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Objective: To evaluate the treatment effectiveness of laser acupuncture (LA) in patients
with musculoskeletal pain.

Methods: Major electronic databases, including Medline, PubMed, Embase, Cochrane Library,
CINAHL, and Scopus were searched to identify double-blind, randomized controlled trials of
LA in musculoskeletal disorders. The primary outcome was the treatment efficacy for pain. The
secondary outcomes included the comparison of disability, functional impairment, and dropout
rate between LA and sham treatment, as well as the effect of sham treatment for pain. The results
from included studies were synthesized with the random effects model.

Results: In total, 20 articles comprising 568 patients receiving LA and 534 patients receiving
sham treatment were included in the current study. Our analysis showed LA significantly reduced
pain (g=0.88, 95% confidence interval [CI]=0.35 to 1.42, p=0.001), disability (g=0.68, 95%
CI=0.29 to 1.08, p<0.001), and functional impairment (g=0.67, 95% CI=0.32 to 1.03, p<0.001).
Through meta-regression analysis, we found these effects were not moderated by mean age, the
percentage of females, or treatment duration. Additionally, there was no significant difference
between the two groups in dropout rate (risk ratio=0.73, p=0.08), and the sham treatment
significantly reduced only pain intensity (g=0.54, 95% CI=0.32 to 0.77, p<0.001).
Conclusion: Our findings supported that LA significantly reduced pain, disability, and
functional impairment in patients with musculoskeletal disorders. Further researches are
required to determine the optimal therapeutic parameters and the suitable patients for
receiving LA.

Protocol Registration: CRD42020190919.

Keywords: laser acupuncture, meta-analysis, pain, randomized controlled trial, traditional

Chinese medicine

Introduction

Pain is a global public health issue and is defined as an unpleasant sensory and
Almost
20% of adults have suffered from pain, and 10% are newly diagnosed with chronic

emotional experience associated with actual or potential tissue damage.'*
pain each year.’ Musculoskeletal pain is the most common type of pain and is
a significant burden, as it is associated with increased disability and morbidity in
patients with chronic diseases.*® The prevalence of musculoskeletal pain was
15.4% in Japan in 2010,” and 36.6% in Taiwan in 2018.5

Musculoskeletal diseases lead to physical impairment and increased medical
expenses—burdens that increase with the age of the patient. Acetaminophen,
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topical non-steroidal anti-inflammatory drugs, antidepres-
sants, and opioids are commonly used conventional treat-
ments for pain; however, they are associated with certain
side effects in patients with musculoskeletal diseases.”'”
As a result, specific strategies and adjuvant options may be
necessary for musculoskeletal conditions.'' The Centers
for Disease Control and Prevention discovered that nearly
40% of adults used some form of complementary
medicine.'>"?

Acupuncture is the most common complementary
therapy used to treat musculoskeletal pain. One study
executed in 15 European countries revealed that 13% of
participants with pain looked for acupuncture treatment in
addition to conventional medication.'"* Based on the tra-
ditional Chinese medicine (TCM) theory, acupuncture
regulates the vitality that flows through the body’s mer-
idians, called qi. Each meridian controls specific func-
tions of the body in correlation with one or a group of
organs. It is thought that bringing out this proper flow of
qi can promote health, which can be fulfilled by arousing
acupoints.”> In 1979, the World Health Organization
recognized 43 diseases that may benefit from acupunc-
ture, and in 2003 recommended acupuncture for use in
over 100 conditions.'®

Nowadays, laser acupuncture (LA) has been practiced
in complementary and alternative therapy as well as needle
acupuncture. LA has been applied clinically in the
1970s."”'® LA uses a low-intensity, non-thermal laser
irradiation to stimulate the acupoints.'®® The laser beam
can stimulate acupoints by energy deposition with no heat
production. This way, the laser beam modulates visceral
functions and facilitate metabolism by activating meri-
dians, qi, and blood. LA has the effects of both acupunc-
ture and moxibustion through delivering energy in pulsed
wave at acupoints.”!

