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Objective To investigate the combined effect of extracorporeal shockwave therapy (ESWT) and integrated
neuromuscular inhibition (INI) on myofascial trigger points in the upper trapezius.

Methods Sixty subjects aged 18-24 years old with active myofascial trigger points in the upper trapezius were
studied. Participants were assigned randomly to either group A who received ESWT one session/week, group B
who received INI three sessions/week, or group C who received ESWT in addition to INI. All groups completed
4 weeks of intervention. The following main outcome measures were evaluated at baseline and after 4 weeks of
intervention: pain intensity, functional disability, pressure pain threshold (PPT), sympathetic skin response (SSR),
and neuromuscular junction response (NMJR).

Results Within-group analysis revealed a significant decline in visual analog scale (VAS), Arabic neck disability
index (ANDI), and NMJR and incline in PPT and SSR latency post-intervention (p<0.001). Multiple comparison
analysis showed a substantial difference between the groups, while the major changes favored group C (p<0.05).
Conclusion Combined treatment with ESWT and INI for treating myofascial trigger points in the upper trapezius
is more effective than using only one of the two approaches in terms of clinical, functional, and neurophysiological
aspects.
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Impact of Combined Therapies on Trigger Points

INTRODUCTION

Non-specific neck pain represents a serious economic
burden that heavily impacts the health system and can
lead to severe dysfunction [1]. The myofascial trigger
points (MTrPs) are the main reason behind about 54%
of chronic head and neck pains. Myofascial pain is com-
monly observed in the neck muscles, particularly in the
upper trapezius muscle (34.7%) [2].

The MTrPs can be set out as hyperexcitable spots in a
tight band within the skeletal muscle, which ache upon
shortening, elongating, or activating and manifest re-
ferred pain [3,4]. In general, the pathophysiology of
MTTrPs is still not well understood. The peripheral mech-
anism produced by muscle over-activity is a clear reason
for development of MTrPs [5,6]. However, changes in
the central nervous system and stimulation of the auto-
nomic nervous system are known indicators of long-term
muscular stress. Trigger points are commonly found in
the neuromuscular junction, where they are expected to
cause abnormal activity and biochemical alterations [7,8].
Excessive acetylcholine release or acetylcholinesterase
deficiency may cause the development of a tight band
that results in persistent muscle contraction [8,9].

Several management strategies for MTrPs are available.
These range from non-invasive approaches like massage
[10], pressure release [11], ischemic compression [12,13],
and/or spray and stretch [14] to invasive techniques
such as dry needling [13-16], and injections [17]. For
example, extracorporeal shockwave therapy (ESWT) is a
non-invasive modality commonly used in the manage-
ment of musculoskeletal disorders [18]. It can affect the
inflammatory phase through both the induction of tissue
regeneration from stem cells and the decrease of the neu-
ral transmitter in the affected region, promoting patient
improvement [19]. ESWT may also stimulate the desen-
sitizing effect on the treated area through the depletion
of sensory nerve fiber neurotransmitters in addition to
enhancing fibroblast proliferation and the tissue healing
process [20,21].

Integrated neuromuscular inhibition (INI) has also
been proposed to alleviate neck pain, improve cervical
range of motion, and eliminate neck dysfunction [22]. INI
has been approved as an efficient treatment for MTrPs,
allowing the use of the three techniques in a single and
coordinated manner [23].

Myofascial pain syndrome (MPS) is the most known
chronic pain condition, but there are still no clear evi-
dence-based clinical guidelines for ideal management
[24]. In clinical practice, it is unlikely that any interven-
tion can be performed in isolation. Therefore, it is crucial
to consider the effects of combined therapies. Random-
ized controlled trials (RCTs) are lacking in investigating
the manual treatment combined with ESWT to manage
MTrPs. Hence, this study aimed to examine the com-
bined effects of ESWT and INI on pain intensity, pressure
pain threshold (PPT), functional disability, sympathetic
skin response (SSR), and neuromuscular junction re-
sponse (NMJR) among subjects with MTrPs in the upper
trapezius. It was hypothesized that the combined imple-
mentation of ESWT and INI could offer additional ben-
efits compared to the isolated use of the two approaches.

