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Abstract

Purpose: The aim of the study was to investigate the contribution of shear wave elastography to the diagnosis of myo-
fascial pain syndrome (MPS) of the upper part of the trapezius.

Material and methods: Ethical committee approval was obtained for the study. Thirty volunteer women with trigger
points in the upper part of the trapezius muscle and 30 healthy women with a similar age distribution were included
in the study. The patient group performed a self-stretching exercise program for 4 weeks. No intervention was applied
to the control group. Muscle stiffness values of both groups were evaluated with shear wave elastography (SWE), and
pain levels of all volunteers were evaluated by the Visual Analogue Scale at the beginning and the end of the study.
The statistical analyses were performed using SPSS version 18.0.

Results: There was a significant decrease after the treatment in terms of upper trapezius muscle stiffness and the pain
levels in the patient group (p < 0.001 and p < 0.001). In the patient group, there was a moderate correlation between
the decrease in the pain level and the reductions in muscle stiffness (r = 0.595). In control group, there was no sig-
nificant difference in terms of both muscle stiffness and pain levels before and after treatment (p > 0.05).

Conclusions: SWE is a reliable method for detecting latent trigger points in MPS, and it can be used for evaluating
the response to treatment.
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taut bands of the skeletal muscle [1-3]. Although there

Introduction have not been generally accepted definitive diagnostic

Myofascial pain syndrome (MPS), previously called mus-
cular rheumatism and non-joint rheumatism, is a soft tis-
sue pain syndrome characterized by local and/or directed
pain originating from trigger points (TrPs) [1]. In contrast
to fibromyalgia, which is a generalized pain syndrome,
MPS is limited to a specific body area. The most com-
monly affected muscle in the neck-shoulder girdle in MPS
is the trapezius muscle [2]. The aetiology of MPS is not yet
fully understood. The characteristic finding of MPS is the
painful TrPs due to the sensitivity of nodules within the

criteria, the diagnosis of MPS is based on the detection
of these TrPs [4].

TrPs causing MPS can be active or latent. If a TrP spon-
taneously triggers pain, it is called Active TrP> A Latent TrP
has all the features of a TrP but is clinically silent. Latent
TrPs can be transformed into active form and cause clini-
cal symptoms [5]. Therefore, early diagnosis and treatment
before clinical activation is very important.

The pathophysiology of MPs is not fully known. Ac-
cording to the motor phenomenon, increased acetylcholine
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(ACh) in the motor end plate leads to permanent depolar-
ization of the muscle fibre membrane, resulting in excessive
muscle contraction. Hypoperfusion/ischaemia due to ex-
cessive muscle contraction lead to increased mediators and
acidification triggering a vicious cycle. This vicious cycle
causes excessive stimulation of nociceptors and hence pain
[1,3,5]. The main objective of treatment is breaking this
cycle. Although some alternative therapies such as dry nee-
dling, analgesic injection, non-steroidal anti-inflammatory
drugs (NSAID), acupuncture, or Botulinum toxin A are
used in treatment, stretching exercises are the basis of MPS
treatment [6,7].

The resting stiffness of the muscles involved in TrPs
is high [2,4]. The stiffness of these muscles can be de-
termined by US elastography. US elastography has been
widely used in many tissues and organs, including the
breast, thyroid, liver, and muscles/tendons. Although
there are several techniques, the most reliable elastogra-
phy method is shear wave elastography (SWE) [8,9]. Due
to the ability of detecting micro-environmental changes
earlier than ultrasound and providing quantitative infor-
mation about tissue stiffness, the utilization of SWE has
been increasing day by day [8-11].

Considering this information, we investigated whether
SWE can detect latent TrPs as well as active TrPs in MPS
and whether it may contribute to the diagnosis of MPS in
the upper part of the trapezium muscle. We also investi-
gated the usability of SWE for evaluating the efficacy of
a stretching exercise program.

Material and methods

This study was approved by the Ethical Committee for
Non-Interventional Clinical Trials within our institution.
Before the study, a signed voluntary consent form was ob-
tained from all participants.

Patient selection

The volunteers’ trapezius muscles were evaluated with
physical examination by a physiotherapist with more
than 20 years of experience. The diagnostic criteria
determined by Travel and Simons [8] were used for
MPS, the diagnosis of which requires 5 major crite-
ria and at least 1 minor criterion. The major criteria
include the following: (I) localised spontaneous pain;
(II) spontaneous pain or altered sensations in the ex-
pected referred area for a given TrP; (III) a palpable
taut band in an accessible muscle; (IV) exquisite, local-
ised tenderness in a precise point along the taut band;
(V) a certain degree of reduced range of movement
when measured. Minor criteria include the following:
(I) reproduction of spontaneously perceived pain and al-
tered sensations by pressure on the TrP; (II) elicitation of
a local twitch response (LTR) of muscle fibres by trans-
verse ‘snapping’ palpation or by needle insertion into the
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TrP; (III) pain relieved by muscle stretching or injection
of the TrP.

