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Abstract

Introduction: This study assessed the effect of polarized low-level laser therapy (PLLLT) on the
treatment of myofascial trigger points (MTrPs) in the trapezius muscles. Its effectiveness in pain
reduction was compared to low-level laser therapy (LLLT).

Methods: Sixty-four patients with MTrPs were randomly divided into 2 groups, namely PLLLT and
LLLT. Each patient received treatment for a period of 2 weeks, 5 sessions a week. The intensity of
laser irradiation to the skin surface was 6 J/cm?. The system exit power was 160 mw at a 755 nm
wavelength. The visual analog scale (VAS) for the Tst, 5th and 10th sessions was analyzed through
two-way repeated measures ANOVA.

Results: Increasing the number of treatment sessions was effective in reducing pain intensity
(P>0.05). The effect of LLLT on pain reduction was significantly greater than that of PLLLT (P>0.05).
Referred pain (RP), the limitation of neck movement (LNM), the presence of muscular taut band
(PMTB) and the sensitivity of muscular taut band (SMTB) were reduced significantly by the end of
the 10th session, compared with participants’ condition at the beginning of the 1st session in both
groups.

Conclusion: PLLLT and LLLT can effectively treat MTrPs in the trapezius muscles and they reduce
RP, LNM, PMTB, and SMTB in particular. However, the effect of the LLLT was significantly greater
than that of PLLLT. In accordance with the observed results, LLLT is recommended as an effective
method for treating MTrPs.
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Introduction

Epidemiologic studies of musculoskeletal pain syndromes
show that myofascial trigger points (MTrPs) pain is very
common. More than 55% of neck pain and 85% of lumbar
and back pain are related to MTrPs'? The trigger point
is a hyperirritable spot located within the taut band of
the skeletal muscle fascia, described as a small palpable
hypersensitive area that may be causing referred pain
(RP) upon palpation and the limitation of motion.>*
MTrPs and related pain syndromes usually lead to poor
physical performance, poor sleep quality, and low quality
of life.*> The treatment modalities of trigger points are
multiple and include pharmacotherapy (antidepressant,
anticonvulsants, muscle relaxants, local anesthetics, etc)
and non-pharmacological treatments (massage therapy,
dry needling, stretching exercises, ultrasound, etc).®® One
of the debated treatment modalities, despite its common
use, is low-level laser therapy (LLLT)** that is used in the

treatment of many diseases.””*° Imani et al and Munguia
et al concluded that almost 60% of the literature between
2000 to 2018 demonstrated that LLLT was useful in
reducing pain and trigger point sensitivity, improving the
quality of life.?* Momenzadeh et al*’ reached the same
result.?

Several mechanisms of action have been proposed for
pain reduction by LLLT. LLLT may lead to the reduction
of skin resistance, enhancing circulation in small blood
vessels at the MTrPs, improving oxygenation of the
hypoxic cells at the trigger points, and facilitating the
removal of waste material from the MTrPs area. The
normalization of small vessel blood circulation will allay
blood deficiency at the pain source and restrain its spread
in the region.?*? Some authors have suggested that LLLT
exerts its therapeutic effects through other mechanisms
such as collagen reproduction, anti-inflammatory effect,
the stimulation of the peripheral nerves and tranquilizer
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effect.?”?

There is another noninvasive and non-pharmaceutical
method for pain treatment based on polarized
conventional light (from violet [about 400 nm] to near-
infrared [about 2000 nm]).**' However, non-polarized
light lacks this therapeutic effect, likely due to electrical
field alignment in irradiation with polarized light (PL).
PL is widely used in the treatment of various types of
wounds, including burn wounds to the skin and pressure
ulcer.?>*

Considering these 2 mentioned modalities (PL and
LLLT) in the treatment of pain syndromes, the goal of this
study was to examine the effectiveness of polarized low-
level laser therapy (PLLLT) in the reduction of pain of
MTrPs in the trapezius. We also compared its effectiveness
in pain control with LLLT. Given the controversy in the
literature over the efficacy of LLLT in the treatment of
MTrPs, the current study was initiated to examine the
treatment of MTrPs.

Materials and Methods

Subjects

Sixty-four patients with MTrPs were selected from
patients who were referred to Ali-ibn Abi Talib Hospital
in Rafsanjan. According to the criteria established by
Simunovic, physical findings in 5 major criteria and
1 of 3 minor criteria were present for the diagnosis of
MTrPs. The major criteria are local pain, RP originating
from trigger points, the presence of the palpable and taut
muscular band in involved muscles, and reduction in the
range of motion and sensitivity along the length of the taut
band. The minor criteria are the creation of fast muscular
contraction response, the spontaneous alteration of pain
sensation when pressing trigger points, and muscular
pain associated with stretching.” To achieve sample size
equivalency in the groups, through the replacing-block
method, the patients were randomly divided into two
groups, PLLLT and LLLT (Figure 1).

