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A B S T R A C T

Background: Magnetic resonance imaging (MRI) is used to quantify the size and structure of the architecturally
complex cervical spine musculature of individuals with traumatic and idiopathic neck pain. However, to our
knowledge, no scan-rescan reliability data is available on neck muscle volumes.
Objectives: This study investigates the intra- and inter-rater reliability and scan-rescan reliability in cervical
muscle volume investigations.
Design: Clinical Measurement, Reliability study.
Methods: MRI scans were performed and repeated (within 1 h) for five asymptomatic individuals. Two raters
manually traced levator scapulae, multifidus including semispinalis cervicis, semispinalis capitis, splenius capitis
including splenius cervicis, and sternocleidomastoid using Analyze software (v12.0). Reliability was determined
using intra-class correlation coefficients, Lin's concordance coefficient and Bland-Altman plots, with inter-
pretation of reliability coefficients using the criteria from Fleiss.
Results: Intra-rater reliability of muscle quantification was excellent (ICCs ranging from 0.78 to 0.96). Inter-rater
reliability was excellent for sternocleidomastoid(ICC 0.92, 95% CI 0.80, 0.97) and splenius capitis (ICC 0.77,
0.51, 0.90), and ranged from fair to good for levator scapulae (0.63, 0.18, 0.85), multifidus (0.73, 0.44, 0.88),
and semispinalis capitis (0.50, 0.08, 0.77). The scan-rescan reliability was excellent for all muscles (ICCs ranging
from 0.94 to 0.98).
Conclusion: Threats to reliability appear to be more related to manual quantification of muscles on images rather
than protocols related to re-positioning a participant in the scanner and repeating the same protocol.

The current findings suggest that the proposed methods can be used in establishing normative data for cer-
vical muscle volume and comparing individuals with and without neck pain.

1. Introduction

Neck pain is a prevalent problem in the general population: globally
approximately 70% of adults experience neck pain at least once in their
lives (Brontfort et al., 2012; Hoy et al., 2014). Despite a wide variety of
available treatments, many neck pain conditions are still poorly un-
derstood, leading to a high proportion of cases of recurrent neck pain
(Haldeman et al., 2008) and providing rationale for further research
into potential pathophysiological explanations.

Magnetic resonance imaging (MRI) of the cervical spine is, when clini-
cally warranted, commonly used in individuals with neck pain to evaluate
potential pathology that may be related to clinical symptoms, and thus,
potentially amenable to targeted treatments (Kaiser and Holland, 1998).
Structures of interest include vertebrae, joints, discs, and also cervical
musculature (Matsumoto et al., 1998; Siivola et al., 2002). Cervical spine
muscle quality has been defined by the size of muscle tissue quantified by
muscle volume or muscle cross-sectional area on MRI, as well as the amount
or proportion of fatty infiltrate in the muscle (Elliott et al., 2018). Cervical
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spine muscle quality has been shown to be affected (increased muscle fat
infiltration) in individuals with traumatic neck pain (Abbott et al., 2015;
Elliott et al., 2006, 2012, 2014, 2015; Karlsson et al., 2016), but to a lesser
extent in individuals with idiopathic neck pain (reduced size but less muscle
fat infiltration) (Elliott et al., 2014; Elliott et al., 2008a,b). While cause and
effect is difficult to ascribe, changes in muscle composition have been
suggested to be associated with the presence and potentially maintenance of
neck pain(Abbott et al., 2015; Elliott et al., 2006, 2011; Karlsson et al.,
2016), however, inconsistent associations exist (Anderson et al., 2012;
Matsumoto et al., 2010, 2012; Ulbrich et al., 2012). We believe such dis-
crepancies across studies, may in part be due to limitations in and the dif-
ferent approaches used for assessment and analysis of imaging findings
(Elliott et al., 2018).

The use of MRI to investigate the composition of cervical and lumbar
spine musculature has been widely reported in symptomatic populations
but compositional muscle changes in asymptomatic individuals, to our
knowledge, appear most commonly across the lumbar spine (Amabile et al.,
2017; Valentin et al., 2015). Normative data of cervical muscle composition
is lacking and needed. Recently, recommendations for building consensus
around the imaging parameters, sequences, and methodologies for in-
vestigations of cervical muscle composition were published (Elliott et al.,
2018). It is possible these recommendations will help to build consensus
around consistent measurements of cervical muscle volume and muscle
fatty infiltration in patients with and without neck pain.

