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A B S T R A C T

This study aimed to assess intra-rater (intra-session and inter-day) reliability and influence of side dominance
and the scapular resting position on the shear modulus (an index of stiffness) of resting cervical and axioscapular
muscles. Sixteen healthy participants were recruited. On day one, ultrasound shear wave elastography was used
to measure the shear modulus of superficial and deep cervical extensor and axioscapular muscles bilaterally.
Clinical assessments of scapular resting position were performed bilaterally. On day two, testing was repeated on
the dominant side. Both intra-session and inter-day reliability were good to excellent for shear modulus of
superficial muscles, and poor to excellent for deep muscles. Side differences of shear modulus for posterior upper
trapezius were statistically significant but clinically irrelevant. The shear modulus of posterior upper trapezius
and middle trapezius were significantly correlated with scapular depression. Ultrasound shear wave elasto-
graphy is a reliable tool for quantitatively assessing stiffness of superficial cervical and axioscapular muscles. The
influence of scapular position should be considered in future comparative studies of healthy controls and pa-
tients with neck/shoulder pain. This study provides the necessary first step for future studies on assessing and
interpreting the stiffness of cervical and axioscapular muscles for neck and shoulder musculoskeletal disorders.

1. Introduction

Up to one in two people experience neck or shoulder pain each year
(Hogg-Johnson et al., 2009), contributing to substantial functional
disability and economic burden (Hoy et al., 2014; Pereira et al., 2017).
Among patients with neck and shoulder pain, 50% to 82% of patients
have increased palpable stiffness in muscles such as the cervical ex-
tensors, trapezius and levator scapulae (Andersen et al., 2011; Brandt
et al., 2014). Furthermore, among pain-free individuals, self-reported
high perceived stiffness of these muscles has been shown to increase the
likelihood of future neck-shoulder pain by up to four times (adjusted
relative risk ratio= 1.9–4.4) (Huysmans et al., 2012; Wahlström et al.,
2004). Thus, quantifying local muscle stiffness might provide clinically
useful information in the diagnosis of musculoskeletal disorders in-
cluding idiopathic neck pain, whiplash associated disorders and
shoulder problems, or assessing the effect of various treatments.

Shear wave elastography (SWE) provides noninvasive, quantitative,

and real-time imaging of stiffness of various soft tissues including ske-
letal muscles. This technique involves generation of shear waves in-
duced by focused acoustic radiation force, and measurement of shear
wave propagation speed (Bercoff et al., 2004). Shear wave velocity is
proportional to the shear modulus (considered an index of stiffness) of
tissues, with greater speeds being recorded in tissues with higher
stiffness. The validity of SWE in assessing passive muscle shear modulus
has been demonstrated in specimens (Koo et al., 2013) and phantoms
(Miyamoto et al., 2015). It has been shown that SWE is reliable to assess
limb muscles (Lacourpaille et al., 2012). However, there are some
doubts whether it is possible to obtain highly reliable measurements of
shear modulus of cervical and axioscapular muscles, particularly the
deep muscles, as they have complex fibre orientation arrangement and
are covered by superficial muscles and subcutaneous fat. Recent studies
have attempted to use SWE to assess shear modulus or velocity in
cervical extensor muscles and some axioscapular muscles such as upper
trapezius and levator scapulae in both healthy individuals (Dieterich
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et al., 2017; Ewertsen et al., 2018; Heizelmann et al., 2017) and in-
dividuals with neck pain (Tas et al., 2018). However, these studies did
not examine the reliability of SWE in measuring stiffness of cervical and
axioscapular muscles. It is difficult to accurately interpret findings of
the studies without knowing the reliability and errors of the measure-
ments. To consider SWE for routine clinical application on cervical and
axioscapular muscles and to facilitate accurate interpretation of
changes in muscle stiffness, further investigations are needed to es-
tablish the test-retest reliability, standard measurements of error and
minimum detection differences of SWE in assessing shear modulus of
cervical and axioscapular muscles.