Physical examination revealed a palpable taut muscular
band of the trapezius and muscle. Laser irradiation
was applied to all painful trigger points in each patient.
The patients with these symptoms and a visual analog
scale (VAS) grade greater than 50 mm were selected to
participate in this research (Table 1). Informed consent
was obtained from each participant. All patients
information was kept confidential. The patients had
autonomy to participate or to leave the study at any time.

Polarized Laser
The exit light of the laser device was polarized by a 5x6
cm? polaroid sheet film (PSF).

The PSF was a thin, flexible and transparent sheet
that was sandwiched between two pieces of transparent
Plexiglas with 2 mm thickness. The PSF was placed in
front of the laser output for making polarized laser beam.

A Genova spectrophotometer (Jenway, Bibby Scientific,
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A 4

A 4
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Figure 1. Flow Diagram of the Participants.

32 assigned LLLT
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Table 1. Demographic Characteristics of the Patients (First Session)

LLLT PLLLT
Age (y) 43.87+11.41 44.62+12.32
Pain duration (months) 6.68+3.53 7.34+3.58
Pain intensity (mm*) 77.50+10.02 77.66+8.56
Gender
Male 9 (32.1%) 12(40%)
Female 19(67.9%) 18(60%)

LLLT: low-level therapy laser; PLLLT: polarized low-level therapy laser.
*Visual Analog Scale (VAS) score in millimeters.

Stafford shire, UK) was used to measure the reduced
light transmission through the Plexiglas sheets. In the
absence of PSE a pair of Plexiglas sheets was placed in
front of the exiting low-level laser (LLL) to even out the
rate of weakening because the present Plexiglas sheets
had similarly been used with the polarized low-level laser
(PLLL). To ensure their efficacy, the PSF was placed in
the spectrophotometer in front of the ray (755 nm) and
the percentage of exiting light was determined. Then a
PSF was placed vertically on the axis of the primary sheet
to determine the rate of polarization generated in the
presence of the PSE. The results demonstrated that using
two parallel sheets was adequate for polarizing more than
99% of photons with a 755 nm wavelength. The rate of
reduction in the light intensity due to the placement of PSF
was measured and calculated by the spectrophotometer.

Procedure

Each patient was treated for a period of 2 weeks, 5 sessions
a week. At the first session, the research objective was
explained completely to the voluntary participants who
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met the inclusion criteria. Pain intensity was measured
by a self-reported VAS score. The patients were asked
to mark their pain level on a scale of 0-100. Using this
scale, pain intensity was measured at a resting position at
the beginning of the 1st treatment session and at the end
of the 5th and 10th sessions. Thirty-six participants had
a trigger point in the right trapezius muscle and 22 had
a trigger point in the left trapezius muscle. On average,
each patient had 5 trigger points treated. In addition,
the assessor evaluated the presence or absence of RP,
the limitation of neck movement (LNM), the presence
of muscular taut band (PMTB), and the sensitivity of
muscular taut band (SMTB). The study was conducted in
a double-blind method. The participants and the assessor
were blind to the treatment modality. The blind setting for
the data analyst was done by simply labeling the groups.
The data analyst was unaware of the code for PLLLT and
LLLT.

The patients were asked to avoid using analgesics,
muscle relaxants, or local anesthetic medications. As the
instances of noncompliance were reported or detected
even during a single treatment session, the patient was
automatically dismissed from the research. Each pain area
and the taut band were treated with a laser beam of 6 J/
cm’ intensity. This research employed the poly laser Trion
LASER system (Sperian Co., Germany) in a continuous
mode. The exit power of the system was 160 mw at a 755
nm wavelength.

Statistical Analysis

The obtained figures of the VAS from the 1st, 5th and 10th
sessions were evaluated via two-way repeated measures
ANOVA and Tukey multiple comparisons test at a 5%
significance level. In addition; the data from the assessor’s
examination (the presence of RP, LNMs, the presence and
sensitivity of the taut band MTrPs) at the 1st, 5th and 10th
sessions due to two treatment methods were investigated
by the use of the Pearson chi-square test and the Fisher
exact test. IBM SPSS Statistics 20 (SPSS Inc., Chicago,
USA) was used for all statistical calculations.

