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ABSTRACT

Objective: The purpose of this study was to assess the intra- and interexaminer reliability of the upper trapezius
muscle and fascia thickness measured by ultrasonography imaging and strain ratio by sonoelastography in participants
with myofascial pain syndrome.

Methods: Thirty-two upper trapezius muscles were assessed. Two examiners measured the upper trapezius thickness
and strain ratio 3 times by ultrasonography and sonoelastography independently in the test session. The retest session
was completed 6 to 8 days later.

Results: A total of 87.5% of participants had trigger points on the right side, and 22.5% had trigger points on the left side. For
the test session, the average upper trapezius thickness, fascia thickness, and strain ratio measured by first and second examiners
were 11.86 mm and 11.56 mm, 1.23 mm and 1.25 mm, and 0.94 and 0.99, respectively. For the retest session, the previously
mentioned parameters obtained by first and second examiners were 11.76 mm and 11.39 mm, 1.27 mm and 1.29 mm, and 0.96
and 0.99, respectively. The intraclass correlation coefficients indicated good to excellent reliability for both within-
intraexaminer (0.78-0.96) and between-intraexaminer (0.75-0.98) measurements. Also, the intraclass correlation coefficients
and standard errors of measurement of interexaminer reliability ranged between 0.88 to 0.93 and 0.05 to 0.44 for both muscle
and fascia thickness and 0.70 to 0.75 and 0.04 to 0.20 for strain ratio of upper trapezius, respectively.

Conclusion: Upper trapezius thickness measurements by ultrasonography and strain ratio by sonoelastography are
reliable methods in participants with myofascial pain syndrome. (J Chiropr Med 2017;16:316-323)
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INTRODUCTION

Myofascial pain syndrome (MPS) is one of the leading causes
of chronic pain and imposes large financial costs to societies. "
Tenderness to palpation, referral pain, autonomic disorders, taut
bands in muscles, and trigger points (TrPs) are introduced as main
symptoms of MPS.? TrPs are closely associated with pathophys-
iology and clinical manifestation of MPS that may be active or
latent.” Active TrPs provide spontaneous pain and are responsible
for MPS. Latent TrPs are tender to palpation but do not provoke
the specific pattem of referral pain in related muscles.* However,
many studies have focused on active TrPs.”

Assessment tools such as thermography,® pressure
algometry,” microanalytical system,® electromyography,®
magnetic resonance elastography (MRE), ? ultrasonography
imaging (USI)," and sonoelastography (SE)'' have been
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used to provide versatile information about the MPS.
Notably, the effectiveness of therapeutic modalities on pain
relief is unclear because of lack of objective, repeatable, and
reliable clinical outcome measures. '

USI is a noninvasive, real-time, and low-risk instrument
that is commonly used in musculoskeletal injuries to
visualize soft tissues such as muscle, nerve, tendon,
ligament, and fascia.'® In addition, SE is an ultrasound-
based imaging technique that shows the stiffness of soft
tissues.'* The tissue stiffness can be calculated through
tissue strain induced by probe compression that is lower in softer
tissues.'”> Although SE is not currently used in routine clinical
practice, it may be useful for differentiating many musculoskel-
etal conditions such as congenital muscular dystrophy,'®
myositis, '’ chronic low back pain, '® plantar fasciitis, ' cervical
stiffness,”’ neck muscle hardness,?' and MPS. "

Evidently, both USI and SE are useful imaging methods
to identify pathologic conditions of muscles in MPS.*
Changes in muscle function and stiffness are key clinical
outcomes in patients with MPS.?>** Assessment of muscle
thickness changes by USI and mechanical properties of
muscle using SE have been considered in many clinical
trials.”>® The previously mentioned measurements quan-
tify the changes in myofascial structures after treatments,
especially dry needling.>*~°

On one hand, the reliability of USI, as an instrument for
measuring muscle thickness, has been reported in some
studies.”' > However, the reliability of the upper trapezius
muscle and fascia thickness in participants with MPS using
USI were not reported in previous research.'' On the other
hand, muscle stiffness is an important factor that should be
evaluated in participants with MPS.?* There are limited
methodological studies about the reliability of SE in
participants with MPS.?° Nevertheless, measurements of
muscle and fascia thickness and strain ratio for the upper
trapezius muscle have not been established in participants
with MPS.'%!! Therefore, the aim of the present study was
to assess intra- and interexaminer reliability of USI and SE
measures of the thickness and strain ratio of the upper
trapezius in participants with MPS.