Thirty volunteers who had taut band and TrP were
included in the study. Patients with cervical disc her-
niation, radiculopathy or myelopathy, tumoural or in-
fectious processes, or psychiatric or systemic disease
were excluded from the study. Thirty healthy volunteers
with similar age distribution to the MPS group, who
had no active pain and had no taut band or TrP in their
physical examination, were determined as the control

group.

Patient evaluation

For the detection of taut bands and TrPs, all volunteers
were physically examined at the beginning of the study.
During physical examination, the pain levels of all vol-
unteers were evaluated using the visual analogue scale
(VAS). The participants were asked to score their pain
levels from 0 to 10.

Then, the volunteers in the MPS group were included
in the stretching exercise program for 4 weeks for the up-
per part of the trapezius. The volunteers performed the
stretching and posture exercises on their own 3 times
a day and performed each movement 10 times. For pro-
viding effective treatment, the volunteers were trained by
performing their first exercises under the supervision of
a physiotherapist. The volunteers in the control group did
not perform any exercise program.

At the end of the exercise program, the study group
was evaluated with a physical examination by the same
physiotherapist in terms of taut bands, TrPs, and pain
levels. Similarly, the control group was re-evaluated
4 weeks after the first examination and pain levels were
obtained.

Ultrasound elastography examination

The elastography measurements of all volunteers were
performed by 2 radiologists who were unaware of each
other and the group of patients, and who had 13 and
14 years of US experience, respectively. A maximum of
5 minutes elapsed between the measurements of the ra-
diologists.

All SWE measurements were performed with a 9-12 MHz
linear probe on a Samsung RS 80 (Gyeonggi-do, Repub-
lic of Korea) ultrasound device. The upper parts of the
trapezius muscle of all participants were evaluated twice
with a 4-week interval. For the standardization of the test,
measurements were performed on the middle of an imagi-
nary line between the processus spinosus of the 7% cervi-
cal vertebra and the acromion. During the measurements,
the volunteers were in a sitting position with their hands
on their knees in full resting position and their head was
upright and in the midline. The probe was placed in a po-
sition parallel to the muscle fibres. For each volunteer, at
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Table 1. Shear wave elastography measurements of the upper part of the trapezius muscles and statistical analysis for the groups

MPS group (n = 30)

Control group (n = 30)

SWE first (kPa), mean = SD 603 +15.8 41.7+9.6 <0.001*
SWE? first (kPa) mean = SD 60.7 +17.7 41.7+10.1 <0.001*
SWE' last (kPa), mean + SD 442+12.0 385+8.9 0.042
SWE? last (kPa), mean + SD 444+13.9 39.4+93 0.111
SWE' differ (kPa), mean (min/max) 16.1(+3.5/435.1) 3.2(-4.2/+13.6) <0.001*
SWE? differ (kPa), mean (min/max) 16.3 (-1.5/+42.1) 2.3(-5.9/4+10.2) <0.001*

TFirst radiologist. 2Second radiologist. MPS — myofascial pain syndrome, kPa — kilopascal, differ — difference. *Statistically significant

least 10 measurements were performed, and the average of
these measurements was recorded. The elasticity is shown
in kilopascals (kPa).

Statistical analysis

For statistical analysis of data the t-test, Pearson’s corre-
lation test for parametric data, and Spearman’s correla-
tion test for nonparametric data were performed in SPSS
18.0 program. SWE measurements of 2 radiologists were
evaluated for inter-observer reliability.

Results

Sixty volunteer women with a mean age of 20.6 + 1.9 years
(mean * SD) participated in the study. The mean age was
20.3 £ 1.7 years (mean + SD) and 20.9 + 2.2 years (mean
+ SD) in the exercise and control groups, respectively.
There was no significant difference between the 2 groups
in terms of age (p = 0.190).

