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Introduction: The most critical clinical presentation in myofascial pain syndrome is trigger
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points. Trigger points are the main problem in 30% of the patients presenting to general internal
medicine practice. One of the treatments used for trigger points is ultrasound therapy. The high-
power pain threshold ultrasound (HPPTUS) technique is one of the therapeutic ultrasound
modifications used to treat trigger points. The present randomized clinical trial aimed to
investigate the immediate effect of high-power pain threshold ultrasound on treating active
trigger points of the upper trapezius muscle in men with mechanical neck pain.

Materials and Methods: Fourteen men with mechanical neck pain (MeanSD age: 34.50+5.24
years) who met the inclusion and exclusion criteria participated in this study. The visual analog
scale (VAS), pressure pain threshold (PPT), and range of motion of cervical lateral flexion
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This work is licensed under a . trigger point. The frequency was set to 1 MHz, and the intensity increased from 0.5 to 2 until
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1. Introduction

he most important clinical problem in
myofascial pain syndrome is trigger
points [1], with two categories: active
and inactive trigger points [2]. A preva-
lence of 10%-18% and a lifetime preva-
lence of 30%-50% have been reported
for trigger points [3]. Trigger points are
also the main problem in 30% of the patients presenting
to general internal medicine practice [4].

Trigger points are caused by trauma, anxiety, muscular
atrophy, and muscular ischemia [5]. According to the inte-
grated hypothesis, they cause abnormal depolarization in
the presynaptic membrane and a crisis of local energy de-
ficiency with autonomic and sensory reflex arcs, eventu-
ally resulting in local hypercontraction in sarcomeres [6].

One of the most appropriate treatments for trigger
points is ultrasound therapy [7-10]. The high-power pain
threshold ultrasound (HPPTUS) technique is one of the
ultrasound modifications used to treat trigger points [11].
In 2004, Majlesi et al. performed the first clinical study
to compare this technique with the traditional ultrasound
technique in patients with myofascial trigger points. The
results showed that HPPTUS was much more effective
than the traditional technique, and pain reduction and im-
provement of range of motion (ROM) were significant in
a smaller number of sessions [12]. Due to the novelty of
the HPPTUS technique [13], few studies have reported
its immediate effect on the visual analog scale (VAS),
pressure pain threshold (PPT), and ROM of cervical
lateral flexion (CLF). In 2009, Bahadir et al. found that
HPPTUS with active stretching significantly improved
the VAS and ROM of CLF after one treatment session.
However, there was no significant difference compared
to dry needling with active stretching [14].

A literature review suggests that the effect of HPPTUS
on VAS, PPT, and ROM of CLF alone should be exam-
ined. The purpose of this study was to investigate the im-
mediate effect of high-power pain threshold ultrasound
on the active trigger points of the upper trapezius muscle.

2. Materials and Methods

This double-blind clinical trial was conducted at the
clinic of the Faculty of Rehabilitation between April
2017 and December 2019. The Ethics Committee of
Tehran University of Medical Sciences approved the
study protocol (Code: IR.TUMS.VCR.REC.1398.903).
Informed consent was obtained from all participants.
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Study subjects

Fourteen right-handed subjects with upper trapezius
active myofascial trigger points participated in this study
(Mean£SD age: 34.50+5.24 years).

The inclusion criteria were male gender, aged 18 to 45
years, right-handedness, ability to perform active move-
ments in the full ROM of abduction, scaption, internal
rotation of the shoulder, and the presence of only one
trigger point in the upper trapezius muscle based on the
following clinical findings:

-Touching a taut band inside the muscle,
-Presence of a hypersensitive point inside the taut band,

-A pain level of at least three according to the VAS
scale in the initial evaluation, and

-A referral and familiar pain pattern when stimulating a
taut band [14, 17, 18].

The exclusion criteria were history of shoulder surgery
or trauma (dislocation, replacement, joint sprain) in the
last 6 months; history of chronic or acute diseases such
as neurological, cardiac, and metabolic diseases, skin
lesions, infections, or inflammation in the trigger point
area; history of traumatic neck injury (e.g., whiplash in-
jury); history of neck surgery; any malignancy or bad
posture; fibromyalgia syndrome; consumption of corti-
costeroids; treatment of trigger points in the past month;
visual loss and color blindness; consumption of any
medication or any specific illness affecting cognition;
consumption of tea, alcohol, coffee, and cocoa before
the test session; and unfinished high school education
[14,17,18].

