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Objective: The objective of this review was to assess the therapeutic effect of ultrasound (US) 

on myofascial pain syndrome (MPS).

Date sources: PubMed, Embase, and Cochrane Library were searched to find relevant studies 

from January 1966 to May 2016 using keywords. Four investigators performed the data extraction.

Study selection: Randomized controlled trials (RCTs) investigating the outcomes of pain 

and physical function between MPS patients receiving and not receiving US were selected by 

two researchers independently.

Data extraction: Data were extracted from the RCTs. Risk of bias and study quality were 

evaluated following the recommendations of Cochrane Collaboration. Standardized mean dif-

ference (SMD) and 95% confidence interval (CI) were calculated.

Data synthesis: A total of 10 studies involving 428 MPS patients were included. US therapy 

significantly reduced pain intensity (SMD [CI]=−1.41 [−2.15, −0.67], P=0.0002) and increased 

pain threshold (SMD [CI]=1.08 [0.55, 1.60], P<0.0001), but had no significant effect on cervi-

cal range of motion (ROM) of lateral flexion (SMD [CI]=0.40 [−0.19, 0.99], P=0.19), rotation 

(SMD [CI]=0.10 [−0.33, 0.52], P=0.66), or extension or flexion (SMD [CI]=0.16 [−0.35, 0.68], 

P=0.53). Heterogeneity between studies was mainly attributed to differences in the follow-up 

time, parameter of US, course of treatment, and the control group. The overall risk of bias from 

the included studies was high, and the evidence proving these effect calculations were assessed 

as low quality.

Conclusion: Owing to the high risk of bias and the across-trial heterogeneity of the studies, the 

current evidence is not clear enough to support US as an effective method to treat MPS. Clinical 

trials with methodological rigorousness and adequate power are needed to confirm it in the future.
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Introduction
Myofascial pain syndrome (MPS) is a local syndrome featured with pain, muscle 

spasm, oversensitivity, and restricted range of motion due to trigger points (MTrps) on 

constricted fibers of muscles and fasciae.1,2 MPS is the most common cause of back 

pain, shoulder pain, tension-type headache, and regional pains (e.g., facial pain).2 It 

is one major cause of musculoskeletal system disability as it occurs in 37% of males 

and 65% of females at age 30–60 years.3

Owing to stiff trapezius muscles in most cases, the most common complaint in MPS 

patients is neck and upper back pains. Although mechanical, nociceptive, and genetic 

pathologies and primary muscle dysfunctions play a role in the pathogenesis of MPS, the 

exact mechanisms are still unknown.4,5 Therefore, MPS is refractory and the outcomes may 
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not always be satisfactory. The therapeutic goals are pain elimi-

nation, trigger point deactivation, and release of tight muscle 

bands. The common methods for the management of MPS are 

nonsteroidal anti-inflammatory drugs, exercise, acupuncture, 

trigger point injection, heat packs, and electrotherapy.6,7

Ultrasound (US) has been widely popularized and 

recognized as a non-invasive treatment in the clinical and 

physiotherapy fields. US is composed of piezoelectric crys-

tals that use high-frequency alternative current to transform 

electrical energy to mechanical oscillation energy.8 The 

thermal and non-thermal effects of US would transiently 

increase the flexibility of tendons, ligaments, and joint cap-

sules, which consequently decreases joint stiffness, pains, 

and accompanying muscle spasm and temporarily increases 

blood flow.9 The evidences on the effects of US on MPS are 

still controversial. Some studies demonstrate that the use of 

US for MPS considerably relieves pain intensity in the upper 

trapezius muscles (uTMs),10,11 but other studies do not show 

any obvious effect on pains or superiority over placebos.12,13

Because of the existence of conflicting evidences and as 

no available reviews or meta-analyses were done before, it 

is necessary to reevaluate the existing evidences. Regarding 

these studies, we comprehensively searched the literature and 

evaluated the effectiveness of US on pain relief and physical 

improvement in MPS patients.

