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Purpose: To systematically evaluate the effect of exercise rehabilitation as an adjuvant to clinical treatment for myofascial trigger
points (MTtPs).

Patients and Methods: ESBCO, PubMed, Science Direct, Web of Science, China Knowledge Network (CNKI), and Wanfang
databases were comprehensively searched from database inception date through July 2022. Randomized controlled trials comparing
MTrPs treatments that included exercise rehabilitation with a single clinical treatment. Two researchers independently screened articles
using inclusion/exclusion criteria, scored methodologic quality, and extracted data including patient demographics, interventions, and
outcomes.

Results: We included 14 RCTs (N = 734). Results showed short-term (mean difference [MD], —2.25; 95% confidence interval [CI],
—4.08 to —0.41; Z = 2.40; P = 0.02) and long-term (MD = —0.47; 95% CI: —0.80 to —0.17; Z = 3.05; P = 0.02) adjuvant exercise
rehabilitation treatments were superior in reducing musculoskeletal pain intensity to single clinical treatment in controls, but long-term
versus short-term effectiveness was not significantly different. The exercise rehabilitation group more effectively increased the range
of motion (ROM) (standardized mean difference [SMD], 1.04; 95% CI: 0.32 to 1.77; Z = 2.84; P = 0.005) and decreased dysfunction
(SMD = —0.93; 95% CI: —1.82 to —0.05; Z = 2.06; P = 0.04) than controls; no significant difference was observed in the pressure pain
threshold (PPT) between two groups.

Conclusion: Exercise rehabilitation as an adjuvant to clinical treatment for MTrPs was moderately effective in relieving pain
intensity, increasing ROM, and improving dysfunction versus single clinical intervention. These findings must be validated by larger,
higher-quality studies.
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Introduction

Myofascial trigger points (MTrPs) are hypersensitive nodules of contracture that are palpable to affected muscles and
produce localized pain in and around the affected muscle or trigger distant referred pain.' The trigger point theory, which
comprises the concepts of potential MTrPs and activated MTrPS, was proposed in 1942 by the American clinical
professor Janet Travell.” In clinical, MTrPs were usually diagnosed by the gold standard of the presence of discrete focal
tenderness located in a palpable taut band, which produces both referred pain and a local twitch response.”? Limited joint
range of motion (ROM), skeletal muscle pain, and fatigue are associated with the development of myofascial pain
syndrome (MPS) but effective deactivation of MTrPs is the most important treatment for MPS.® Although the exact
prevalence of MPS in the general population and between sexes has rarely been described in the literature, some
researchers estimate 30-85% of musculoskeletal pain is due to MPS, which is most common in patients aged 27-50
years.” In addition, myofascial pain has a variable presentation and several studies have determined the prevalence of
MPS in multiple patient types. A recent prospective study showed the prevalence of MPS in 126 patients with chronic,
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non-specific neck pain was 88.9%.> Another study found 51.9% of 137 patients treated for multiple sclerosis had been
diagnosed with MPS.® Therefore, the development of strategies for relief of pain related to MTrPs is a critical public
health issue.

Relevant controlled studies have demonstrated the effectiveness of consensus clinical treatment strategies for MTrPs
including dry needling,” myofascial release therapy,® ultrasound therapy,’ extracorporeal shock wave therapy,'® and
ischemic compression techniques.'' Recently, exercise rehabilitation interventions have been proposed as a treatment
modality for MTrPs because they are safe, non-invasive, non-pharmacological, and low-cost. Exercise interventions may
include aerobic, stretching, or strength exercises or some combination of these types of activities. Exercise interventions
can induce hyperalgesia and increase pressure pain thresholds (PPTs) by decreasing central sensitization, resulting in
multi-segmental nociceptive inhibition while muscle contraction facilitates the discharge of sensitizing substances from
the MTrPs micro-environment, thereby reducing the central and peripheral sensitizing substances that cause local or
referred pain.'> Kalamir et al'> compared the effects of intraoral myofascial therapy plus self-exercise with a single
intraoral myofascial therapy intervention for mandibular joint ROM and pain at a one-year follow-up and found
significant differences between the two groups and noted the superiority of the combined intervention. However,
Wilke et al'* did not observe differences in short-term (30 min post-treatment) MTrPs-related neck pain, mechanical
pain threshold, and ROM between patients who received trigger point acupuncture plus stretching and those with single-
intervention acupuncture treatment; all outcome measures were significantly improved in both groups compared to
controls.

