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Abstract

Background Myofascial pain syndrome (MPS) is a common musculoskeletal pain and dysfunction, which is charac-
terised by myofascial trigger points. Therapeutic physical modalities, as potentially effective treatment options, are
commonly used in the clinical setting for the patients with MPS.

Objective This systematic review aimed to evaluate the safety and effectiveness of therapeutic physical modalities in
the treatment of MPS, investigate its therapeutic mechanisms and provide a scientific evidence-based decision.

Methods According to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, the PubMed,
Cochrane Central Library, Embase, and CINAHL databases were searched for randomized controlled clinical studies
published from database inception to October 30, 2022. A total of 25 articles met the study inclusion criteria. Data
were extracted from these studies and a qualitative analysis was performed.

Results Transcutaneous electrical nerve stimulation therapy, extracorporeal shock wave therapy, laser therapy, and
other therapeutic physical modalities have been demonstrated to improve the pain symptoms, joint mobility, psycho-
logical state, and quality of life in the patients with MPS and no side effects have been reported. The curative effect of
therapeutic physical modalities was found to be possibly associated with increased blood perfusion and oxygen sup-
ply in ischaemic tissues, reduced hyperalgesia in the peripheral and central nerves, and decreased involuntary muscle
contractions.

Conclusion The systematic review has shown that therapeutic physical modalities could provide a safe and effective
therapeutic option for MPS. However, the consensus is currently lacking regarding the optimal treatment paradigm,
therapeutic parameters, and mutual combination of therapeutic physical modalities. The clinical trials with robust
quality are required to further promote the evidence-based application of therapeutic physical modalities for MPS.

Keywords Myofascial pain syndrome, Therapeutic physical modalities, Systematic review, Transcutaneous electrical
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Introduction

Myofascial pain syndrome (MPS) is a regional pain syn-
drome whose clinical symptoms are mainly character-
ized by the presence of highly irritating nodules, namely
myofascial trigger points (MTrPs), in a taut band of a
single muscle or muscle group accompanied by stiffness,
fatigue, tenderness, and pain, muscle spasm and con-
traction, and limited range of joint motion [1-5]. MPS
is the most common source of musculoskeletal pain.
Approximately 30-50% of patients with musculoskeletal
symptoms suffer from MPS, whose incidence is higher in
women [3]. The trapezius, rhombus, infraspinatus, leva-
tor scapulae, and paravertebral muscles are most com-
monly involved [6—8]. Patients with chronic MPS are
under considerable physical and psychological pressure
and tend to have depression or anxiety and impaired
quality of life (QOL) [1-5]. A reported 61% of patients
with chronic MPS have mild to moderate anxiety, the
level of which is related to the baseline pain severity, sug-
gesting a correlation between the two [9].

Research to date on the aetiology of MPS reported that
myofascial injury manifests as microtears of myofascial
tissue, inflammatory reactions, and muscle fibre con-
tractions that lead to vasoconstriction and circulatory
disturbances and reduce the ability to remove metabolic
waste, resulting in ischaemia and hypoxia of the muscle
tissue and local oedema, forming a spasm-ischaemia-
pain cycle [3, 4, 10, 11]. The calcium released by injured
muscle combines with ATP, and the abnormal increase in
acetylcholine leads to uncontrolled muscle fibre contrac-
tion, resulting in muscle fibre bundle tension and short-
ening, in turn leading to local metabolic activities that
result in the release of histamine, bradykinin, 5-hydroxy-
tryptamine, prostaglandins, and other substances that
increase sensory nerve fibre sensitivity [3, 12, 13]. Affer-
ent nerves transmit the pain signal to the spinal cord,
producing a central pain signal that increases further
and expands to the adjacent spinal cord segment, result-
ing in referred pain [10]. Simultaneously, macrophages
and fibroblasts within the muscle fascia are activated and
connective tissue proliferates, leading to tissue sclerosis
[10, 14]. This series of changes lead to the formation of
one or more active MTrPs in the muscles, which in turn
leads to MPS pain and dysfunction.

Transcutaneous electrical nerve stimulation (TENS),
extracorporeal shock wave therapy (ESWT), and ultra-
sound (US), are widely used as therapeutic physical
modalities in the clinical treatment of MPS. Clinical stud-
ies have been conducted to demonstrate the positive role
and mechanism of TENS, ESWT, and US in effectively
alleviating the MPS symptoms [3, 7, 13, 15-24]. A com-
prehensive qualitative and quantitative analyses from 9
articles have been performed, demonstrating the positive
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role of TENS in reducing the pain at the MTrPs within
muscle [1]. Similarly, the ESWT has been reported to
activate the regeneration process of structural elements
of the vertical-motor segment by improving the blood
circulation and cell membrane permeability, and ulti-
mately reduce the MPS symptoms [25]. The continuous
US had been proved to be superior to the pulsed US in
relieving resting pain in the patients with MPS [24].

