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Vertebral bodies, intervertebral discs, spinal ligaments, facet
joints, and muscles make up the components of the cervical
spine, which moves through flexion, neutral, and extension
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The alignment and mobility of the cervical spine is influenced by factors related to the
vertebral bodies, intervertebral discs, ligaments, facet joints, and muscles. Few reports
have described the role played by the paraspinal muscles in cervical spine mobility. In
this study, we investigate the relationship between fatty degeneration of the paraspinal
muscles and cervical motion as assessed with kinetic magnetic resonance imaging
(kMRI). One hundred eighty-eight symptomatic patients underwent cervical kMRI in
neutral, flexion, and extension positions. We quantified cervical paraspinal muscle fatty
infiltration and measured angular variation and translational motion at each cervical
level, and the global Cobb angle. Cervical paraspinal muscle fatty degeneration
demonstrated a pattern in which C3 and C7 had significantly more fatty infiltration
than C4, C5, and C6. Additionally, when the normal group was compared with the fatty
degeneration group with respect to angular variation, translational motion, and Cobb
angle, no significant differences were found except in angular variation at the C3-C4
level. In conclusion, we found a significantly larger quantity of fatty degeneration in the
paraspinal muscles at C3 and C7 than the middle cervical levels. Also, we demonstrate
that fatty degeneration does not significantly affect cervical lordotic alignment or
mobility characteristics.

Techniques that have been used include histological analy-
sis,>"> measurement of muscular strength with force-mea-
suring devices,> measurement of the electromyographic

positions. As with other spine and skeletal components,
muscles play an important role in cervical spine stability,
and there is evidence that muscle atrophy is associated with
neck pain.'-?

To this point, no study has examined the contribution of
paraspinal muscles to the kinematics or motion character-
istics of the cervical spine. Many authors have investigated
the role of the paraspinal muscles in lumbar spine motion.
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signal,®’ measurement of muscle cross-sectional area by
ultrasound scanning, measurement of muscle cross-sectional
area using computed tomography (CT) scans®~ 1% and mag-
netic resonance imaging (MRI),>'" and measurement of
muscular density by CT®'% and MRI""~'3 In particular, MRI
provides noninvasive and reproducible information on soft
tissue structures such as intervertebral discs, spinal liga-
ments, extensor muscles, and neural elements. For the
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evaluation of muscle, MRI has been widely used and is the
diagnostic modality of choice. In investigating cervical para-
spinal musculature, MRI has allowed the quantification of
extensor muscle atrophy and fatty infiltration in a patient
population of whiplash-associated disorders.'

The purpose of this study was to investigate the relation-
ship between cervical paraspinal muscle fatty degeneration
and the kinematics of the cervical spine functional motion
unit. It was hypothesized that fatty degeneration in the
cervical multifidus muscles would affect cervical alignment
and mobility characteristics.

Materials and Methods

Patient Population

From April 2011 to September 2011, patients symptomatic for
neck pain or radiculopathy underwent cervical kinetic MRI
(kMRI) in neutral, flexion, and extension positions. Subjects
included 95 men and 93 women with a mean age of 53.2 years
(range 21 to 61 years). None of the subjects had previously
undergone spine surgery or received a diagnosis of deformity.
The Institutional Review Board at our institution approved
this study.

kMRI Technique

kMRIs of the cervical spine were acquired from a 0.6 Tesla
MRI scanner (Upright Multi-Position; Fonar Corp., New York,
NY) in upright weight-bearing neutral, flexion, and extension
positions, using a flexible surface coil. The magnets are
separated by a 0.5-mm gap. A standard imaging protocol
was used, which included sagittal T1-weighted spin-echo
sequences [repetition time (TR)/echo time (TE), 671/17 milli-
seconds; slice thickness, 3.0 mm; field of view, 24 cm; matrix,
256 x 200; and number of excitations (NEX), 2] and T2-
weighted fast spin-echo sequences (TR/TE, 3432/160 milli-
seconds; slice thickness, 3.0 mm; field of view, 24 cm; and
NEX, 2). Axial T2-weighted spin-echo sequences were only
acquired with fat suppression.

