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Abstract

Muscle size and composition (muscle volume and muscle fat infiltrate [MFI]) may provide insight into possible
mechanisms underpinning chronic idiopathic neck pain, a common condition with no definitive underlying pathol-
ogy. In individuals with chronic idiopathic neck pain >3 months and age- and sex-matched asymptomatic controls,
muscle volumes of levator scapulae, multifidus including semispinalis cervicis (MFSS), semispinalis capitis, splenius
capitis including splenius cervicis (SCSC), sternocleidomastoid and longus colli from C3 through T1 were quantified
from magnetic resonance imaging. Between-group differences were determined using linear mixed models, account-
ing for side (left or right), muscle, spinal level, sex, age, and body mass index (BMI). Individuals with pain had greater
muscle volume (mean difference 76.8mm?3: 95% C| 26.6-127.0; p=.003) and MFI (2.3%; 0.2-4.5; p =.034) of the MFSS
compared to matched controls with no differences in relative volume, accounting for factors associated with the
outcomes: muscle, spinal level, side (left had smaller volume, relative volume and MFI than right), sex (females had
less volume and relative volume than males), age (older age associated with less relative volume and greater MFI), and
BMI (higher BMI associated with greater muscle volume and MFI). Greater MFI in individuals with chronic idiopathic
neck pain suggests a possible underlying mechanism contributing to neck pain. Perspective: These findings suggest
MFIin the MFSS may be radiologic sign, potentially identifying patients with a less favourable prognosis. Future stud-
ies are needed to confirm this finding and determine if MFl is a contributor to the development or persistence of neck
pain, or consequence of neck pain.
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Background
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pain results in high healthcare costs [5], lost work days,
reduced productivity [6] and early work exit [7]. Those
with chronic neck pain experience poorer quality of
life, and have more comorbid conditions and psycho-
logical distress than those without pain.[8] One type of
neck pain has been termed idiopathic neck pain as the
underlying mechanisms remain largely unknown and
associated pathological abnormalities have not been con-
sistently identified with current imaging applications [9].
The precise reasons why some patients recover and oth-
ers continue to report persistent pain are unknown. This
highlights a need for renewed innovations, diagnostics,
and effective strategies to identify and mitigate risks and
associated costs of persistent neck pain.

Muscle size and composition are potential factors that
may provide insight into mechanisms underlying idi-
opathic neck pain or its chronicity, as muscle function
has been linked to the onset [10] and persistence of neck
pain [11]. Aspects of muscle size include muscle volume;
muscle fat infiltrate (MFI) and relative volume represent
composition. Muscle volume is quantified by measur-
ing a muscle’s cross-sectional area using imaging, typi-
cally MRI, and extrapolating to volume based on MRI
slice thickness. MFI and relative volume are non-inva-
sively quantified using pixel intensity from water and fat
images derived from multi-echo MRI acquisitions (e.g.
Dixon technique) [12-15]. Relative volume represents
the size or amount of muscle within the muscle volume
that is not identified as MFI. Muscle volume has been
shown to be increased in individuals with neck pain from
whiplash-associated disorders as compared to healthy
controls, with the larger volume made up by MFI [16].
Muscle volume in individuals with idiopathic neck pain
has been studied using ultrasound (e.g., [17-19]) with
only one study (#=20 with idiopathic neck pain) identi-
fied using MRI [20]. Few studies have examined the MFI
of cervical muscles, and we identified only one reported
dataset of MFI in individuals with chronic idiopathic
neck pain [21, 22]. In this cohort of 23 females, MFI was
not present in the cervical extensors to the extent that
had been reported in individuals with whiplash-associ-
ated disorder. The studies that report MFI in females with
idiopathic neck pain either reported an overall fat score
not identifying specific muscles [21], or limited their
measurement to specific spinal levels (C1/2, C2/3 and
C5/6) [22]. Hence, investigations of MFI in the cervical
musculature of individuals with chronic idiopathic neck
pain are limited. Idiopathic neck pain is likely to have dif-
ferent underlying mechanisms to whiplash-associated
disorder. Thus, there is a need to investigate MFI more
comprehensively in this patient group, specifically across
the length of the cervical spine and including a breadth
of muscles. Understanding muscle composition in
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individuals with neck pain may contribute to the devel-
opment of prognostic and predictive tools to identify
patients most likely to progress to chronicity and guide
treatment decisions.

The aim of this study was to determine whether there
are differences in muscle volume, relative volume and
MFI in individuals with chronic idiopathic neck pain
compared with age- and sex-matched asymptomatic con-
trols. Six muscles/muscle groups from C3 through T1
were included. Evidence for muscle composition altera-
tions in individuals with idiopathic neck pain may sug-
gest possible muscle degeneration or pathophysiological
processes that may identify individuals who require spe-
cialised intervention.