It has been shown that therapeutic physical modali-
ties possibly relieve pain by increasing blood perfusion
and blood oxygen supply in ischaemic tissues, reduc-
ing hyperalgesia in the peripheral and central nerves,
and decreasing involuntary muscle contractions [2—43].
However, heterogeneous study design and various kinds
of therapeutic physical modalities make it difficult to sys-
tematically analyse and evaluate the safety, efficacy and
protocol of therapeutic physical modalities in the treat-
ment of MPS. Therefore, this study aimed to provide a
comprehensive systematic review of therapeutic physical
modalities in the treatments of MPS; and to objectively
evaluate the safety, efficacy, protocol, parameters, and
possible mechanisms for MPS. This review will provide a
research foundation for the clinical application of TENS,
ESWT, US, transcranial direct-current stimulation
(tDCS), laser, and biofeedback in the treatment of MPS.

Therefore, the main research question for this sys-
tematic review was as follows: Are therapeutic physical
modalities safe and effective for the treatment of pain and
dysfunction in patients with MPS? What are the optimal
treatment protocol and parameters? and what are the
therapeutic mechanisms related to MPS?

Material and methods

The study protocol was finalised a priori by all authors,
and the objectives, electronic search strategy, study
inclusion/exclusion criteria, data collection, outcomes
of interest, and analytical approaches were defined. This
systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement.

Search strategy

A comprehensive bibliographic search was performed
of Medline (PubMed), Cochrane Central Library,
Embase, and CINAHL for suitable articles published
between inception and 30 October 2022. The follow-
ing medical subject heading terms (MeSH) and free
words were used in combination with Boolean opera-
tors (AND, OR, NOT): myofascial pain syndrome, elec-
tric stimulation therapy, transcutaneous electric nerve
stimulation, hydrotherapy, phototherapy, laser therapy,
ultraviolet therapy, neurofeedback, transcranial direct
current stimulation, magnetic field therapy, ultrasonic
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therapy, extracorporeal shock wave therapy, traction,
and compression. Two independent reviewers screened
the titles and abstracts of the articles retrieved in the ini-
tial search and then reviewed the full texts of potentially
eligible studies. Discrepancies between reviewers were
resolved through discussion, and a final decision was
reached by consensus with a third reviewer. The refer-
ence lists of the included studies were manually searched
for additional potentially relevant studies.

Study types

Randomised controlled trials (RCTs) that investigated
the effects of therapeutic physical modalities on MPS
were included in this review. Only studies published in
English were included in this review. Systematic reviews,
crossover trials, case—control studies, cohort studies, and
controlled studies were excluded.

Inclusion and exclusion criteria

All controlled clinical experiments published in English
of the therapeutic physical modalities involved in treat-
ing MPS were included in this systematic review. The
exclusion criteria were as follows: (1) uncontrolled study
design; (2) chronic widespread pain, radiculopathy, or
other neurological disorders; (3) irrelevant topic, clinical
trials, reviews and meta-analyses, editorials, perspectives,
and letters to the editor; (4) no outcomes of interest; and
(5) animal studies.

Type of intervention

The intervention was included as follows: (1) ESWT, (2)
laser therapy, (3) TENS, (4) ultrasound (US), (5) tDCS,
(6) biofeedback, (7) traction, (8) far-infrared ray (FIR), (9)
transfer energy capacitive and resistive (TECAR) therapy,
and (10) whirlpool bath.

Outcome measures

Outcome measures included the following: (1) visual
analogue scale (VAS) score; (2) pain pressure threshold
(PPT); (3) neck range of motion (ROM); (4) Disabilities
of the Arm, Shoulder, and Hand score; (5) Neck Disability
Index (NDI); (6) Medical Outcomes Study 36-item Short
Form health survey (SF-36); (7) Beck Depression Inven-
tory score; (8) Beck Depression Questionnaire score; (9)
Pittsburgh Sleep Quality Index; (10) Nottingham Health
Profile; (11) 4-item Likert scale score; (12) Neck Func-
tionality Impairment score; (13) QOL; (14) Numerical
Rating Scale (NRS) score; (15) surface electromyography
(SEMG); (16) Patient Global Impression of Improvement;
(17) Functional Assessment of Chronic Illness Therapy;
(18) severity of palpable muscle spasm (five-step scale)
score; (19) Neck Pain and Disability Scale score; (20)
Short Form McGill Pain Questionnaire score; (21) MTrPs
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activation degree; (22) maximal pain tolerance; (23) lunge
test score; and (24) absolute temperature.