kMRI Analysis
All MRI parameters were digitized using computer guidance
software, operated by experienced spine surgeons. All calcu-
lations were performed by MRAnalyzer Version 2.0 (True-
metric Corp., Bellflower, CA) kMRI analysis software as
described in previous publications."'® Midsagittal images
were selected from flexion, neutral, and extension MRI series.
Each image was marked for digitization from the occiput toT1
by spine surgeons as guided by computer software (occiput: 2
points on the anterior and posterior baselines; C1: 4 points on
the anterior, superior, and inferior surfaces of the anterior
tubercle and the inferior pole of the spinous process; C2: 1
point on the tip of the odontoid process and 2 on the pedicle;
C3-1: 6 points on each vertebral body, 2 on each pedicle, and
2 on the spinal canal diameter at each intervertebral disc
level; total: 77 points).

MRAnalyzer computer software measures directly from
the digitized images and calculates associated kinematic and
alignment parameters geometrically. The basic measure-
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ments for evaluation of stability include intervertebral angu-
lar displacement and translation as assessed between flexion,
neutral, and extension positions. Finally, total mobility
(translational motion and angular variation) was calculated
as the difference between flexion and extension for each
parameter at each cervical level. Translational motion was
measured at five cervical intervertebral disc levels from C2/C3
to C6/C7 by determining the anteroposterior motion of the
superior and inferior vertebrae relative to each other. By
convention, in our data, a positive value was used to indicate
anterior translation of the superior vertebra over the inferior
vertebra (anterolisthesis); a negative value was used to indi-
cate posterior translation (retrolisthesis). Intervertebral an-
gular variation was also measured at the same five levels. The
calculation of angular variation involved the extrapolation of
lines drawn connecting the inferior corners of adjacent
vertebral bodies and extending them to a point of intersec-
tion. By convention, if the intersection occurred posteriorly,
the angle formed was designated a negative sign and indicat-
ed lordotic curvature. Similarly, anterior intersections were
designated positive angles and indicated kyphosis. In addi-
tion, the C1-C7 Cobb angle was measured in flexion, neutral,
and extension positions. This angle is made by drawing a line
through the atlas plane from the center point of the anterior
tubercle through the posterior arch. A second line is con-
structed through the lower epiphyseal plate of C7, with both
lines converging posteriorly. Perpendiculars to these two
lines were constructed and the angle was measured.

Assessment of Paraspinal Muscle Fatty Degeneration
All MRIs were analyzed with Image] (version 1.45, http://
rsbweb.nih.gov/ij/) image processing computer software. The
measurement protocol included manually tracing regions of
interest around each of the bilateral cervical multifidus
muscles as anatomically identified on both axial T1- and
T2-weighted images at each of five vertebral levels (C3 to C7).
The axial MRI selected for C3 was the slice available through
the most inferior aspect of the vertebral body. The slice
selected for C4 to C7 was the one through the most superior
aspect of the vertebral body (C4 to C7), as described previ-
ously in assessment of cervical multifidus muscle fatty de-
generation by axial magnetic resonance series.'* Our team
measured multifidus muscle area once without fat inclusion
using T1-weighted images and a second time with fat inclu-
sion in the muscle area using fat suppression T2-weighted
images (=Fig. 1). Fat area was calculated as the difference, and
quantification of fatty infiltration was made by dividing fat
area by whole muscle area.

Cervical levels were classified into two groups according to
the degree of fatty degeneration: group A: normal, fatty
infiltration less than 25%; group B: fatty degeneration, fatty
infiltration greater than 25%. A modified classification system
was used based upon the previously reported system of
classifying fatty degeneration in lumbar paraspinal muscle
according to degenerative changes in the lumbar multifidus
muscle.'”-18

One experienced observer measured all multifidus muscle
areas. Intraobserver reliability was assessed by repeating the
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Figure 1 Manual tracing of region of interest bounded by the
multifidus muscles at the level of the C7 inferior vertebral body on T1
(lower frame) and T2 (upper frame) weighted magnetic resonance
images. Fatty infiltration = (B-A)/B.

measurements of 10 randomly selected patients (50 multi-
fidus areas). The significance of any differences between the
original and the repeat data was assessed by calculating the
intraclass correlation coefficient (ICC).