Methods

Design

This cross-sectional observational study compared the
muscle volume, relative volume and the percentage of
MFI of cervical extensor and flexor muscles (from C3
to T1) between participants with chronic idiopathic
neck pain and asymptomatic age and sex-matched con-
trols. Individuals with chronic idiopathic neck pain (>3
months) were recruited from a regional city in Australia
from the local community via advertisement. Each par-
ticipant attended two data collection sessions, one where
they had clinical measurements conducted, including
self-report questionnaires and cervical range of motion,
and a second session where they had an MRI examina-
tion of the cervical spine. Two blinded researchers (SS,
HJT) who did not participate in data collection con-
toured muscle borders in Analyze Pro (Analyze Direct,
Inc., Overland Park, KS, USA) to quantify muscle volume
and subsequently relative volume and MFI from MRL
This research was performed according to the Decla-
ration of Helsinki and the study was approved by the
Human Research Ethics Committee of the University of
Newcastle (H-2015-0235). Informed consent was gained
prior to data collection.

Participants

Eligible participants were able to undergo an MRI exam
(no metallic implants, pacemakers, or claustrophobia,
not pregnant), and were 18-55 years of age. Those with
chronic idiopathic neck pain (>3 months) had at least
4/10 on a numerical pain rating scale and pain that at
least “moderately” interfered with normal work (includ-
ing housework, from the SF-12) [23]. Asymptomatic par-
ticipants had no neck or back pain for which they sought
treatment in the previous 2 years, no previous history of
neck injury/trauma, no current musculoskeletal pain in
any body area, and were matched to a pain participant in
sex and age (5 years). Excluded from both groups were
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those with headaches as their primary complaint, dizzi-
ness, history of neck trauma, neck surgery, diabetes or
peripheral vascular disease.

Age, sex, height (cm using a standard stadiom-
eter), weight (kg using a standard scale: Seca, Model
7,621,019,009), body mass index (BMI), physical activ-
ity level (Godin Shepherd Leisure-time Physical Activity
Questionnaire [24]), and depression (Center for Epidemi-
ologic Studies Short Depression Scale [CES-D 10] [25])
were collected for all participants. Those with pain also
recorded their neck disability (Neck Disability Index,
NDI [26]), duration of pain (months) and pain intensity
(100 mm visual analogue scale [VAS] anchored by ‘no
pain’ on the left and ‘worst pain imaginable’ on the right).
Pain intensity was quantified for three different recall
periods: current, average over the previous 24 h and over
the previous four weeks [27]. All participants had their
neck range of motion measured using the Cervical Range
of Motion instrument (CROM, Performance Attain-
ment Associates, Minnesota, IL, USA) [28], Participants
were instructed to move their head as far as possible and
each movement direction (flexion, extension, right and
left rotation) was repeated 3 times and averaged. These
variables (excluding age, sex and BMI) were collected to
contextualise the participant sample and were not used in
the analysis of between-group differences in the primary
outcome measures described below.

Outcome measures

Primary outcomes

Muscle volume, relative volume and MFI were measured
from MR images from the intervertebral disc of C2/3
through the intervertebral disc of T1/2. MRI was under-
taken on a Siemens Magnetom Prisma 3 Tesla scanner
with a 64-channel head/neck array coil. An axial, VIBE
(T1-weighted gradient echo) using two-point Dixon tech-
nique (Dixon-VIBE) (TR/TE1/TE2 7.05/2.46/3.69ms)
was undertaken with a 320 x 320 mm field of view and
448 x 448 acquisition matrix (0.7 mm in-plane resolu-
tion) with a slice thickness of 3 mm. A single slab with 52
slices was acquired covering the cephalad portion of C3
through the caudal portion of the T2 vertebral end plate
in a scan duration of 6:23 min. Axial slices were aligned
parallel to the C2/3 intervertebral disc allowing MRI
slices to perpendicularly intersect muscles. The radiogra-
pher positioned the head in approximately neutral, using
the same coil for every participant to standardize align-
ment. A foam pad was placed under the head for partici-
pant comfort and their head was secured on either side
with additional padding to minimize head movement.
The radiographer ensured the participant remained sta-
tionary by observing them on a monitor.
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Muscle border identification

Prior to muscle border contouring on MR images,
the location of each axial slice in relation to the cervi-
cal vertebrae was identified by assigning each slice to
a specific spinal level using visualization of its loca-
tion on a sagittal localizer view. Individual slices were
assigned to vertebral levels by first identifying the slice
closest to the midsection of each intervertebral disc.
Slices between these were assigned to their corre-
sponding vertebral levels using the same sagittal view.
Subsequently, the slices identified as traversing through
the intervertebral disc were assigned to the spinal level
cephalad of the disc. Muscle volume was quantified by
manually tracing the fascial boundary of selected neck
muscles using a computer mouse on every second MRI
slice collected. Automated interpolation of the remain-
ing slices was performed in Analyze Pro (Analyze Pro
1.0, AnalyzeDirect Inc., Overland Park, KS, USA).
Interpolation accuracy was checked by visual examina-
tion of all slices and three-dimensional models. Errors
were re-contoured manually as necessary.