To date, although one systematic review and Meta-analysis'> had reported the effectiveness of various types of
physical exercise programs for MTrPs, which only considered a single physical exercise as the primary intervention
mode compared with the non-physical exercise group, clinical treatment of MTrPs typically begins with the use of
acupuncture, dry needling, and physical therapy techniques to release contracture nodes in small areas with precision,
followed by exercise prescriptions for implementation to relax the involved muscle groups and the whole body muscle
groups. Clinical treatment supplemented by exercise may achieve more effective inactivation of MTrPs, relaxation of
muscles, and enhancement of the healing effect, but it is still controversial. Meanwhile, only three databases were
searched in this study, and a more thorough search is required for statistical analysis. Therefore, in our study, we deeply
and comprehensively explore the clinical effect of exercise rehabilitation training as an adjuvant to other treatment
modalities for MTrPs. We also discuss the possibility of the synergistic effects of exercise rehabilitation with clinical
treatment modalities for MTrPs.

Materials and Methods

Search Strategy

Electronic databases such as EBSCO, PubMed, Science Direct, Web of Science, CNKI, and Wanfang were searched from
database inception date to July 2022 for randomized controlled trials (RCTs) on the effects of adding exercise
rehabilitation training to clinical treatment for patients with MTrPs. The search strategy prioritized the following
combinations of MeSH and entry terms: (1) MTrPs or MPS; (2) exercise or motor activity; (3) clinical treatment; and
(4) allocation or random (sampling). The details of the search strategy are presented in Appendix S1.

Inclusion and Exclusion Criteria

We used the following inclusion criteria for study selection: (1) Study design: RCT; (2) Participants: patients (regardless
of sex or race) with MTrPs confirmed by expert diagnosis who had voluntarily participated in the study and signed
informed consent forms; (3) Intervention: the control group had received a single-intervention clinical treatment for
MTrPs (including dry acupuncture therapy, ultrasound therapy, extracorporeal shock wave therapy, and ischemic
compression) and the experimental group had received the same single intervention as the control group, as well as an
exercise rehabilitation program (including aerobic, stretching, or strength training exercises, or some combination of
exercise types); (4) Main outcome measures: A) Pain intensity, assessed by visual analog scale; B) PPT; C) ROM; and D)
Dysfunction, assessed by the Oswestry Disability Index, Neck Disability Index and Constant—-Murley Scale.
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We used the following exclusion criteria: (1) non-RCTs, such as reviews, case reports, and retrospective studies; (2)
duplicate publications; (3) literature with non-compliant diagnostic criteria, interventions, or outcome indicators; (4)
literature with full text that could not be obtained through various standard channels of inquiry; and (5) studies of poor
quality or those with an uncritical design.

Study Selection and Data Extraction

Two researchers independently screened the literature according to the inclusion and exclusion criteria. Duplicate studies
were eliminated, and the titles and abstracts of the remaining articles were screened using the exclusion criteria. Finally,
the full text of each article was read to ensure inclusion criteria had been met. The independent researchers periodically
reviewed the extracted data, and discussed conflicting results or submitted them to a third party for arbitration to reach
a consensus. The extracted data included the first author, publication time, study method, sample size, intervention
measures, intervention frequency, outcome indicators, and measurement duration of the outcome indicators. If the
original research data were incomplete, we emailed the corresponding author to supplement the missing information

and the study was excluded if we were unsuccessful in obtaining a response.

Quality Assessment

The quality of the literature was evaluated using the RCT risk of bias (RoB) assessment tool recommended by the
Cochrane Handbook.'® The main RoB domains include: (1) random assignment methods; (2) allocation protocol
concealment; (3) blinding of study participants and personnel; (4) blinding of study outcome measures; (5) completeness
of outcome data; (6) selective reporting of study results; and (7) other sources of bias. Each domain was divided into

three levels: “low risk of bias”, “unclear risk”, and “high risk of bias”, and we represented the evaluation results using

a risk of bias graph.