As the cervical spine consists of an architecturally complex, multi-
layered musculature, manual measures of muscle quantification can be
challenging and assessor-dependent. Our own experiences, and in dis-
cussing with colleagues familiar with, or interested in, measuring cer-
vical muscle composition, have revealed that identifying the muscle
borders on the available transverse (axial) slices can prove challenging,
even for the most experienced. An important step before investigations
of muscle composition can routinely be utilised in research or clinical
practice is establishing reliability and agreement of the measure (Elliott
et al., 2018). This study investigates the intra- and inter-rater reliability
of quantification of cervical muscle composition, as well as the relia-
bility of the scanning procedure (scan-rescan reliability) used to
quantify cervical muscle compositional volume on transverse MRI
images using a fat/water Dixon sequence.

2. Materials and methods

2.1. Procedures

A convenience sample of five asymptomatic participants were
scanned twice on the same day within 1 h. Participants were asked to
exit the scanning room and be repositioned for the second scan, at least
20 min later (the amount of time it took to scan a different participant).
A single experienced and registered radiographer positioned the head in
approximately neutral, using the same coil for every participant to
standardise alignment. A foam pad was placed under the head for
participant comfort and their head was secured on either side with
additional padding as appropriate to head size to minimise head
movement. The radiographer ensured the participant remained sta-
tionary by observing them on a monitor. No additional or specific in-
structions were used for positioning and the radiographer used their
standard practice. Data for this reliability study were extracted from
MR scans that were collected for a larger study Snodgrass et al., 2019,
approved by the University of Newcastle Research Ethics Committee
(H-2015-0235). All participants provided written informed consent.

2.2. MRI parameters

MRI was undertaken on a Siemens Magnetom Prisma 3 T scanner
with a 64-channel head coil. An axial, volumetric interpolated breath-
hold examination (VIBE) using two-point Dixon fat-water separation
(Dixon-VIBE) (TR/TE1/TE2 7.05/2.46/3.69 ms) was undertaken with a

320 × 320 mm field of view (FoV) and 448 × 448 acquisition matrix
(0.7 mm in-plane resolution) 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 MR slices to perpendicularly intersect
muscles, a necessity for measuring muscle cross-section.

2.3. Muscle volume quantification

Prior to quantifying muscle volumes on individual MRI images, two
raters identified the location of each slice in relation to the cervical
vertebrae by assigning each slice to a specific spinal level using visua-
lization of its location on a sagittal localizer view in OsiriX Lite Version
8 (Pixmeo, Bernex, Switzerland). 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
corresponding vertebral levels using the same sagittal view.

Muscle volume was quantified by a researcher (“Rater 1 or 2”)
manually tracing the fascial boundary of selected neck muscles using a
computer mouse on every second slice collected, with interpolation to
the remaining slices performed in Analyze Direct (v. 12.0 – www.
analyzedirect.com). Raters were an undergraduate student in the final
year of a physiotherapy degree and a research assistant with a neu-
roscience degree. See Fig. 1 for an example of neck muscle identifica-
tion at level C4. To extract data from slices that were not manually
identified, Analyze software performed automated interpolation, with
the software detecting and outlining fascial borders identified as dif-
ferences in pixel intensity using also the data from manually traced
slices to estimate muscle borders. Muscle border outlines on inter-
polated slices were checked for accuracy by the researcher (Rater 1 or
Rater 2) and edited as needed. Three-dimensional models of each
muscle generated by the software that included interpolated slices were
also visually examined to augment the manual identification and in-
terpolation processes (Fig. 2), and if needed, the identified muscle
borders were edited before data extraction. Raters were blinded to all
participant information and did not participate in data collection.