Muscles were identified, where present, from the most
cephalad slice allocated to C3 through to the most cau-
dal slice allocated to T1 on both left and right. Muscles
included were the levator scapulae, multifidus including
semispinalis cervicis (MFSS), semispinalis capitis, sple-
nius capitis including splenius cervicis (SCSC), sterno-
cleidomastoid and longus colli. These muscles encompass
all major deep and superficial lower cervical extensor
muscles, as well as two flexors, one deep flexor (longus
colli) and one superficial flexor/rotator (sternocleido-
mastoid). Poorly visualized fascial borders between mul-
tifidus and semispinalis cervicis and between splenius
capitis and cervicis meant that these muscle pairs were
combined to reduce measurement error. Muscles were
differentiated with reference to an MRI anatomical atlas
outlining the muscles at each level [29]. MFI was identi-
fied by calculating the percentage of the MR signal from
fat using the fat and water images from the T1 -weighted
Dixon images. MFI was calculated for each muscle region
of interest on each MRI slice between the top endplate of
C3 and the bottom endplate of T1. MFI was defined as
the mean fat-only signal within a defined region of inter-
est divided by the sum of the mean fat-only and the mean
water-only signals within the same region of interest,
multiplied by 100 (MFI = [Fat/(Fat+ Water)] x 100) [30].
The fat-only and water-only images were derived from a
two-point Dixon technique MRI acquisition (described
above within the Methods). Relative volume was calcu-
lated by subtracting the MFI percentage from 100, and
multiplying the volume by this percent, thus represent-
ing the percentage of the segmented volume that can be
attributed to muscle. These calculations provided values
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for each MR slice which were used in the statistical analy-
ses. Figure 1 illustrates the muscle segmentation.

Statistical analysis

Sample size

Our previous work suggested an average within-group
SD for MFI across spinal levels of 8.3% [20]. Thus we esti-
mated we could detect a 5% between-group difference
(two-tailed independent t-test) in MFI with 44 partici-
pants per group, with 80% power and an alpha of 0.05.

Data analysis
Inter-rater reliability of muscle segmentation was deter-
mined from volume and MFI measures from a sample
of 13 participants traced by two researchers (SS, HJT),
using intra-class correlation coefficients (methods previ-
ously described [31]). The participants were selected to
represent a range of ages and equal representation of the
sexes. Participant characteristics and unadjusted means
for volume and MFI are reported using descriptive sta-
tistics. The total number of axial slices varied between
participants due to differences in neck length between C3
and T1. Therefore, rather than sum the values from axial
slices, which would be affected by neck length, we ana-
lysed each value from each axial slice using linear mixed
models to account for the repeated measures for each
participant. Mixed models are robust to variations in the
number of repeated measures between participants.
Bonferroni-adjusted estimated marginal means from
linear mixed effects regression models determined dif-
ferences between groups in muscle volume, relative
volume and MFI. Models were adjusted for side (left
or right), muscle (levator scapulae, MFSS, semispinalis
capitis, SCSC, sternocleidomastoid, longus colli), spi-
nal level, sex, age, and BMI. For categorical variables,
the reference category is provided for interpretation of
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the models [32]. As models were analysed by MRI slice,
and each participant had data from multiple slices,
we included a random effect for participant. Two-way
interactions between muscle and group were included.
Statistical analyses were performed in IBM SPSS Ver-
sion 26.0 (IBM Corporation, Armonk, NY).

Results

Participants

Participants with neck pain were recruited from May
25, 2015, through November 26, 2015, with asymp-
tomatic matched controls recruited through May 31,
2017. Of 193 volunteers with neck pain screened,
48 met the inclusion criteria and completed a scan-
ning session. The reasons for exclusion were a history
of whiplash or trauma (30%, n=43), migraines (15%,
n=22), age>55 years (12%, n=17), did not meet pain
criteria, usually with pain levels too low (12%, n=18),
neuropathic pain or fibromyalgia (6%, n=38), reports of
dizziness of unknown origin (2%, n=3), not contacta-
ble after inquiring about the study (7%, n=10), unable
to make an appointment time or declined participa-
tion (13%, n=19), other (3%, n=>5, e.g., diabetic, con-
genital fused vertebrae, claustrophobic). One scan was
unusable due to motion artefact resulting in 47 partici-
pants with pain for analysis. Asymptomatic volunteers
(n=35) were enrolled when their age (within 5 years)
and sex matched a pain participant. Characteristics of
enrolled participants are reported in Table 1. Partici-
pants with pain had a mean age of 36.8 (SD 9.8), body
mass index (BMI) 25.6 (SD 4.2), mild pain (VAS 30.3,
SD 17.7) and neck disability (mean NDI 13.3, SD 4.2)
and a long duration of neck pain (mean 67.7 months,
SD 59.4). The pain group had less cervical range of
motion in all measured directions (Table 1).