Outcome measures
Visual analog scale

Visual analog scale (VAS) was used to grade their cur-
rent level of pain. The VAS for pain is a 10-cm unmarked
ruler with polar descriptors of “no pain” and “worst pain
possible.” The subjects reported their pain by placing a
vertical line through the VAS line at the point that repre-
sented their current level of neck pain (Figure 1). Then,
the distance from the zero point to the marking was mea-
sured [16-18].
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Figure 1. Visual analog scale to assess the pain severity level

Pressure pain threshold

A pressure algometer (Analog Force Gauge Model:
NK-500) was used to measure the pressure pain thresh-
old (PPT) of the trigger point. It consisted of a gauge
attached to a cross-sectional area of 1 ¢m? The pres-
sure was applied perpendicular to the desired point until
the patient reported pain. The dial gauge was calibrated
in kg/cm? ranging from 1 to 10 kg/cm? The pressure
that caused the pain was recorded as PPT. In the pres-
ent study, to measure PPT, the patient lay in the prone
position with the head in the neutral position, and the
hands placed next to the body (Figure 2). This test was
performed in triplicate for each point with a time inter-
val of 30 s, and the average of three measurements was
recorded [16-18].

Range of motion

A range of motion goniometer (Baseline 360°) was
used to measure ROM of cervical lateral flexion (CLF).
The patient was placed in a flat position with a 90° flex-
ion of the knee and thigh while the hands were resting on
the thighs. The goniometer axis was placed on the spi-
nous process of the seventh cervical vertebra. The fixed
arm of the goniometer was perpendicular to the ground,
and its movable arm was placed parallel to the hypotheti-
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Figure 3. Goniometry to assess cervical lateral flexion
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Figure 2. Algometry to assess pressure pain threshold

cal vertical line of the head. To measure the range of mo-
tion, the head was placed in the anatomical position at
the beginning of the movement, and the ear approached
the shoulder at the end of the movement (Figure 3). This
test was performed three times for each point with a time
interval of 30 s, and the average of three measurements
was recorded [16-18].

Study procedure

After explaining the procedure, the outcome measures
were evaluated, and the trigger points were marked by a
physical therapist that was blind to treatment. Then, the
hand placed next to the prone position with the head in
the neutral position, and the hands placed next to the body.
The ultrasound probe was placed on the trigger point (Fig-

JMR

Figure 4. Patient position for high-power pain threshold
ultrasound
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Table 1. Mean+SD of neck disability index, cervical lateral flexion (degree), visual analog scale (cm), and pressure pain thresh-

old before and after the intervention (n=14)

Pre-intervention

Post-intervention

Variables
Mean1SD Min-Max Median Mean1SD Min-Max Median
Visual Analog Scale (cm) 5.47+1.42 3.7-7.9 5.3 2.75%1.42 1-6 2.3
Pressure Pain Threshold (N/cm?) 30.82+10.55 15.00-50.00 30.62 45.28+15.49 29.68-77.50 40.00
Cervical lateral flexion (degree) 30.14+6.38 19.25-39.50 31.12 38.92+5.54 30.00-44.98 40.01
JMR

ure 4). The frequency was set to 1 MHz, and the inten-
sity increased from 0.5 to 2 until the patient reported an
unpleasant sensation. The probe was held there for 4 s;
then, the intensity was reduced by 50%, and the probe was
moved over and around the trigger point. This process is
done several times for three minutes. All clinical tests were
repeated at the end of the treatment session [17].

Statistical analysis

The data were analyzed in SPSS v. 22 after data collec-
tion. In descriptive statistics, Mean+SD were used for ex-
pressing quantitative data. The Shapiro-Wilk test was ap-
plied to determine the normal distribution of the patients’
characteristics. Moreover, to evaluate the post-treatment
changes, we used paired t-test for VAS and ROM be-
cause of their normal distribution and the Wilcoxon test
for PPT considering its non-normal distribution.