Methods
This meta-analysis was completed in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines.14

Literature search
Two authors (PX and XW) searched through PubMed, Embase 

and Cochrane Library using keywords and text words related 

to US, MPS, relevant interventions, and randomized con-

trolled trial (RCT; Supplementary material). The date of the 

electronic search was from January 1966 to May 2016. The 

references of relevant studies and reviews were also searched.

Inclusion criteria
First, two authors (PX and XW) independently checked the 

abstract and full text of each retrieved article. Any divergence 

was settled through discussion or consultation with another 

author (XL). The inclusion criteria were as follows: 1) study 

design RCT; 2) inclusion of MPS patients; 3) US therapy; 4) 

report of pain and range of motion (ROM) outcomes; and 5) 

follow-up for 0 or 12 weeks. Any trial with unbalanced extra 

modality (e.g., education or exercise) between patients and 

controls was excluded.

Data collection and analysis
Two authors (QL and KC) independently extracted data from 

the published reports using a standard data extraction form 

from Cochrane Collaboration.15 They reviewed the study 

population, types of intervention, outcome measurements, 

and follow-up. Disagreements were resolved by discussion. 

Any further information required from the original author 

was requested by email.

Risk of bias and quality assessment
Two authors (QL and XL) assessed the methodological qual-

ity of each included study. The risk of bias was evaluated from 

the perspective of randomization rigor, therapy allocation 

concealment, blinding, data completeness, and data reporting 

as recommended by Cochrane Collaboration.16

Based on the objectives of this review, we established the 

risk of bias from the key domains of randomization, data com-

pleteness, blinding, and therapy allocation concealment. The 

risk of bias for each article was rated as low (all key domains 

were adequate), unclear (at least one domain was unclear), 

and high (at least one domain was inadequate). The risk of 

bias across articles was rated as low (all articles had low risk), 

unclear (>75% of articles had unclear or low risk and <25% of 

articles had high risk), or high (>25% of articles had high risk).16

Outcome measures
We primarily aimed to investigate the effectiveness of US 

in pain relief and ROM improvement. The common valid 

reliable scales for pain intensity assessment and monitoring 

included numerical rating scale (NRS) and visual analog 

scale (VAS). They were the primary outcomes in the pain 

assessment. Furthermore, pressure pain threshold (PPT) was 

used in some included studies. Therefore, we also used PPT 

results for the secondary outcome of pain.

In this meta-analysis, the outcome measure for ROM is 

lateral flexion, rotation, flexion, or extension of cervical joint. 

If outcomes were reported at several postintervention time 

nodes in a study, we selected the first and the last measure 

time nodes (week 0 and week 12). The relative therapeutic 

effect was measured by the change in pain and ROM scores 

at the follow-up time node.

Statistical analyses
The effect estimates were pooled by examining the mean 

change from baseline to end point of each group. When no 

standard deviation (SD) of change was available, the SD 

of baseline measure was used for the meta-analysis and 

the data were analyzed on RevMan 5.3.17 The sufficiently 

homogeneous data (clinical and statistical) were  summarized. 
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Continuous data were presented as the standardized mean 

difference (SMD) with 95% confidence interval (CI) based 

on the similarity of the pain and physical function assess-

ment scales. The between-study heterogeneity was measured 

through c2 (P<0.10: heterogeneity) and I2 statistic (I2<40%: 

low, I2≥75%: high).18 In case of high heterogeneity, the 

sources were explored through sensitivity analysis and sub-

group analysis. The outcomes were pooled on random-effects 

models. The significance level was set at P<0.05.

Results
The initial search in May 2016 returned 235 articles ( Figure 1). 

After result combination, removal of duplicates, and review 

of title and abstract, we included 11 full-text articles. One 

article without reporting outcomes of pain or function was 

excluded.8 Finally, 10 studies were included,11–13,19–25 which 

were published between 1997 and 2015. The 10 studies were 

fully analyzed, approved by both reviewers, and the data were 

extracted. In the end, eight studies11,13,19–23,25 were enrolled in 

quantitative synthesis because the other two studies12,24 did 

not provide data of effect size.