Results

Study characteristics

A flowchart of the literature identification and selection
process is shown in Fig. 1. The initial literature search
yielded 761 potentially relevant records, of which 219
were excluded. After the title and abstract screening, 63
records remained and were subjected to full-text evalua-
tion. Ultimately, 25 studies were included in this system-
atic review.

Data extraction and tabulation

The following data were extracted (Table 1): year of pub-
lication, country, author, sample size (number, sex), mean
age, modalities, parameters (frequency, intensity, pulse
width, wavelength, time, temperature, and depth), num-
ber of sessions, region treated, outcome measures, and
findings. Four reviewers independently completed the
data extraction. The outcomes of interest were extracted
for the initial time point after all treatments were finished
once a series of assessments were performed. This review
used mean and standard deviation in the presentation
of results. This review used T-test to assess certainty (or
confidence).

Risk of bias

Three reviewers independently assessed the risk of bias of
the included studies without author or journal blinding.
Risk of bias was determined using parameters outlined in
the Cochrane Handbook for Systematic Reviews. Selec-
tion, performance, detection, attrition, reporting, and
others were assessed and rated as low, unclear, or high
risk of bias. A low risk of bias was assigned if the authors
described their methodology toward mitigating the item
of interest; an unclear risk of bias was assigned if the
authors did not discuss the item; and a high risk of bias
was assigned if the authors reported a limitation of the
item of interest or the reviewer saw a way the bias could
affect the results. For “performance bias,” it is difficult to
implement blind intervention measures for subjects and
researchers because of the particularity of therapeutic
physical modalities. Therefore, if the evaluator was unaf-
fected by the unblinding or imperfect blinding method
when judging the outcome, a low-risk rating was given.
Table 2 shows the details of each included trial.

Outcomes of interest

Extracorporeal shock wave therapy

Six studies used ESWT [3, 7, 13, 15-17]. Three of them
used only low-energy ESWT, [3, 13, 17] two used high-
energy ESWT, [7, 15] and one used both [16]. In six
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Duplicates excluded
(n=219)

Records excluded (n=479) with reasons:
- Not relevant (n=406);
- Not Clinical trial (n=2);
- Not English language (n=40);
- Not full-text(n=4)
- Conference, abstract, review (n=27)

Records excluded (n=37) with reasons:
- Not relevant (n=25);
- Not control study (n=10);
- Animal study (n=1);
- Conference, abstract, review (n=1)

Fig. 1 Flow diagram of the literature search and included studies

studies, the VAS score and NDI of the ESWT group were
significantly decreased versus baseline. Park et al. showed
statistically significant improvement in neck flexion and
extension in the high-energy ESWT group only [16].

ESWT effectively treats MPS. Five articles have studied
whether ESWT is superior to other treatments. Marta
et al. and Omer et al. reported that ESWT had more
advantages than low level laser therapy(LLLT) and the
combination of hot pack, TENS and US in area SF-36
[7, 15]. Umit et al. and Rahbar et al. also indicated that
ESWT was superior to kinesiological taping (KT) and US
in relieving pain severity [3, 13]. Apart from the above
four studies, only one study reported that ESWT and
acupuncture both achieved significant improvements in
VAS, PPT and NDI areas, but no significant difference
between them [17].

Some researchers compared the therapeutic effects of
ESWT at different intensities. Park et al’s study found
that high-energy EWST is superior to low-energy ESWT
in neck flexion and neck function improvement [16].
However, the results are only low effect quantities (0.47,
0.41). Sugawara et al. reported that radical ESWT had
the best therapeutic effect on the MPS patients with
severe pain (VAS score>70 mm) at high frequency
(>15 Hz) [27]. Merzgnaslan et al. confirmed that high-
energy ESWT is more effective than the combination
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of hot pack, TENS, and US, especially according to the
SE-36 [7].

The treatment parameters of ESWT included: treat-
ment intensity, 0.056-0.25 mJ/mm? 1000-2500 pulses;
and 3-15 treatment sessions. The mechanism of ESWT
in relieving MPS pain may include aiding blood vessel
reconstruction, increasing blood perfusion and tissue
oxygen saturation, changing the pain signal in ischaemic
tissue caused by calcium inflow [3, 7, 12, 13, 15-17, 28]
by causing transient dysfunction of nerve excitability at
the neuromuscular junction through selective partial
denervation (degeneration of the acetylcholine receptor
in free nerve endings), [7, 16, 17] stimulating fibroblast
production within connective tissues such as tendon liga-
ments and fascia, stimulating the release of local growth
factors and promoting the repair of damaged tissues, [3,
15, 27] and reducing musculoskeletal pain by reducing
substance P (Neurokinin P) production in the dorsal root
ganglia [7].