Assessment of Disc Degeneration Grade

Cervical disc degeneration grade was assigned based upon a
comprehensive system reported previously.15'16 Three inde-
pendent spine surgeons classified the 1128 cervical interver-
tebral discs from 188 patients into five grades (~Table 1)
based upon the neutral-position T2-weighted sagittal images.
Interobserver repeatability was calculated using ICC to be
0.85, suggesting good repeatability.

Inoue et al.

Statistical Analysis

Statistical analyses were performed using SPSS (version 17;
SPSS, Chicago, IL) computer software. Mann-Whitney U test
was used for statistical analyses. ICC values for intra- and
interobserver repeatability were calculated. A p value of less
than 0.05 was considered statistically significant.

Results

Fatty Degeneration of Cervical Paraspinal Muscle
Fatty degeneration was measured as described above and
reported as the mean fat index at each cervical level. The
repeatability assessment showed good agreement between
the original and repeat data for the multifidus muscle area
measurements (ICC 0.85), indicating that the original meas-
ures were reliable. The mean fat index of the multifidus
muscle for each level is shown in =Fig. 2. The fat content of
the multifidus muscle was significantly higher (p < 0.001) at
the upper and lower levels of the cervical spine, C3 and C7,
with average fat indices of 0.32 and 0.31, as compared with
middle cervical levels C4, C5, and C6, which had fat indices of
0.27, 0.25, and 0.26, respectively.

Cervical Kinematics

Angular variation was then measured at the upper and
lower levels of each segment (=Fig. 3). At C3, lower-level
angular variation was significantly higher in group A
(4.24 + 3.11) when compared with group B (3.58 =+ 3.85;
p < 0.05). However, there were no significant differences
in angular variation between any other levels. With respect
to translational motion, no significant difference was ob-
served between group A and group B. For example, the
average translational motion at the upper level of C3 was
1.3 mm in group A and 1.29 mm in group B. A similar
pattern was seen at all levels with regard to translational
motion.

In addition to measuring translational and angular varia-
tion between group A and group B at each cervical level, the
global Cobb angle from C1 to C7 was also measured in each
patient and correlated with the fatty degeneration at each
level. No correlation was found between fatty infiltration at a
given level (classified as group A or B) and a change in the
global Cobb angle of the patient.

Table 1 Grading System for Cervical Intervertebral Disc Degeneration

Grade Nucleus Signal Nucleus Structure Distinction of Nucleus Disc Height

Intensity and Annulus
| Hyperintense Homogenous, white Clear Normal
Il Hyperintense Inhomogeneous with horizontal Clear Normal

band, white

I Intermediate Inhomogeneous, gray to black Unclear Normal to decreased
\Y Hypointense Inhomogeneous, gray to black Lost Normal to decreased
\Y% Hypointense Inhomogeneous, gray to black Lost Collapsed
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Figure 2 Mean differences of the fat indices in the cervical multifidus
muscles across segmental vertebral levels (C3 to C7). The fat indices of
the multifidus muscle at C3 and C7 were larger than C4, C5, and C6

(p < 0.001). “Indicates a significant difference when compared with

C3 and C7.
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Figure 3 Angular variation of each cervical unit. The fatty infiltration
of the multifidus muscles at each cervical level was compared with the
angular variation of the upper and lower level. There was a significant
difference between group A and group B with regard to the variation at
the C3 lower level. (A) Normal; (B) fatty degeneration. *Indicates a
significant difference between groups A and B (p < 0.05).

Fatty Degeneration and Disc Degeneration

The distribution of grades of disc degeneration for all patients
is listed for each group in ~Fig. 4. At the C4 upper level, the
grade of disc degeneration was significantly higher in group A
(3.66 + 0.60) when compared with group B (3.43 + 0.58),
although this difference was small. At almost every level, no
significant difference was observed in the grade of disc
degeneration between group A and group B.