Statistical Analysis

Meta-analysis of the data extracted from the included literature was performed using Review Manager 5.4.
A heterogeneity analysis between the results of the included studies was first performed using the chi-square test.
When I? < 50% and P > 0.10, homogeneity among the results was low and considered acceptable and the fixed-effects
model was used; when I > 50% and/or P < 0.10, heterogeneity among the results was considered high, and sensitivity
analysis was further used to determine the source of heterogeneity among the study results and if possible, reduce it. If
the heterogeneity could still not be excluded, the random-effect model was used for the combined analysis. For
continuous data, the mean difference (MD) and its 95% confidence interval (CI) were used, while the standardized
mean difference (SMD) was used to describe continuous variables with different units of measurement and large
differences in means. The Z-test was used to investigate pooled statistics for outcome indicators, and the probability
P-value was calculated based on the Z-value. If P < 0.05, the combined statistic was significant; if P > 0.05, the combined
statistic has no significance. The Begg—Mazumdar rank correlation test were used to evaluate the risk of publication bias.
Finally, the Grading of Recommendations in Assessment, Development, and Evaluation (GRADE) system was used to
assess the quality of evidence on the effectiveness of adding exercise rehabilitation training to single clinical treatment

regimens for MTrPs.

Results

Study Selection
A total of 1211 articles were initially identified from the ESBCO, PubMed, Science Direct, Web of Science, CNKI, and
Wanfang electronic databases. We then removed the duplicates and screened the records. Twenty-seven full-text articles

17-30

were reviewed for eligibility and ultimately, 14 studies met the eligibility criteria, with a total of 734 participants in

the systematic evaluation. The flow chart for the literature search and its results are shown in Figure 1.
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Records identified through database searching (n=1205)
EBSCO (n=272);PubMed (n=117);Science Direct
(n=208);Web of Science (n=242);CNKI (n=236);Wanfang
Data Knowledge Service platform (n=130)

Supplement related records
through other resources(n = 6)

v

_»| Duplicate records removed
(n=483)

v

Records remaining after the initial
screening(n =728 )

Records excluded based on
title and abstract (n =701 )

v

Full-text articles retrieved for

detailed examination(n =27 ) Rcc(?rds excluded after
reading the full-text (n=13),

* No available data (n=3);
?1 « No relevant results (n=2);
* Not MTrPs or MPS (n=4);

v * Not the combination of
Records ultimately included in a clinic treatment and
systematic review (n =14) exercise (n=3);
* Unable to access the full
text (n=1)

[ Included ] [ Eligibility ] [ Screening ] [ Identification ]

Figure | Flowchart of search strategy and results.
Notes: Figure | adapted from Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.3'
Abbreviations: MTrPs, myofascial trigger points; MPS, myofascial pain syndrome.

Study Characteristics
See Table 1 for details.

Quality Evaluation of the Included Studies

All 14 studies used random assignment sampling, three provided further description on allocation concealment, only one
involved double-blinding, and no studies mentioned the blinding of outcome evaluators. Further, we only included
studies with complete datasets and the Cochrane RoB assessment showed the overall quality of the literature met the
requirements. The quality evaluation of the included studies is shown in Figures 2 and 3.

Meta-Analysis Results
Pain Intensity
Eight studies!+1972%:24:27:28 involving 474 patients reported post-intervention changes in pain scores in patients with
MTrPs. The effects of short-term (< 4 wks) and long-term (> 4 wks) interventions on pain intensity in patients with
MTrPs were classified based on the duration of intervention between studies. A pooled analysis of the heterogeneous data
showed a high heterogeneity among the study results for the short-term intervention (I* = 94%, P < 0.00001); therefore,
single studies were excluded one at a time for further sensitivity analysis. The heterogeneity did not change significantly
after any of the literature was excluded, so a random-effects model was used for the meta-analysis. As shown in
Figure 4A, the combined effect size under the random-effects model was —2.25, (95% CI: —4.08 to —0.41, Z =2.40, P =
0.02), indicating a significantly better effect of the short-term intervention on musculoskeletal pain in the experimental
group compared to the control group.