Muscles were differentiated with reference to an MRI anatomical atlas
outlining the muscles at each level (Au et al., 2016). Muscles were followed
in caudal and cephalad directions to their origin and insertions where re-
levant to confirm identification of muscles. Muscles quantified bilaterally
were multifidus (with semispinalis cervicis) [Mult], semispinalis capitis
[Semisp], splenius capitis (with splenius cervicis) [Splenius], levator

Fig. 1. Cross-sectional aspect at spinal level C4 used for manual identification
of cervical muscle volumes (1 = multifidus with semispinalis cervicis;
2 = semispinalis capitis; 3 = splenius capitis with splenius cervicis; 4 = levator
scapulae; 5 = sternocleidomastoid).
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scapulae [Lev Scap], and sternocleidomastoid [SCM]. These muscles were
selected as they encompass all major deep and superficial lower cervical
extensor muscles, as well as one large flexor/rotator (sternocleidomastoid).
Multifidus was traced with semispinalis cervicis and splenius capitis was
traced with splenius cervicis because there were poorly visualized fascial
borders between the muscles comprising these muscle pairs that risked in-
troducing measurement error. These muscle group pairs will be referred to
as ‘multifidus’ and ‘splenius’ further in this manuscript. From cephalad to
caudad, muscles were quantified on slices corresponding to the inter-
vertebral disc of C2-3 to the intervertebral disc of C6-7 (i.e., spinal levels
C3–C6). The exception to this was the multifidus which was quantified from
slices corresponding to the intervertebral disc of C3-4 to the intervertebral
disc of C6-7 (spinal levels C4-6) due to its anatomical location.

2.4. Data analysis

Five participants were considered adequate for assessing reliability
of these methods, as each participant had a large number of observa-
tions, resulting from examing the left and right-sided muscles sepa-
rately and multiple MR images (or slices) per scan. To determine the

reliability of the identification of spinal levels from the MR images, two
raters identified spinal levels on 10 scans from 5 participants; slices
where there was disagreement were noted and percent agreement was
calculated. To determine the intra-rater reliability of identification of
volumes from the MR images, one rater manually identified muscles on
two scans from two participants. To determine the inter-rater reliability
of muscle volume identification, two raters traced muscles on 10 scans
from five participants. Intra- and inter-rater reliability were calculated
for each muscle using data for each slice. To provide a more intuitive
representation of overall muscle volume reliability, inter-rater relia-
bility was also calculated using the overall volume data for each muscle
(summed data for individual participants for all slices where a muscle
was traced) and including the left and right as separate muscles (n = 10
for each muscle, i.e., left and right muscles for five participants). This
was not done for intra-rater reliability as there would be only four
observations per muscle for comparison, as only two participants’
muscles were manually identified twice by the same rater.

To determine the reliability of the scanning protocol, the muscle
volumes for each muscle of the five participants that were rescanned
were compared; this was evaluated using data from Rater 1.

For intra- and inter-rater reliability of muscle volume identification
and for the scan to scan reliability, the following statistics are pre-
sented: intra-class correlation coefficients (ICC2,1) interpreted using the
guidelines of Fleiss et al. where < 0.4 is poor, 0.4 to 0.75 is fair to good,
and > 0.75 is excellent (Fleiss, 1986), standard error of measurement
(SEM), Lin's concordance coefficient and Bland-Altman plots.

3. Results

Participants were a mean age of 35.8 years (SD 15.3, range 24–59)
and all were male. Two of the five participants had previously sought
treatment for idiopathic neck pain, but neither had received treatment
in the previous 12 months.

3.1. Identification of spinal levels

On three occasions, raters disagreed on the identification of the slice
corresponding to the intervertebral disc (three different spinal levels on
three different participants). This resulted in disparate labelling by the
two raters on six slices out of a total of 256 across the five participants,
resulting in 97.7% agreement in the identification of spinal levels. The
number of slices varied between participants because of the varying
length of different participants’ cervical spines and the use of a stan-
dardised slice thickness.