Measurement of axioscapular muscle stiffness requires specific
considerations, including the effect of side dominance and posture, to
help the interpretation of changes in muscle stiffness. Long-term pre-
ferential utilization of muscles on one body side, related to side dom-
inance, may lead to changes in thickness of scapular muscles
(Uthaikhup et al., 2015; Wannaprom et al., 2017), neuromuscular
control characteristics (Farina et al., 2003; Shih and Kao, 2011), and
muscle fiber composition (Fugl-Meyer et al., 1982). As these factors
could potentially alter muscle stiffness, it is necessary to investigate
whether there is variation in the shear modulus of cervical and ax-
ioscapular muscles between sides. In addition, scapular position may
affect stiffness of axioscapular muscles due to changes in their length
(Lee et al., 2015; Leong et al., 2016; Martinez-Merinero et al., 2017).
Higher muscle shear modulus is consistently reported during passive
lengthening (Koo et al., 2014), although synergistic muscles may show
different patterns of increase in shear modulus (Coombes et al., 2018).
Increased length of the trapezius by scapular depression, downward
rotation or protraction may result in increased shear modulus within
part of the muscle. Leong et al. (2016) found increased shear modulus
of the upper trapezius in overhead athletes with rotator cuff tendino-
pathy and postulated that the increased stiffness may be associated with
their forward shoulder postures. However, no studies have examined
the association between resting scapular position and shear modulus of
axioscapular muscles.

The aims of this study are threefold: (1) to evaluate intra-session
and inter-day reliability of the resting shear modulus of cervical and
axioscapular muscles measured by SWE in healthy people; (2) to
compare the muscle shear modulus between dominant and non-domi-
nant sides; and (3) to explore the association between shear modulus of
axioscapular muscles and resting scapular position.

2. Material and methods

2.1. Participants

Sixteen pain-free participants (50% females, age: 29.3 ± 9.8 years
and body mass index: 22.1 ± 3.1) with full active pain-free range of
motion of the neck and shoulders, were recruited through advertising in
the local university. Participants were excluded if they took muscle
relaxant medication, had significant trauma or surgery to the upper
body in the past 5 years, scoliosis, ankylosing spondylitis, and were
pregnant or unable to sit still for a 10-min period. Purposes and

procedures of this study were explained to participants prior to ob-
taining written consent. Ethical approval was obtained from the
University of Queensland Human Research Ethics Committee (approval
number: 2017001513).

2.2. Procedures

Participants attended two days of testing, approximately 48 h apart.
On the first day, clinical assessments of scapular resting position were
firstly performed. Then resting shear modulus of superficial and deep
cervical and axioscapular muscles were measured bilaterally, including
cervical, anterior and posterior portions of the upper trapezius, spinalis
capitis, semispinalis capitis and cervicis, multifidus, middle and lower
trapezius, levator scapular, and serratus anterior. The anterior and
posterior portions of upper trapezius were measured as studies
(Johnson et al., 1994; Mercer, 2002) suggest that there are two parts of
upper trapezius attached to the shoulder girdle. Three trials of a 10-s
elastography video clip were recorded for each muscle, with a 5-min
interval between each trial, during which participants were allowed to
stand up and move. The order of muscles measured and sides were
randomized. All testing was performed by one investigator who had
6months experience in the use of SWE. Muscle activity of the upper and
lower trapezius was recorded using surface electromyography (EMG)
during the elastrography measurement. On completion of imaging, the
handedness of participants was assessed using a modified Annett Hand
Preference Questionnaire (Annett, 1970). The assessor was blind to the
participant’s side dominance at the time of testing. On the second day,
the same testing was repeated only on the dominant side by the same
investigator.

2.3. Measurement of scapular resting position

The bony landmarks used for measurements of scapular resting
position were identified through palpation and confirmed using B-mode
ultrasound. The scapular resting position was evaluated through the
following four measurements using a measuring tape and an in-
clinometer: the upper and lower horizontal scapular distance as in-
dicators of scapular protraction (da Costa et al., 2010) (Fig. 1a), vertical
distance between the 7th cervical spinous and acromion as indicator of
scapular depression (Struyf et al., 2009) (Fig. 1a), and the acromion
distance as indicator of forward shoulder posture (Struyf et al., 2009)
(Fig. 1b). These clinical measurements have demonstrated generally
good intra-rater (ICC=0.72–0.99) and inter-rater reliability
(ICC= 0.72–0.87) (da Costa et al., 2010; McKenna et al, 2004; Struyf
et al., 2009). Participants sat with their back against the wall when
assessing the forward shoulder posture, while they adopted the same
sitting position as during imaging (described below) for other mea-
surements.