Laser therapy

Four studies investigated the effect of laser irradiation
on MPS [6, 18, 29, 30]; all included sham laser as a con-
trol. One study included 1 treatment session, while the
rest included 10-15 treatment sessions [30]. Chang
et al. reported that the improved changes in VAS and
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ROM of cervical ipsilateral flexion and rotation caused
by a single LLLT treatment applied to myofascial trig-
ger points [30]. The remaining three studies reported
that pain in the LLLT treatment group was significantly
reduced, [6, 18, 29] while two trials reported significant
intergroup differences [6, 29]. One study evaluated the
effectiveness of high-intensity laser therapy and sham
laser therapy in female patients with chronic MPS of the
trapezius muscle [29]. Significant post-treatment intra-
and intergroup differences were noted in pain, NDI, and
SE-36 scores in high-intensity laser group. LLLT was
used in other three studies, and significant within group
differences were observed in PPT and pain [6, 18, 30].
At the same time, LLLT was superior to US and intra-
muscular electrical stimulation, but no significant dif-
ference was noted in pain score or PPT when LLLT was
used on different points (acupoints and MTrPs).

The treatment parameters of the laser therapy
were as follows: frequency, 553~5000 Hz; wave-
length, 670~904 nm; intensity, 0.025~9 J/cm? time,
40 s ~ 10 min for each point; and treatment session, 1-15
times. The laser induces photochemical and photother-
mal effects on the surface or deep tissues, thus increas-
ing local microcirculation to increase the oxygen supply,
expedite the elimination of local metabolites, and relieve
pain [6, 29]. Improving B-endorphin precursor mRNA
expression achieves an analgesic effect in inflamed
peripheral tissues [31]. Animal studies showed that LLLT
at 4.5 J/cm? diminished tumour necrosis factor-a lev-
els in the tissue and cyclooxygenase-2 (COX-2) expres-
sion in the muscle, while LLLT at 27 J/cm? increased the
B-endorphin precursor level in the serum, dorsal root
ganglia, and muscle [32]. It also reduced COX-2 mRNA
and c-Fos expressions in the central nervous system
(CNS), reduced hyperalgesia, and relieved pain [33, 34].

Transcutaneous electrical nerve stimulation

Four studies explored the effect of TENS on MPS of
the superior trapezius muscle [19-22]. All studies
included a control group. The neck ROM of the four
studies was significantly improved; three reported sig-
nificantly improved intra- and intergroup pain, [19-21]
the intragroup PPT of three studies decreased signifi-
cantly [19, 21, 22]. Electrical stimulation is effective at
different frequencies, but low-frequency, high-inten-
sity TENS more effectively affects pain sensitivity and
ROM of MPS patients than other electrical stimula-
tion treatments. Ebadi et al. compared the therapeutic
effects of acupuncture-like TENS (AL-TENS), char-
acterised by low frequency and high intensity, with
conventional TENS (C-TENS), characterised by high
frequency and low intensity, and reported that both
can relieve pain and pressure thresholds and improve
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functional performance for up to 3 months; only
AL-TENS improved neck lateral flexion ROM [19].
Klamakn et al. studied the therapeutic effects of low-
frequency, high-intensity burst TENS and medium-fre-
quency, low-intensity amplitude-modulated frequency
(AMF) combined with US and confirmed their efficacy
for decreasing PPT and increasing neck lateral flex-
ion ROM [22]. The PPT and ROM in the burst TENS
group were approximately twice and 1.4 times those of
the AMF group, respectively. The difference were high
effect quantities(0.89, 0.86, 0.89). Dissanayaka et al. also
reported that the patients with MPS has experienced
greater improvement of pain and physical function in
the TENS group than in the interferential therapy (IFT)
group [20]. Although the similar mechanisms exist in
TENS and IFT, one possible reason for the better effect
of the former was that its electrodes were placed on
MTrPs, whereas those of the latter were placed around
MTrPs, which might reduce the current density trans-
mitted to MTrPs. Furthermore, Ahmed et al. indicated
that a single treatment of TENS with longer than 15 min
would be more effective than those with a short treat-
ment time [1]. Apart from the above three studies, only
one study reported no advantage of TENS over kinesio-
logical taping in the treatment of MPS [21].

The summarised treatment parameters of TENS
were as follows: frequency, 5~100 Hz; pulse width,
80 ps to 100 ms; treatment duration, 10—30 min; and
number of treatment sessions, 5~12. According to
International Association for the Study of Pain classi-
fication, TENS is divided into C-TENS and AL-TENS.
C-TENS stimulates large, low-threshold afferents to
inhibit second-order nociceptive transmission cells
for a few minutes, whereas AL-TENS activates high-
threshold afferents, suppressing central nociceptive
transmission for at least 1 h [19, 20, 22]. Studies con-
firmed the mechanism of central analgesia; namely,
TENS significantly decreased substance P overexpres-
sion, enhanced MOR expression in the parabrachial
nucleus, and elevated c-Fos expression in the rostral
ventromedial medulla [21, 35].