3.2. Intra- and inter-rater reliability of muscle volume quantification

3.2.1. Data from each MR slice
Intra-rater reliability of muscle volume identification was excellent,

with most ICCs above 0.9 and only one muscle with an ICC of 0.779
(Table 1). Examining ICCs for inter-rater reliability of muscle volume

Fig. 2. Three-dimensional model created in Analyze 12.0 and used by raters to
check their identification of the lower cervical extensor muscles (1 = multifidus
with semispinalis cervicis; 2 = semispinalis capitis; 3 = splenius capitis with
splenius cervicis; 4 = levator scapulae; 5 = sternocleidomastoid) as quantified
by MRI at spinal levels C3–C6.

Table 1
Intra-rater reliability of manual identification of left and right cervical muscle volumes of asymptomatic participants (n = 2) using repeated measures from a single
rater and data measured from each individual MRI image (or slice).

Muscle Number of observations Time 1 mean(SD) Time 2 mean (SD) ICC 95% CI SEM Lin's 95% CI

Levator scapulae 98 999.8 (473.7) 981.31 (763.7) .961 .943, .974 122.19 .961 .942, .974
Multifidusa 74 1201.3 (286.1) 1167.9 (321.5) .954 .919, .973 65.17 .953 .930, .969
Semispinalis 98 933.6 (331.8) 923.5 (328.0) .937 .907, .957 82.80 .936 .907, .957
Splenius capitisb 98 839.0 (209.4) 786.6 (290.5) .779 .646, .859 93.96 .777 .690, .843
Sternocleidomastoid 98 1080.2 (244.7) 1111.1 (290.5) .903 .854, .935 83.35 .902 .862, .931
Total 466 999.3 (344.4) 985.1 (355.6) .940 .928, .950 85.73 .931 .929, .950

SEM: standard error of measurement; Lin's: Lin's concordance coeficient.
a Includes semispinalis cervicis.
b Includes splenius cervicis.
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identification, analysed by comparing the tracings of two raters for each
MR slice/image, reliability was excellent for Lev Scap and SCM, and fair
to good for Splenius, Semisp and Mult (Table 2).

3.2.2. Data from each muscle
Table 3 reports inter-rater reliability for the quantification of vo-

lume for each muscle. Reliability was excellent for Splenius and SCM,
and fair to good for Lev Scap, Mult and Semisp (Table 3). Fig. 3 shows
the Bland-Altman and Lin's concordance coefficient plots for inter-rater
reliability of manual identification of muscle volumes.

3.3. Scan-rescan reliability

Scan-rescan reliability is reported in Table 4. The scan-rescan re-
liability was excellent for all muscles, with all ICCs being ≥0.935.
Fig. 4 shows the Bland-Altman and Lin's concordance coefficient plots
for the scan-rescan reliability.

4. Discussion

This preliminary study demonstrates that the intra- and inter-rater
reliability, as well as the scan-rescan reliability, of manual identifica-
tion of cervical muscle volumes from MRI images shows good reliability
when compared to muscle volume quantifications in other areas
(Fischmann et al., 2013; Kivle et al., 2018). This suggests that the
proposed MRI methods (Elliott et al., 2018) and manual muscle iden-
tification technique can be reliably used in investigations of cervical
spine muscle composition. However, whether the same reliability me-
trics can be demonstrated in a population of symptomatic participants
where muscle compositional changes are expected, remains unknown
and needs to be established.

The inter-rater reliability ranged between excellent (for the Splenius
and SCM) and fair to good (for the Lev Scap, Mult, and Semisp). The
ICC2,1 value for the inter-rater reliability for the Semisp muscle volume
was lower (0.502) than those for the other muscles (ranging from 0.628
to 0.915). Potentially this is due to its anatomical location between the

