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ABSTRACT

FIEEET Myofascial pain syndrome (MPS) is a clinical disorder with a prevalence of 85%. It is
characterized by the presence of trigger points, and all people experience it at least once in their
lives. Different physiotherapy and medical methods are used to manage MPS. Intramuscular electrical
stimulation (IMES) is a relatively new treatment option for MPS. This study aims to examine the effect
of IMES on clinical and ultrasound imaging parameters related to trigger points in patients with MPS.
This is a case series clinical trial. Twelve participants with trigger points in their
upper trapezius muscles participated in this study. They were treated three times per week with IMES.
Before and after the intervention, pain and cervical spine range of motion (ROM) were measured with
the visual analog scale and goniometry. Ultrasonic parameters (longitudinal diameter and the area of
trigger points, and the thickness of the upper trapezius muscle) were assessed with B-mode ultrasound
imaging technique. The pre-test and post-test values were compared using the paired t-test. The
significance level was set at 0.05.
[THTTE After three sessions of IMES, pain and cervical spine ROM improved significantly (P<0.05). All
ultrasound imaging parameters, including trigger points’ longitudinal diameter and area and upper
trapezius muscle thickness, decreased significantly compared to baseline (P<0.05).
[T IMES seems to have promising effects on clinical and ultrasound imaging parameters of
:© patients with MPS. Further studies with larger sample sizes are recommended to investigate the long-
Received: 12 Oct 2022 © term effects of IMES with the inclusion of a matched control group.
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Introduction

usculoskeletal pain is one of the most

frequent reasons for admitting clinics.

This problem is among the most im-

portant concerns of human societies [1, 2]. Myofascial

pain syndrome (MPS) is a common musculoskeletal

pain affecting up to 85% of the population [3-5]. One

of the main features of MPS is the common presence of

trigger points (TrPs) [3, 6, 7]. These points are usually

seen with other diseaese and worsen the symptoms of

those complications. It is suggested that after detecting

TrPs, they should be treated before or at least at the same
time as the accompanying disease [8-11].

Different interventions are employed to reduce and
manage the symptoms of MPS. These interventions in-
clude manual therapy, electrotherapy, acupuncture, exer-
cise therapy, and drug injections. While physical therapy
and manual therapy interventions are generally accept-
able, further research should investigate the effects of
placebo, the appropriate dosage, and the durability of the
therapeutic effects of these interventions [12-17].

Intramuscular electrical stimulation (IMES) is a rela-
tively new treatment method for musculoskeletal dis-
orders. A few studies have evaluated and reported the
promising results and effectiveness of this intervention
for muscle pain [18-23]. So far, clinical and subjective
instruments have been the only methods used to exam-
ine changes resulting from this intervention. In other
words, no studies has ever used objective methods to
determine the exact location of TrP and investigate this
intervention’s therapeutic effects.

This complication is barely diagnosed correctly, and
therapists alleviate the symptoms of this complication
using drug interventions [24]. Until now, no universally
accepted objective diagnostic criteria existed for this
complication. Usually, TrPs are manually detected [25].
Several studies showed poor reproducibility, and some
showed better reproducibility for manual assessment
to detect and locate TrPs [26-28]. Based on research,
reproducibility depends on the examiner's experience,
muscle depth, and active or latent TrP. Manual detection
only differentiates affected muscle from healthy one and
does not determine the exact location of TrP [29-39].
Some studies have investigated the morphological char-
acteristics and hemodynamics of TrPs with the objective
ultrasound tool and shown that this method can improve
the accurate diagnosis and evaluation of TrPs [40-42].

Limited studies show the promising effects of IMES.
In these studies, only clinical and subjective tools have
been used. This clinical study investigated the therapeu-
tic effects of IMES intervention on clinical symptoms
and ultrasound imaging parameters related to TrPs in
patients with TrPs of the upper trapezius muscle.