Description of included studies
The 10 included RCTs11–13,19–25 involving a total of 428 MPS 

patients are summarized in Table 1. The mean age of patients 

among studies was from 21 to 49 years. Nine studies com-

pared US with sham US, and one study compared US with 

blank control. Four studies11,12,21,24 compared US with placebo, 

Figure 1 Flowchart of study selection
Abbreviation: US, ultrasound.

Records identified through database
searching
(n=235)

Pubmed: 90
Embase: 130

Cochrane Library: 15

Records after
duplicates removed

(n=166)

Records screened
(n=166)

Records excluded (n=155),
with reasons

Full texts excluded (n=1),
with reasonsFull texts assesed for

eligibility
(n=11)

Studies included in
qualitative synthesis

(n=10)

Studies included in
quantitative synthesis

(meta-analysis; 
n=8)

- Animal experiment
- Not US therapy
- Without placebo or control group
- Case report
- Meeting abstract
- Review

- Without pain or function
  assessment
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which included co-intervention such as standard stretching 

and ROM exercises.

Table 1 summarizes the US therapy characteristics of 

the included studies. The parameter of US was used with 

pulsed mode (four studies),12,20,22,24 continuous mode (four 

studies),11,23–25 and unclear mode (three studies).13,19,21 The 

course of the treatment was once in three studies13,19,20 and 

six to 15 sessions in the other seven studies.11,12,21–25

Risk of bias and quality assessment
The risk of bias was low for three studies,23–25 unclear for four 

studies,11,19,21,22 and high for three studies12,13,20 (Figure 2 and 

Table 1). Thus, the overall risk of bias from the evidence in 

this meta-analysis is high.

The evidences for pain and ROM are rated as low quality 

due to the high risk of bias and the across-trial heterogeneity 

(P<0.1, I2=65–96%; Figures 3A, 4A, and 5A).

Effect of US on pain
The effect of US on pain intensity was evaluated by VAS or 

NRS in eight studies.11–13,21–25 The method and total scores 

of NRS were similar to VAS. Only six studies11,13,21–23,25 were 

included in the meta-analysis because two studies did not 

report data of effect size.12,24 Overall, the application of US 

has significant impact on pain relief at rest or activity condi-

tion (SMD [CI]=−1.41 [−2.15, 0.67], P=0.0002) with a high 

heterogeneity (c2=62.70, P<0.00001, I2=89%; Figure 3A). 

Moreover, a subgroup analysis based on follow-up time 

Table 1 Characteristics of included studies

Reference Groups Balance* n† Age 
(years)

Sex 
(M/F)

BMI 
(kg/m2)

Parameters of 
intervention

Outcomes Test time# Risk of  
bias

Kavadar et al 
(2015)25

G1: CUS
G2: sham

NR 30
29

37.43
35.83

6/24
4/25

23.9
25.2

1.5 W/cm2, 
1 MHz, 6 min, 15 
sessions

VAS (rest, activity), 
PPT, 0–5 scale, BDS

0, 3 months Low

Ilter et al 
(2015)24

G1: CUS
G2: PUS
G3: sham

Exercise 20
20
20

33
32
33

8/12
4/16
6/14

NR 1 W/cm2, 3 MHz, 
5 min, 10 sessions 
(within 2 weeks)

VAS (rest, activity), 
five-step scale, BDS, 
NHP, NPDS

0, 6, 
12 weeks

Low

Manca et al 
(2014)23

G1: CUS
G2: sham

NR 12
12

24.5
26

5/7
6/6

NR 1.5 W/cm2, 
3 MHz, 12 min, 
10 sessions 
(within 2 weeks)

NRS, PPT, cervical 
joint ROM

0, 12 weeks Low

Sarrafzadeh 
et al (2012)22

G1: PUS
G2: blank

NR 15
15

21.47
22.2

Only 
females

20.5
20.4

1.2 W/cm2, 
1 MHz, 5 min, six 
sessions

VAS, PPT, cervical 
joint ROM

0 week Unclear

Ay et al 
(2011)21

G1: US 
(unclear 
mode)
G2: sham

Exercise 20

20

48.8

49.45

5/15

4/16

NR 1.5 W/cm2, 
1 MHz, 10 min, 
15 sessions 
(within 3 weeks)