METHODS

Participants

Participants with MPS were eligible and met inclusion
criteria if found to have TrPs in the upper trapezius muscle
unilaterally or bilaterally. One examiner did a thorough
musculoskeletal evaluation to rule out other causes of
muscle pain. Participants were included in the study if they
fulfilled the following criteria: presence of at least 1 active
trigger point in the central region of upper trapezius, age
between 20 and 40 years, and pain duration >3 months.
Participants were excluded if they had concomitant
fibromyalgia, degenerative joint disease, cervical nerve
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root irritation, thoracic outlet syndrome, upper extremity
entrapment syndromes, bursitis, severe joints immobility,
and torticoli. Moreover, participants with history of
rheumatoid arthritis, pregnancy, abnormal laboratory re-
sults, facial neuralgia, fracture, dislocation, neck and
shoulder myopathy, neuropathy, myelopathy, cancer,
infection, pulmonary diseases, HIV, and surgical interven-
tions in the neck, shoulder, and other regions of the trunk
were also excluded. Additionally, participants who had
received a physical therapy program or any local injection
therapy within the last 3 months and those with history of
dry needling; nonsteroidal anti-inflammatory drug, opioid,
or alcohol use; addiction; psychological problems; and
athletics were ruled out too.'*'" The Ethics Committee of
the University of Social Welfare and Rehabilitation
Sciences approved this study, and all participants were
asked to read and sign a consent form.

Clinical Examination

The standard clinical criteria for diagnosing MPS were
(1) palpable taut bands, (2) local tenderness in the taut
bands (TrPs), and (3) pain recognition.” Undoubtedly, local
twitch response and referral pain were confirmatory
findings.>'" The examiners determined the presence or
absence of TrPs in the upper trapezius muscle. Palpation
was made in the central region of the upper trapezius
muscle between the C7 spinous process and the acromion
process that coincided with the presence of active TrP.'’
Active TrPs are associated with spontaneous pain, acutely
tender to palpation and referral pain, but latent TrPs are
painful only when palpated and don’t produce referral pain.
Consequently, the examiners recorded the number of TrPs
and marked the key and active trigger point in central region
of the muscle for measurements. Finally, they did all the
procedures and measurements independently. The examiners
were experienced, certified, and trained in diagnosis of MPS.

Measurement of the Upper Trapezius Muscle and Fascia Thickness by USI

All participants were placed in the relaxed prone position
with their elbows on the examination bed and the head
midway on a special pillow.?” The C7 spinous process was
found through flexion-extension method of the cervical
spine.® The examiner palpated the most prominent 2 cervical
spinous processes with the index and middle fingers in the
seated participant’s cervical spine during flexion. Conse-
quently, through an assisted extension of the cervical spine, if
the upper palpated cervical spinous process moved anteriorly
while the lower one remained fixed, the latter would be
marked C7. If both of the palpated spinous processes
remained fixed, the upper cervical spinous process would
be considered to be C7 and marked.*® Eventually, the
examiner drew a line between C7 and acromion process and
marked the midpoint of this line.
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Fig 1. Thickness measurement technique for the upper trapezius.