Materials and Methods

This investigation is a case series study. People with
TrP symptoms in the upper trapezius muscle were in-
vited to the research site. The inclusion criteria included
women aged 20-35 years with TrP in the upper trapezius
muscle [43], confirmation of TrP as the hypoechoic area
in B-mode ultrasound image [44], and pain greater than
3 on the visual analog scale (VAS) associated with TrP
of the upper trapezius muscle (moderate pain) [45]. The
exclusion criteria included people with muscle disease,
fibromyalgia, malignancy, neurological disorders, neck
or shoulder surgery, severe fear and poor response to
acupuncture [46], use of anticoagulants [46], vascular
disease [46], and migraine. Eligible individuals were
invited to an imaging center. The existence of a trigger
point was evaluated manually and clinically [43]. Then,
an experienced radiologist performed the ultrasound. If
the presence of TrP was confirmed as a hypoechoic area,
the patients were included in the study.

IMES intervention was applied in three sessions dur-
ing one week. Participants were placed in a prone posi-
tion, lying on their stomachs. Then, the researcher in-
serted the dry needle toward the TrP [47]. The cathode
was connected to the needle using a pincer electrode,
and the anode was placed on the spinous processes of
the C7 vertebra using an adhesive electrode. An electric
burst current with a frequency of 2 Hz and a pulse width
of 200 ms was applied for 10 min [48] (Figure 1). The
intensity of the current was increased until a painless
contraction. The device used in this study was ES-160
by ITO (Japan).

Pain intensity, active rotation of the neck (to the af-
fected side), longitudinal diameter and TrP area, as well
as the thickness of the upper trapezius muscle, were
measured before the beginning of the sessions and im-
mediately after the last treatment session (the third ses-
sion) (Figure 2). Pain intensity was measured by VAS.
Excellent reproducibility of this tool has been reported
to measure acute pain [49-51]. A goniometer was used
to measure the movement range of neck rotation [52].
The excellent repeatability of this tool has been reported
to measure an active range of motion [53]. Ultrasound
images were recorded using a linear probe with a fre-
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Figure 1. IMES intervention

quency of 4 to 15 MHz (Aixplorer SuperSonic Imagine,
France, 2017). The participants sat in a relaxed position
(Figure 3). The probe was placed perpendicular to the
upper trapezius muscle, parallel to the muscle fibers.
Then, the B-mode image was recorded. Longitudinal
diameter and area were measured on the frozen image
(Figure 4). The vertical distance between two hyper-
echoic membranes was measured as thickness (Figure
4). Ultrasound is a reproducible technique to measure
TrP characteristics [42, 44]. All variables were evaluated
three times at each evaluation time, and their average
was recorded.

Stata software, version 13 was used to analyze data.
Continuous data were reported as Mean+SD. The nor-
mality of the data for all variables was examined us-
ing the Shapiro-Wilk test. Using the paired t-test, a pre
and post comparison was performed for all dependent
variables. To report effect estimates, we used mean dif-
ference with a 95% CI and the standardized mean dif-
ference with a 95% CI using Cohens d effect size. The

Autumn 2023. Vol 24. Num 3

statistical significance level was determined to be <0.05.
Values of 0.20-0.49, 0.50-0.79, 1.19-0.80, and >1.20 are
considered small, medium, large, and very large effect
sizes, respectively.

Results

Twenty participants voluntarily participated in this
research project for preliminary investigations. Eight
participants did not enter the research project due to the
exclusion criteria, receiving other treatments one month
before the start of the study, or refusing to receive the
therapeutic intervention. Finally, 12 female participants
with TrPs in the upper trapezius muscles were includ-
ed in the study (Figure 2). The MeantSD values of
age and duration of symptoms in the participants were
27.25£5.41 years and 12.00+5.72 months, respectively.
Table 1 presents the results and changes related to the
measured clinical parameters, including the pain and
neck rotation range of motion to the same side. Table 2
presents the results and changes related to the ultrasound
imaging parameters, including the longitudinal diame-
ter and TrP area, as well as the thickness of the upper
trapezius muscle. The results of the Shapiro-Wilks test
showed that the distribution of all clinical variables and
the associated ultrasound imaging was normal (P>0.05).
All participants (12 people) completed all treatment
sessions (three sessions during one week) and measure-
ments (Figure 2).