VAS, PPT, NPDS, 
cervical joint ROM, 
numbers of trigger 
points

0 week Unclear

Dündar et al 
(2010)11

G1: CUS
G2: sham

Exercise 28
27

36.6
35.8

8/20
8/19

NR 1.5 W/cm2, 
1 MHz, 8 min, 15 
sessions (within 
3 weeks)

VAS (rest, activity), 
cervical joint ROM, 
NDI, NHP

0, 12 weeks Unclear

Aguilera et al 
(2009)20

G1: PUS
G2: sham

NR 22
22

39
34.7

10/12
10/12

NR 1 W/cm2, 1 MHz, 
2 min

PPT, cervical joint 
ROM, BEA

0 week High

Srbely et al 
(2008)19

Gl: US 
(unclear 
mode)
G2: sham

NR 25

25

42.9

48.6

10/15

13/12

26.4

23.5

0.52 W/cm2, 
1 MHz, 10 min

PPT 1, 3, 5, 10, 
15 min

Unclear

Gam et al 
(1998)12

G1: PUS
G2: sham

Exercise 18
22

39.5
42

NR NR 3 W/cm2, 100 Hz, 
15 min, eight 
sessions (within 
4 weeks)

VAS (rest, activity), 
numbers of trigger 
points

0, 6 weeks High

Lee et al 
(1997)13

G1: US 
(unclear 
mode)  
G2: sham

NR 26$ 43.7$ 12/14$ NR 0.5 W/cm2, 6 min VAS, PPT, cervical 
joint ROM

0 week High

Notes: *All patients accepted usual care, which was balanced between groups. #0 means at the end of the treatment. $Only data from the whole trial are available. 
†n = number of patients. Age and BMI data are shown as mean.
Abbreviations: BDS, Beck’s depression scale; BEA, basal electrical activity; BMI, body mass index; CUS, continuous ultrasound; F, female; G, group; M, male; NDI, neck 
disability index; NHP, Nottingham health profile; NPDS, neck pain and disability scale; NR, not reported; NRS, numerical rating scale; PPT, pressure pain threshold; PUS, 
pulsed ultrasound; ROM, range of motion; US, ultrasound; VAS, visual analog scale.
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showed a significant difference in favor of US versus non-US 

at week 0 (assessment immediately after treatment), SMD 

(CI)=−0.85 (−1.52, −0.18), P=0.01, and week 12, SMD 

(CI)=−1.48 (−2.92, −0.03), P=0.04, with significant hetero-

geneity (c2=27.97, P<0.0001, I2=82%; c2=24.95, P<0.00001, 

I2=92%; Figure 3B). The high heterogeneity was then assessed 

via sensitivity analysis. After excluding two  studies11,13, the 

use of US still resulted in a significant decrease in pain inten-

sity (SMD [CI]=−1.96 [−2.50, −1.43], P<0.00001) with no 

 heterogeneity (c2=5.12, P=0.16, I2=41%; Figure 3C).

PPT was used for pain assessment in seven studies.13,19–23,25 

All the seven studies were included in the meta-analysis, 

and a subgroup analysis based on follow-up time was 

done. Results showed that US versus non-US significantly 

increased pain threshold at week 0 (SMD [CI]=1.08 [0.55, 

1.60], P<0.0001) with a high heterogeneity (c2=23.59, 

P=0.0006, I2=75%;  Figure 4A). However, no significant 

effect of US on pain threshold was found at week 12 (SMD 

[CI]=0.88 [−0.80, 2.56], P=0.31) with a high heterogeneity 

(c2=11.29, P=0.0008, I2=91%; Figure 4A). The sensitivity 

analysis showed that after the exclusion of two studies,22,25 

the application of US significantly increased pain threshold 

(SMD [CI]=0.71 [0.41, 1.00], P<0.00001) at week 0 with no 

heterogeneity (c2=2.19, P=0.70, I2=0%; Figure 4B).