MATERIALS AND METHODS

This RCT was conducted at the outpatient clinic to in-
vestigate the effects of ESWT and INI, in addition to their
combined effects on pain intensity, PPT, SSR, NMJR, and
functional disability in subjects with MTrPs in the upper
trapezius. The study protocol was approved by Research
Ethical Committee of Faculty of Physical Therapy, Cairo
University, Giza, Egypt (No. P. T. REC/012/002134) and
registered at Pan African Clinical Trial Registry (Registry
ID PACTR 20181184486658). This study was conducted
between December 2018 and January 2020.

Sample size estimation

The study sample was estimated using the G*Power
analytical program (model 3.1.9.2; Franz Faul, University
of Kiel, Germany) (F tests, MANOVA-repetitive interac-
tion, 0.=0.05, B=0.2, and large effect size=0.42). The study
sample was calculated according to the main outcome
(SSR, NMJR) based on the pilot study and reported that
n=60 was a sufficient sample size.

Subjects

The participants were 60 of the university’s under-
graduate students (46 females and 14 males), ranging in
age from 18 to 24 years old. The study methodology and
objectives were thoroughly explained to all subjects, who
were required to give informed consent for participation.
The approving subjects were randomly distributed into
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three groups of similar sizes.

The subjects were chosen to be included in the study
after meeting certain inclusion criteria. First, medically
competent men and women were included. They stud-
ied for 3 hours a day, with sufficient breaks in between.
They had chronic MTrPs in the upper trapezius for more
than 6 months, given the diagnostic criteria of being a
tight band with a palpable nodule and distant pain when
subjected to pressure [25]. Meanwhile, subjects with
previous neck or shoulder pathology (e.g., fracture, sur-
gery, inflammatory and infectious diseases), cervical disc
pathology, systemic disorder, fibromyalgia, or those who
underwent physical therapy for at least the previous 3
months were excluded.

Subjects who met the inclusion criteria for the trial
were assigned at random to one of the following: group A
who received ESWT one session/week, group B who re-
ceived INI three sessions/week, or group C who received
ESWT in addition to INI. All groups completed 4 weeks of
intervention.

The randomization procedures were carried out by
opening a non-transparent envelope, which was set up
by a single individual using random number generation.

Assessed for eligibility
(n=150)

Fig. 1 shows a flow diagram of the study.

Clinical assessment

Pain intensity

The visual analog scale (VAS) was used to assess pain
intensity. A scale of 10 cm was labeled with “0” (zero
pain) to “10” (the worst imaginable pain). The subjects
were instructed to place a vertical mark on the line to in-
dicate their pain [26].

Pressure pain threshold

A digital force gauge with a rubber tip (Wagner FDX25
Force Gauge; capacity 25x0.02 Ibf; Wagner Instruments,
Greenwich, CT, USA) was used to measure the active
MTrPs tenderness by determining the pressure sensitiv-
ity, which was assessed by holding the device tip perpen-
dicular to the MTrPs with the patient in the supine posi-
tion. Pressure was exerted at 1 kg/cm’. The pressure was
removed once the patient began to feel uncomfortable.
This procedure was repeated thrice with a 30-second in-
terval between each trial. The average value of the analy-
sis was obtained [27]. Earlier research approved the PPT
intra-rater (ICC 0.6-0.97) and inter-rater (ICC 0.4-0.98)

Excluded (n=90)
-Not meeting inclusion criteria (n=80)
-Refused to participate (n=10)
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Fig. 1. Flow diagram of partici-
pants.
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reliability [28].

Functional disability

Neck function assessment was performed using the
Arabic version of the neck disability index (ANDI). This is
a proper tool for assessing neck function [29], composed
of 10 categories with six different answers each. The pa-
tient chose the best answer to describe his/her state. A
score from 0 to 4 represents no disability, 5 to 15 indicates
mild disability, 15 to 24 indicates moderate disability, 25
to 34 indicates severe disability, and complete disability
is more than 34 [30].