Ultrasound

Three studies explored US efficacy for treating MPS;
all included a sham US group [18, 23, 24]. All studies
reported that low-intensity US could significantly reduce
the pain of MPS, and two reported significant inter-
group differences [23, 24]. Kavadar et al. and Manca et al.
reported significant intragroup differences in pain pres-
sure threshold [18, 23]. Ilter et al. compared the thera-
peutic effects of continuous and pulsed US and found
the superior effect of continuous one on the reduction of
resting pain [24].
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Table 2 Risk of bias of included study

Study selection bias performance detection bias attrition bias  reporting bias other bias final judgment
bias

random allocation Blinding of Blinding of Incomplete selective

sequence hidden patientsand  outcome result data reporting

generation trial staff assessors
Omer - - ? - - - - certain risk
GEZGINASLAN2020
(7]
Marta Kirdly 2018 - - - - - - - low risk
[15]
Ki Deok Park 2018 - + - - - - ? high risk
[16]
Shuo Luan2019[17] - - - - - - ? certain risk
Mohammad Rah- - - - - - - - low risk
bar2020 [13]
Umit Yalgin 2020 3] ? ? ? ? - - ? certain risk
Ahmet Sumen - ? ? - - - - certain risk
2015 [6]
Umit Dundar 2015 - ? - - - - - certain risk
[29]
Wei-Han - - - - - - ? certain risk
Chang2020 (30]
AManca2014 [18] - - - - - - ? certain risk
Thusharika Dilrukshi - ? - - - - ? certain risk
Dissanayaka 2016
[20]
Gokmen Azatcama - ? ? - - - - certain risk
2017 [20]
Safoorakbadi2021 - - - - - - - low risk
(19
Mary Kamal Nassif - - - - - - - low risk
Takla2018 [22]
Mary Kamal Nassif - - - - - - ? certain risk
Takla2018 [2]
GuliskavaDaR2015 - - ? - - - ? certain risk
[23]
Leman llter 2013 - - - - - - - low risk
[24]
PiyaraidSakrajai2013  ? ? ? ? - - ? certain risk
[36]
Yoon-Hee Choi, MD - - - ? - - - low risk
2014 [37]
Jingyun Xu 2021 - - - ? - - ? certain risk
[38]
Fariba Eslamian - - - - + - ? high risk
2020 (8]
Ibrahim M. Moustafa - - + ? - - ? high risk
2018 [39]
Yen-Ting Laia 2017 - - - - + - ? high risk
[40]
Mireia Yeste-Fabre- - - - - - - ? certain risk
gat 2021 [41]
Sang Heelm 2013 ? ? ? ? ? - ? certain risk
9

Note: +, low risk of bias; -, high risk of bias; ?, unclear risk of bias
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The treatment parameters of US were as follows: fre-
quency, 1-3 MHz; intensity, 1-1.5 W/cm? and number
of treatment sessions, 10-15. US can relieve MPS pain
by increasing the permeability of blood vessels and cell
membranes and promoting angiogenesis and microcir-
culation, thus promoting muscle relaxation and increas-
ing connective tissue extensibility [2, 24]. Furthermore,
the analgesic effect of US on MPS may be attributed to
the modulation mechanism of central nervous pathway.
Nitric oxide (NO) and NO synthase (NOS) play roles in
promoting central sensitisation mechanisms and inflam-
matory hyperalgesia [23]. With the influence of persistent
nociceptive input, the number of neuronal nitric oxide
synthase like neurons(nNOS-LI) neurons increases in
the dorsal horns of spinal cord, resulting in increased NO
and substance P synthesis. This process could be inhib-
ited by US, with the obvious decrease of nNOS-LI in the
dorsal horns and thus pain relief.

The study also clarified the therapeutic mechanism of
phonophoresis and US combined with TENS. Phono-
phoresis has an US-like effect that also increases stra-
tum corneum permeability based on the thermal effect
of US, promotes drug diffusion on the skin’s surface,
and increases drug absorption by the skin and deep tis-
sues [2, 23, 24]. US decreases the resting potential of
the nerve cell membrane, resulting in increased per-
meability to sodium and calcium ions and bringing the
nerve membrane closer to the depolarisation point, but
the nerve fails to fire. The simultaneous application of
TENS through partially depolarised nerves induces
further depolarisation, inducing action potentials. The
application of TENS through partially depolarised
nerves induces further depolarisation, inducing action
potentials [2, 22].