Effect of US on ROM
The effect of US on cervical joint ROM was assessed in six 

studies,11,13,20–23 and the date of ROM change from baseline was 

extracted. Figure 5 shows the outcomes of meta-analysis for 

cervical joint ROM. The subgroup analysis showed that US or 

US+exercise versus non-US had no significant effect on lateral 

flexion (SMD [CI]=0.40 [−0.19, 0.99], P=0.19), rotation (SMD 

Figure 2 Risk of bias assessment.
Notes: (A) Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies. (B) Risk of bias graph: review 
authors’ judgments about each risk of bias item for each included study.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Low risk of bias Unclear risk of bias High risk of bias

Random sequence generation (selection bias)
Ay et al (2011) 22

D
ündar et al (2010) 11

G
am

 et al (1998) 12

Kavadar et al (2015) 26

Lee et al (1997) 13

Ilter et al (2015) 25

M
anca et al (2014) 24

Sarrafzadeh et al (2012) 23

Srbely et al (2008) 20

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Aguilera et al (2009) 21

A

B

Low risk of bias Unclear risk of bias High risk of bias

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

550

Xia et al

Figure 3 Meta-analyses of US therapy on pain intensity (VAS or NRS).
Notes: (A) SMDs of at rest and activity. (B) SMDs at 0 and 12 weeks. (C) SMDs at rest after excluding two studies.
Abbreviations: CI, confidence interval; IV, inverse variance; NRS, numerical rating scale; SD, standard deviation; SMD, standardized mean difference; US, ultrasound; VAS, 
visual analog scale.

Reference

Rest

Mean
Ultrasound Control

SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
SMDSMD

Reference

12 weeks

Mean
Ultrasound Control

SD Total

122

192 182 100.0%

70 68 33.0%

114 67.0% –0.85 [–1.52, –0.18]

Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

Reference Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

SMD

SMD
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Ultrasound Control SMD

Ay et al (2011)22

Dündar et al (2010)11

Kavadar et al (2015)26
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Manca et al (2014)24
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Test for overall effect: Z=3.75 (P=0.0002)
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[CI]=0.10 [−0.33, 0.52], P=0.66), or extension or flexion (SMD 

[CI]=0.16 [−0.35, 0.68], P=0.53) with or without heterogene-

ity present (c2=22.32, P=0.00005, I2=78%; c2=1.10, P=0.30, 

I2=9%; c2=1.58, P=0.21, I2=37%; Figure 5A). The sensitivity 

analysis showed no significant difference between US and non-

US at lateral flexion (SMD [CI]=0.09 [−0.20, 0.38], P=0.54) 

with no heterogeneity (c2=2.19, P=0.70, I2=0%) after exclusion 

of one study23 (Figure 5B).

Discussion
To our knowledge, this is the first systematic review com-

prehensively evaluating the effects of US therapy on pain 

and ROM of MPS patients. The overall results indicate that 

US is effective in pain relief, but not in ROM improvement. 

However, due to the high risk of bias and the across-trial 

heterogeneity of the studies, the current evidence is not clear 

enough to support US as an effective method to treat MPS.

In the past years, the treatment of MPS was always a difficult 

problem. Since the etiology of MPS is unknown, the treatment 

protocols mostly target at symptoms. The physical treatment 

modalities are aimed at relax of rigid bands, inactivation of trig-

ger points, and regulation of predisposing factors.26,27 Although 

US is commonly used for physical therapy, two reviews found 

insufficient evidence that US is more therapeutically effective 

than placebo on musculoskeletal problems.28,29 Some meta-

analysis and systematic reviews state that comparison of find-

ings is complicated due to technical differences in the dose of 

US, treatment duration, the area and type of the treated tissue, 

and combination of US with other treatment types.28,30

In recent years, US has been applied in MPS treatment. 

Some clinical trials prove the benefits of US for MPS 

patients,11,19–25 but other studies indicate that US has no sig-

nificant effect on MPS.12,13 Furthermore, there is a lack of 

large-scale RCTs. The effect of US on MPS is not conclusive 

due to the small number of investigated patients. As we know, 

the present review involving 10 RCTs aimed to uncover the 

effect of US on MPS. This review and meta-analysis has 

some strengths, such as transparent comprehensive search, 

Figure 4 Meta-analyses of US therapy on pain threshold (PPT).
Notes: (A) SMDs at 0 and 12 weeks. (B) SMDs at 0 week after excluding two studies.
Abbreviations: CI, confidence interval; IV, inverse variance; PPT, pressure pain threshold; SD, standard deviation; SMD, standardized mean difference; US, ultrasound.
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independent and duplicate study inclusion and data collec-

tion, and the use of standard meta-analytic techniques for 

effectiveness evaluation. A total of 10 studies exploring the 

effects of US on MPS were included in this review. The risk 

of bias was low in three studies, unclear in four studies, and 

high in three studies.