Neurophysiological assessment

Nihon Kohden electromyography (Neuropack X1 MEB-
2300K; Nihon Kohden, Tokyo, Japan) was employed to
determine the neurophysiological parameters of the SSR
and NMJR.

Sympathetic skin response

The patient was seated in a relaxed position in a silent,
semi-dark room, and the temperature was maintained at
24°C. A single square wave electrical stimulus was used to
stimulate the median nerve at the wrist level. The surface
and reference electrodes were attached to the palm of the
hand. The stimulus was given thrice with a minute of rest
in between. The average values of latency and amplitude
for the three repetitions were used in the analysis [5].

Neuromuscular junction response

Repetitive nerve stimulation (RNS) of the spinal acces-
sory motor nerve was used to evaluate NMJR. The stimu-
lator was placed on the posterior boundary of the sterno-
cleidomastoid muscle leveled with the upper boundary
of the thyroid cartilage over the spinal accessory motor
nerve. The surface recording electrodes were positioned
5 cm from the spinous process of the 7th cervical verte-
bra. A series of 10 supramaximal stimuli of 3 Hz was de-
livered. The difference in amplitude between the first and
fourth compound muscle action potentials (CMAPs) was
used to calculate the percentage of decrement or incre-
ment changes in CMAP [5].

Intervention
Integrated neuromuscular inhibition
INT consists of ischemic compression, strain counter-

strain, and muscle energy technique. All subjects were
asked to lie in the supine position to decrease their activ-
ity in the upper trapezius. This technique was applied
three times per week for 4 consecutive weeks [4].

(1) Ischemic compression (IC): Thumb pressure was
applied over the trigger point of the upper trapezius.
This was continued until the pain decreased. Subse-
quently, the pressure was reapplied until pain was
felt. The application of the aforementioned proce-
dure took 90 seconds and was repeated three to five
times [4].

(2) Strain counter-strain (SCS): Mild pressure was
placed on the trigger point to the point wherein the
patient felt discomfort. This pressure was main-
tained until the upper trapezius was loosened. To
loosen the upper trapezius, the patient was placed in
the supine position, while the therapist bent the pa-
tient’s head in the direction of the affected side. The
patient’s arm on the same side was also abducted to
reduce trigger point pain. Upon achievement of the
loosened position, the procedure was continued for
20-30 seconds and repeated thrice [4].

(3) Muscle energy technique (MET): The subjects were
asked to raise the affected shoulder up and then
bend their head sideways to the shoulder at the
same time against resistance. This isometric con-
traction was maintained for 7 to 10 seconds. The
therapist then stretched the affected upper trapezius
by bending the head to the opposite side and rotat-
ing it to the same side. The stretch was maintained
for 30 seconds. This technique was repeated three to
five times [4].

Extracorporeal shockwave therapy

The patient was instructed to lie in the supine position
to reduce upper trapezius activity. Four sessions of ESWT
were performed using a Gymna ShockMaster 500 device
(Gymna, Bilzen, Belgium) adjusted to the following set-
tings: 1.5 bar, 8 Hz, and 1,000 shocks/trigger point with
one session per week [31].

Outcome measures
VAS, PPT, ANDI, SSR, and NMJR were evaluated both at
baseline and after 4 weeks of interventions.
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Data analysis

Prior to the final analysis, data were tested for the hy-
potheses of normality and homogeneity of variance, and
no violations were reported for any of the dependent
variables, as measured by the Shapiro-Wilk test and
Levene’s test. For all participants, descriptive statistics
were assessed at baseline and after 4 weeks of interven-
tions. A mixed model multivariate analysis of variance
(MANOVA) was used to estimate variations between and
within groups regarding the selected parameters: VAS,
PPT, ANDI, SSR, and NMJR pre- and post-interventions.
The F value used was based on Wilks’ lambda, and when
the MANOVA indicated a significant timexgroup interac-
tion effect, follow-up univariate ANOVAs (two-way mixed
model) were executed. The Social Studies Statistical
Package (SPSS) version 25 (IBM SPSS, Armonk, NY, USA)
was used to perform all statistical tests, and the signifi-
cance limit was set at p<0.05.