multifidus (including semispinalis cervicis), and F: longus colli

Fig. 1 Example of muscle segmentation for a participant with chronic idiopathic neck pain (1) and an age and sex-matched asymptomatic control
(2) at the C5 spinal level. A: sternocleidomastoid, B: levator scapulae, C: splenius capitis (including splenius cervicis), D: semispinalis capitis, E:
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Table 1 Characteristics of participants
All Groups Difference between groups
Characteristic (n=82) Pain Asymptomatic Pain minus Asymptomatic P
(n = 47) (n = 35)
Age (yr), mean (SD) 36.3 36.8 357 1.07 0.657
(10.5) (9.8) (11.5) (-3.7105.9)
Sex (female), number (%) 36 (44) 22 (47) 14 (40) x2=0.378 0.539
Weight (kg), mean (SD) 756 77.0 738 32 0.372
(15.6) (15.2) (16.2) (-3.8t010.2)
Height (cm), mean (SD) 1719 1733 169.8 35 0.351
(10.9) (10.8) (10.9) (-1.3t084)
BMI (kg/mz), mean (SD) 255 256 256 0.007 0.994
4.5) (4.2) (4.8) (-2.0t0 2.0
Physical activity (category), number (%)
Insufficiently active 14 (17) 9 (20) 5(15) x2=0.623 0.732
Moderately active 16 (20) 8(18) 8 (24)
Active 49 (60) 28 (62) 21(62)
CES-D 10° (category), number (%)
Depressed 16 (20) 14 (32) 2(6) (Fisher's exact) 0.005
Not depressed 62 (76) 30 (68) 32(94)
Pain intensity, 0-100 mm visual analogue scale (mm), mean (SD)
Current - 303(17.7) - - -
24 h recall - 36.3(17.9) - - -
4 week recall - 429(1 0) - - -
Neck Disability Index (0-50), mean (SD) - 349 - - -
Duration of neck pain (months), mean (SD) - 67.7 (594) - - -
Duration of neck pain (category), number (%)
3to 12 months - 7(14.9) - - -
110 5 years - 17 (36.2) - - -
5+ years - 23(48.9) - - -
Reported radiculopathy, number (%) - 8(17.0) - - -
Neck flexion ROM (¢), mean (SD) 54.2 488 61.6 -12.8 <0.001
(11.2) (10.0) (8.1) (-170t0-8.7)

Neck extension ROM (9), mean (SD) 624 60.0 65.8 -5.8 0.040
(12.5) (12.7) (11.6) (-11.3t0-0.3)

Neck right rotation ROM (¢), mean (SD) 64.7 614 69.3 -79 <0.001
(9.9 (10.6) (6.4) (-11.7 to-4.1)

Neck left rotation ROM (), mean (SD) 64.4 61.6 683 -6.7 <0.001
9.3) (9.7) (7.0) (-104to0-3.1)

2 Percentages may not sum to 100 where there is missing data
b Center for Epidemiologic Studies Short Depression Scale

Muscle size and composition

Inter-rater reliability of muscle segmentation was excel-
lent for muscle volume (ICC2,1=0.97; 95% CI 0.95, 0.98,
across all muscles) and MFI (0.85; 0.79, 0.89). Unadjusted
mean values for muscle volume, relative volume and
MEFI for each muscle at each spinal level for each group
are reported in Tables S1, S2 and S3 in the Supplemen-
tary Information file. Regression modelling showed that
being female was associated with a lower muscle volume,
higher BMI was associated with greater muscle volume,
and muscle volume differed between spinal levels and

between muscles (Table 2). The left side had on average
less muscle volume than the right. Age was not associated
with muscle volume (Table 2). Relative volume was not
significantly different between those with and without
pain (Table 3). Similar to muscle volume, relative volume
was less for females compared to males, less on the left
compared to the right, and older age was associated with
less relative volume. BMI was not associated with relative
volume (Table 3). Table 4 shows that older age and higher
BMI were associated with greater MFI, and MFI differed
between spinal levels and between muscles. Greater MFI
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Table 2 Results of linear mixed model investigating the relationship between muscle volume (mm?3) and group (pain vs.
asymptomatic), accounting for side (left or right), muscle, spinal level (C3-T1), sex, age, body mass index (BM)).