MPS is typically manifested as deep somatic intensity-

varying pains that are tensive, constrictive or cramp-like, 

or well discriminated, and its onset is sudden or gradual, 

continuous or intermittent, and at rest or only during 

 movement.31,32 Eight studies11–13,21–25 used VAS or NRS to 

evaluate pain intensity, but only six studies were incorpo-

rated into the meta-analysis. The estimates of meta-analysis 

suggested that US has a significant benefit on pain relief of 

MPS patients at the final follow-up. The subgroup analy-

sis showed that US also has a significant benefit on pain 

relief at the end of treatment and 12 weeks follow-up. The 

heterogeneity among studies by the I2 statistic indicated 

that the results should be interpreted with caution. After 

the exclusion of two studies,11,13 the pooled results with no 

heterogeneity from four studies showed that US versus non-

US could relieve the self-reported pain. However, this result 

was restricted by the low number of included studies. The 

inconsistency and  heterogeneity between these two studies 

and other studies might be attributed to the differences in the 

parameter of US, treatment course, and pain duration. Two 

studies reporting VAS were excluded from the quantitative 

synthesis due to the lack of data. As reported in these studies, 

continuous US therapy is more efficient in pain relief than 

pulsed US or sham therapy, but the latter two treatments are 

Figure 5 Meta-analyses of US therapy on cervical joint ROM at the last follow-up time.
Notes: (A) SMDs at lateral flexion, rotation, flexion, or extension. (B) SMDs at lateral flexion after excluding one study.
Abbreviations: CI, confidence interval; IV, inverse variance; ROM, range of motion; SD, standard deviation; SMD, standardized mean difference; US, ultrasound.
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not  significantly different.24 Moreover, pulsed US therapy 

gives no pain reduction in MPS patients.12 The conclusions 

of these two studies were mainly limited by the type of 

statistical data or high risk of bias.

The sensory changes at trigger and target levels have 

been extensively studied by detecting pain thresholds after 

both muscles and overlying superficial tissues (subcutane-

ous tissue and skin) were subjected to different stimuli. As 

extensively reported, the PPT is reduced at the trigger point 

level.33,34 PPT was used for pain assessment in seven included 

 studies,11–13,21–23,25 which were all incorporated into meta- 

analysis. Overall, a significant positive effect of US therapy 

versus non-US was observed. Moreover, US seemed more effi-

cient on pain threshold elevation at the end of treatment, but 

had no significant benefit after 12 weeks of follow-up. These 

results are consistent with the finding about the effect of US 

on pain assessed by VAS or NRS. However, the interpretation 

of these results is also limited by the high heterogeneity. As 

for the source of heterogeneity, no heterogeneity or outcome 

change was found after exclusion of two studies.11,13 The 

inconsistency and heterogeneity between these two studies and 

the other studies might be explained by the differences in the 

sex of participants, method of PPT measurement, parameter 

of US, treatment course, pain duration, and the control group.

In addition to the pain, MPS patients also suffer from 

the altered motor function, which is manifested as weak-

ness, work tolerance reduction, and inability to coordinate 

TrPs-harboring muscles.35 All of the patients with regional 

neck pain in our review presented with TrPs in the uTM. 

Therefore, cervical joint ROM is an important outcome of 

physical function in our review, but it was reported in only 

six studies,11,13,20–23 which were included in the quantitative 

synthesis. Pooled comparison of the ROM of lateral flexion, 

rotation, flexion or extension in six studies showed that US 

therapy was not more effective than the control group. The 

high heterogeneity in the pooled results of lateral flexion was 

then explored via sensitivity analysis. After exclusion of one 

study, the meta-analysis showed no significant difference 

in the ROM of lateral flexion without heterogeneity. The 

inconsistency and heterogeneity between this study and the 

other studies might be attributed to the differences in sex, 

parameter of US, treatment course, and the control group. 