RESULTS

Before the trial began, 150 participants were screened
for eligibility. Seventy subjects fulfilled the inclusion cri-
teria. During the eligibility assessment, 10 subjects were
excluded because they declined to participate in the
study.

Repeated measures ANOVA showed a substantial main
impact for both time (Wilks’ A=0.01, F=553.97, p<0.001,

n’=0.98) and treatment (Wilks’ =0.10, F=22.55, p<0.001,
1’=0.68), along with a considerable timextreatment in-
teraction (Wilks’ 1=0.06, F=29.74, p<0.001, 1°=0.73). Fol-
low-up univariate ANOVAs revealed a significant change
for VAS (F=51.46, p<0.001, °=0.64), for PPT (F=99.32,
p<0.001, 1°=0.77), for ANDI (F=65.66, p<0.001, 11°=0.69),
for SSR latency (F=41.99, p<0.001, 1°=0.59), and for NMJR
(F=13.03, p<0.001, n?=0.31). This interaction effect means
that the variation between groups on the linear combina-
tion of outcomes differs between pre- and post-interven-
tions.

With respect to the demographic and clinical charac-
teristics, there was no significant difference between the
pre-intervention groups (p>0.05) (Table 1). After treat-
ment, there was a statistically significant decline in VAS,
ANDI, and NMJR and incline in PPT and SSR latency in
the three groups after intervention compared to the base-
line (p<0.001) (Tables 2-5). The results are illustrated in
Fig. 2. However, in terms of the differential effects of the
three groups on VAS, PPT, ANDI, SSR latency, and NMJR
post-intervention, multiple comparison analysis showed
a substantial difference between the three groups, while
the major changes were in group C, where the mean dif-
ferences among the groups A, B, and C were (1.65, 4.35,
and 4.8) for VAS, (3.35, 9.15, and 10.2) for ANDI, (-0.68,
-1.07, and -2.02) for PPT, (-0.11, -0.22, and -0.43) for SSR
latency, and (-7.78, -10.45, and -12.27) for NM]JR, respec-
tively (Tables 2-5).

Table 1. Baseline demographic and clinical characteristics of patients

Characteristic Group A Group B Group C p-value

Age (yr) 21.2+1.82 21.5+2.01 21.3%1.83 0.87
Weight (kg) 61.0+9.38 58.3+7.51 57.7£7.81 0.41
Height (cm) 165.20+7.41 163.60+7.92 162.75+6.24 0.55
BMI (kg/m?) 22.11+2.03 21.72+1.95 21.80+2.68 0.84
Sex 0.93

Female 14 (70) 14 (70) 16 (80)

Male 6 (30) 6 (30) 4(20)
VAS 6.70£1.30 6.80+1.28 6.65+1.30 0.93
ANDI 11.5+2.11 11.7+1.72 12.7+2.38 0.16
PPT (kg/cm?) 1.00+0.19 1.02+0.20 1.04+0.21 0.84
SSR (s) 1.65+0.25 1.66+0.28 1.69+0.27 0.88
CMAP changes (%) -4.75%1.67 -4.77£1.80 -4.64+1.60 0.96

Values are presented as meantstandard deviation or number (%).
BMI, body mass index; VAS, visual analog scale; ANDI, Arabic neck disability index; PPT, pressure pain threshold; SSR, sympathetic

skin response; CMAP, compound muscle action potential.
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Fig. 2. (A) Pain intensity, (B) pressure pain threshold (PPT), (C) functional disability (ANDI), (D) sympathetic skin
response (SSR) latency, and (E) neuromuscular junction response (CMAP) in the three groups pre- and post-interven-
tion. VAS, visual analog scale; ANDI, Arabic neck disability index; CMAP, compound muscle action potential.