2.4. Measurement of muscle shear modulus

For all muscles except serratus anterior, participants were seated in
a height-adjustable chair, with lower back support, knees and hips bent

H 

Fig. 1. Anatomical landmarks and measurements of
the scapular resting position. (1a) Scapular depres-
sion (C) was estimated as the distance between the
7th cervical spinous process (A) and acromion
(B) * sin ɵ; an inclinometer was used to measure ɵ.
Scapular protraction was estimated as the upper
horizontal scapular distance= distance between the
root of the scapulae (D) and the matched thoracic
spinous process (E), and the lower horizontal scap-
ular distance= distance between inferior angle of
the scapulae (F) and the matched thoracic spinous

process (G). (1b) Forward shoulder posture was estimated as the distance between the anterior tip of the acromion (H) and the wall with the participant in a sitting
position.
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at 90°, and feet resting on a foot rest. Participants were instructed with
the following cues: to adopt a self-selected comfortable sitting posture;
to keep the jaw relaxed without clenching; to sustain eye contact with a
target placed in front at the eye level; to rest hands on thighs with palms
facing down, and to maintain shoulders and scapulae in a naturally
comfortable position. For serratus anterior, participants lay on the
contralateral side, with their trunk in a neutral position and the upper

arm and elbow supported in 90° of flexion (Talbott and Witt, 2014).
Participants were asked to maintain the same position, while being as
relaxed as possible during imaging. Photos of the participant’s position
were taken to guide return to the same position for each trial.

Supersonic shear imaging (Aixplorer version 9, Aix-en-Provence,
France) and a linear transducer (2–10MHz, SuperLinear™ SL 10–2, Aix-
en-Provence, France) were used to record shear modulus. The

Table 1
Methods for identifying cervical and axioscapular muscles, transducer positions and regions of interest.

Methods for identifying muscles and
positions of the transducer

Positions of the ultrasound transducer B-mode and shear modulus maps, and selected regions of interest of
measured muscles for one participant

Cervical extensor
muscles

The transducer was positioned in a
transverse orientation at the level of 4th
cervical vertebra (C4). Once the C4 level
was identified, the transducer was
rotated longitudinally to grossly align
with muscle fibres below

B-mode ultrasound image Shear modulus map

Anterior upper
trapezius
(AUT)

The transducer was placed mid-way
between C6 and the lateral end of the
clavicle, over fibers of the upper
trapezius that attach to the clavicle

Posterior upper
trapezius
(PUT)

The transducer was placed mid-way
between the acromion angle and C7,
over fibers of the upper trapezius that
attach to the lateral acromion

Levator scapulae
(LS)

The transducer was placed between the
superior angle of the scapulae and the
midpoint between the C1 and C4
transverse processes at region of greatest
muscle thickness

Middle trapezius
(MT)

The transducer was placed mid-way
between the 2nd thoracic vertebra and
the medial third of the scapular spine

Lower trapezius
(LT)

The transducer was first placed
transversely over the spinous process at a
level mid-way between the root of the
spine of the scapulae and the inferior
angle of the scapulae. The transducer
was then moved laterally towards the
deltoid tubercle of spine of the scapulae
until the transducer aligned with the
muscle fibers

Serratus anterior
(SA)

The transducer was positioned just
below a horizontal line from the inferior
angle of the scapulae to the mid-axillary
line of the trunk and aligned with
direction of the inferior portion of SA
fibers

Note: The dot shapes are the region of interest outlined for one participant.
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elastography machine was set to the musculoskeletal preset, high pe-
netration, 100% opacity, smoothing 4, and an upper limit of shear
modulus of 180 kPa. The methods (Table 1) for identifying the muscles
and positions for imaging were informed by previous ultrasound studies
(Dieterich et al., 2017; Ishikawa et al., 2015; Krzesniak-Swinarska et al.,
2017; Leong et al., 2013), and confirmed by observation of typical
muscle fibre directions in 6 embalmed cadavers. The transducer was
placed parallel to the muscle fibers (Gennisson et al., 2010), applying
very light transducer pressure on the skin (Kot et al., 2012). Positions of
the transducer were marked on the skin to facilitate consistency be-
tween testing trials.

