total cross-sectional area (CSA), functional CSA
(fat free area, FCSA), ratio of FCSA/CSA (fatty
infiltration) and asymmetry of the MF+SCer together,
and deep extensor muscles as a group (e.g., MF, SCer,
semispinalis capitis, splenius capitis) were obtained
bilaterally from axial T2-weighted MR images at middisc, at the level of maximum cord compression and
the level below (fig 1B, C).
The level and degree maximum spinal cord
compression
(MSCC)
and
maximum
canal
compromise (MCC) was determined using the
following formulas MSCC= [1 −di (da + db)/ 2] × 100,
and MCC = [1 −Di (Da + Db)/ 2] × 100 as defined by
Fehlings et al. (9) (fig 1A). The FCSA was measured
using a highly reliable thresholding technique
described in a previous study (10) (fig 1C), and the
relative percent asymmetry in CSA, FCSA and
FCSA/CSA was calculated using: [(L − S)/L] x100,
where L is the larger side, and S is the smaller side
(11). The relationship between the muscle
parameters of interest, MSCC and MCC was assessed
using multivariate linear regression models, adjusting
for age, BMI and sex. Separate models were used for
each muscle group and spinal level.

C

Figure 1. (A) Measurements required for MCC and MSCC calculation. Di, Da, and Db measure the diameter of the spinal canal at the site of
compression and at the normal site above and below, respectively; di, da, and db indicate the diameter of the spinal cord at the site of compression
and at the normal site above and below respectively. (B) Measurements of the Total CSA of the MF+SCer muscles and extensor muscles group on
axial T2-weighted image at the C5-C6 level. (C) The image shows the application of a signal threshold filter (ImageJ) to highlight the fat-free
muscle area and obtain the FCSA muscle measurements.
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Table 1 – Mean (standard deviation) of characteristics of patients
and paraspinal muscle measurements at the Max level and level
below.
Characteristics of patients

Mean (standard deviation)

Age

54.92 (11.85)

BMI

25.77 (5.43)
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1.64 (0.48)

FCSA/CSA group

-0.0006

0.212

[-0.0016 , 0.0003]

MCC

45.38% (14.96)

CSA asy MF+SCer

0.1161

0.006*

[0.0334 , 0.1988]

FCSA asy Group

0.0975

0.011* [0.0228 , 0.1722]

FCSA/CSA asy MF+SCer

0.0159

0.755 [-0.0849 , 0.1169]

FCSA/CSA asy group

0.0643

0.013 * [0.0139 , 0.1147]

-0.0006

0.280 [-0.0017 , 0.0005]

Paraspinal muscle measurements

Max level

Level below

FCSA/CSAMF+SCer

0.6 (0.16)

0.6 (0.11)

FCSA/CSA group

0.68 ( 0.09)

0.69 (0.09)

FCSA/CSA asy MF+Scer

11.07 (9.95)

11.09 (9.03)

FCSA/CSA MF+SCer

FCSA/CSA asv group

5.8 (5.06)

6.52 (5.44)

FCSA/CSA group

-0.00007

0.880 [-0.0009 , 0.0008]

CSA asy MF+SCer

10.48 (8.33)

9 (6.97)

CSA asy MF+SCer

0.0296

0.408 [-0.0409 , 0.1002]

CSA asy group

7.16 (6.36)

6.65 (5.17)

CSA asy Group

0.0129

0.626 [-0.0394 , 0.0653]

FCSA asy MF+SCer

13.31 (11.37)

13.13 (10.25)

FCSA/CSA asy MF+SCer

0.0478

0.302 [-0.0434 , 0.1391]

FCSA asy Group

7.6 (7.5)

7.21 (6.34)

FCSA/CSA asy group

-0.0266

0.340 [-0.0817 , 0.0283]

BMI : Body mass index,
MCC : Maximum canal compromise,
MSCC : Maximum spinal cord compression,
CSA: Cross-sectional area, FCSA: Functional cross-sectional area, MF:
Multifidus muscle, SCer,: Semispinalis Cervicis, Asy : Asymmetry.
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