A diagnostic ultrasound instrument (Ultrasonix, Sonix
MDP, Richmond, BC, Canada) with a linear array
frequency of 5 to 14 MHz was used. The probe was rotated
parallel to the muscle fibers and the middle portion of it was
placed on the marked region of the muscle.>” When the
examiner identified the longitudinal view of upper trapezius
clearly, the closest vertical distance between superior and
inferior high echogenic borders of the muscle, in the center
of the image, was calculated as muscle thickness (Fig 1). As
a result, the distance between the lower to upper part of the
fascia was estimated as the fascial thickness of the upper
trapezius. '>-%+4

Measurement of the Upper Trapezius Strain Ratio by SE

After measuring the thickness of upper trapezius muscle
and fascia, the USI system was changed to elastography
mode, which was the combination of 2 images: elastogram
on the left side and B-mode image on the right side of the
monitor. The elastographic image was color coded and
superimposed on the B-mode scan.>® All probe placements
procedures were similar to the description given in the
previous section for muscle thickness.

The examiner tried to apply constant mild pressure on
the skin by monitoring the pressure indicator feedback
incorporated into the scanner.*' The pressure indicator
feedback displayed in a scale from 1 to 6 levels, detecting
the mean changes in the strain within the region of interest
(ROI) per frame.'>*! Initial pressure on the structure is an
important factor in strain measurements.*? The pressure
that was applied to the surface remained constant on level 4,
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which in turn was the optimal strain and best frame for
measurements.*' A square ROI of approximately 2 x 5 mm
was placed onto the fat and a square ROI with an
approximate diameter of 3 x 8 mm was placed inside the
muscle belly.”' The relative elasticity of the muscle
compared with that of the fat was indicated by a strain
ratio; it means that the ROI of the muscle was divided by the
ROI of the fat (Fig 2).** Three trials were performed by
examiners during each session, and the retest session was
performed 6 to 8 days later. Measurements were recorded at
the end of expiration phase of breathing of both participant
and examiner.>°

Statistical Analysis

Using STATA SEI12 software (Statacorp LP, College
Station, Texas), 0 by the command “sampsi_rho, p(0.9) one
sided” for 1-sided o = 0.05, power = 0.90, null coefficient =
0.00, and alternative coefficient = 0.50, the sample size of
32.381804 was calculated. ***** Therefore, a total number of
32 muscles were examined in this study.

Paired ¢ test analysis was used to show any systematic
bias between scores in test and retest sessions. For within-
and between-session intra- and interexaminer reliability, the
3 trials of measuring muscle and fascia thickness and strain
ratio by 2 examiners were averaged (in each session). *?
Two-way random model intraclass correlation coefficients
(ICCs) were calculated to examine the within- (ICC ,_ ;) and
between-session (ICC ;. 3) reliability of the measures of
upper trapezius muscle and fascia thickness and strain ratio.
The measured variables were ratio-scaled in nature, and
their distributions did not differ significantly from normal
by Shapiro-Wilk tests results. Therefore, paired ¢ test and
ICCs were assumed to be appropriate for the studies
variables. **

To assess absolute reliability, the standard error of
measurement (SEM; the square root of the error variance)
was computed to estimate measurement error.*> The
interpretations of reliability coefficients were based on a
general rule: ICCs >0.75 are considered good, and ICCs
>0.90 are considered excellent. *® To evaluate the clinically
significant changes between 2 times of measurements, the
minimal detectable change (MDC) was determined as 95%
confidence interval (CI) of SEM (1.96 SEM).*® Further-
more, the coefficient of variation (CV) was calculated to
indicate the similarities and differences of absolute
reliability between measures ([standard deviation/mean] x
100). Significance levels were set at P < .05 for all
measurements. **

RESULTS

A total of 22 participants (15 women, 7 men; mean age:
25.7+4.7 years; mean weight: 62.6 kg + 8.5 kg; mean height:
169 cm £ 7.5 cm) with 32 upper trapezius MPS, for which
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Fig 2. Sonoelastography image of upper trapezius muscle.