Mult (including the semispinalis cervicis) and the Splenius (including
the splenius cervicis), making it difficult to differentiate as it rapidly
changes shape in the two-dimensional image view from C7 to C3
(Elliott et al., 2018). Though volume quantification of the multifidus
demonstrated a good inter-rater reliability with an ICC2,1 value of
0.728, the Bland-Altman plot (Fig. 1), suggests reliability may not be as
good when the values for Mult are larger. For six of the 20 muscle
volumes quantified on the images, the difference between raters sat
outside 2 SD from the mean difference. In four of these six instances, the
mean Mult muscle volume was greater than any other Mult volume
measures, and the other two instances were also large values for Mult.
This suggests that there is more potential for error when manually
identifying Mult when it is larger. In the current study, the Mult was
traced together with the semispinalis cervices and splenius capitis and it
is difficult to delineate the fascial borders of the Mult from these other
two muscles. Combining these additional muscles, each that may be
visible at different spinal levels, may contribute to the reliability of
quantifying Mult. These findings support the use of software such as
Analyze, where the fat and water images can be viewed simultaneously,
facilitating the ability to visually check muscle borders on each image
while performing the manual identification generating a region of in-
terest (ROI). Furthermore, using a semi-automated segmentation algo-
rithm from higher resolution images may prove useful for quantifying
volume in these challenging muscle groups. However, this is not
without an increase in scanning time, which could increase the risk
movement artefact. Nevertheless, future research may be able to de-
termine the optimal imaging parameters for a semi-automated (or
someday, automated) segmentation algorithm.

The intra-rater reliability of manually identified cervical muscle
volumes was excellent (ICCs 0.903-0.961) for the Lev Scap, Mult,
Semisp, and SCM muscles, and good (ICC 0.779) for the Splenius. The
lower ICC2,1 value for the Splenius is possibly due to the position of this
muscle in relation to the Semisp. Similar to the lower inter-rater re-
liability for the Semisp, differentiation between the Splenius and
Semisp can be difficult, which may lead to lower intra-rater reliability.

The scan-rescan reliability analyses were performed using two scans

Table 2
Inter-rater reliability of manual identification of left and right cervical muscle volumes of asymptomatic participants (n = 5) using repeated measures from two raters
and data measured from each individual MRI image (or slice).

Muscle Number of observations Rater 1 mean(SD) Rater 2 mean (SD) ICC 95% CI SEM Lin's 95% CI

Levator scapulae 510 1046.5 (563.1) 1194.1 (636.7) .903 .757, .950 186.85 .903 .888, .917
Multifidusa 418 1256.1 (301.2) 1282.8 (395.9) .727 .678, .769 182.11 .727 .682, .766
Semispinalis 512 936.8 (305.7) 1091.9 (472.5) .577 .428, .681 253.06 .576 .527, .621
Splenius capitisb 512 859.3 (178.5) 882.7 (277.2) .476 .407, .541 164.93 .476 .415, .533
Sternocleidomastoid 512 1111.3 (296.6) 1120.4 (328.6) .837 .809, .861 126.22 .837 .809, .860
Total 2464 1033.8 (378.3) 1107.9 (460.8) .793 .752, .825 190.88 .793 .778, .806

SEM: standard error of measurement; Lin's: Lin's concordance coeficient.
a Includes semispinalis cervicis.
b Includes splenius cervicis.

Table 3
Inter-rater reliability of manual identification of left and right cervical muscle volumes of asymptomatic participants (n = 5) who were scanned twice (ie, two
observations per person for both left and right muscles) using repeated measures from two raters and summed data from an individual's MRI images (slices) for each
of five muscles.

Muscle # observations Rater 1 mean(SD) Rater 2 mean (SD) ICC 95% CI SEM Lin's 95% CI

Levator scapulae 18 26686.4 (10526.1) 34041.0 (20446.5) .628 .182, .850 9445.37 .568 .396, .701
Multifidusa 20 24178.2 (3367.1) 24859.8 (4330.0) .728 .439, .882 2007.15 .571 .341, .737
Semispinalis 20 23982.4 (4154.4) 27952.5 (8749.5) .502 .082, .770 4553.09 .490 .252, .672
Splenius capitisb 20 21997.8 (3504.4) 22596.8 (4199.2) .770 .513, .902 1847.26 .761 .508, .893
Sternocleidomastoid 20 28450.0 (6443.9) 28682.0 (6154.5) .915 .800, .966 1836.52 .911 .792, .964
Total 98 24841.4 (6241.2) 27495.5 (10838.5) .662 .504, .771 4964.87 .660 .570, .733

SEM: standard error of measurement; Lin's: Lin's concordance coeficient.
a Includes semispinalis cervicis.
b Includes splenius cervicis.
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from each of the five participants, both manually identified by Rater 1.
The ICC2,1 values ranged from 0.935 to 0.984, indicating an excellent
scan-rescan reliability. The lower level of agreement reported for the
inter-rater reliability analysis, i.e., inconsistent manual identification of
combined muscles, was not present in the scan-rescan analysis, sug-
gesting that future studies performing repeated measurements from
MRI might benefit from having a single person performing the manual
identification. The data also indicate that consistency in patient posi-
tioning resulting in reliable MR images for cervical muscle volume can

be achieved using simple standardised methods and instructions from a
radiographer.