According to the results reported in Table 1, the pain
intensity changes of the participants decreased after
three sessions of IMES intervention, and these changes
were significant with a very large effect size (P=0.0000).
Also, the movement range of neck rotation to the affect-
ed side increased after IMES intervention sessions, and
these changes were also significant with a very large ef-
fect size (P=0.000).

Table 1. Comparing clinical parameters before and after the IMES intervention (n=12)

Measurement Time Intervention/(MeanSD) (95% Cl)
Variables P’
Before After MD SMD
Pain (mm) 57.54+16.46 22.50£12.55 -35.04 (-44.59,-25.49)  -2.39(-3.88,091)  <0.001
e R e 59.99+3.35 73.4645.22 13.46 (10.40, 16.52) 3.07 (1.40, 4.74) <0.001

of motion (')
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MBD: The mean difference between before and after intervention; SMD: The standardized mean difference calculated by Cohens d.

“Paired t-test.
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Table 2. Comparing ultrasound imagining parameters before and after the IMES intervention (n=12)

MeanSD
(95% Cl)
Variables Measurement Time Intervention P’
Before After MD SMD
Longitudinal diameter of 8.4740.64 5.89+1.04 258(3.48,-167) -2.98(-4.62,-1.34)  <0.001
trigger point (mm)
Trigger point area (mm?) 25.69+4.68 13.3443.76 12.33(-16.62,-8.04) -2.90(-4.53,-1.28)  <0.001
The thickness of the upper 10.50+2.04 9.46+2.18 1.04(-1.84,-023) -0.49(-1.64,-0.23)  0.016

trapezius muscle (mm)

Archives of
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MD: The mean difference between before and after intervention; SMD: The standardized mean difference calculated by Cohens d.

“Paired t-test.

According to Table 2, the longitudinal diameter and
area of the TrP at the time of measurement after three
sessions of IMES intervention, have significantly de-
creased with very large effect size (P=0.0000). Also,
the upper trapezius muscle thickness significantly de-
creased after three intervention sessions, with a small
effect size (P=0.016).

Discussion

To the best of research teams knowledge, this study
is the first that examines the effects of IMES interven-
tion on ultrasound imaging parameters as an objective
tool along with clinical variables in patients with TrPs in
their upper trapezius muscles. The results showed that

the neck rotation range motion and pain improved after

Initial review (20 people)

Excluded from the study (8 people)

- Four people were not eligible to
enter the study

- Two people had received treatment
in the last month

Clinical parameters

- Pain ] - Two people did not tend to
- Range of motion . ) participate in the study
Pre-intervention
Ultrasound parameters assessment (12 people)
- Longitudinal diameter 1

of the trigger point
- Trigger point area
- The thickness of the

Application of IMES
intervention
Three sessions in a week
(12 people)

l

Post-intervention
evaluation (12 people)

Archives of

Figure 2. Clinical trial implementation steps Rehabilitation

Hadizadeh M, et al. Effects of Intramuscular Electrical Stimulation on Trigger Points. RJ. 2023; 24(3):418-435.




Archives of

Rehabilitation

Archives of

Rehabilitation
Figure 3. Position of the patient during ultrasound imaging

the therapeutic intervention compared to pre-interven-
tion. IMES reduced pain and increased neck rotation
range of motion, with very large effect sizes. Regarding
the ultrasound evaluation, the longitudinal diameter and
TrP area decreased significantly with a very large effect
size after three sessions of IMES intervention. However,
the thickness of the upper trapezius muscle is reduced
with a small effect size. This study provides promising
objective effects for IMES intervention in patients with
TrP of the upper trapezius muscle.

According to the integrated TrP hypothesis, an abnor-
mal release of acetylcholine exists in the TrP area, which
increases the tension of muscle fibers and causes capil-
lary compression in the region; thus, metabolic demands
increase and lead to the occurrence of TrP. These events
lead to ischemia in the TrP area. This hypoxia causes
cell destruction and the release of sensitizing substances,
such as substance P, and stimulation of pain receptors
and finally leads to pain and sensitivity to touch in the
area. The integrated hypothesis offers positive feedback
for TrP persistence. Studies have reported that this feed-
back must be broken to treat TrP [54].