Results

Table 1 presents the data regarding the rate of pain from
the research participants compared to the specifications
of the disease. All of the patients exhibited PR, LNM,
PMTB and SMTB. Six patients were dismissed due to
noncompliance criteria. Finally, the data from the 28
persons in the LLLT group and 30 people in the PLLLT
group were reviewed and analyzed (Figure 1).

Table 2 displays the data collected by VAS about pain
intensity. These data were analyzed by two-way repeated
measures ANOVA. Evaluation between the sessions
comparing PLLLT and LLLT outcomes was significant
(P<0.0001, df = 2, F = 335.99). The results demonstrated
that increasing the number of treatment sessions was
effective in reducing pain intensity. Separate repeated

Table 2. Comparison of the Mean and Variance of Pain Intensity During 1st,
5th and 10th Sessions Due to Treatment Methods

1st Session 5th Session 10th Session
PLLLT 78+9 67+10 5516
LLLT 78+10 47+14 12+14

PLLLT: polarized low-level therapy laser, LLLT: low-level therapy laser.
Pain intensity was measured by visual analog scale (VAS).

measurement tests for the LLLT and PLLLT groups
reported statistically significant effects. The reduced rate
of pain intensity by the 2 techniques, LLLT and PLLLT, was
also significant. The impact of LLLT on pain reduction
was significantly greater than that of PLLLT (P<0.0001,
df = 1, F = 64.84). The Tukey’s multiple comparison test
at the end of the 10th session demonstrated that LLLT
was the more effective method (mean of pain intensity =
12+ 14 mm). The interaction of treatment methods and
treatment sessions was also significant (P <0.0001, df =2,
F =78.79).

Analysis of the results by Pearson’s chi-square and
Fisher exact tests at the completion of the 10th session
showed that the LLLT and PLLLT groups in the presence
or absence of RP, LNM, PMTB and SMTB had a significant
difference (Table 3); the treatment of the subjects by LLLT
was more effective than their treatment by PLLLT.

Discussion

The patients were divided into two groups in this research.
As seen in Table 1, age distribution, gender, duration and
intensity of the pain are almost equal. This table shows
that the treatment groups were similar to each other
before the intervention of this research.

Analysis of pain intensity by the use of VAS at the end
of the 5th and 10th sessions in comparison to the 1st
session showed that both treatment methods, LLLT and
PLLLT, were effective in reducing pain intensity (P<0.01,
df = 2, F = 335.99); however, despite the observation of
improvement in the PLLLT group, its effectiveness in
reducing pain intensity was less compared to the LLLT

Table 3. Comparison of Patient Distribution According to the Presence of
Signs/Symptoms Following the 10th Visit Due to Treatment Methods

LLLT PLLLT P Value
u
No. (%) No. (%)
Yes 0 (0) 16 (53.3)
Radicular pain 0.0001*
No 28 (100) 14 (46.7)
Limitation of neck Yes 1(3.6) 12 (40)
0.001*
movement No 27 (96.4) 18 (60)
Yes 2(7.1) 24 (80)
Taut muscular band 0.0007*
No 26 (92.9) 6 (20)
Sensitivity of the taut Yes 2(7.1) 22 (73.3)
0.0001*
muscular band No 26 (92.9) 8(26.7)

PLLLT: polarized low-level therapy laser, LLLT: low-level therapy laser, n:
Number.

* The chi-square test and the Fisher exact test show a significant change
(P<0.05) between the two treatment methods.
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group. The difference between LLLT and PLLLT was
completely significant (P<0.001, df = 1, F = 64.84). In
other words, LLLT is preferable to PLLLT in reducing
pain. The superior results of LLLT in reducing pain, in
accordance with our VAS scores, agree with many reports
that investigated the effect of laser light on reducing
pain.23, 34,35

Uemoto et al* investigated the effect of laser therapy
and needling on deactivating MTrPs. In this research,
in 4 sessions of laser irradiation at wavelength=795 nm
at power=80 mW and an exposure rate of 4 J/cm? a
significant pain reduction compared to a control group
was observed. In the present study, after 5 exposures of
LLLT, a significant reduction in MTrPs was observed.
However, increasing the number of sessions to 10 led to a
greater pain reduction; in our research in the LLLT group,
12 patients had a VAS = 0, and 16 patients, VAS was <10
after 10 treatment sessions. After observing RP at the
Ist session in all 28 participants, at the end of the 10th
session there was no RP in any of them, even though after
the 5th session, in spite of significant relief of RP in LLLT,
13 patients still complained of RP. Perhaps the significant
reduction of pain with the increased numbers of sessions
indicates that at least 10 therapeutic sessions should be
routine in LLLT.""*%%7