Transcranial direct-current stimulation

Two studies investigated the effectiveness of tDCS at
relieving pain in the patients with MPS [36, 37]. In both
studies, pain in the tDCS stimulation groups was signifi-
cantly decreased, but it did not change significantly com-
pared to sham tDCS. At the same time, tDCS stimulation
of the dorsolateral prefrontal cortex more effectively
relieved pain than that of the M1 cortex [37].

The summarised tDCS treatment parameters were:
intensity, 1-2 mA; treatment duration, 20 min; and 5
treatment sessions. The therapeutic mechanism of tDCS
in MPS may be associated with reversal of the central
pain pathway by regulating cortical plasticity [37]. One
study proposed that patients with chronic pain may have
intrinsic cortical inhibition defects [36]. Moreover, tDCS
induces a weak constant current that changes the resting
membrane potential and increases the overall discharge
activity in the cortex area immediately below the anode
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electrode. Therefore, tDCS may promote the activities
of brain regions that suppress pain signals. Active tDCS
may also increase synaptic transmission through the
N-methyl-p-aspartate (NMDA) receptors [36].

Biofeedback

Two studies investigated the effect of biofeedback on
MPS; however, neither included a sham treatment group
as a control [8, 38]. Both reported that the biofeedback
and its combination with other treatments could sig-
nificantly reduce the pain, improve the muscle function,
and increase the NDI and neck ROM in the patients with
neck and pelvic floor MPS [8, 38].

The summarised parameters of biofeedback were as
follows: treatment time, 20~30 min; and number of
treatment sessions, 6~ 14. Biofeedback therapy has the
advantage of reducing the involuntary muscle contrac-
tion, improve the uncoordinated muscle movement,
and enhance the muscle strength to relieve fatigue and
improve joint mobility.

Traction

Traction for MPS was used in one study. Researchers
applied neck traction in patients with chronic MPS for
2~3 min and increased it by 1 min per session until it
reached 20 min [39]. After treatment, significant inter-
group differences were noted in the PPT and neck ROM.
Immediately post-treatment and after 1-year follow-up,
significant differences in NRS, NDI, PPT, and neck ROM
were noted.

This study also reported that long-term abnormal pos-
ture can cause MPS. Changes in the sagittal-plane arrange-
ment of the vertebral bodies may cause abnormal stress
and strain, leading to early and accelerated muscle, liga-
ment, bone structure, and nerve degeneration, thus causing
chronic MPS. Traction can restore normal vertebral align-
ment, positively impacting pain, function, and mobility.

Far-infrared ray

Lai et al. studied the effect of FIR and placebo patches
on MPS, and the intervention group received 24-h treat-
ment at an intensity of 0.038 w/cm? [40]. The VAS scores
were similar between groups; however, only the PPT and
maximal pain tolerance of the FIR intervention group
decreased significantly post-treatment. FIR leads to
vasodilatation, improves metabolism, reduces blood and
body fluid viscosity, and increases pain threshold through
thermal effects. Therefore, its ability to relieve MPS pain
and tissue adhesion is essential.

Transfer energy capacitive and resistive therapy
One study focused on the immediate effects of TECAR
therapy on skin temperature, ankle joint mobility, and
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hyperalgesia in MPS patients [41]. Patients with gastroc-
nemius MPS were treated; of them, 15 in the interven-
tion group were given TECAR therapy at a frequency of
500 MHz, intensity of 40%, and treatment duration of
25 min, while 17 in the control group were treated with
sham TECAR therapy. The absolute body temperature
was significantly higher in the intervention versus control
group. However, there were no significant intergroup dif-
ferences in lunge test or VAS score. Therefore, the effect
of TECAR therapy for MPS requires further study.
TECAR therapy can reportedly reduce pain in patients
with osteoarthritis [42]. The main mechanism of TECAR
therapy is that the interaction of radiofrequency currents
with biological structures increases the endogenous tem-
perature, and the generated thermal effect can alleviate
pain by promoting the vasodilation of tissues affected by
pain mediators such as bradykinin, serotonin, and pros-
taglandins while reducing muscle spasm, accelerating cell
metabolism, and increasing soft-tissue extensibility.

Whirlpool bath

One study compared the efficacy of a whirlpool bath and
hot pack on MPS. The intervention group was treated
with 6 sessions of a 32 ~ 36 °C whirlpool bath for 30 min
[9]. The control group received a standard hot pack for
30 min. Pain and anxiety was improved significantly in
the intervention group; however, no significant inter-
group difference in QOL improvement was noted. Warm
and hot water whirlpool baths have thermal and mechan-
ical effects that can close the pain gate and relieve pain
through gentle mechanical stimulation [43].