Variable Reference category® Estimate (95% CI) Std Error P
Group Asymptomatic 17.01 (-32.85 t0 66.87) 25.10 0.500
Side (left) Right -13.62 (-19.96 to -7.28) 323 <0.001
Muscle (levator scapulae) SCME -149.86 (-166.76 t0 -132.97) 8.62 <0.001
Muscle (multifidus)® SCM 21724 (199.61 to 234.87) 9.00 <0.001
Muscle (semispinalis capitis) SCM -505.37 (-522.26 t0 -488.48) 8.62 <0.001
Muscle (splenius capitis)® SCM -357.89 (-374.78 to 341.00) 8.62 <0.001
Muscle (longus colli) SCM -840.89 (-857.80 to -823.99) 8.63 <0.001
Spinal level (C4) a3 7.77 (-340to 18.93) 5.70 0.173
Spinal level (C5) c3 23.08 (11.80 to 34.36) 5.76 <0.001
Spinal level (C6) (@} 4042 (29.20t0 51.65) 573 <0.001
Spinal level (C7) a3 -19.97 (-31.04 to -8.89) 5.65 <0.001
Spinal level (T1) c3 -257.28 (-268.09 to -246.46) 552 <0.001
Sex (Female) Male -293.55 (-343.88 t0 -243.21) 2527 <0.001
Age - -2.21 (-4.68 10 0.25) 1.24 0.078
BMI - 8.75(3.13t0 14.36) 2.82 0.003
Muscle (levator scapulae)*group(pain) SCM/asymptomatic -57.78 (-79.83 t0 -35.73) 11.25 <0.001
Muscle (multifidus)*group(pain) SCM/asymptomatic 59.79 (36.86 t0 82.73) 11.70 <0.001
Muscle (semispinalis capitis)*group(pain) SCM/asymptomatic 21.77 (-0.28 t0 43.82) 11.25 0.053
Muscle (splenius capitis)*group(pain) SCM/asymptomatic -39.12 (-61.17 to -17.07) 11.25 0.001
Muscle (longus colli)*group(pain) SCM/asymptomatic 6.51 (-15.55 t0 28.58) 1127 0.563

?The reference category is the category against which the others are compared

b Multifidus includes semispinalis cervicis; splenius capitis includes splenius cervicis

€ SCM, sternocleidomastoid

was observed at more caudal spinal levels compared to
cephalad levels (Table S3). Sex was not associated with
MEL. The left side had on average less MFI than the right,
but the difference was small. For muscle volume, rela-
tive volume and MFI, there were interactions between
muscle type and group suggesting between-group differ-
ences varied by muscle. Post-hoc tests showed that when
accounting for possible confounders (side, muscle, spinal
level, age, sex, BMI), individuals with pain had a greater
muscle volume and greater MFI for the MESS, with no
between-group difference in relative volume (Table 5;
Figs. 2 and 3).

Discussion

This study found that individuals with chronic idiopathic
neck pain had greater muscle volume and MFI in their
deep extensor muscles (MESS) as compared to age and
sex-matched controls. This difference was apparent, even
when accounting for differences in age and BMI, factors
believed to affect MFI [22, 33, 34]. MFI values differed
depending on the spinal level measured, with more cau-
dad spinal levels generally displaying greater MFI than
more cephalad levels between C3 and TI. MFI differed
between muscles, with the MFSS having the highest MFL

The MESS had a larger muscle volume with greater MFI
in individuals with chronic idiopathic neck pain com-
pared to controls, with no between-group difference in
relative volume. As relative volume represents the mus-
cle volume excluding the fat infiltrate, this suggests that
lean muscle mass is similar between the pain and asymp-
tomatic groups. Notably, the between-group difference
in MFI was small and its clinical relevance is unknown.
Nevertheless, MFI may be one factor that may identify
individuals with chronic idiopathic neck pain. The devel-
opment of clinical tools to identify MFI in individuals
with chronic pain is needed to establish the clinical rel-
evance of MFI. Consistent findings of MFI in individuals
with chronic pain may lead to personalised interventions
and the ability to direct treatment resources effectively.
Evidence for the clinical correlates of MFI has largely
been derived from studies of individuals with low back
pain [33-36] or types of neck pain other than idiopathic
neck pain (e.g., whiplash associated disorder, cervical
myelopathy) [16, 37—41]. These studies have shown that
MEFI appears to be associated with higher levels of dis-
ability in patients with WAD [40, 42] or cervical mye-
lopathy [38]. Greater MFI is associated with postural
instability and poor balance in patients with radicular
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Table 3 Results of linear mixed model investigating the relationship between relative muscle volume (mm?) and group (pain vs.
asymptomatic), accounting for side (left or right), muscle, spinal level (C3-T1), sex, age, body mass index (BM)).