The y* test showed no statistical heterogeneity among the results of the studies of long-term intervention (I* = 0%, P =
0.64), so a fixed-effects model was used for the meta-analysis. As shown in Figure 4B, we found a significant
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Table | Characteristics of Included Studies

Included Studies Sample Gender Age (y) Treatment Measures Intervention Outcome Measure The Total Time of
Size (n) (M/F) Frequency Intervention and Follow-
Intervention Group Control Group Up
Bodes-Pardo 2013'7 20 7/13 39.0 Trigger point manipulation compression + Trigger point routine care Iwk VAS; PPT; CROM Iwk and none
+13.0 passive stretching
Cantarero-Villanueva 2012'® 78 Unknown 48.5+9.0 Trigger point manipulation massage + core Trigger point routine care 3 times/wk for Leg strength; emotional state; 8wk and 6mo
stability training 8 wk fatigue
Diab 2011"° 96 50/46 46.1+2.1 Trigger point ultrasound + infrared therapy + Trigger point ultrasound + infrared 3 times/wk for VAS; Cranial vertebral angle 10wk and émo
posture correction exercise therapy 10 wk
Martin-Pintado-Zugasti 70 40/30 21.0+4.0 Trigger point acupuncture therapy + spray Trigger point acupuncture therapy Iwk VAS; PPT; Psychological Immediate and none
2014%° therapy with stretching pressure
Tan 20212' 48 23/25 39.247.3 Trigger point acupuncture therapy + Trigger point acupuncture therapy 5 times/wk for VAS; ODI 6wk and none
suspension exercise therapy 6 wk
Cho 20122 36 Unknown 47.6 Extracorporeal shock wave therapy + Extracorporeal shock wave therapy; 3 times/wk for VAS; PPT; NDI; CMS 4wk and none
+12.1 stability training stability training 4 wk
Davis Lake 2018% 30 Unknown 25.2+4.1 Trigger point dry needling + stretching Trigger point dry needling; stretching 3d ROM; Functional testing Immediate and 3d
exercises exercises
Eftekharsadat 2018 64 9/55 33.1+6.4 Trigger point acupuncture therapy + aerobic Trigger point acupuncture therapy 3 times/wk 10 VAS; PPT; NDI; ADL 10 times and Imo
exercise times in total
Grieve 2013%° 22 /1 24.618.7 Pressure release technique + passive Trigger point routine care Iwk ROM Iwk and none
stretching
Jyothirmai 2015% 30 Unknown | Unknown Integrated neuromuscular inhibitory Integrated neuromuscular inhibitory 2 d/time 14 VAS; NDI; ROM 4wk and none
technique + specific strength training technique times in total
exercises
Khalil 19917 28 15/13 44.8 Trigger point rehabilitation care + stretching Trigger point rehabilitation care 2 times/wk for VAS; ROM; EMG 2wk and none
+14.7 exercises 2 wk
Kostopoulos 200878 90 36/54 Unknown Ischemic compression technique + passive Ischemic compression technique; 2wk PVA; PPT; Stress tolerance; 2wk and none
stretching passive stretching Spontaneous electrical activity
Li 20207 80 28/52 37.2+2.9 Trigger point compression technique + static | Trigger point compression technique; | 6 times/mo for VAS; ROM 4wk and 8wk
stretching exercises static stretching exercises; blank 2 mo
Mulet 2007°° 42 2/40 24.2 Trigger point self-care + 6X6 exercise Trigger point self-care 6 times/d for 4 VAS; Head posture 4wk and none
+10.0 wk

Abbreviations: n, number; M, male; F, female; y, years; mo, month(s); wk, week(s); d, days; VAS, visual analogue scale; PPT, pressure pain threshold; ROM, range of motion; ODI, Oswestry Disability Index; NDI, Neck Disability Index;
EMG, electromyogram; CMS, Constant-Murley Scale.
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Tan 2021

Figure 2 Risk assessment of bias in RCT.

improvement in musculoskeletal pain for the long-term intervention in the experimental group versus the control group
(MD = —-0.49, 95% CI: —0.80 to —0.17, Z = 3.05, P = 0.02).

Pressure Pain Threshold
A total of five studies' 2222428

MTrPs. The data from the pooled studies in the random-effects model (Figure SA) demonstrated no significant effects of

involving 238 patients reported post-intervention changes in PPTs in patients with

clinical treatment plus exercise rehabilitation in the improvement of PPT compared with single clinical treatments (I* =
64%, SMD = 0.31, 95% CI: —0.14 to 0.77, Z = 1.35, P = 0.18).