20.22 jtg effective-
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Although articles reviewing LA exist,
ness on musculoskeletal pain remain controversia
The efficacy of LA for pain is uncertain, due to incon-
clusive results from different studies.”>*’ The effective-
ness of LA regarding both pain reduction and functional
outcome improvement were more congruously noted at
long-term  follow-up compared to promptly after
treatment.”® In this study, we provide information from
recent articles and perform a meta-analysis of all available
randomized controlled trials to assess the effectiveness of
LA on pain, disability, and functional impairment in

patients with musculoskeletal pain.

Methods

Literature Search and Screening

Eligible articles were identified from PubMed, CINAHL,
Cochrane Library, Embase, and Scopus databases. All
authors evaluated the eligibility of the trials, and disagree-
ments were resolved by discussion. Literature search was
conducted using the search term “(pain OR arthralgia)
AND laser acupuncture,” to identify articles published
until June 2020, without restrictions on language. The
titles and abstracts of articles obtained through the litera-
ture search were initially screened by the authors (YC
Hung and PY Lin) to decide if they were potentially
eligible for inclusion in the analysis. We excluded ineligi-
ble articles, including review papers, case reports, non-
human studies, and those not mentioning LA. We regis-
tered the protocol with PROSPERO (registration number:
CRD42020190919).

Study Inclusion Criteria

Studies that passed the screening were included based on
the following criteria: (1) the inclusion of patients with
musculoskeletal pain; (2) use of LA at meridian points as
active treatment; (3) use of a randomized, sham-control
study design; and (4) measuring pain intensity, degree of
disability, or degree of functional impairment in partici-
pants. Trials that included incomplete data that could not
be used to calculate effect sizes were excluded. We
assessed the quality of each included study using the
Cochrane Risk of Bias 2 (RoB2) tool.”’

Data Extraction

The following data were obtained for analysis for all
included studies: clinical diagnosis, pain location, age,
sex, number of subjects, treatment duration, intensity of
LA, measurement of pain intensity, disability or degree of
functional impairment, and the number of dropout
patients. Pain intensity was mainly assessed using the
Visual Analog Scale, the McGill Pain Questionnaire, the
Western ~ Ontario and  McMaster  Universities’
Osteoarthritis Index (WOMAC), or the Numerical Pain
Rating Scale. The degree of disability was assessed by
using the WOMAC, Disabilities of the Arm, Shoulder
and Hand (DASH) questionnaire, Nottingham Health
Profile, or Oswestry Disability Inventory. Function level
was assessed by using the WOMAC, DASH questionnaire,
Numerical Rating Scale of Limitation of Activities, or
Saudi Knee Function Scale.

1708 "

Dove!

Journal of Pain Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Hung et al

Meta-Analysis Methods

The primary outcome was the change in pain intensity,
comparing the efficacy of LA to sham treatment. The sec-
ondary outcomes were the effectiveness of LA vs sham
treatment in change of disability and functional impairment,
the placebo effect of LA in pain reduction, and the dropout
rate between subjects receiving active treatment and sham
treatment. For each included study, the effect sizes (ESs)
expressing the difference in the effects (reduced pain, dis-
ability, or functional impairment) between LA and sham
treatment were derived from the standardized mean differ-
ence based on Hedges’ adjusted g, where ESs >0 indicate that
the effect in the active treatment group was superior to the
sham treatment. The ESs expressing the difference in drop-
out rate between LA and sham treatment were described as
risk ratios (RRs), where values <1 indicate a lower dropout
rate in the LA treatment group. The ESs of individual studies

1,>° which was

were synthesized by the random effects mode
chosen because a priori heterogeneity among included stu-
dies was expected. When the pooled ES indicated
a significant result, we performed a sensitivity analysis to
determine whether any of included study was accountable for
the significant finding. To perform the sensitivity analysis,
each study was individually removed, and the significance of
the ES was re-tested.

Among-study heterogeneity was assessed by the
Q statistic and the I statistic, which is the estimated
percentage of variability in the effect that is due to hetero-
geneity rather than random error. Larger I* values denote
a higher heterogeneity. To examine potential sources of
among-study heterogeneity, we performed meta-regression
and subgroup analysis. Meta-regression was conducted by
using the unrestricted maximum likelihood method to
examine whether mean age, sex distribution (proportion
of females), and the treatment duration of LA in the
included studies moderated the pooled ES. Subgroup ana-
lysis based on treatment duration (shorter vs longer than
one month). In addition, we examined publication bias
using visual assessments of the funnel plots and testing
their asymmetry via Egger’s regression analysis.>'

Comprehensive Meta-Analysis software, version 2
(Biostat, Englewood, NJ, USA) was utilized to perform
the statistics in this meta-analysis. Two-sided p-values
<0.05 were considered as statistically significant.