87.5% had TrPs on the right side and 22.5% had TtPs on the left
side, were assessed. The mean values of upper trapezius muscle
and fascia thickness and strain ratio for 2 examiners were not
significantly different between test and retest sessions, indicating
absence of systematic bias in measurements (Table 1).

The average thickness of muscle and fascia and strain
ratio in the test session were 11.86 mm and 11.56 mm, 1.23
mm and 1.25 mm, and 0.94 and 0.99 for the first and second
examiners, respectively. Additionally, in retest session the
average of these parameters was calculated as 11.76 mm
and 11.39 mm, 1.27 mm and 1.29 mm, and 0.96 and 0.99
for the first and second examiners, respectively.

The within- and between-session intraexaminer reliability
of upper trapezius muscle and fascia thickness and strain ratio
are presented in Table 2. The ICC values had good to excellent
reliability for both within- and between-intraexaminer mea-
surements (ICC, first examiner: 0.92-0.96; ICC, second
examiner: 0.86-0.98). Also, the ICC values for within- and

between-session intraexaminer strain ratio measurements were
good (ICC, first examiner: 0.78-0.81; ICC, second examiner:
0.75-0.80). The ICC, SEM, MDC, and CV values for
interexaminer reliability are indicated in Table 3. The ICC
and SEM of interexaminer reliability ranged between 0.88 to
0.93 and 0.05 to 0.44 for upper trapezius muscle and fascia
thickness (MDC: 0.27-0.71; CV: 17.39%- 37.6%). Finally, the
ICC and SEM of interexaminer reliability ranged between 0.70
to 0.75 and 0.04 to 0.20 for strain ratio of upper trapezius
(MDC: 0.1-0.39; CV: 8.08%-10.24%).

DiscuUssioN

The present study had good to excellent intraexaminer
reliability for upper trapezius muscle and fascia thickness
measurements. Moreover, the interexaminer reliability of
the mentioned variables was good to excellent.

Table 1. Descriptive Data for Test-Retest Measures of the Upper Trapezius Muscle and Fascia Thickness and Strain Ratio in 32 Upper

Trapezius Muscles

First Examiner

Second Examiner

. Test Retest Test Retest
Sonographic
Measures Mean SD Mean SD P Mean SD Mean SD P
UTMT 11.86 2.1 11.76 2.16 45 11.56 2.01 11.39 2.05 .37
UTFT 1.23 0.38 1.27 0.38 31 1.25 0.47 1.29 0.41 42
UTSR 0.94 0.09 0.96 0.1 .26 0.99 0.09 0.99 0.08 .83

SD, standard deviation; UTFT, upper trapezius fascia thickness; UTMT, upper trapezius muscle thickness; UTSR, upper trapezius strain ratio.

Values are mean + SD.
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Table 2. Within and Between Session Reliability of the Upper Trapezius Muscle and Fascia Thickness and Strain Ratio in 32 Upper

Trapezius Muscles With Myofascial Pain Syndrome

Within-Session Intraexaminer

Between-Session Intraexaminer

Sonographic
Examiner Measures ICC, Test ICC, Retest ICC SEM MDC (O\Y
First examiner UTMT 0.93 0.95 0.92 0.17 0.33 18.37
UTFT 0.96 0.95 0.93 0.10 0.20 29.92
UTSR 0.81 0.78 0.79 0.05 0.10 10.49
Second examiner UTMT 0.91 0.95 0.90 0.18 0.35 18.01
UTFT 0.98 0.92 0.86 0.20 0.39 31.78
UTSR 0.79 0.80 0.75 0.05 0.10 8.08

CV, coefficient of variation; /CC, intraclass correlation coefficients; MDC, minimal detectable change; SEM, standard error of measurement; UTFT,
upper trapezius fascia thickness; UTMT, upper trapezius muscle thickness; UTSR, upper trapezius strain ratio.