Range of Motion
Five Smdiesl7,22,25,27,29

experimental group (n = 67) and the control group (n = 67). There was statistical heterogeneity between the findings by ” test

reported post-intervention changes in ROM in patients with MTrPs, with a total of 134 patients in the
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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%

[ Low risk of bias []unclear risk of bias [l High risk of bias
Figure 3 Overall risk assessment of bias in RCT.
Experimental Control Mean Difference Mean Difference
A Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI 1V, Rand 95% CI
Bodes-Pardo 2013 22 15 10 7.6 09 10 19.9% -5.40 [-6.48, -4.32] —_—
Eftekharsadat 2018 1.45 1.15 32 2.2 2.64 32 20.1% -0.75[-1.75, 0.25) e
Khalil 1991 1.64 1.39 14 5.29 2.03 14  19.4% -3.65[-4.94, -2.36] B
Kostopoulos 2008 245 1.5 30 3.58 1.78 30 20.5% -1.13[-1.96, -0.30] -
Martin-Pintado-Zugasti 2014 3.3 2 37 3.7 23 33 20.1% -0.40 [-1.42, 0.62) s

Total (95% Cl) 123 119 100.0% -2.25 [-4.08, -0.41] e
Heterogeneity: Tau? = 4.08; Chi? = 63.81, df = 4 (P < 0.00001); I> = 94% t
Test for overall effect: Z = 2.40 (P = 0.02)

-4 - 0 2 4
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
B Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Cho 2012 5 1.53 12 4.88 1.36 12 7.3%  0.12 [-1.04, 1.28)
Diab 2011 3.2 13 48 39 14 48 33.7% -0.70 [-1.24, -0.16) —_—
Eftekharsadat 2018 2.35 1.17 32 2.76 2.38 32 11.7% -0.41[-1.33,0.51)
Tan 2021 1.98 0.86 24 2.43 0.75 24 47.3% -0.45[-0.91, 0.01) — ]
Total (95% CI) 116 116 100.0% -0.49 [-0.80, -0.17] B
Heterogeneity: Chi? = 1.70, df = 3 (P = 0.64); I> = 0% _52 _31 + +

L _ 1
Test for overall effect: Z = 3.05 (P = 0.002) Favours [experimental) Favours [control]

Figure 4 Forest plot for the effect of clinical treatment plus exercise rehabilitation compared with single clinical treatment on pain intensity in patients with MTrPs. (A)
Short-term effects of pain intensity; (B) long-term effects of pain intensity.

(I? = 69%, P = 0.004), so the meta-analysis was performed using a random-effects model. As shown in Figure 5B, the
combined effect size under the random-effects model was 1.04 (95% CI: 0.32 to 1.77, Z = 2.84, P = 0.005), indicating
a significant difference in the increased ROM of patients with MTrPs. Due to the high heterogeneity among studies (I* =
69%), the included studies were excluded one-by-one for sensitivity analysis. After we excluded a 2012 article by Cho,** the
heterogeneity was significantly reduced (I* = 28%, P = 0.23), and further meta-analysis using a fixed-effects model showed
significant differences in ROM between groups (SMD = 1.25, 95% CI: 0.72 to 1.78, P < 0.00001).

Dysfunction

Five studies?! 2426

reported post-intervention changes in functional impairment in patients with MTrPs, with a total of
186 patients in the experimental group (n = 93) and the control group (n = 93). There was high statistical heterogeneity
among the results of these studies by the »* test (I> = 86%, P < 0.00001), and heterogeneity was not reduced by the
single-study exclusion method. Hence, a random-effects model was used for the combined analysis. As shown in
Figure 5C, the combined effect size under the random-effects model was —0.93, (95% CI: —1.82 to —0.05, Z = 2.06,
P = 0.04), indicating a significant difference in improved functional impairment in patients with MTrPs after an exercise