Variable Reference category® Estimate (95% CI) Std Error P
Group Asymptomatic 16.74 (-31.50 to 64.98) 24.27 0492
Side (left) Right -8.96 (-14.47 t0 -3.46) 2.81 0.001
Muscle (levator scapulae) SCME -106.57 (-121.24 t0-91.90) 748 <0.001
Muscle (multifidus)® SCM 53.10 (37.79t0 68.41) 7.81 <0.001
Muscle (semispinalis capitis) SCM -445.83 (-460.49 to -431.16) 7.48 <0.001
Muscle (splenius capitis)® SCM -297.69 (-312.37 t0 -283.02) 749 <0.001
Muscle (longus colli) SCM -737.18 (-751.86 t0 -722.49) 749 <0.001
Spinal level (C4) a3 2491 (1522 t0 34.61) 495 <0.001
Spinal level (C5) c3 51.16 (41.37 t0 60.96) 5.00 <0.001
Spinal level (C6) (@} 6142 (51.68t071.17) 497 <0.001
Spinal level (C7) a3 -9.02 (-18.64 t0 0.60) 491 0.066
Spinal level (T1) c3 -223.62 (-233.02 t0 -214.23) 4.79 <0.001
Sex (Female) Male -262.85(-311.96 t0 -213.75) 24.65 <0.001
Age - -2.70 (-5.10t0-0.29) 1.21 0.028
BMI - 3.88 (-1.60 t0 9.36) 2.75 0.162
Muscle (levator scapulae)*group(pain) SCM/asymptomatic -57.00 (-76.14 t0 -37.86) 9.77 <0.001
Muscle (multifidus)*group(pain) SCM/asymptomatic 0.66 (-19.25 to 20.58) 10.16 0.948
Muscle (semispinalis capitis)*group(pain) SCM/asymptomatic 10.91 (-8.24 to 30.05) 9.77 0.264
Muscle (splenius capitis)*group(pain) SCM/asymptomatic -46.92 (-66.07 to -27.77) 9.77 <0.001
Muscle (longus colli)*group(pain) SCM/asymptomatic 330 (-15.86 t0 22.47) 9.78 0.735

?The reference category is the category against which the others are compared

b Multifidus includes semispinalis cervicis; splenius capitis includes splenius cervicis

€ SCM, sternocleidomastoid

spondylopathy [37]. Functional recovery after surgical
decompression is worse with higher MFI [39]. Relation-
ships between clinical findings and MFI are reported
more frequently for the multifidus compared to other
muscles in both the cervical [38] and lumbar spines [36].
These findings suggest that MFI in the multifidus may be
radiologic sign, potentially identifying patients with a less
favourable prognosis.

One previous study of MFI volume that included indi-
viduals with idiopathic neck pain found that MFI at C2/3
and C5/6 was similar to healthy controls and less than
that observed in those with whiplash-associated disorder
[22]. That study was limited to females and had a smaller
sample of participants with idiopathic neck pain than
the current study. It also had a smaller number of par-
ticipants with idiopathic neck pain than their comparison
groups, possibly affecting ability to detect a significant
difference. The participants in the current study had a
longer duration of neck pain, on average, than the pre-
vious study (68 vs. 34 months), possibly accounting for
differences in findings. Another study using MRI found
differences in muscle cross-sectional area in females with
chronic idiopathic neck pain compared to healthy con-
trols, but only their whiplash group showed increases in

MEFI [43]. This study was limited to selected spinal lev-
els for each measured muscle between C1 and C5, which
may have reduced the strength of their analyses. There
are also limitations in using cross-sectional area rather
than volume for quantifying muscle composition. The
lack of studies investigating muscle composition in indi-
viduals with idiopathic neck pain suggests more research
is warranted.

The current study found that MFI in the MESS of indi-
viduals with idiopathic neck pain was greater than in
asymptomatic matched controls, accounting for both
age and BMI. Older age is associated with increased MFI
in the lumbar spine [33, 34], and this was consistent in
the current study. Higher BMI has also been associated
with greater MFI in the lumbar [34] and cervical spines
[22] previously, and in the current study. After adjusting
for age and BMI, the greater MFI in the MFSS remained
in those with chronic neck pain. This was consistent
when observing the unadjusted mean value for MFI for
the MESS and the values at each spinal level (except C3,
Table S3 in the Supplementary Information file). The
unadjusted values for the SCSC, semispinalis capitis, and
longus colli also showed greater MFI in individuals with
neck pain compared to controls overall; at all spinal levels
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Table 4 Results of linear mixed model investigating the relationship between muscle fat infiltrate (as a percent of muscle volume) and
group (pain vs. asymptomatic), accounting for side (left or right), muscle, spinal level (C3-T1), sex, age, body mass index (BMI).