We reported the methods, results, and other sections of
the meta-analytic study by following the guidelines of
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA; Supplementary File 1).** In
addition, the quality of evidence of all outcomes in the

meta-analysis was assessed using the Grading of

Recommendations,  Assessment, and
(GRADE) guidelines,

design, risk of bias, imprecision, inconsistency, indirect-

Development
Evaluations considering study
ness, and magnitude of effect.>

Results

Our literature search found 1896 papers for initial litera-
ture search in the meta-analysis. We deleted duplicate
citations, screened the results by viewing the titles and
abstracts, and excluded studies that did not fulfill the
inclusion criteria. Finally, 20 articles were included, com-
prising 568 patients receiving LA and 534 patients receiv-
ing sham treatment.**>® The process of study search,
screening, and selection is shown in Figure 1, and the
characteristics of included articles are described in
Table 1. The risk of bias of each included study is depicted
in Supplementary Figure 2. The risks of all included

studies were either “low” or “with some concern.” In
addition, the evidence quality assessed using the GRADE
system is summarized in Supplementary File 3. The qual-

ity of evidence ranged from “low” to “high” among dif-
ferent outcomes.

Pain
First, we compared the level of pain reduction between
patients receiving LA and sham treatment, extracting data
from all 20 studies. Our analysis found superior pain
reduction in patients receiving LA compared to sham
treatment (g=0.88, 95% confidence interval (CI)=0.35 to
1.42, p=0.001; Figure 2). Sensitivity analysis found that
the significant effect was not influenced by removal of any
individual study. Publication bias was detected, as shown
by Egger’s regression test (t=2.92, df=18, p=0.009) and in
Supplementary Figure 4. In addition, significant heteroge-
neity was identified among these studies (Q=309.89,
df=19, 1’=93.87%, p<0.001).

Next, to examine the sources of the among-study het-

erogeneity, we examined the effect of variables by using
subgroup meta-analysis and meta-regression. In the sub-
group analysis, we found that LA was more effective in
reducing pain than sham treatment, for duration with both
shorter (g=0.96, 95% CI=0.57 to 1.36, p<0.001; Figure 2)
and longer (g=0.87, 95% CI=0.12 to 1.62, p=0.02;
Figure 2) than one month. In addition, meta-regression
was conducted to examine whether the effect of LA on
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s Literature search: Medline (n=99), PubMed (n=312), EMBASE (n=753), Cochrane
s Library (n=9), CINAHL PLUS (n=75), Scopus (n=645)
Sg Keyword: laser acupuncture and pain/laser acupuncture and arthralgia
< Limits: Last publication date= June 30, 2020 (n=1896)
)

¢ Exclusion (n=661)

- — - Irrelevant records (n=457)
- | Records after duplicates removed (n=768) | - Review articles (n=103)
£ I - Animal studies (n=32)
3 > - Case reports (n=21)
(<0'3 ¢ - No control group (n=19)

- - Protocol only (n=23)
| Records after removal of duplicates (n=107) I - Non-full-text (n=6)

I > Exclusion (n=80)
> ¢ - Non-randomized (n=72)
5 - Local (non-acupoint, n=8)
(@]
] | Articles assessed for eligibility (n=27) I

I > Exclusion (n=7)
E * - Incomplete data (n=7)
é | Articles included in the analysis (n=20)|

Figure | Flowchart describing the process of study searching and inclusion.

pain reduction was moderated by mean age, sex distribu-
tion of subjects, total dose of LA, or treatment duration.
We found that the effect size was not moderated by mean
age (slope=0.02, p=0.40), the percentage of females
(slope=-1.43, p=0.30), or treatment duration (slope=
—0.02, p=0.38; see Supplementary Figure 5, which

shows the regressions for mean age, the percentage of
females, and treatment duration in terms of their effect
on pain).