The mean pre-treatment SWE measurements of the
volunteers were 51.0 + 16.0 (mean * SD) for the first ra-
diologist and 51.2 + 17.2 (mean * SD) for the second
radiologist. Overall mean of the post-treatment SWE
measurements was 41.4 + 10.9 (mean + SD) for the first
radiologist and 41.9 * 12.0 (mean + SD) for the second
radiologist. The overall mean differences between SWE
values before and after treatment were 9.7 (min/max:
-4.2/+35.1) for the first radiologist and 9.3 (min/max:
-5.9/+42.1) for the second radiologist. The distribution
of the SWE data according to the groups is summarized
in Table 1.

There was a high correlation between the SWE mea-
surements of the 2 radiologists before and after treatment
(r=10.97, r = 0.93, respectively). Figure 1 shows the com-
patibility between the SWE measurements of both radi-
ologists.

The difference between SWE measurements of both
radiologists before and after treatment was statistically
significant (p < 0.001) in the exercise group whereas no
significant difference was observed in the control group
(p > 0.05). Changes in SWE measurements of a case with
latent TrP and a volunteer in the control group are shown
in Figures 2 and 3, respectively.
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Figure 1. Box-plot graphic of the first and last shear wave elastography (SWE)
measurements of 2 radiologists in the latent trigger point and the control
groups. It shows the compatibility of SWE measurements of the 2 radiologists

The decrease in VAS score after treatment in the exer-
cise group was statistically significant when compared to
the control group (p < 0.001).

In the exercise group, there was a moderate positive
correlation between the decrease in VAS score and the
difference between SWE values before and after treatment
(r=0.570, r = 595, respectively).

Discussion

In this study, we evaluated the trapezius muscle stiffness
with SWE in volunteers with latent TrP, and the muscle
stiffness of the participants with myofascial TrP was sig-
nificantly higher than that of the control group. Similarly,
the pain levels in the MPS group were higher than those
of the control group. In the MPS group, which performed
a passive stretching exercise program for 4 weeks, the
decrease of the stiffness of trapezius muscle was demon-
strated by SWE with high accuracy.

MPS is a syndrome characterized by localized and/or
directed pain caused by TrPs, which are limited to a spe-
cific body area [1]. The prevalence of MPS, which is one
of the most important causes of functional impairment
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Figure 2. 22-year-old female case with latent trigger point. Shear wave elastography measurements of both radiologists (R1and R2) showed a significant
decrease in (a) pre-treatment (b) measurements
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Figure 3. Shear wave elastography (SWE) measurements of 21-year-old female volunteers in the control group. No significant change was observed in the
first (a) and last (b) SWE measurements of both radiologists (R1and R2)
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in daily life, is not exactly known due to the absence of
generally accepted diagnostic criteria [1,2]. MPS is most-
ly seen in the neck-shoulder region, and the most com-
monly involved muscle is the upper part of the trapezius
[2,3]. Although the aetiology is not known, factors such
as muscle injuries overuse of muscles, repetitive move-
ments, poor working conditions, inactivity, anxiety, and
depression may cause development of myofascial pain or
aggravation of the clinical picture [2,3,12].

The diagnosis of MPS is difficult because of the lack
of generally accepted diagnostic criteria. The most com-
monly used findings for diagnosis are the presence of taut
bands, local or directed pain occurring spontaneously or
by palpation in a specific region, twitch response with pal-
pation of the taut band, observation of the jump sign, lim-
itation of movement in the affected joint, and symptom
resolution with applied local anaesthetic treatments [4,5].
The diagnosis is largely based on the detection of TrPs in
physical examination. During the palpation, localized or
regional extreme pain occurs on TrPs. TrPs causing MPS
may be active or latent. Latent TrPs are clinically silent,
while spontaneous pain can be triggered in active TrPs.
However, the latent TrPs may turn into an active form in
subsequent periods and may cause clinical findings [1-5].
For this reason, early diagnosis and treatment without
clinical picture is very important. It is known that rest-
ing stiffness of muscles is high in MPS patients [2,4].
Although they are clinically silent, the Latent TrPs can be
expected to have high muscle stiffness because they have
all the features of active TrPs.

Sonoelastography can detect increased resting strain
in MPS, as well as detecting microenvironmental changes
in pathological tissues earlier than ultrasound [10-13]. In
our literature review, we found only 2 studies with sono-
elastography in patients with Latent TrPs [14,15]. In their
study, Calvo-Lobo et al. [14] compared active and latent
TrPs with the control group in the lumbar erector spina
muscles by sonoelastography, and they found high muscle
stiffness in both TrP types according to the control group,
while active and latent TrPs did not show any significant
difference. Grabowski et al. [15] evaluated the infraspina-
tus muscles of at least one Latent TrP by sonoelastogra-
phy. They noted that the stiffness of the affected muscle
and TrPs was not significantly different; however, both
the muscle and the TrPs were stiffer than in the control
group. We did not find any studies that evaluated latent
TrPs in the upper trapezius muscle by sonoelastography.
Our study will make a significant contribution to the lite-
rature on this subject.