To our knowledge, few studies have investigated the reliability of
MRI scanning procedures, or scan-rescan reliability, of the cervical
muscles or other soft-tissues. Fischmann et al. (2013) investigated the
reproducibility of determining the cross-sectional area of lower-limb
muscles from MRI images by measuring the between-scan differences in
the identified ROIs, by quantifying the percent of the identified ROIs
from each scan that overlapped. In two positions, the ROI overlap was
78% and 71% for the thigh, and 72% and 78% for the calf, suggesting
repeated muscle CSA identification over two scans was approximately
75% similar. Scan-rescan ICC values for the thigh muscles ranged from
0.930 to 0.996, and for the calf 0.904-0.978. Furthermore, in a recent
study investigating inter-rater reliability of gluteus muscle CSA quan-
tification, Kivle et al. (2018) reported ICC values of 0.98 (gluteus
medius) and 0.95 (gluteus minimus). Notably, manually identifying the
cervical spine musculature is likely more difficult than the lower limb,
however the ICC2,1 values reported in the current study are only slightly
lower to those reported for inter-rater reliability and similar for scan-
rescan reliability of lower-limb musculature (Fischmann et al., 2013;
Kivle et al., 2018). Giedd et al. (1995) investigated the reliability of
quantitative volumetric measures of the cerebrum, caudate nucleus,
and lateral ventricles using a scan-rescan procedure in asymptomatic
individuals and found ICCs ranging from 0.88 to 0.99.

The present study investigated the scan-rescan and rater-reliability of
cervical muscle volume quantification. When muscle volume quantifica-
tions are performed over time periods of varying duration (when compo-
sitional changes in muscle would not be expected, e.g. minutes to hours),
good scan-rescan reliability is needed. If a change is found, it should be
considered whether this is a variation due to the scanning/analysis proce-
dure or an actual physiological change. Based on the data from the current
study, inter-scan standard errors of measurement and variations between
repeated measures of MRI data for research or clinical use would be ex-
pected to be minimal if the scans are performed soon after one another.

In recent investigations of cervical muscle volume, several studies
(Amabile et al., 2017; Elliott et al., 2008a,b; Elliott et al., 2012;
Matsumoto et al., 2012; Ulbrich et al., 2012) have examined the cross-
sectional muscle area (CSA) in mm2. For this study, however, three-
dimensional (3D) muscle volumes in mm3 were calculated from mea-
surements made from the two-dimensional slices. Software used to
quantify volume allowed the researchers to view the muscles in three
dimensions (3D), providing a cross-check for possible errors in muscle
border identification, which could be corrected in either the 2D or 3D
view. For this reason, volume data exported in mm3 was used for
analysis rather than CSA. The CSA values were approximately one third
of the volume values so it is unlikely using the CSA values would have
changed the reliability outcomes reported.

4.1. Relevance of muscle quality investigations

Research on muscle quality, including investigations on mor-
phology, fatty infiltration, and muscle volume, has found several
clinically relevant differences between individuals with neck pain and
asymptomatic controls. In both individuals with whiplash associated
disorder and idiopathic neck pain, changes in volumetric measurements
of certain muscles (e.g., Mult, Splenius, Semispinalis) were identified
(Elliott et al., 2008a,b), while it was suggested that levels of fatty in-
filtrates in these muscles were heightened in those exposed to trauma
(Elliott et al., 2014). Furthermore, the proposal that values of muscle
fatty infiltrates are associated with the severity of traumatic neck dis-
orders (specifically, whiplash injury from a motor vehicle collision) has
been reported in several studies (Abbott et al., 2015; Elliott et al., 2011;
Karlsson et al., 2016). Emerging evidence suggests such changes are
also present in degenerative cervical myelopathy and spinal cord injury,
both of which have consistent radiological findings of pathology (Fortin
et al., 2017, 2018; Smith et al., 2015).