Mean Young’s modulus values were extracted using the in-built
software called “Q-Box”, by selecting the largest region of interest
avoiding fascia planes and bony prominences (Ates et al., 2015)
(Table 1). Young’s modulus was converted to shear modulus by dividing
by three as skeletal muscles are not isotropic materials (Leong et al.,
2013). In our preliminary data analysis, no differences were identified
in shear modulus values between the analysis of three representative
images and analysis of all images sequenced from the 10-second video
clip using Matlab software. Therefore, three images at around the 2nd,
5th, and 8th second of the 10-second video clip were extracted for
calculation of shear modulus for each trial. Artifacts presenting as void
occur when SWE fails to determine the shear wave propagation speed
travelling through the tissue. If visually the void approached 50% of the
region of interest, it was deemed as absence of shear wave estimation.

2.5. Surface EMG recording

Surface EMG was recorded using a wireless EMG system (ZeroWire
EMG, Aurion, Italy) to verify that muscles were relaxed during the
elastography measurement. Before the electrode placement, the skin
was shaved if necessary, cleaned with alcohol pads, gently abraded with
sandpaper and cleaned again with alcohol pads. Due to limited space to
position both the ultrasound transducer and electrodes, only two pairs
of bipolar Ag–AgCl surface electrodes (Ambu®WhiteSensor WS, dia-
meter of the recording zone: 15mm) were placed over posterior upper
trapezius and lower trapezius with center to center electrode distance of
2 cm. Electrodes were placed beside the ultrasound transducer
(Table 1). Signals were sampled at 1 kHz and digitized (30–500 Hz
bandwidth) using the “Spike2” software (version 7.09, CED, Cam-
bridge, UK). The root mean square (RMS) of EMG signals was firstly
calculated over a time window of 500-millisecond and then computed
averagely over the 10-second imaging. The RMS values of the trapezius
were normalized to that recorded during a reference voluntary con-
traction performed by participants through holding a 2-kg dumbbell in
both hands with shoulders abducted to 90 degrees for 15 s. Muscles
were regarded as relaxed if normalized amplitude was lower than 15%
of activity during reference voluntary contraction, which is approxi-
mately equivalent to 3% of activity during maximum voluntary con-
traction (Hansson et al., 2000).

2.6. Statistical analysis

All statistical analyses were conducted with IBM SPSS Statistics 23.0
(IBM SPSS, Armonk, New York). Data were firstly tested for normal
distribution using the Shapiro-Wilk test. Potential outliers affecting
normal distribution of the data were identified as points lying beyond
the plot’s whiskers in the box plot. Most data was normally distributed
and became normally distributed after excluding one outlier for shear
modulus of some muscles (described in session 3.1), therefore para-
metric tests were performed.

For intra-session reliability, a model 3 (2-way mixed effects, abso-
lute agreement) single measure ICC [ICC (3, 1)] was analyzed sepa-
rately for dominant and non-dominant sides on day 1 (Koo and Li,
2016). As the number of trials of scanning might influence reliability,
the ICC (3,1), ICC (3, 2) and ICC (3,3) were analyzed for inter-day

reliability using data of a single, the mean of two and the mean of three
trials, respectively (Koo and Li, 2016). Additionally, standard error of
measurement (SEM) and the minimal detectable difference (MDD) were
calculated (Weir, 2005).