Table 2. Mean VAS, ANDI, PPT, SSR latency, and CMAP changes post-intervention

.. p-value
Characteristic Group A Group B Group C

Avs.B Avs.C Bvs.C
VAS 5.05+0.82 2.45+0.68 1.85+0.67 0.001* 0.001* 0.03*
ANDI 8.15+1.81 2.55+0.88 2.50%0.76 0.001* 0.001* 1
PPT (kg/cm?) 1.68+0.26 2.09+0.29 3.06+0.23 0.001* 0.001* 0.001*
SSR (s) 1.76+0.26 1.88+0.26 2.12+0.25 0.44 0.001* 0.01*
CMAP changes (%) 3.03+1.08 5.68+2.14 7.63%2.04 0.001* 0.001* 0.004*

Values are presented as meantstandard deviation.

VAS, visual analog scale; ANDI, Arabic neck disability index; PPT, pressure pain threshold; SSR, sympathetic skin re-

sponse; CMAP, compound muscle action potential.
*p<0.05.

DISCUSSION

This randomized controlled trial investigated the effects
of ESWT, INI, and the combined effects of both on pain
intensity, PPT, functional disability, SSR, and NMJR in
subjects with MTrPs in the upper trapezius. The findings
showed that the combined treatment of ESWT and INI
offered more significant improvements in pain intensity,

PPT, functional disability, SSR, and NMJR as compared to
ESWT or INI treatment alone.

Many reports support the findings of this trial, confirm-
ing that INI can enhance MTrP-related pain and dis-
ability [22,23,32,33], where IC may improve circulation,
remove waste products, loosen adhesions, and normalize
muscle tone and patient response to pain [32]. However,
SCS can achieve its desired effect by reflexively adjust-
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Table 3. Mean VAS, ANDI, PPT, SSR latency, and CMAP changes pre- and post-intervention for group A

Characteristic Pre Post digfe i:llice Lower 95% CI Upper p-value
VAS 6.70£1.30 5.05%0.82 1.65 1.17 2.16 0.001*
ANDI 11.50+2.11 8.15+1.81 855 2.43 4.26 0.001*
PPT (kg/cm?) 1.00+0.19 1.68+0.26 -0.68 -0.81 -0.53 0.001*
SSR (s) 1.65+0.25 1.76+0.26 -0.11 -0.16 -0.06 0.001*
CMAP changes (%) -4.75%1.67 3.03+1.08 -7.78 -9.04 -6.53 0.001*

Values are presented as meantstandard deviation.

VAS, visual analog scale; ANDI, Arabic neck disability index; PPT, pressure pain threshold; SSR, sympathetic skin re-

sponse; CMAP, compound muscle action potential.
*p<0.05.

Table 4. Mean VAS, ANDI, PPT, SSR latency, and CMAP changes pre-and post-intervention for group B

Characteristic Pre Post diflga ‘:'leice Lower 95%CI Upper p-value
VAS 6.8+1.28 2.45%0.68 4.35 3.87 4.82 0.001*
ANDI 11.7+1.72 2.55+0.88 9.15 8.23 10.06 0.001*
PPT (kg/cm?) 1.02+0.2 2.09+0.29 -1.07 -1.21 -0.93 0.001*
SSR (s) 1.66+0.28 1.88+0.26 -0.22 -0.27 -0.17 0.001*
CMAP changes (%) -4.77+1.8 5.68+2.14 -10.45 -11.70 -9.20 0.001*

Values are presented as meantstandard deviation.

VAS, visual analog scale; ANDI, Arabic neck disability index; PPT, pressure pain threshold; SSR, sympathetic skin

response; CMAP, compound muscle action potential.
*p<0.05.

Table 5. Mean VAS, ANDI, PPT, SSR latency, and CMAP changes pre-and post-intervention for group C

Characteristic Pre Post . Mean 95% CI p-value
difference Lower Upper

VAS 6.65%+1.30 1.85+0.67 4.80 4.32 5.27 0.001*

ANDI 12.70+2.38 2.50%0.76 10.20 9.28 11.11 0.001*

PPT (kg/cmz) 1.04+0.21 3.06+0.23 -2.02 -2.16 -1.88 0.001*

SSR (s) 1.69+0.27 2.12+0.25 -0.43 -0.47 -0.37 0.001*

CMAP changes (%) -4.64+1.60 7.63+2.04 -12.27 -13.52 -11.02 0.001*

Values are presented as meantstandard deviation.