Disability

We compared the change in the level of disability between
patients receiving LA and sham treatment with data
13 studies. Our
a significant reduction in the level of disability in patients

extracted from analysis  found
receiving LA compared to those receiving sham treatment
(g=0.68, 95% CI=0.29 to 1.08, p<0.001; Figure 3).
Sensitivity analysis illustrated that the significant effect
was not influenced by removing any single study. No
publication bias was detected in the analysis (t=0.96,

df=11, p=0.36), as shown in Supplementary Figure 6.

Significant heterogeneity was found among these studies
(Q=86.40, df =12, 1’=86.11%, p<0.001).

In the subgroup analysis, we found that LA was sig-
nificantly more effective at reducing disability in treat-
ments shorter than one month in duration (g=0.75, 95%
CI=0.31 to 1.20, p<0.001; Figure 3); however, not in
treatments longer than one month in duration (g=0.36,

95% CI=-0.10 to 0.83, p=0.13; Figure 3). In addition,
through the meta-regression analysis, we found that the
effect was not moderated by mean age (slope=0.03,
p=0.08), the percentage (slope=—0.60,
p=0.62), or treatment duration (slope=—0.02, p=0.07; see

of females

Supplementary Figure 7, which shows the meta-regression

analyses for mean age, the percentage of females, and
treatment duration in terms of their effect on disability).

Functional Impairment
We also compared the change in the level of functional
impairment between patients receiving LA and sham treat-
ment, with data derived from 14 studies. Our results
showed a significant decrease in the level of functional
impairment in patients receiving LA compared to sham
treatment (g=0.67, 95% CI=0.32 to 1.03, p<0.001;
Figure 4). Sensitivity analysis revealed that the significant
effect was not influenced by removal of any single study.
However, publication bias was detected in the analysis
(t=1.82, df=12, p=0.09) and in Supplementary Figure 8.
Significant heterogeneity was found among these studies
(Q=78.07, df=13, 1°=83.35%, p<0.001).

In the subgroup analysis, we found that LA was sig-

nificantly more effective in reducing functional impair-
ment in treatments shorter than one month in duration
(g=0.60, 95% CI=0.28 to 0.92, p=0.001; Figure 4), as
well as in treatments longer than one month in duration
(g=0.66, 95% CI=0.13 to 1.19, p=0.02; Figure 4). In
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Table | Characteristics of Laser Acupuncture in Musculoskeletal Disorders