Our findings are compatible with some previous studies
about the reliability of thickness measurements with
USL?'"* To date, the reliability of USI measures of the
upper trapezius muscle in participants with MPS has not
been reported.'! Day and Uhl*® examined the reliability for
measuring scapular muscle thickness in asymptomatic
participants and reported good within- and between-
session reliability for the lower trapezius (ICC
0.86-0.99) and serratus anterior muscles (ICC
0.88-0.99). O’Sullivan et al*® established intra- and
inter-rater reliability of lower trapezius thickness in 16
asymptomatic participants and reported moderate to high
reliability (ICC = 0.88-0.99). Bentman et al®' assessed the
test-retest reliability of middle trapezius in 16 asymptomatic
participants and reported moderate between-session (ICC =
0.67) and good inter-rater (ICC = 0.81) reliability for the
middle trapezius thickness measurement. Furthermore, Im Yi
et al*’ indicated that the intra- and inter-rater reliability of the
supraspinatus thickness by USI were 0.91 and 0.88, respec-
tively. Similar to the present study, they emphasized surface
anatomy locations for better imaging measurements. In the
present study, the line that was drawn between C7 and
acromion process was important for high reliability of USL>'*

The strain ratio of the upper trapezius muscle was low
(0.94 £0.09) in the present study. It means that the stiffness

of upper trapezius is high in participants with MPS because
the strain ratio is inversely related to stiffness.'> Ballyns et
al*® indicated that stiffness of active myofascial trigger
points and the surrounding muscle tissues were significant-
ly higher than healthy ones. In addition, Muraki et al’®
reported that the strain ratio of supraspinatus muscle may
decrease after isometric contraction that indicated more
stiffness in contraction state of a muscle such as MPS. >

The intra- and interexaminer reliabilities of strain ratio
measurement in the present study were moderate to good
(ICC = 0.70-0.81). Muraki et al '° assessed the reliability of
supraspinatus muscle and tendon strain ratio in 23 healthy
individuals. The intraobserver reliability of strain ratio
scores was high (ICC = 0.93-0.98). They used an acoustic
coupler as a reference material and claimed that using an
acoustic coupler in measurements can allow precise
detection of the strain ratio of different tissues.'> In the
present study, the fat layer was used as reference area. In
many musculoskeletal studies of SE, the fat layer is selected
as reference zone to measure strain ratio of the muscles
because the stiffness of fat is almost stable and
constant.***° Leong et al*® reported excellent within and
between-session intraoperator (ICC = 0.87-0.97) and
interoperator (ICC = 0.78-0.83) reliability for the upper
trapezius elasticity, measured by shear wave imaging, with

Table 3. Interexaminer Reliability of the Upper Trapezius Muscle and Fascia Thickness and Strain Ratio in 32 Upper Trapezius

Muscles With Myofascial Pain Syndrome

Reliability Measures ICC SEM MDC (0%
Interexaminer (test session) UTMT 0.89 0.36 0.71 17.39
UTFT 0.88 0.17 0.33 37.60
UTSR 0.71 0.05 0.10 9.09
Interexaminer (retest session) UTMT 0.92 0.44 0.86 18.00
UTFT 0.92 0.14 0.27 31.78
UTSR 0.70 0.20 0.39 8.08
Interexaminer (test and retest sessions) UTMT 0.93 0.33 0.60 18.37
UTFT 0.91 0.14 0.27 29.92
UTSR 0.75 0.04 0.10 10.42

CV, coefficient of variation; /CC, intraclass correlation coefficients; MDC, minimal detectable change; SEM, standard error of measurement; UTFT,
upper trapezius fascia thickness; UTMT, upper trapezius muscle thickness; UTSR, upper trapezius strain ratio.
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the position of arm at rest and at 30° abduction. They
suggested that the scanning site of the upper trapezius muscle
with reference to body landmarks, the imaging parameters, and
the location and size of the ROI may result in a more repeatable
method for assessing muscle elasticity.*® Although some
studies have reported interexaminer variability as a limitation of
SE, many studies have described higher interexaminer
agreement in real-time elastography.>'> SE can estimate the
muscle stiffness in participants with MPS.'" The use of SE
appears to be more suitable for measuring muscle stiffness than
other methods such as MRE. Chen et al > reported that patients
with MPS had higher stiffhess in the taut band region than its
surrounding muscle tissues, as well as the normal tissue in
healthy participants, using MRE. The sample size in that study
was small and the reliability of stiffness scores was not
reported. ™ Compared with SE, environmental factors such as
participant positioning and space may greatly influence MRE. '