To compare shear modulus between sides, repeated measures ana-
lysis of variance (ANOVA) was used to test the main effect of side and a
side-by-muscle interaction effect using the averaged shear modulus of
three trials on day 1. When appropriate, post-hoc analyses with
Bonferroni correction were conducted for multiple comparison. Finally,
Pearson correlation was performed to determine any correlation be-
tween shear modulus of axioscapular muscles and measures of scapular
resting position on the dominant side, as this is more likely to represent
the site of pain in clinical cases.

3. Results

3.1. Reliability of muscle shear modulus

Elastography artefacts (void was larger than 50% of region of in-
terest in the elasticity map) precluded measurement of some deep
muscles including semispinalis cervicis (n= 1, 6%), multifidus (n=2,
13%), and levator scapulae (n= 1, 6%). Data from one participant for
bilateral anterior and posterior upper trapezius, semispinalis capitis,
and semispinalis cervicis were excluded from the analysis (outliers).
Therefore, 15/16 participants were included for the analyses of semi-
spinalis cervicis, anterior and posterior upper trapezius and levator
scapulae, 14/16 were included for semispinalis cervicis and multifidus,
while all 16 were included for other muscles.

For intra-session reliability, the mean (± SD) of ICC values for su-
perficial cervical and axioscapular muscles was 0.82 (± 0.07), ranging
from 0.68 (for lower trapezius on the non-dominant side) to 0.90 (for
anterior and posterior upper trapezius on the dominant side). The lower
bounds of the 95% CI of ICC values was larger than 0.50 for most of
superficial muscles (Table 2). The SEM and MDD for the superficial
muscles were lower than 1.09 kPa and 3.03 kPa, respectively (Table 2).
Regarding deep cervical and axioscapular muscles, the mean (± SD)
intra-session ICC value was 0.68 (± 0.12), ranging from 0.47 for the
semispinalis capitis and 0.84 for the serratus anterior on the non-
dominant side. These deep muscles showed lower bounds of 95% CI of
intra-session ICC values ranging from 0.14 to 0.67, SEM values of
0.53–4.69 kPa and MDD values of 1.46–13.00 kPa (Table 2).

For inter-day reliability, ICC values increased when they were
analyzed using the mean of two or three trials compared to using data
of a single trial. When calculated using data of a single trial, the esti-
mated ICC of all muscles ranged from 0.62 to 0.89, with lower bounds
of 95% CI of the ICC were<0.50 for almost all muscles (Table 3). In
contrast, when calculating using the mean of two trials, all superficial
muscles showed ICC values of 0.87–0.95 (lower bound of
95%CI≥ 0.62) (Table 3), SEM values ≤1.71 kPa and MDD values
≤4.73 kPa, while deep muscles demonstrated ICC values of 0.82–0.91
(lower bound of 95%CI≥ 0.45), SEM values ≤1.78 kPa and MDD va-
lues ≤4.92 kPa (Table 3). Averaging shear modulus of three trials,
compared to two trials, resulted in no further to little increase in ICC
values or decrease in SEM (Table 3).

3.2. EMG results

Due to technical issues, EMG recordings were synchronized with the
elastography measurement for only 10 participants. Amongst these 10
participants, normalized EMG amplitudes remained less than 15% of
reference voluntary contraction during all trials of imaging of all tra-
pezius muscles (Table 4), indicating the trapezius muscles were in a
resting state.
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3.3. Side difference in muscle shear modulus

For shear modulus measurements, there was significant side-by-
muscle interaction (p=0.012). Post-hoc analyses showed that sig-
nificant side differences were only found for posterior upper trapezius
[mean difference=1.25 kPa, 95%CI= (0.27, 2.23), p=0.016], with
higher shear modulus on the dominant side than the non-dominant side
(Table 2).

3.4. Correlation between scapular resting position and shear modulus

Scapular depression was significantly and positively correlated with
shear modulus of posterior upper trapezius (day 1: r= 0.45, p=0.044;
day 2: r= 0.48, p=0.030) and with middle trapezius (day 1: r= 0.57,
p=0.010; day 2: r= 0.60, p=0.007) on the dominant side (Fig. 2).