3. Results

Table 1 presents the values (Mean+SD, median, mini-
mum and maximum) of VAS, PPT, and CLF ROM
before and after the treatment. VAS decreased signifi-
cantly (P<0.001), and PPT (P=0.001) and ROM of CLF
increased significantly (P<0.001) after the intervention
(Table 2). To calculate the effect size, the Cohen’s d for-
mula was used for VAS and ROM of CLF, and the r for-
mula (Wilcoxon effect size formula) was used for PPT.
According to Table 2, because Cohen’s d was above 0.8

Table 2. Statistical tests and results

[19] and r was above 0.5 [20], so the effect size of all
parameters was large.

4. Discussion

The present study showed that using HPPTUS on pa-
tients with trigger points in the upper trapezius muscle
significantly and promptly reduced VAS and PPT and
increased ROM. These findings were consistent with
a study by Majlesi et al. in 2014 that showed a signifi-
cant improvement in VAS and ROM after the first treat-
ment session. They found that the outcome measures
improved completely in the first session in 7 patients,
after two sessions in 7 patients, after three sessions in
10 patients, and after five sessions in 12 patients. How-
ever, after each session, the patients performed active
stretching of the trapezius muscle for 30 s for five times.
Moreover, the validity of the tool and the method that
was used to measure the ROM was not examined. In
the present study, HPPTUS was the only intervention
applied, and the variables were measured immediately
using valid tools and methods [21]. In 2005, Unalan et
al. found that HPPTUS and local injection of lidocaine
0.5 significantly improved the VAS and ROM of CLF in
the active trigger points of the trapezius muscle, but there
was no significant difference between the two groups.
The mean number of treatment sessions in the HPPTUS
group was 1.5 sessions [22]. The exact mechanism of
HPPTUS is still unknown, but experiencing an unpleas-
ant sensation during the technique and its control can re-

Variables Statistical Test P Effect Size
Visual analog scale Paired t-test <0.001 >1
Pressure pain threshold Wilcoxon test 0.001 0.6231
Cervical lateral flexion Paired t-test <0.001 >1
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duce pain through the pain gate theory [17]. It has been
reported that HPPTHS reduces the amplitude of the ac-
tion potential, which is related to the thermal effects of
the ultrasound [23].

In 2016, Aridiciand et al. reported that four HPPTUS
sessions every other day significantly improved VAS
and CLF [24]. Moreover, Amit Dhawan found that the
average pain reduction after one treatment session was
70% in the HPPTUS with the stretching group, which
decreased to 64% after three weeks of follow-up. More-
over, the average increase in the ROM was 10%, which
decreased to 8% after three weeks. In the present study,
the mean VAS reduction was 49.72%, the mean PPT
increase 46.91%, and the mean ROM increase 29.13%.
Amit Dhawan conducted a study on three groups of pa-
tients, including HPPTUS with stretching, interferential
current, and stretching. In this study, VAS reduced sig-
nificantly in the HPPTUS with stretching and stretch-
ing groups, while ROM reduced significantly only in
the HPPTUS with the stretching group. However, in
the study by Amit Dhawan et al., similar to the present
study, HPPTUS had more effect on pain compared to
ROM [22]. Increased ROM can be secondary to reduc-
ing pain and spasm associated with heat and biophysical
effects, i.e., vasodilation, increased metabolism, reduced
production of inflammatory substances, and increased
tissue repair [21, 24].

Few studies have investigated the effect of HPPTUS on
PPT. In 2016, Yushin Kim et al. found a significant im-
provement in VAS after one week, in ROM of the cervi-
cal lateral flexion after three weeks, and in PPT after four
weeks. Treatment was performed three times a week.
ROM and PPT did not show a faster improvement, prob-
ably because the trigger points were inactive [25].

Contraindications include peripheral vascular disease,
regions with diminished or lost sensitivity to heat and or
pain, areas adjacent to the spinal cord or cauda equina in
patients who have previously undergone laminectomy,
cardiac insufficiency, cancer, and precancerous states [13].

Study limitations

This study had some limitations, including small sam-
ple size, no long-term follow-up, and a control group.

5. Conclusion
HPPTUS is an effective treatment for upper trapezius

active myofascial trigger points in male subjects with
mechanical neck pain.
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