An electrical burst current leading to contraction in-
creases muscle blood flow and decreases static blood
flow [48, 55-57]. Increased oxygenation reduces the
overlap of muscle fibers (actin and myosin), leading
to decreased hypoxia and, thus, the concentration of
chemicals in the area. As a result, the stimulation of
pain receptors by chemicals is reduced. Since the cur-
rent used in the present study leads to contraction in the
target muscle, probably one of the effective mechanisms

Autumn 2023. Vol 24. Num 3
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Figure 4. B-mode ultrasound TrP in the upper trapezius muscle

of this intervention is due to increasing blood flow and
thus reducing hypoxia. On the other hand, peripheral re-
ceptors of opioids also seem to be crucial in reducing
pain by electrical stimulation with low frequencies [58].
Considering that the frequency used in this study was 2
Hz, this mechanism is probably another reason for im-
proving pain and symptoms caused by this intervention.

Four studies have investigated the effects of this inter-
vention on TrP symptoms [21-24]. In 2008, Lee et al. ex-
amined the impact of this intervention on the TrP of the
upper trapezius muscle and the levator scapula and re-
ported promising effects. Although objective tools were
not used in this study, the results were consistent with
the current research [21]. In another study, researchers
investigated the effects of this intervention on thoracic
pain and reported positive outcomes for pain relief [22].
In 2015, Sumen et al. investigated the impacts of IMES
compared to low-level laser on TrP of the upper trape-
zius muscle. Researchers reported positive effects of this
intervention with exercise therapy. Although the current
used in this study has not led to muscle contraction, the
results of this study are also consistent with our research
[23]. In 2017, a study examined the effectiveness of this
intervention compared to the placebo group and report-
ed improvement in pain and range of motion [24].

Overall, previous studies have investigated the effect of
IMES intervention on TrP only with clinical and subjec-
tive parameters, such as pain and range of motion. The
results of these studies are consistent with the present
study, and they have reported promising effects of this
intervention on the clinical symptoms of people with
TrPs. None of the previous studies have investigated the
impact of this intervention using objective parameters.

Hadizadeh M, et al. Effects of Intramuscular Electrical Stimulation on Trigger Points. RJ. 2023; 24(3):418-435.
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In the current study, ultrasound imaging parameters are
also examined in addition to reviewing clinical param-
eters. The results show promising and positive effects on
the investigated parameters.

Studies have shown that muscle ultrasound is a reliable
tool to examine TrP characteristics, such as size, stiff-
ness, and blood flow, and can also help correctly diag-
nose the presence of TrP [42, 44, 59]. Some studies have
investigated the effects of dry needling on TrP using ul-
trasound. These studies investigated size, stiffness, and
blood flow [60, 61]. To the best of the research team’s
knowledge, this study is the first to examine the effects
of IMES intervention on TrP using ultrasound imaging
as an objective tool. The results showed promising ef-
fects for this intervention on ultrasound parameters in
people with TrP of the upper trapezius muscle.

This study had several limitations. The small sample
size of this study prevents a definitive conclusion. No
other control or comparison group exists to compare its
effectiveness with the IMES intervention. Only the im-
mediate effects of this intervention on people have been
examined in this study, and the long-term results of this
type of intervention require separate studies.

Conclusion

This study shows that three sessions of IMES interven-
tion in people with TrP of the upper trapezius muscle
may have promising effects on reducing pain, increasing
range of motion, and improving ultrasound parameters,
including TrP size and muscle thickness. The impact
of this intervention on the TrP of the upper trapezius
muscle has not been determined definitively yet. Further
research with a larger sample size and control group is
needed to evaluate the long-term effectiveness of this
intervention compared to other interventions on patients
with TrP of the upper trapezius muscle.
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2. Trigger Points (Trps)
3. Intramuscular Electrical Stimulation (IMES)
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