VAS, visual analog scale; ANDI, Arabic neck disability index; PPT, pressure pain threshold; SSR, sympathetic skin re-

sponse; CMAP, compound muscle action potential.
*p<0.05.

ing the muscle spindle, which can contribute to normal
muscle tone [34]. In contrast, MET has hypoalgesic ef-
fects through the inhibitory Golgi tendon reflex, which
is activated during isometric contraction and results in
reflex muscle relaxation [35].

Similarly, ESWT has been approved as an efficient in-
tervention to relieve pain and disability associated with
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MTrPs [19,36,37]. ESWT exerts its effects by increasing
fibroblast proliferation and tissue healing. It is also able
to induce a desensitizing effect on the treated area by
depleting sensory nerve fiber neurotransmitters [20,21].
Furthermore, ESWT impacts certain hormones and pro-
teins that control tissue function [36]. The findings of
the present trial are aligned with those of many previous
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studies. Ji et al. [37] investigated the impact of ESWT on
MTrPs in the upper trapezius and demonstrated its ef-
ficacy in reducing pain and increasing pressure sensitiv-
ity. In a study comparing the efficacy of ESWT as a non-
invasive modality and trigger point injection (TPI) as an
invasive modality in the treatment of MTrPs of the qua-
dratus lumborum, Hong et al. [38] found that three ses-
sions of ESWT are more effective than TPI in alleviating
pain. Rahbar et al. [39] compared the efficacy of ESWT to
conventional treatments such as ultrasound, hot packs,
and self-stretches, and they found that ESWT was supe-
rior in reducing discomfort. Kamel et al. [40] investigated
the impact of ESWT versus regional non-steroidal anti-
inflammatory medication following neck dissection on
pain threshold and intensity for 4 weeks and concluded
that ESWT had more significant effects on pain intensity
and threshold.

The findings of the present trial indicated an increase
in SSR latency, which may be due to the anatomical cor-
relation among afferent pain fibers and sympathetic
fibers, given that they are parallel within the central ner-
vous system [41]. The increased SSR latency due to the
combined treatment of ESWT and INI may highlight the
suppressive influence of these treatments on sympathetic
function. The multiple interneuron interface between af-
ferent and efferent fibers in the reflex path may result in
the loss or delay of SSR [42].

MTrPs are thought to develop at the neuromuscular
junction, where they cause chemical changes and irregu-
lar endplate behavior [7,8]. Excessive endplate irritation
induces an extreme release of acetylcholine. Acetylcho-
line release or lack of acetylcholinesterase contributes to
the development of a taut band that leads to persistent
localized muscle fiber contraction [8,9]. Thus, modulat-
ing the MTrPs could account for the potential MNJR nor-
malization mechanism.

Our findings are consistent with those of previous
studies that confirmed the superiority of the combined
treatments. Lytras et al. [33] investigated the impact of
INI combined with therapeutic exercise on chronic me-
chanical neck pain and reported more substantial effects
on pain and disability compared to therapeutic exercise
alone. Similarly, Alghadir et al. [43] studied the combined
effects of IC and MET with conventional therapy in the
management of neck pain associated with MTrPs and
discovered that the combined treatment was more suc-

cessful than either of the two performed alone. Moreover,
a pilot study was carried out by Nasb et al. [44] to exam-
ine the combined effects of dry cupping and IC in the
treatment of MTrPs and neck pain, and it was gathered
that combining the two modalities had a greater impact
on function and pain threshold.

One of the drawbacks of this study that is worth men-
tioning is the absence of blinding, wherein all partici-
pants were evaluated by the same investigators who
implemented the intervention. Additionally, there are no
follow-up data on the participants’ clinical status, which
would help us monitor the long-term effects of our inter-
vention.

Overall, while both ESWT and INI utilized individu-
ally improved pain intensity, PPT, functional impair-
ment, SSR, and NMJR, their combined usage led to more
marked effects, highlighting the integrated approach as a
better option.
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