rehabilitation intervention.
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Experimental Control Std. Mean Difference Std. Mean Difference
A Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bodes-Pardo 2013 26 0.4 10 1.9 0.5 10 12.5% 1.48 [0.47, 2.50]
Cho2012 33.3 9.46 12 36.26 8.83 12 16.2%  -0.31[-1.12, 0.49] s E—
Eftekharsadat 2018 2.8 0.41 32 2.75 0.35 32 23.9% 0.13 [-0.36, 0.62] —
Kostopoulos 2008 82 177 30 7.09 1.65 30 23.1% 0.64 [0.12, 1.16) —_—
Martin-Pintado-Zugasti 2014 3 11 37 3 1.2 33 24.4% 0.00 [-0.47, 0.47] —_—
Total (95% CI) 121 117 100.0% 0.31 [-0.14, 0.77] >
Heterogeneity: Tau? = 0.16; Chi? = 11.00, df = 4 (P = 0.03); I* = 64% _52 _51 ) 1 2

Test for overall effect: Z = 1.35 (P = 0.18) Favours [control] Favours [experimental]

Favours [experimental] Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
B Bodes-Pardo 2013(a) 73.4 7.2 5 553 98 S 10.4% 1.90 [0.26, 3.54)
Bodes-Pardo 2013(b) 68.2 11 S 49.7 16.7 S 12.1% 1.18 [-0.23, 2.59] -
Cho2012 30.25 4.47 12 3233 4.16 12 17.4%  -0.47 [-1.28, 0.35) —_—T
Grieve 2013 15 4.3 11 13 4 11 17.0% 0.46 [-0.39, 1.31) -T—
Khalil 1991(a) 30 0.01 7 203 5.7 7 11.8% 2.25[0.82, 3.69) _—
Khalil 1991(b) 89.2 1.01 7 62.5 1837 7 12.6% 1.92 [0.58, 3.26) -_—
Li 2020 158.3 14.8 20 1439 116 20 18.7% 1.06 [0.40, 1.73]) S
Total (95% ClI) 67 67 100.0% 1.04 [0.32, 1.77) i
Heterogeneity: Tau? = 0.61; Chi? = 19.11, df = 6 (P = 0.004); I = 69% _54 _52 + 4

. 0 2
Test for overall effect: Z = 2.84 (P = 0.005) Favours [control] Favours [experimental)

Experimental Control Std. Mean Difference Std. Mean Difference
C Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cho 2012 22.58 4.79 12 22.33 5.56 12 19.8% 0.05 [-0.75, 0.85] —
Davis Lake 2018 2.8 2.05 10 6.11 5.64 10 18.9% -0.75[-1.66, 0.17) e —
Eftekharsadat 2018 6.54 6.5 32 713 7.65 32 22.0% -0.08 [-0.57, 0.41] .
Jyothirmai 2015 5.5 2.615 15 23.07 10.666 15 18.7% -2.20(-3.13,-1.27) ———=
Tan 2021 12.62 238 24 16.73 2.11 24 20.7% -1.80([-2.48,-1.12) —_—
Total (95% CI) 93 93 100.0% -0.93 [-1.82, -0.05] e
Heterogeneity: Tau? = 0.87; Chi? = 29.39, df = 4 (P < 0.00001); I = 86% _=2 _=1 ) 1 2

Test for overall effect: Z = 2.06 (P = 0.04) Favours [experimental] Favours [control]

Figure 5 Forest plots: (A) the effect of clinical treatment plus exercise rehabilitation compared with single clinical treatment on pressure pain threshold in patients with
MTrPs; (B) the effect of clinical treatment plus exercise rehabilitation compared with single clinical treatment on range of motion in patients with MTrPs; (C) the effect of
clinical treatment plus exercise rehabilitation compared with single clinical treatment on dysfunction in patients with MTrPs.

Abbreviation: Std., standard.

Sensitivity Analysis and Publication Bias

Sensitivity analysis was performed on the same set of data for each outcome using two effect models. The results showed great
differences in the outcome indicator of PPT after the interchange of effect models, indicating that the small sample study had
a greater impact on the combined effect size, and the Meta-analysis results should be used with caution in clinical practice. The
differences in the data of short-term and long-term pain intensity, ROM, and dysfunction were small, indicating that the small
sample study had little impact on the combined effect size, and the results of the meta-analysis were relatively stable, see Table 2.
Next, we used the Begg—Mazumdar test to assess publication bias for the outcome indicators of pain intensity, PPT, ROM, and

Table 2 Sensitivity Analysis of the Effectiveness Comparison Results of Different
Outcome Indicators

Outcome Indicators/Time/Model | Effect Size (95% ClI) | Z-value P-value

Pain intensity
Short term (<4wks)

Random-effect model —2.25 (—4.08, —0.41) 2.4 P=0.02
Fixed-effect model —1.96 (—2.42, —1.51) 8.49 P<0.00001

Long term (24wks)

Random-effect model —0.49 (—0.80, —0.17) 3.05 P=0.002
Fixed-effect model —0.49 (-0.80, —0.17) 3.05 P=0.002
(Continued)
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Table 2 (Continued).