4. Discussion

In this study, the point intra-session and inter-day (calculated using
the mean of two or three trials) ICC estimates of most of the superficial
cervical and axioscapular muscles were larger than 0.75, demonstrating
good to excellent reliability (Koo and Li, 2016). Furthermore, these
muscles presented lower bounds of 95% CI≥ 0.50 for the ICC esti-
mates, indicating 95% confidence of being at least moderately reliable
in a worst case scenario (Koo and Li, 2016). Additionally, the intra-
session and inter-day SEMs were less than 18% of the mean shear
modulus for all superficial muscles. Thus, this study showed that SWE
can reliably assess and monitor stiffness of the superficial cervical and
axioscapular muscles.

In contrast, it was more challenging and less reliable to measure
shear modulus of deep muscles, particularly the deep cervical muscles.
Shear modulus of the deep muscles could not be calculated for a small
proportion of participants (6–12.5% depending on the muscles) because
of the absence of shear wave estimation. A similar phenomenon was
observed by MacDonald et al. (2016) using the same elastography
technique to measure shear modulus of deep abdominal muscles. The
absence of shear wave estimation could be due to increased scanning
depth associated with thick superficial fat and/or tissue layers
(Ewertsen et al., 2016; Rominger et al., 2018). Rominger et al. (2018)
found measurement of shear modulus is incomplete at the depth of 4 cm
and not feasible at a depth ≥5 cm when measuring fresh porcine
muscles using SWE. This technique therefore may have limited appli-
cation in cases of large or obese individuals. Of the successfully imaged
participants, the measured deep muscles demonstrated poor to ex-
cellent intra-session and inter-day reliability with wide ranges of 95%
CI. Furthermore, the SEM could be as high as 40% of the mean shear
modulus of the muscle. Therefore, caution is needed when interpreting
changes of stiffness of the deep cervical and axioscapular muscles in
future studies. Averaging the shear modulus of multiple measurements
for one sample may help improve the reliability. This study showed
that, regardless of the muscle imaged, the ICC and SEM values sub-
stantially improved when averaging two or three trials of measure-
ments compared to a single trial of measurement. But there was not
much improvement when averaging two trials of measurements com-
pared to three trials. Therefore, reliable measurements can be equally
achieved when performing two or three nonconsecutive scans.

Shear modulus was comparable between dominant and non-domi-
nant sides for the majority of muscles, except posterior upper trapezius.
Significantly greater shear modulus was observed for posterior upper
trapezius on the dominant side than the non-dominant side. Such dif-
ference may be explained by muscle adaptation secondary to higher
mechanical loading resulting from long-term and frequent use of the
dominant arm. However, the side-to-side difference was less than the
MDD for posterior upper trapezius, indicating this was clinically irre-
levant. Recent studies reported mixed results regarding the influence of
hand dominance on the posterior upper trapezius. A study with 5Ta
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female and 5 male participants found no side differences in shear ve-
locity of the posterior upper trapezius (Ewertsen et al., 2018), while the
other study with 20 male participants reported significantly higher
Young’s modulus of the posterior upper trapezius on the dominant side
than the non-dominant side (mean difference= 5.22 kPa) (Zhang et al.,
2019). Different results might be associated with factors related to the
samples used in the studies, such as gender and levels of physical ac-
tivity (Heizelmann et al., 2017). Alternatively, the small side-to-side

difference may be related to the small sample size. Although this study
indicates that hand dominance does not have a clinically important
effect on the SWE results, to accurately interpret pathological changes,
clinical application of SWE may need to account for arm dominance-
related differences when comparing stiffness of the posterior upper
trapezius between a healthy and pathological side among athletes who
frequently use the dominant hand to play sports such as badmintons
and tennis.

Table 3
Reliability results of inter-day measurements calculated using data of a single trial, means of first and second trials and means of three trials from day 1 and day 2,
and averages of shear modulus of three trials on day 2 for cervical extensor muscles and axioscapular muscles on the dominant side.