Discussion

Therapeutic physical modalities are widely administered
to treat MPS in clinical settings. This review examined
the RCTs of therapeutic physical modalities in the treat-
ment of MPS to confirm its safety and effectiveness,
mechanism, optimal treatment protocol and parameters.
The studies included in this review involve ten kinds of
therapeutic physical modalities. Owing to the hetero-
geneity of the included studies, a planned meta-analysis
was impossible. The results of these studies all indicated
that therapeutic physical modalities play a significant role
in promoting pain, joint mobility, psychological state, and
QOL of patients with MPS with no side effects. From
the perspective of pain reduction, the TECAR therapy
has no positive evidence for MPS-induced pain. The
anti-nociceptive effect of tDCS intervention has been
demonstrated, which was associated with the area in the
dorsolateral prefrontal cortex [37]. The continuous US
plays a more positive role in alleviating the resting pain in
the patients with MPS than the pulsed US [24]. Further-
more, the high-frequency ESWT with frequency of more
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than 15 Hz has a better therapeutic effect on the MPS
patients with severe pain (VAS score >70 mm) [27]. From
the perspective of physical function, ESWT has been
found significantly to reduce the NDI score, in which
high-energy ESWT was more effective than low-energy
ESWT for the patients with moderate and high pain
intensity (VAS Score>40 mm) [16]. Among the electri-
cal stimulation treatments, low-frequency, high-intensity
TENS provides greater improvement in the neck ROM,
[19, 20, 22] especially at burst-TENS group.

At the same time, the synergistic effect of therapeutic
physical modalities has been shown in a large number
of included studies. The combined therapeutic physi-
cal modalities therapy had a better therapeutic effect
than the single therapy. Four studies showed that TENS,
EWST, and LLLT combined with exercise were more
effective than exercise alone [3, 6, 13, 21]. Jingyun et al.
showed that the combined therapy of biofeedback, elec-
trical stimulation, and self-myofascial release could sig-
nificantly reduce the pelvic myofascial pain [38]. Mary
et al. also pointed out that the combined therapy of pho-
nophoresis and TENS could obviously reduce the sensi-
tivity of active MTrPs than US or phonophoresis alone
[2]. The therapeutic effect of tDCS plus MTrPs injection
has been found to be better than that of MTrPs injec-
tion alone [37]. However, there are some problems with
existing trials, such as disunity of the combined therapy
and the inconsistency of treatment parameters such as
frequency, intensity, and duration. Therefore, the opti-
mized intervention combination and specific param-
eters of therapeutic physical modalities require further
exploration.

The etiological mechanism of MPS is mainly the symp-
toms of chemical pain, swelling and skin temperature
rise caused by inflammatory reactions such as ischemia,
swelling and accumulation of inflammatory mediators
caused by tissue injury [1-5, 10-13]. Then, the involved
pain caused by nerve sensitization, muscle compen-
satory spasm caused by energy crisis, tissue sclerosis
caused by connective tissue hyperplasia, and the clini-
cal symptoms characterized by high irritation nodules
in the muscle tension zone, pain and limited ROM were
formed [1-5, 10-13]. Therefore, improving blood cir-
culation, promoting the metabolism of inflammatory
mediators and eliminating swelling as soon as possible in
the acute stage of inflammation is the key to avoid sub-
sequent nerve sensitization and energy crisis. Chronic
stage can be further treated by regulating nerve conduc-
tion pathway, correcting posture and improving muscle
function. At the same time, the treatment plan should be
set according to the changes of the pathological process
of the disease. Different kinds of therapeutic physical
modalities have different mechanisms in treating MPS,
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but they all achieve therapeutic effects by increasing
blood perfusion and blood oxygen supply in ischemic
tissues, reducing hyperalgesia in peripheral and central
nerves, and improving involuntary muscle contraction
(3,7, 13, 15-24].

Because of the obvious heterogeneity of the included
studies, we could not draw a set of standardised treatment
prescriptions; rather, we could only summarise some com-
monalities between clinical medical staff and research-
ers’ references. Low-frequency, high-intensity TENS with
a frequency of 2—4 Hz for a duration longer than 15 min
and tDCS are used to reduce peripheral and central nerv-
ous hyperalgesia [19-22, 36, 37]. Using continuous US to
relieve resting pain [18, 23, 24]. Traction is used to improve
the influence of abnormal stress and strain on muscles and
other tissues [39]. Using biofeedback to improve invol-
untary muscle contraction [8, 38]. The mechanical stress
effect and cavitation effect of ESWT make blood vessels
and soft tissue cells undergo the process of collapse and
regrowth [3, 7, 13, 15-17]. Therefore, the symptoms of
patients at the initial stage of treatment will be aggravated
due to the new inflammatory reaction, and it is suitable for
patients with chronic inflammatory phase and lingering.
Wax therapy, Laser, hot pack, warm-heat diathermy, warm
or hot water whirlpool bath etc. are used to improve blood
perfusion and blood oxygen supply of ischemic tissue,
relieve muscle spasm, loosen tissue viscosity and improve
joint mobility in chronic stage. On the basis of the included
studies, therapeutic physical modalities intervention is
recommended to combine with exercise, manipulation,
and MTrPs injection. Although the clinical mechanisms
of various therapeutic physical modalities treatments for
MPS have been clarified, only ESWT, TENS, and LLLT
have been proven in animal studies, while basic research
on other treatments is still lacking.