Outcome Indicators/Time/Model | Effect Size (95% CI) | Z-value P-value

Pressure pain threshold

Random-effect model 0.31 (-0.14, 0.77) 1.35 P=0.18
Fixed-effect model 0.26 (0.00, 0.52) 1.96 P=0.05

Range of motion

Random-effect model 1.04 (0.32, 1.77) 2.84 P=0.005
Fixed-effect model 0.82 (0.44, 1.20) 427 P<0.0001
Dysfunction
Random-effect model —0.93 (—1.82, —0.05) 2.06 P=0.04
Fixed-effect model —0.74 (—1.05, —0.43) 4.65 P<0.00001

dysfunction and the resulting P values for the effect of adding exercise rehabilitation training to clinical treatment of MTrPs on
pain intensity, PPT, ROM, and dysfunction were 0.206, 0.488, 0.138, and 0.370, respectively (all P > 0.05), suggesting no
publication bias.

Systematic Recommendation Grading

Based on the results of meta-analysis and methodological quality evaluation, the GRADE system was applied to grade
each outcome index. We found that the quality of evidence was intermediate for the pain intensity and dysfunction
indices and low for the PPT and ROM indices. The grading results are shown in Supplemental Figure S1.

Discussion
The Necessity for the Study and Its Evidence

In recent years, with the accelerated pace of life, sedentary behavior is a contributing factor to MPS.*? The long and
indolent course of MPS aggravates its medical burden, and exercise interventions have been proposed for their
proactivity, safety, and acceptability to patients. The clinical application of active exercise in MTrPs not only alleviates
the burden of medical resources but also reflects the modern, holistic value of the “physical medicine integration”
approach to healthcare. There is still a paucity of research on whether enhanced efficacy in clinical MPS treatment can be
achieved with exercise rehabilitation as an adjuvant to other clinical interventions. The results of this meta-analysis
showed the addition of exercise rehabilitation interventions to single-intervention clinical treatment significantly
improved pain intensity, PPT, ROM, and functional impairment in patients with MTrPs compared to single-
intervention clinical treatment. However, we saw no evidence for the superiority of clinical interventions containing
exercise rehabilitation in reducing PPT in patients with MTrPs.

Effect Analysis and Physiological Mechanisms of Adjuvant Exercise Rehabilitation

Our findings suggest that the addition of exercise rehabilitation training to clinical treatment is effective in reducing pain
intensity, increasing ROM, and improving dysfunction in patients with MTrPs. These findings are consistent with those
of previous studies reporting the benefits of combined interventions. Dembowski et al*® treated a pole vaulter with
a hamstring injury with MTrPs dry needle therapy combined with centrifugal exercise training, and found that the
athlete’s pain intensity and functional status were significantly improved and could be fully restored to the pre-training,
pain-free state. The muscle strength of the trained side was higher than that of the opposite side, and the injury did not

relapse. Zhang et al** adopted acupuncture therapy with stretching techniques when inactivating knee trigger points. The
sensitivity of activated MTrPs was controlled, while the strong acupuncture sensation was reduced, which both

consolidated the efficacy and increased knee joint ROM. The results of a double-blinded RCT showed the use of
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acupuncture and sham acupuncture with exercise to treat patients with knee osteoarthritis with thigh MTrPs in the short
term was beneficial in improving their pain and dysfunction.*®