However, due to the small sample size, the effect of US versus 

non-US on physical function is inconclusive.

This review has some limitations. First, the findings are 

based on evidence, which is of high risk of bias and low 

quality. The small number of included studies due to high 

heterogeneity may also limit the findings. This indicates that 

the effect sizes for pain might be partially aggravated by the 

method limitations of the included studies. Moreover, we 

used the cervical joint ROM to compare US therapy with 

non-US therapy. However, there is conflicting evidence about 

the prevalence of restricted ROM in MPS.36 Furthermore, the 

other outcome measures besides ROM may be considered so 

as to assess the effects of US on MPS.

Another limitation is that the findings from the articles 

comparing US and placebo and the articles including co-

intervention were pooled. We assumed that there was no 

interaction between US and exercise, but we could not verify 

this assumption. It is well known that exercise contributes 

to pain relief and ROM improvement for MPS patients.37–39 

Therefore, we cannot rule out a positive interaction between 

US and exercise.

Finally, the results were limited by the sexes of study 

patients. One study22 only included female patients, and 

the number of females was more than that of males in four 

 studies.11,21,24,25 The effects of US therapy on MPS may be dif-

ferent in females and males. In addition, the publication bias 

was not determined owing to the small numbers of included 

trials and 428 participants. Hence, it is possible that only 

positive trials, but no negative trials, were published. Overall, 

the methodological limitations make the effect estimates less 

convincing.

Conclusion
The current evidence suggests that there may be a significant 

effect of US therapy on pain in MPS patients, but not on ROM. 

The high risk of bias makes the effects of US on pain and 

ROM inconclusive. The relevant evidence is extremely weak, 

due to the very low quality of some studies, incompleteness 

of patient-reported outcomes, and very small sample sizes. 

Nevertheless, the effects of US therapy on MPS should be 

confirmed by large-sized and high-quality RCTs that have 

safeguards against bias and assess important outcomes.
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Search strategies for PubMed, Embase 
and the Cochrane Library database

PubMed
 1. Myofascial Pain Syndromes [Mesh]

 2. Myofascial Pain Syndrome [Title/Abstract]

 3. Pain Syndrome, Myofascial [Title/Abstract]

 4. Pain Syndromes, Myofascial [Title/Abstract]

 5. Syndrome, Myofascial Pain [Title/Abstract]

 6. Syndromes, Myofascial Pain [Title/Abstract]

 7. Myofascial Trigger Point Pain [Title/Abstract]

 8. Trigger Point Pain, Myofascial [Title/Abstract]

 9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9

10. ultrasound [Title/Abstract]

11. 10 and 11

Embase
 1. “myofascial pain”/exp

 2. “pain syndrome, myofascial”:ab,ti

 3. “pain syndromes, myofascial”:ab,ti

 4. “syndrome, myofascial pain”:ab,ti

 5. “syndromes, myofascial”:ab,ti

 6. “myofascial trigger point pain”:ab,ti

 7. “trigger point pain, myofascial”:ab,ti

 8. 1 or 2 or 3 or 4 or 5 or 6 or 7

 9. “ultrasound”:ab,ti

10. 8 and 9

Cochrane Library
1. MeSH descriptor: [Myofascial Pain Syndromes] explode 

all trees

2. Myofascial Pain Syndrome:ti,ab,kw or Pain Syndrome, 

Myofascial:ti,ab,kw or Pain Syndromes, Myofascial:ti,ab,kw 

or Syndrome, Myofascial Pain:ti,ab,kw or Syndromes, Myo-

fascial Pain:ti,ab,kw (Word variations have been searched)

3. Myofascial Trigger Point Pain:ti,ab,kw or Trigger Point 

Pain, Myofascial:ti,ab,kw (Word variations have been 

searched)

4. ultrasound:ti,ab,kw (Word variations have been searched)

5. 1 and 2 and 3 and 4
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