Fig. 3. Bland-Altman plots (left) and Lin's concordance (right) for inter-rater
reliability of muscle volumes for five cervical muscles from the intervertebral
discs of C2-3 through C6-7 quantified by two raters. All axes present muscle
volumes (mm3) in 1000s. Multifidus includes semispinalis cervicis; splenius
capitis includes splenius cervicis.
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4.2. Limitations

In this investigation, quantifications of muscle volume were per-
formed by manually identifying the individual cervical muscles of
asymptomatic individuals. Others have reported there might be con-
siderable differences between muscle volumes with and without fatty
infiltrates and this may affect the reliability of manual identification in
symptomatic individuals. Additionally, individuals with varying levels
of traumatic and non-traumatic neck pain may behave differently
throughout the scanning procedure, i.e. they may have difficulties
getting into the scanner, and they may demonstrate more unwanted
pain-dependent movement affecting image quality. These, and likely
other yet to be measured factors, should be taken into consideration in
the assessment of the scan-rescan reliability of individuals with neck
pain.

Researchers in the current study used a standard computer mouse to
manually identify muscle borders, which is less efficient and potentially
less accurate compared to manual tracing using a high definition touch
tablet (Taslakian et al., 2018). However, using a computer mouse has
been shown to be comparable to the tablet when segmenting a different
body region (Taslakian et al., 2018), and using a computer mouse im-
proves generalisability to clinical practice where only standard com-
puters are likely to be available. Future workspaces will benefit from
various machine learning algorithms to accurately and efficiently
measure muscle volumes; in a fraction of the time it takes using semi-
automated and manual segmentation applications.

5. Conclusions

This study found inter-rater reliability of cervical muscle quantifi-
cation using MRI ranged from fair to good (Semisp, Lev Scap, Mult) to
excellent (Splenius and SCM). The scan-rescan reliability, assessed by a
single rater, was excellent for all muscles, suggesting issues of reliability
are primarily related to manually contouring the borders of the muscles
on the images. These findings suggest that the proposed methods for
MRI scanning for the purpose of cervical muscle volume quantification
can be used in further research and may provide directions for clinical
assessment of individuals with neck pain. Future work may benefit from
higher resolution scans and machine learning algorithms that are cur-
rently underway.
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Table 4
Scan-rescan reliability of left and right cervical muscle volume quantification of asymptomatic participants (n = 5) using summed data from an individual's MRI
images (slices) for each of five muscles.

Muscle # observations Scan 1 mean (SD) Scan 2 mean (SD) ICC 95% CI SEM Lin's 95% CI

Levator scapulae 10 27205.5 (11388.7) 26167.4 (10178.9) .973 .899, .993 1771.95 .970 .903, .991
Multifidusa 10 26180.7 (3707.0) 24305.5 (3254.6) .984 .938, .996 440.29 .982 .933, .995
Semispinalis 10 23999.8 (4657.0) 23965.0 (3840.3) .948 .805, .997 968.83 .943 .831, .981
Splenius capitisb 10 21855.9 (3785.6) 22139.7 (3398.6) .935 .771, .983 915.82 .929 .756, .980
Sternocleidomastoid 10 27985.7 (6805.8) 28914.2 (6392.5) .979 .832,.996 956.31 .977 .924, .993
Total 50 25019.59 (6826.91) 25098.35 (6220.42) .970 .948, .983 1129.93 .970 .949, .982

SEM: standard error of measurement; Lin's: Lin's concordance coeficient.
a Includes semispinalis cervicis.
b Includes splenius cervicis.

Fig. 4. Bland-Altman plots (left) and Lin's concordance (right) for inter-rater
reliability of muscle volumes for five cervical muscles from the intervertebral
discs of C2-3 through C6-7 quantified from two separate MRI scans by a single
rater. All axes present muscle volumes (mm3) in 1000s. Multifidus includes
semispinalis cervicis; splenius capitis includes splenius cervicis.
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