Discussion

This study showed that using MRI to measure fatty infiltra-
tion'? is an effective way to assess changes within the cervical
paraspinal extensors, particularly the multifidus. Short deep
extensor muscles (such as the multifidus) have been shown to
function in the maintenance of cervical spine stability in
various biomechanical models.?® Patients with whiplash-
associated disorders were evaluated in a similar study that
showed multifidus muscle fat content to be significantly
higher at each spinal level tested compared with the other
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Figure 4 Disc degeneration of each cervical unit. The fatty infiltration
of the multifidus muscle at each cervical level was compared with the
level of disc degeneration. There was a significant difference between
group A and group B with regard to the variation at the C4 upper level.
(A) Normal; (B) fatty degeneration. *Indicates a significant difference
between groups A and B (p < 0.05).

cervical paraspinal muscles including the semispinalis cervi-
cis, semispinalis capitis, splenius capitis, and upper trapezi-
us.'* The multifidus muscle has a direct attachment to the
cervical facet capsule, and as such, it may contribute more
significantly to head mobility, neck posture, cervical injury,
and neck pain syndromes.’

In our study, the cervical multifidus muscle demonstrated
significantly more fatty infiltration at C3 and C7 than at C4,
€5, and C6. Previously, Elliot et al'® had studied healthy
controls and reported a primarily linear decrease in fatty
infiltrate content of the multifidus muscle progressing from
C3 to C7 down the cervical spine. In contrast to healthy
controls, there was a significantly higher fatty infiltrate
content at C3 than the more caudal multifidi measured at
C4, C5, C6, and C7 (p < 0.0001) in the experimental group
containing patients with whiplash-associated disorders. In
our current study of patients undergoing cervical kMRI for
symptomatic neck pain or radiculopathy, we found that fatty
infiltration occurred both in the upper and lower cervical
spine, a pattern slightly different than that observed in Elliot's
study of symptomatic whiplash patients.

We found that angular variation demonstrated no signifi-
cant differences between the normal and fatty degeneration
groups with the exception of the comparison at the lower
level of C3, which had a significant difference (p < 0.05). In
addition, translational motion and Cobb angle also demon-
strated no significant differences between the normal group
and the fatty degeneration group. Thus, our data demonstrate
that fatty degeneration of the cervical multifidus muscle
causes little change in segmental motion and cervical
lordosis.

With regard to disc degeneration in the cervical spine,
there were also no significant differences between the normal
group and the fatty degeneration group, with the exception of
the upper level of C4 (p < 0.05). This difference, though
significant, was small, representing a difference in disc de-
generation grading of less than 0.2. This result suggests that
fatty degeneration in the cervical multifidus muscle has little
effect on disc degeneration.
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Using a porcine model of spine disc degeneration in vitro,
Cheng et al?! investigated the relationship between cervical
muscle recruitment and cervical spine stability in animals
with both intact and degenerative cervical spines to test the
hypothesis that muscle that is dysfunctional from fatty
change is not as efficient in stabilizing the spine. They found
that spinal stability was more affected by muscle dysfunction
than by disc degeneration. This is contradictory to our find-
ings that Cobb angle, translational motion, and angular
variation (except at the C3 lower level) demonstrate no
significant differences between the normal group and the
fatty degeneration group. Our findings that spinal stability is
affected more by disc degeneration than by muscle dysfunc-
tion appears reasonable given that a major portion of axial
load is sustained by the intervertebral discs.??

In conclusion, we demonstrated that fatty degeneration
of the C3 and C7 paraspinal muscles is significantly greater
than middle segment (C4-C6) paraspinal muscle fatty de-
generation. We hypothesized that fatty degeneration of
cervical paraspinal muscle is associated with changes in
cervical lordosis and cervical movement. However, fatty
degeneration had almost no affect on cervical lordosis or
segmental movement. This information is important clini-
cally as there is very little information in the literature on
the contribution, if any, of the paraspinal musculature to
cervical spine motion and stability. This further adds to our
understanding of the contribution of the muscles, liga-
ments, intervertebral discs, and bony structures of the
cervical spine to its motion.
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