Study Condition Blind N#* Laser Parameters | Acupoints Duration Results
(Sessions)
Kholoosy Low back pain Participants 20/20 | 808 nm, 160 mW, L4, ST44, H7 3 months | pain®*** Improved spinal
et al 2020°* 0.16 J/cm? (12) ROM, functional status
Lin et al Knee osteoarthritis Participants, 88/55 10.6 pum, 160-180 ST35, EX-LE4, Ashi point 4 weeks No significant differences
2020%2 investigator mW, 61.2-68.8 J/cm? (12)
Kibar et al Shoulder pain Participants, 36/37 | 850 nm, 100 mV, 4 )/ | GB2I, LI4, LIl I, LI14, LII5, LIl6, 3 weeks | pain®**** Improved
2017°" therapists cm? S19, 110, SI1 1, TEI4, TEIS (15) functional status
Lin et al Low back pain Participants, 25/23 | 808 nm, 40 mW, I5 BL40, Ashi point 5 days (5) | pain®*
2017%° therapists Jem?
Acosta- Wrist pain Participants 13/13 980 nm, 50 mW SIS, SJ4, SJI5, LI5,PC7,LI4, VL62, 4 weeks | pain** Improved
Olivo et al V60,KI3 (10) functional status
2017%
Adly et al Rheumatoid arthritis Participants 15/15 904 nm, 100 mW, 4 LR3, ST25, ST36, SI3, SI4, LI4, LII1, 4 weeks | disease activity score®*
cm , SP9, 3 s
20174 Jlem? SP6, SP9, GB25, GB34, HT7 (12)
Helianthi Knee osteoarthritis Participants, 31/31 | 785 nm, 50 mW, 4 ] ST35, ST36, SP9, GB34, EX-LE4 5 weeks | Lequesne index*##*
etal 2016% investigator (10)
Shin et al Low back pain Participants, 28/28 660 nm, 50 mW GV3-5, BL23-25, BL40, GB30 I week (3) No significant differences
2015% therapists
Glazov et al Low back pain Participants, 48/48 840 nm, 20 mW 0.2— GV2-4, BL21-28, BL32-36, BL50— 8 weeks No significant differences
2014% therapists 0.8) 54, GB 25, GB27-32 8)
Al Rashoud Knee osteoarthritis Participants, 29/29 830 nm, 30 mW, 1.2 ST35, ST36, SP9, SP10 3 weeks | pain** and 1 quality of
et al 2014* therapists ) life**
Hinman et al Knee osteoarthritis Participants, 71170 10 mW, 0.2 ) SP9-10, ST34-36, LR7-9, KI10, 12 weeks No significant differences
2014% therapists BL39-40, BL57, GB34-36 (24)
Ferreira et al Temporomandibular Participants, 20/20 780 nm, 50 mW, 4.5 | STé, SI19, GB20, GB43, LI4, LR3, 3 months | chronic TMD pain***
2013 pain TE3, EX-HN3 (13)
Lin et al Knee osteoarthritis Participants, 28/29 | 650 nm, 36 mW, 43.2 | ST35 2 weeks | pain¥rE
2012 therapists ] (6)
Katsoulis Low back pain Participants, 3/4 808 nm, 40 mW, 15 BL40 5 days (5) | pain™A
et al 20107 therapists Jlem?
Zhao et al Knee osteoarthritis Participants, 20/20 | 650 nm, 36 mWV, 43.2 | ST35 2 weeks | pain®*
2010% therapists J 6)
Shen et al Knee osteoarthritis Participants, 20/20 | 10.6 pm, 200 mW; ST35 4 weeks | pain®*
2009% therapists 650 nm, 36 mW (12)
Yurtkuran Knee osteoarthritis Participants, 28/27 | 904 nm, 10 mW/cm?, | SP9 2 weeks | periarticular swelling®**
et al 20077 investigator 4 mW, 048 (10)
Lam and Epicondylitis Participants, 21/18 | 904 nm, 25 mW, Ashi points 3 weeks | pain®™**, 1grip strength
Cheing therapists 0.275 ) ) and physical function®*
2007%¢
llbuldu et al Trapezius muscle Participants, 2020 | 632.8 nm, 2 Ashi points 4 weeks 1 pain®*, 1 pain
20043 pain therapists (12) threshold****
Naeser et al Carpal tunnel Participants, 4/7 632.8 nm, I5 mW, I] | PC7, TE4, LUII, LII, PC9, TEI, 4 weeks | MPQ pain score, Phalen
20023 syndrome investigator HT9, Sl (12) and Tinel sign***
Notes: *Laser acupuncture group/control group; **P<0.05; ***P<0.01; ****P<0.001.
Abbreviation: NA, P value not available.
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A

Pain-baseline-endpoint comparison

Study name

Naeser 2002
lbuldu 2004
Lam 2007
Yurtkuran 2007
Shen 2009
Katsoulis 2010
Zhao 2010

Lin 2012
Ferreira 2013
Al Rashoud 2014
Glazov 2014
Hinman 2014
Shin 2015
Helianthi 2016

Acosta-Olivo 2017 1.39 0.56 223 3268 0.0011

Adly 2017
Kibar 2017

Lin 2017
Kholoosy 2020
Lin 2020

B

Statistics for each study

Hedges's Lower Upper
g limit limit Z-Value p-Value

1.56 0.26 286 2353 0.0186
014  -0.46 075 0467 0.6404
1.31 063 199 3761 0.0002
0.01 -0.51 053 0031 09750
0.75 0.12 138 2331 00198
-127 269 016 -1.743 0.0814 -]
0.98 0.34 163 2993 0.0028
036 -0.16 088 1366 0.1720
1.55 0.86 225 4375 0.0000
113 0.58 168 4039 0.0001
012 -028 052 0585 0.5582
016  -0.17 048 0930 0.3525
013  -0.39 065 0495 0.6205
3.42 265 420 8628 0.0000