The results of the present study indicated that inter-
examiner reliability was lower than intraexaminer reliability
in measuring thickness or elasticity. Ozkan et al>* indicated
that the intracxaminer reliability of elastography was
excellent but the interexaminer reliability was low (0.46)
in transplant kidneys. These findings may indicate the
inconsistency in manual compression and probe placement
as a result of different skin and fat elasticity of the
participants. >

It seems that the reliability of SE depends on many
factors. One of them is the location and depth of the
muscles. Interestingly, the superficial muscles, such as the
trapezius, have greater reliability than deeper structures
such as the gastrocnemius muscle because the applied
pressure may not have reached to deeper tissues.*? In
addition, the exact selection of the ROI should be
considered. The extent and location of the ROI of the
muscle and reference point (fat layer in this study) also
affect the stiffness scores. '

The amount of manual pressure and monitoring of the
device are other important factors that should be considered
in reliability studies.?” In the present study, the amount of
pressure was observed on the device as the green color on
the middle side of the elastogram that ranged from 1 to 6. In
some studies that had lower reliabilities, the amount of
pressure was unclear or the device had not been equipped
with pressure feedback.””

The positioning of the examiner and participants may affect
the accuracy of imaging.*® Maher et al*’ reported that the
stiffness of the upper trapezius muscle was significantly greater
in sitting position relative to prone position. All participants in
the present study were located in prone position during the test
trials with the head relaxed on the pillow. Additionally, the
examiners were in a seated position during measurements and
the images were recorded at the end of their expiration for both
examiner and participant.

The type of muscle architecture and fiber orientation may
affect the imaging of SE. > In the present study, the strain ratio
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of the upper trapezius was obtained through scanning in the
longitudinal view and the probe was placed parallel to the
muscle fibers to avoid a muscle anisotropic artifact.*” In some
studies, the probe placement for SE was in the longitudinal
plane, whereas in other ones, the transverse plane over the ROI
was selected for probe placement. '’

Limitations

Some limitations should be taken into account. First, the
ROI of the present study was on the middle portion of the
muscle belly (primary area of TrPs of the upper trapezius),
which does not seem to exactly specify the region of trigger
point relative to fat layer. Second, the strain ratio of other
portions of the upper trapezius muscle has not been
calculated. Third, the muscle activity has not been
measured in the present study. Fourth, as in previous
studies, the concerns about the amount of manual
compression of the probe still remained unclear. Fifth, the
correlation among biomechanics, structure, and local
deformation of myofascial tissues is unknown in partici-
pants with MPS. Sixth, the findings of the present study can
only be generalized to participants with MPS.

CONCLUSION

Measurement of the upper trapezius muscle and fascia
thickness by USI is a good to excellent reliable intraex-
aminer and interexaminer method in participants with MPS.
Additionally, an SE measurement of strain ratio in
participants with MPS is highly reproducible with moderate
to high intraexaminer and interexaminer reliability. There-
fore, when measuring the upper trapezius thickness and
strain ratio, if the surface anatomy and pressure of the probe
proposed in this study are used, this will be helpful in
evaluating the extent of the affected upper trapezius muscle
regarding TrPs as well as in predicting functional evaluation
and recovery in participants with MPS.
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Practical Applications

e Ultrasonography can be used to measure
fascia thickness in MPS patients.

e Sonoelastography can be used to measure
muscle stiffness in MPS patients.
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