Despite these promising results, the physiological mechanisms underlying the additive effect of exercise rehabilitation
to the clinical treatment of MTrPs are not clear. Due to their contracted state, MTrPs receive an inadequate supply of
oxygen and nutrients from the blood, which are necessary for energy production and muscle relaxation. The reduction of
oxygen and nutrient delivery prolongs the contracted state within the MTrPs. The pathological tissue changes caused by
this condition stimulate the release of neurovascularly active substances from the vasculature into the tissue interstitium,
where various nerve endings and receptors are sensitized by a variety of active substances, which are transported through
afferent nerve fibers to the center of the contraction, producing pain and autonomic responses at trigger points.>® The
application of clinical techniques inactivates trigger points, relaxes contracture nodes within the muscle, and puts the
musculoskeletal system in a state of equilibrium while the implementation of different exercise types adds to the
therapeutic effect.’” Exercise may increase the blood supply and metabolic substrate of MTrPs through the mechanical
displacement of muscle fibers. Intensive and aerobic exercise may lead to an increase in local blood pressure, improving
both blood flow to the resistance site and vascular bed resistance. Rice et al*® suggested aerobic exercise achieves its
effect by increasing blood flow, blood pressure, and oxygen saturation, allowing more blood and metabolic substrates to
enter MTrPs. In addition, aerobic exercise helps to prevent central sensitization by its ability to reduce circulating levels
of pro-inflammatory markers such as interleukin (IL)-6 and IL-8 to normal levels and to reduce substance P. Exercise also
promotes the production of anti-inflammatory cytokines such as IL-10, enhances the release of endogenous opioids,
catecholamines, and endorphins, and reduces pain. Stretching exercises improve blood flow and energy metabolism in
muscles while reorganizing the cellular structure of muscle fibers.>” Notably, premature exercise may enhance muscle
tension, so well-timed, moderate, repetitive training is needed to consolidate treatment effects.

Although most of the relevant studies that included PPTs as an outcome indicator reported positive effects of adjuvant
exercise rehabilitation on improving pain, pooled estimates did not reach statistical significance. More effective exercise
rehabilitation programs may require longer interventions and follow-up to observe changes in patients’ PPTs. Tan et al*'
found the recurrence rate of low back pain was 8.70% in the experimental group and 19.05% in the control group by
following up with patients for six months after treatment. The study showed MTrPs acupuncture combined with
suspension exercise therapy was more effective than treatment with MTrPs acupuncture alone in reducing chronic
lower back pain, increasing pain threshold, and reducing recurrence rate. They posited their treatment was effective
because the MTrPs were first needled to weaken hyperactive muscle activity so that the majority of symptoms were
quickly relieved. Next, suspension exercise training was performed to further reduce the activity of hyperactive muscles
in order that inactive muscles were activated and the sensitivity and responsiveness of the body’s self-perception were
improved, thus improving the long-term efficacy and reducing the recurrence rate. However, Eftekharsadat et al** found
that both acupuncture alone and aerobic exercise combined with acupuncture were effective in the treatment of MPS,
with significant improvements in pain, mechanical PPTs, neck disability index, and quality of life in both groups, but the
differences between the two groups were not significant and there was no superiority between the two approaches.
This meta-analysis has certain limitations. First, we found few eligible studies with limited sample sizes and a large
amount of heterogeneity. Second, gray literature sources were not included, and the selection of studies evaluating the
effectiveness of clinical treatment techniques for interventions with MTrPs containing exercise rehabilitation may not
have been complete. Third, the lack of uniform diagnostic criteria for MTrPs and the subjectivity of the examiners may
muddy the diagnosis of MTrPs. Moreover, variations in clinical treatment modality, exercise type, and exercise frequency
among studies and inconsistent measurement of various outcome indicators may have contributed to heterogeneity.

Conclusion

Current evidence demonstrates that clinical interventions incorporating exercise rehabilitation have a positive impact
on patients with MTrPs and are superior to single interventions, and that exercise can be used as a complementary
alternative therapy to provide a synergistic treatment effect and consolidate long-term outcomes. The superimposed
effect of exercise rehabilitation on clinical interventions can be used as a reference point for treatment of MTrPs.
Since the specific clinical treatment modality, type of exercise, duration, intensity, and frequency of exercise varied
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among studies included in this meta-analysis, more high-quality and large-sample RCTs are needed to validate our
findings.
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CI, confidence interval; CNKI, China national knowledge infrastructure; MD, mean difference; MPS, myofascial pain
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range of motion; SMD, standardized mean difference.
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