Sonoelastography technique can be divided into
2 main groups: strain elastography (SE) and shear wave
elastography (SWE). In SE, which is based on the tis-
sue texture change against an applied external force, the
resistance of the tissue to deformation can be consid-
ered semi-quantitatively according to a reference tissue.
In SWE, by measuring the deviations in the velocities
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of internal shear waves, a quantitative evaluation can be
made [8,13]. Therefore, SE is a highly user-dependent
technique, whereas SWE is user-independent. In the cur-
rent study, SWE measurements were performed by 2 ra-
diologists who were unaware of the diagnosis and each
other, and inter-observer reliability for these 2 radiologists
was quite high. This supports the reliability of the used
method.

In the present study, we found that the trapezius mus-
cle stiffness of the volunteers who had latent TrPs was
significantly higher than that that of the control group.
This finding is consistent with the increased stiffness of
the trapezius muscle in patients with neck pain in the
literature [14,16,17]. Tas et al. [16] compared 35 patients
with at least 1 year of neck pain and 35 asymptomatic
healthy subjects, and they found that the upper trapezius,
levator scapula and sternocleidomastoid (SCM) muscle
stiffness were significantly higher in the patient group.
In their study, Jafari et al. [17] had SWE measurements
with and without application of stress to the SCM muscle
in 29 patients, and showed that the muscle stiffness in-
creased under stress.

Although the pathophysiology of MAS is largely un-
known, the motor phenomenon is generally accepted in
the mechanism of contractions. According to the motor
phenomenon, it is assumed that increased acetylcholine
(ACh) release leads to permanent depolarization of the
muscle fibre membrane in the motor end plate, resulting
in continuous sarcomere shortening and contractions
[3,4]. Excess-contracted muscle fibres (taut bands) can
lead to hypoperfusion and areas of ischaemia due to their
high energy consumption. This vicious cycle sensitizes no-
ciceptors and causes pain [3,12,18]. As the contractions in
the taut bands increase, it may cause to the increased pain
due to the vicious cycle. However, in the current study,
we did not find a correlation between the pain severity
and muscle stiffness, similarly to Tas et al. [16]. Unlike Tasg
et al., we determined the change in pain severity by re-
peating the VAS scoring after treatment in our study, and
we found a high correlation between the change in SWE
and the change in pain scale. This finding indicates that
SWE can be used to evaluate response to treatment in ad-
dition to the diagnosis of MPS.

The main principle in the treatment of MPS is to break
the vicious cycle of pain-spasm. Although some methods
such as dry needling, solution injections to TrPs, non-ste-
roidal anti-inflammatory drugs, acupuncture, therapeutic
ultrasound, and Botulinum A toxin injection [19-22] can
be used for the treatment, exercise is the easiest, cheapest,
and most effective treatment option [23-25]. Stretching
exercises are the basis of exercise therapy in myofascial
pain. More effective results have been reported in individ-
uals with an early stage of TrPs [3]. In the present study,
we used a self-administered exercise program because we
focused mainly on the use of SWE for evaluating the re-
sponse to treatment and because the participants had no
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symptoms with Latent TrPs. We found a significant de-
crease in the pain scores before and after treatment in the
MPS group, and this indicates that SWE can be used to
evaluate response to treatment. The effectiveness of other
treatment modalities can also be evaluated objectively
with SWE.

Limitations

The inability to compare the active TrP and Latent TrPs
due to the patient group consisting of clinically silent cas-
es may be considered as a limitation. However, we specifi-
cally planned to study the clinically silent group and to
investigate the diagnostic capacity and treatment evidence
of these individuals. The second limitation is the inability
to evaluate changes in muscle tonus according to age due
to the relatively young study sample. However, we think
that we had a healthier outcome of SWE by minimizing
the effect of the patients” ages. Another limitation is utili-

zation of only an exercise programme for treatment. But
choosing other treatment methods for clinically silent
volunteers may have caused ethical problems. Therefore,
we decided to practice only the stretching exercise pro-
gramme.

Conclusions

SWE, which is an objective and reliable technique with
quantitative data, can contribute to the diagnosis of MPS
and detect latent TrPs that are clinically silent, and it
allows treatment to be applied before clinical findings
occur. It can also be used as a reliable method for evaluat-
ing treatment efficacy in patients with MPS.
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