The included studies in this review have been analysed
and its clinical trial design requires further improve-
ment. First of all, different treatments and parameters
should be set for patients at different stages of tis-
sue repair. However, the existing studies rarely screen
patients at the same stage to observe the therapeutic
effect, and do not adopt different treatment parameters
for patients at different stages. Therefore, the conclu-
sion of the article should be carefully adopted in clini-
cal practice, and a more accurate experimental design
is also needed. In the second place, most studies paid
insufficient attention to whether the therapeutic effect
can be maintained long term. Only 14 of the 25 RCTs
examined the long-term effects (including follow-up
periods of 1 week, 2 weeks, 1 month, 3 months, and
1 year). The rest of the clinical studies only observed
the immediate treatment effect. In contrast, Sakra-
jai et al. reported that the significant difference in pain
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between groups disappeared in the second week of
follow-up [36]. The reason for the relatively short dura-
tion of treatment effect may be that it is affected by the
placebo effect, which is not the best treatment prescrip-
tion, and the longest expected benefit duration of tDCS
(without intensive treatment) may be 1-2 weeks. There-
fore, it is necessary to observe long-term therapeutic
effects. Thirdly, the influence of therapeutic physical
modalities on the psychological state, sleep, and QOL
of patients with MPS was less involved in these RCT
studies. The main symptoms of MPS are pain and lim-
ited joint mobility. Patients with MPS often have psy-
chological problems such as anxiety, depression, and
disordered sleep, which significantly reduces the QOL
[44]. However, only 6 studies in this review focused on
QOL, 4 focused on psychological state, and 1 focused
on sleep. It is necessary to objectively evaluate the MPS
patients’ psychology, sleep, and other aspects after a
long-term duration of therapeutic physical modalities
intervention. Finally, the therapeutic effect of therapeu-
tic physical modalities may be affected by the patients’
subjective feedback, psychological factors, drugs, accu-
racy of therapeutic operation, or skin sensitivity. More-
over, the PPT, VAS, NRS, and other assessments used in
a large number of studies to assess pain mainly depend
on the patients’ subjective feedback and sensitivity [18].
Manca et al. reported no advantage of the intervention
over placebo, so the therapeutic effect might be influ-
enced by psychological factors [18, 45]. Some patients
in the Xu et al. study were taking analgesics and muscle
relaxants simultaneously, which may have also affected
the research results [38]. Sakrajai et al. reported that
tDCS therapeutic electrode accuracy affects the area
outside the M1 cortex and subsequently affects the
therapeutic effect [36]. Lai et al. reported that the pre-
treatment evaluation showed that the PPT was posi-
tively correlated with the maximum pain tolerance, so
the worse the skin sensitivity and the higher the age,
the higher the PPT values and maximum pain tolerance
[40]. However, studies are lacking on the effects of ther-
apeutic physical modalities on MPS in the patients with
different skin sensitivities and ages. Future research is
warranted to different pathological stages and conduct
a long-term follow-up to clarify the long-term curative
effect of therapeutic physical modalities, and its rele-
vant impact factors.

Conclusion

The present articles showed that therapeutic physical
modalities effectively improve the pain, PPT, ROM and
QOL of patient with MPS. This review summarized the
types, methods and parameters of therapeutic physical
modalities for MPS, which provides evidence for clinical
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application. However, there are a series of problems in
existing research, such as inconsistent treatment pre-
scriptions and parameters and insufficient sample sizes.
At the same time, research on magnetic, wax, and other
therapeutic physical modalities treatments for MPS
is lacking. Future clinical research should focus on the
optimized treatment parameters of therapeutic physi-
cal modalities in different inflammatory stages and the
combination therapy to construct the significant treat-
ment prescription for MPS clinical reference. It is also
necessary to pay attention to the psychology, sleep, skin
sensitivity, long-term efficacy, and other factors of MPS
and expand the sample size for further research. Finally,
basic research is needed to clarify the mechanisms of
different treatments of therapeutic physical modalities.
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