Muscles Number of measurements ICC (95% CI) SEM (kPa) MDD (kPa) Mean shear modulus of three trials (kPa)
(mean ± SD)

Superficial cervical extensor muscles
CUT (n=16) Single trial 0.69 (0.32, 0.88) 1.10 3.04 6.15 ± 1.90

Mean of two trials 0.87 (0.62, 0.95) 0.91 2.53
Mean of three trials 0.91 (0.74, 0.97) 0.78 2.17

SCap (n= 16) Single trial 0.78 (0.49, 0.92) 1.07 2.98 6.82 ± 2.20
Mean of two trials 0.90 (0.72, 0.97) 0.87 2.40
Mean of three trials 0.92 (0.78, 0.97) 0.80 2.21

Deep cervical extensor muscles
SsCap (n=15) Single trial 0.77 (0.43, 0.92) 1.29 3.56 7.78 ± 2.88

Mean of two trials 0.82 (0.46, 0.94) 1.32 3.66
Mean of three trials 0.85 (0.55, 0.95) 1.27 3.52

SsCer (n=14) Single trial 0.78 (0.44, 0.92) 1.28 3.55 7.65 ± 2.72
Mean of two trials 0.83 (0.47, 0.95) 1.21 3.37
Mean of three trials 0.80 (0.36, 0.94) 1.46 4.06

Multifidus (n=14) Single trial 0.72 (0.33, 0.90) 2.03 5.63 10.10 ± 3.42
Mean of two trials 0.88 (0.63, 0.96) 1.78 4.92
Mean of three trials 0.71 (0.15, 0.91) 3.12 8.64

Superficial axioscapular muscles
AUT (n= 15) Single trial 0.85 (0.47, 0.95) 1.40 3.88 12.91 ± 3.30

Mean of two trials 0.95 (0.84, 0.99) 1.71 4.73
Mean of three trials 0.96 (0.85, 0.99) 0.93 2.57

PUT (n= 15) Single trial 0.80 (0.31, 0.94) 1.44 3.99 12.26 ± 2.99
Mean of two trials 0.95 (0.72, 0.99) 1.23 3.41
Mean of three trials 0.90 (0.54, 0.97) 1.34 3.71

MT (n= 16) Single trial 0.89 (0.64, 0.96) 0.78 2.17 8.38 ± 2.17
Mean of two trials 0.94 (0.80, 0.98) 0.78 2.17
Mean of three trials 0.94 (0.78, 0.98) 0.77 2.15

LT (n=16) Single trial 0.74 (0.40, 0.90) 0.60 1.66 4.39 ± 1.09
Mean of two trials 0.92 (0.78, 0.97) 0.40 1.10
Mean of three trials 0.92 (0.78, 0.97) 0.40 1.12

Deep axioscapular muscles
LS (n= 15) Single trial 0.71 (0.33, 0.89) 1.18 3.26 7.57 ± 2.01

Mean of two trials 0.91 (0.74, 0.97) 0.80 2.21
Mean of three trials 0.94 (0.81, 0.98) 0.67 1.58

SA (n= 16) Single trial 0.62 (0.19, 0.85) 0.75 2.08 5.21 ± 1.00
Mean of two trials 0.81 (0.45, 0.93) 0.63 1.76
Mean of three trials 0.90 (0.74, 0.97) 0.43 1.18

Note: ICC= Intraclass correlation coefficient; SEM=Standard error of measurement; MDD=Minimal detectable difference; CUT=Cervical spine segment of upper
trapezius; SCap= Spinalis capitis; SsCap= Semispinalis capitis; SsCer= Semispinalis cervicis; AUT=Anterior upper trapezius; PUT=Posterior upper trapezius;
MT=Middle trapezius; LT=Lower trapezius; LS= Levator scapulae; SA= Serratus anterior.

Table 4
Means and standard deviations of normalized surface electromyography amplitude [percentages of reference voluntary contraction (%RVC)] during imaging of
anterior upper trapezius (AUT), posterior upper trapezius (PUT), middle trapezius (MT), and lower trapezius (LT) on day 1 and day 2.