Variable Reference category?® Estimate (95% CI) Std Error P
Group Asymptomatic -0.87 (-3.01 to 1.26) 1.07 0418
Side (left) Right -0.36 (-0.46 to -0.25) 0.05 <0.001
Muscle (levator scapulae) SCM® -3.09 (-3.37t0-2.82) 0.14 <0.001
Muscle (multifidus)® SCM 9.53(9.24t0 9.81) 0.15 <0.001
Muscle (semispinalis capitis) SCM -0.06 (-0.36t0 0.21) 0.14 0.667
Muscle (splenius capitis)° SCM -2.27 (-2.54t0-1.99) 0.14 <0.001
Muscle (longus colli) SCM 221 (1.94 to 2.49) 0.14 <0.001
Spinal level (C4) a3 -1.28 (-146t0-1.10) 0.09 <0.001
Spinal level (C5) c3 -2.15(-234t0-1.97) 0.09 <0.001
Spinal level (C6) c3 -1.71(-190to -1.53) 0.09 <0.001
Spinal level (C7) a3 -0.03 (-0.21t0 0.15) 0.09 0.728
Spinal level (T1) c3 3.10(2.92t03.27) 0.09 <0.001
Sex (Female) Male 2.00 (-0.23t0 4.23) 1.12 0.078
Age - 0.11(0.004 t0 0.22) 0.05 0.043
BMI - 0.44 (0.19t0 0.69) 0.12 0.001
Muscle (levator scapulae)*group(pain) SCM/asymptomatic 0.56 (0.20t0 0.92) 0.18 0.002
Muscle (multifidus)*group(pain) SCM/asymptomatic 3.19(2.82t03.57) 0.19 <0.001
Muscle (semispinalis capitis)*group(pain) SCM/asymptomatic 1.52(1.16 t0 1.88) 0.18 <0.001
Muscle (splenius capitis)*group(pain) SCM/asymptomatic 1.80 (144 t0 2.15) 0.18 <0.001
Muscle (longus colli)*group(pain) SCM/asymptomatic 52(1.17t0 1.88) 0.18 <0.001

?The reference category is the category against which the others are compared

b Multifidus includes semispinalis cervicis; splenius capitis includes splenius cervicis

€ SCM, sternocleidomastoid

for SCSC, 3 of 6 spinal levels for semispinalis capitis,
and 4 of 6 for longus colli (Table S3 in the Supplemen-
tary Information file). This may suggest that age and BMI
could account for the between-group differences in MFI
in those muscles. Alternatively, it may mean the differ-
ences between people with and without neck pain were
not large enough, or the lack of homogeneity proved a
challenge to detect significance. Nonetheless, the greater
MEFI in the MESS regardless of age and BMI highlights
the complex uniqueness of the multifidus muscle. Indeed,
there is evidence that the deep cervical muscles function
differently to the superficial muscles during a motor skill
task [44].

The multifidus was combined with the semispinalis
cervicis for segmentation. Thus there may have been
intermuscular fat between the two muscles, potentially
accounting for the higher MFI observed in this muscle
group. When segmenting the multifidus and semispinalis
cervicis, their close approximation and similar attach-
ments of muscle fascicles makes these muscles challeng-
ing if not impossible to differentiate in cross-section.
To improve accuracy of segmentation and reliability
between the two researchers performing the segmenta-
tions, we chose to combine multifidus and semispinalis

cervicis, as has been recommended in previous research
[13, 45] The small between-group difference in MFI of
the MFSS may not be clinically relevant. However, it is
unlikely to be a chance finding, considering the consist-
ency of findings across spinal levels (Table S3 in the Sup-
plementary Information file) and across muscle volume,
relative volume and MFI. Muscle volume was greater in
the MESS of the pain group, with relative volume no dif-
ferent, suggesting the extra muscle volume may consist of
MFL

As the current study was cross-sectional, it cannot
determine if MFI is a cause or an effect of pain. There is
some evidence that MFI increases in healthy individu-
als after 4 weeks of immobilisation [46], and 12 weeks
of strength training can decrease MFI in the thigh mus-
cles of older individuals [47] These findings suggest that
future research should investigate interventions that
might have the potential to reduce MFI in the cervical
multifidus and semispinalis cervicis to determine any
effect on neck pain. In the neck muscles, there is evidence
the deep cervical muscles function differently to the
superficial muscles: specific exercises preferentially acti-
vate the deep semispinalis cervicis over the more superfi-
cial splenius capitis [48, 49]. This suggests that specificity
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Table 5 Estimated marginal means (95% Cl) for muscle volume (mm?), relative volume (mm?) and muscle fat infiltrate (expressed as
a percentage of muscle volume) for each muscle from linear mixed models adjusted by side (left /right), muscle, spinal level, gender,
age, and BMI, with Bonferroni-adjusted mean differences between groups