030 -041 100 0826 0.4087
294 228 359 8747 0.0000
089 030 147 2978 0.0029
370 269 471  7.58 0.0000
157 195 -119 -8084 0.0000 -
088 035 142 3265 0.0011

Hedges's g and 95% CI

—

»
R =
-
_..
-

¢y

-4.00 -2.00 0.00 2.00 4.00

Favor control

Pain-shorterthan one month

Favor LA

Study name

Naeser 2002
libuldu 2004
Lam 2007
Yurtkuran 2007
Shen 2009

Zhao 2010

Lin 2012

Ferreira 2013

Al Rashoud 2014
Glazov 2014
Shin 2015
Helianthi 2016
Acosta-Olivo 2017
Adly 2017

Kibar 2017

Lin 2017
Kholoosy 2020
Lin 2020

Cc

Statistics for each study
Hedges's Lower Upper
g limit limit  Z-Value p-Value

1.56 0.26 286 2353 0.0186
1.03 0.38 1.67 3.107  0.0019
1.31 063 1.99 3.761  0.0002
-0.09  -061 043 -0.344 07309
0.75 0.12 1.37 2322 0.0202
0.98 0.34 1.63 2993  0.0028
036 -0.16 0.88 1366 0.1720
083 0.19 1.46 2559 0.0105
0.72 0.19 124 2680 0.0074
029 -0.10 0.69 1446 0.1483
013 -0.39 0.65 0495 0.6205
229 165 292 7.058  0.0000
113 0.32 1.93 2742 0.0061
030 -0.41 100 0826 0.4087
294 228 3.59 8.747  0.0000
0.89 0.30 1.47 2978 0.0029
278 1.92 364 6.335  0.0000
-009 -043 024 -0534 05935
0.96 057 1.36 4749  0.0000

Hedges's g and 95% CI

R LT

-4.00 -2.00 0.00 2.00 4.00

Favor control

Pain-longer than one month

Favor LA

Study name

lbuldu 2004
Yurtkuran 2007
Katsoulis 2010
Ferreira 2013

Al Rashoud 2014
Glazov 2014
Hinman 2014
Helianthi 2016
Acosta-Olivo 2017
Kholoosy 2020
Lin 2020

Figure 2 Forest plot showing effect sizes (Hedges’ g) and 95% confidence intervals (Cls) from individual studies and pooled results comparing the effect of laser acupuncture

for each study

Hedges's Lower Upper
g limit limit Z-Value p-Value
014  -046 075 0467 06404
0.01 -0.51 053  0.031 09750

127 269 016 -1.743 00814 —

155 0.86 225 4375 0.0000
093 0.39 146 3392 0.0007
014 -026 054 0683 0.4949
035 0.01 068 2048 0.0405
342 265 420 8628 0.0000
1.88 0.98 279 4087 0.0000
3.70 269 471 7.158  0.0000
-1.14 -1.50 -0.78 -6.186  0.0000 =
0.87 0.12 162 2268 0.0234