Imaged muscles Day 1 (%RVC) Day 2 (%RVC)

Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3

ND_AUT 2.8 ± 1.8 2.7 ± 1.8 2.8 ± 1.8 NA NA NA
D_AUT 3.2 ± 1.8 3.1 ± 1.8 2.7 ± 1.4 2.9 ± 2.0 2.8 ± 1.8 3.0 ± 2.1
ND_PUT 3.0 ± 1.8 3.0 ± 2.3 2.7 ± 1.8 NA NA NA
D_PUT 3.4 ± 2.3 3.0 ± 1.8 3.1 ± 1.8 2.9 ± 1.9 2.7 ± 1.5 2.8 ± 1.7
ND_MT 5.5 ± 3.3 5.1 ± 2.8 4.9 ± 2.5 NA NA NA
D_MT 6.1 ± 2.3 5.4 ± 2.3 5.4 ± 2.5 5.5 ± 3.4 5.2 ± 3.1 5.4 ± 3.0
ND_LT 5.2 ± 2.7 4.8 ± 2.8 4.8 ± 2.7 NA NA NA
D_LT 5.3 ± 2.3 5.2 ± 2.5 5.7 ± 2.9 5.8 ± 2.9 5.2 ± 3.2 5.5 ± 3.0

Note: ND=Non-dominant side; D=Dominant side; NA=Not applicable.
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This study identified moderate to large positive correlations be-
tween the extent of scapular depression and shear modulus of posterior
upper trapezius and middle trapezius respectively. It has been well
documented that shear modulus of muscles increases as muscle length
increases (Koo et al., 2014; Maisetti et al., 2012). Our findings verify
the hypothesis proposed by previous studies (Lee et al., 2015; Martinez-
Merinero et al., 2017) that a depressed scapular position would place
the upper and middle trapezius in a lengthened position, increasing the
tension on these muscles. The correlations between the scapular de-
pression and shear modulus of the trapezius muscles may help partly
interpret the association between altered scapular alignment and neck/
shoulder pain described in the literature (Ha et al., 2011; Swift and
Nichols, 1984; Van Dillen et al., 2007). Although preliminary, these
findings provide justification for a larger scale exploration of the bio-
mechanical mechanisms involved in conditions such as chronic neck
pain, whiplash injuries, headaches and shoulder problems, by com-
bining shear wave elastography, scapular kinematics and EMG mea-
surements.

Increased muscle stiffness is a common clinical symptom and has
been previously associated with increased risk of musculoskeletal pain
(Huysmans et al., 2012; Wahlström et al., 2004) and sport-related in-
juries (Watsford et al., 2010). Therefore, quantitative estimates of local
muscle stiffness may present a clinical application in predicting the
development and progression of musculoskeletal pain and in tracking
responses of muscles to rehabilitation interventions. The good to

excellent repeatability of assessing superficial cervical and axioscapular
muscles highlights that SWE could be useful in identifying early
changes of muscle mechanical properties involved in neck/shoulder
and other neuromuscular disorders (Harmon et al., 2019). Minimal
detectable differences established in this study provided important in-
formation to guide clinicians and researchers in interpretation of true
changes in shear modulus of cervical and axioscapular muscles. The
following limitations for this study are acknowledged. First, inter-op-
erator reliability which is also a key element to determine the reliability
of a tool was not established. Second, due to the limited space in the
neck and scapulae, EMG activity recorded in some superficial muscles
was used to represent the activity for all muscles. Last, the simple and
clinical characterization of the scapular position may limit our findings
on its relationship with the shear modulus of axioscapular muscles. It
might be more accurate using a radiological assessment of the scapular
position.

In summary, SWE can reliably and quantitatively assess the stiffness
of superficial cervical and axioscapular muscles but it is less reliable for
deep muscles. Two and three separate scans were equally able to
achieve acceptable inter-day reliability. Future study is warranted to
characterize stiffness of these muscles among symptomatic and
asymptomatic individuals to better understand the etiology and pro-
gression of neck and shoulder musculoskeletal conditions which may
help guide treatment. The influence of scapular position should be
considered when interpreting differences in shear modulus between

r = 0.45 r = 0.48 

r = 0.57 r = 0.60 

Fig. 2. Correlation of scapular depression with shear modulus of the posterior upper trapezius and middle trapezius on the dominant side.
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symptomatic and asymptomatic individuals.
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