Characteristic Groups Difference between groups
Pain(n=47) Asymp*(n=35) Pain minus Asymp P
Volume
Levator scapulae 8679 908.6 -40.8 0.108
(835.5t0900.2) (870.5t0 946.8) (-90.6t0 9.1)
Multifidus (with semispinalis cervicis) 13525 1275.7 76.8 0.003
(1320.0to 1385.1) (1237310 1314.2) (26.6t0 127.0)
Semispinalis capitis 5919 553.1 388 0.126
(559.6t0 624.2) (515.0t0591.2) (-11.1 to 88.6)
Splenius capitis with splenius cervicis 6785 700.6 -22.1 0.381
(646.2 t0 710.8) (662.5t0 738.7) (72010 27.7)
Longus colli 2411 217.6 235 0.351
(208.8t0 273.4) (179510 255.7) (26310 73.4)
Sternocleidomastoid 1075.5 1058.5 17.0 0.500
(1043210 1107.8) (1020.3 to 1096.6) (-32.8t0 66.9)
Relative volume
Levator scapulae 769.18 809.44 -40.3 0.101
(737.9t0 800.5) (772.6 t0 846.3) (-88.5t0 8.0)
Multifidus (with semispinalis cervicis) 986.51 969.11 174 0478
(955.0t0 1018.0) (932.0t0 1006.2) (-31.1t0 65.9)
Semispinalis capitis 497.8 47018 276 0.258
(466.5 10 529.1) (433.3t0507.1) (-206t0 75.9)
Splenius capitis with splenius cervicis 588.14 6183 -30.2 0217
(556.9t0 619.4) (581.4t0 655.2) (-784t0 18.1)
Longus colli 1989 178.8 20.0 0411
(167.6 10 230.2) (141910 215.7) (-28.2t0 68.3)
Sternocleidomastoid 932.7 916.0 16.7 0492
(901.5 t0 964.0) (879.1t0952.9) (-31.5t065.0)
Muscle fat infiltrate
Levator scapulae 11.6 11.9 -03(-241t0 1.8) 0.769
(10.2t0 13.0) (103t0 13.6)
Multifidus (with semispinalis cervicis) 26.9 246 23(0.2t04.5) 0.034
(25.5t02823) (229t026.2)
Semispinalis capitis 156 15.0 06 (-1.5t0 2.8) 0.547
(14210 17.0) (13.3to 16.6)
Splenius capitis with splenius cervicis 13.7 12.8 09(-1.2t03.1) 0.392
(12310 15.1) (11110 14.4)
Longus colli 17.9 17.2 0.7 (-1.5t02.8) 0.545
(16.51019.3) (15610 18.9)
Sternocleidomastoid 14.2 15.0 -09(-3.0t0 1.3) 0418
(12810 15.5) (13410 16.7)

*Asymptomatic

will be required to achieve improvements in muscle com-
position. Importantly, the current findings showed that
muscle volume and MFI differed between muscles, and
for each muscle, values varied depending on spinal level
measured. Thus, studies of muscle size and composi-
tion should include as many muscles and spinal levels
as is feasible, and studies of single muscles or spinal lev-
els should not be generalized to the health of the entire
cervical spine. Future research may determine whether a

single spinal level may be able to effectively represent the
muscle volume and composition of an individual muscle.

The strengths of this study include the measure-
ment of muscle volumes and MFI from multiple cer-
vical muscles across multiple spinal levels, allowing
quantification of the majority of existing muscle cov-
ering the cervical spine. This allowed comparisons
across muscles and spinal levels. It is, to our knowl-
edge, only the third study to examine these variables in
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individuals with idiopathic neck pain, and the first to
include all spinal levels from C3-T1. Reliability of con-
touring between researchers was comparable or better
than that previously reported using the same methods
[31]. Results are limited to this sample of individu-
als with chronic idiopathic neck pain. Participants in
this study reported an average duration of neck pain
of 63 months, with half of the sample reporting they
had experienced neck pain for greater than five years.
It is unknown if changes in MFI might be recognised

earlier in individuals who go on to develop persistent
neck pain symptoms, potentially enabling targeted
interventions.

Future research should develop methods to enable
muscle volume and MFI to be quantified in the clini-
cal setting, potentially through automated methods that
eliminate the time needed to manually contour muscle
boundaries [30]. As MFI varies based on age and BMI,
a large normative database is needed to effectively iden-
tify deviations from normal. Finally, investigations of
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interventions that may reduce MFI, such as resistance
training or specific muscle retraining, need to be con-
ducted to determine whether MFI and neck pain can
both be reduced with intervention.

Conclusion

In this study, individuals with chronic idiopathic neck
pain had greater MFI in the multifidus muscle (combined
with the semispinalis cervicis) compared to age and sex-
matched asymptomatic controls, while controlling for
age and BMI. The between-group difference in MFI was
small. Nonetheless, these findings may suggest an under-
lying neurobiological rationale for chronic idiopathic
neck pain that may be a contributor to, or consequence
of, neck pain.
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