The assessments of the effectiveness of LLLT and PLLLT
in RP, LNM, PMTB and SMTB pain reduction were
statistically significant. However, Table 3 demonstrates
that the effectiveness of LLLT was higher than that of
PLLLT. More than 90% of the patients in the LLLT group
had none of the above-mentioned problems after the 10th
session. In the PLLLT group, improved neck movement
was observed in 60% of participants. Admittedly, this
figure shows a lesser degree of effectiveness than the
90% improvement via LLLT; the elimination of pain was
achieved in less than 50% of PLLLT participants.

The acquired results of the LLLT irradiation were
similar to the results of Shahimoridi et al’” who assessed
the effect of LLLT at an 810 nm wavelength with 8 J/
cm? on trigger points of myofascial trapezius muscles.
This research revealed that LLLT treatment in 70% of
cases relieved the taut muscular band; 83% experienced
a reduction of RP and 70% had an improvement in
movement. The effectiveness of the 755 nm laser in our
research was relatively greater than that of Shahimoridi et
al. Perhaps the primary reason was our use of an 8 J/cm?
irradiation dose. Investigators who used 4-6 J/cm? doses
had good effectiveness. For example, Uemoto et al,** who
chose irradiation of 795 nm and a 4 J/cm? dose, reported
more effect compared to irradiation with 8 J/cm? on the
reduction of MTrPs.

Still, why was the polarized laser less effective than
the non-polarized laser? In our experience, if a diverse
mechanism cannot be identified for greater diminishment
of pain by the polarized laser, one would observe at
least the same effect as LLLT because mechanisms that

could account for the effect of LLLT on pain reduction
include the improvement of small area blood circulation,
leading to an increased oxygen source for hypoxic cells
at trigger point areas.”® The reason for observing such
an effect may be in the irradiation time of each session.
The power of the laser system was constant and exposed
an equal irradiation dose to trigger points while the PSF
was in front of the laser. This approach deleted half of
the irradiated light in transmittance through the PSE The
exposure time would have to be doubled to generate a
dose to the trigger points equal to that of LLLT.

Perhaps the reason for the higher impact in the LLLT
group is that the desirable dose was reached in less time
because reports also exist about no pain improvement
from laser irradiation. Dundar et al*® assessed the effect
of a gallium-aluminum-arsenide (Ga-Al-As) laser at
an 830 nm wavelength on trigger points during 15
treatment sessions, in which no significant effect on pain
reduction was observed in comparison with the control
group. In their study, both the control group and the
laser treatment group had daily isometric and stretching
exercises. The exit power of their laser system was 58
mW/cm? when the irradiated dose on each point was 7
J. Altan et al” also reported a similar lack of effectiveness
of LLLT in reducing MP. In their research, a Ga-As laser
at a 904 nm wavelength was used. All patients in both
laser irradiation groups as well as the control group had
been trained in daily isometric exercises and experienced
only short pain-free periods for 2 weeks at home. Thus,
both groups experienced some improvement, but they
had no discernable difference when compared with each
other. Thorsen et al*’ assessed the effect of Ga-Al-As
laser light at an 830 nm wavelength and 30 mW power
on neck and back myofascial muscles with an irradiation
dose of 9 ], but no difference between the placebo and
irradiated groups was observed. Comparing the specified
dose of the laser used with the above-mentioned groups
and those groups with positive effects from LLLT"' points
to differences in the use of extremely low exit power by
those researchers who sustained the above hypothesis.

In some studies, no significant difference was observed
upon comparing the effectiveness of LLLT and other
treatment techniques.'***! However, the findings of this
research evaluating the effect of LLLT in comparison
with PLLLT on pain reduction of MTrPs were completely
significant, consistent with the findings from a study by
Demirkol et al.'! As it is shown in Table 3, the results of
the present study regarding the presence or absence of
RP, LNM, PMTB and SMTB upon the completion of 10
sessions showed a significant difference between the two
treatment methods in such a way that LLLT had a greater
impact than PLLLT.

Conclusion
PLLLT and LLLT are effective in treating patients
presenting with MTrPs in the trapezius muscles. However,
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the effectiveness of LLLT was significantly superior to
PLLLT. 10 sessions of LLLT caused improvement in
RP, LNM, PMTB and SMTB in more than 90% of the
patients, significantly more effective than PLLLT. Given
the observed results, we recommend LLLT as a preferred
method for the treatment of MTrPs.
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