-4.00 -2.00

Favor control

Hedges's g and 95% CI

——

-

0.00 2.00 4.00

Favor LA

(LA) and sham treatment on pain, with (A) overall effect, (B) treatment duration shorter than one month, and (C) treatment duration longer than one month.
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A
Disability- baseline endpoint comparison
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit Z-Value p-Value
llbuldu 2004 005 -065 056 -0.150 0.8806
Lam 2007 076 012 140 2342 00192 ——
Yurtkuran 2007 015 -067 037 -0561 05748
Shen 2009 049 -013 111 1556 01197 Hi-
Zhao 2010 054 -008 116 1713 0.0868 il
Glazov 2014 007 -047 033 -0349 0.7271
Hinman 2014 022 -011 055 1291 0.1967
Helianthi 2016 179 121 238 6016 0.0000 -
Acosta-Olivo 2017 072 -005 149 1845 0.0651 —l—
Adly 2017 022 -048 092 0613 0539 —
Kibar 2017 232 173 291 7.711 0.0000 -
Kholoosy 2020 129 062 196 3782 0.0002 —-
Lin 2020 094 058 129 5209 0.0000 =
068 029 108 3410 0.0007 <&
-400 -200 000 200 4.00
Favors placebo  Favors LA
B
Disability- shorter than 1 month
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit Z-Value p-Value
llbuldu 2004 013 -074 048 -0414 06789
Lam 2007 076 012 140 2342 00192 -
Yurtkuran 2007 020 -072 033 -0.737 0.4608
Shen 2009 049 -013 111 1556 0.1197 -
Zhao 2010 054 -008 116 1713 0.0868 Hl-
Glazov 2014 0.00 -040 040 0.000 1.0000 L 3
Helianthi 2016 189 130 249 6249 0.0000 -
Acosta-Olivo 2017 097 018 176 2405 00162 ——
Adly 2017 022 -048 092 0613 0539 ——
Kibar 2017 232 173 291 7711 0.0000 -
Kholoosy 2020 129 062 196 3782 0.0002 ——
Lin 2020 094 058 129 5209 0.0000 L 3
075 031 120 3320 0.0009 L 2
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Study name Statistics for each study Hedges's g and 95% CI
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Figure 3 Forest plot showing effect sizes (Hedges’ g) and 95% confidence intervals (Cls) from individual studies and pooled results comparing the effect of laser acupuncture
(LA) and sham treatment on disability levels, with (A) overall effect, (B) treatment duration shorter than one month, and (C) treatment duration longer than one month.
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Function- baseline-endpoint comparison
Study name Statistics for each stud Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit Z-Value p-Value
Naeser 2002 031 -082 144 0542 05881
libuldu 2004 045 -017 1.06 1430 0.1528
Lam 2007 0.84 0.20 149 2564 0.0103 —-
Yurtkuran 2007 032 -021 084 1187 0.2353
Shen 2009 036 -025 0.97 1.147 0.2514
Zhao 2010 036 -025 0.97 1.158 0.2469
Al Rashoud 2014 180 120 240 5838 0.0000 —-
Glazov 2014 012 -028 052 0587 05573
Hinman 2014 014 -019 047 0850 0.3952
Shin 2015 0.58 0.05 111 2151 0.0315
Adly 2017 023 -047 093 0647 05174
Kibar 2017 241 181 301 7884 0.0000 L
Kholoosy 2020 1.46 0.78 215 4174 0.0000 —
Lin 2020 020 -0.13 054 1176 0.2397
0.67 0.32 1.03 3750 0.0002 L 2
-4.00 -2.00 0.00 2.00 4.00
Favors placebo Favors LA
Function-shorter than 1 month
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit Z-Value p-Value
Naeser 2002 0.31 -0.82 144 0542 05881 —in—
libuldu 2004 0.77 0.14 1.41 2407 0.0161 ——
Lam 2007 0.84 0.20 149 2564 0.0103 -
Yurtkuran 2007 -0.14 -066 039 -0513 06083
Shen 2009 036 -025 0.97 1.147 0.2514
Zhao 2010 036 -0.25 097 1158 0.2469
Al Rashoud 2014 0.67 0.15 119 2509 0.0121 E =
Glazov 2014 0.49 0.09 090 2400 0.0164 . 3
Shin 2015 058 005 111 2151 00315 Hill-
Adly 2017 023 -047 093 0647 05174 ——
Kibar 2017 241 1.81 3.01 7.884 0.0000 -
Kholoosy 2020 075 012 138 2341 00192 —-
Lin 2020 020 -0.13 054 1176 0.2397
0.60 0.28 092 3660 0.0003 L 2
-4.00 -2.00 0.00 2.00 4.00
Favors placebo  Favors LA
Function-longerthan 1 month
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit Z-Value p-Value
libuldu 2004 0.45 -0.17 1.06 1430 0.1528
Yurtkuran 2007 020 -0.33 072 0.736 04618
Al Rashoud 2014 1.80 1.20 240 5838 0.0000
Glazov 2014 012 -0.28 052 0587 05573
Hinman 2014 0.14 -0.19 047 0850 0.3952
Kholoosy 2020 1.46 0.78 215 4174 0.0000
066 013 119 2422 00154 <o

-4.00 -2.00 0.00 2.00 4.00

Favors placebo Favors LA

Figure 4 Forest plot showing effect sizes (Hedges’ g) and 95% confidence intervals (Cls) from individual studies and pooled results comparing the effect of effect of laser
acupuncture (LA) and sham treatment on the recovery of functional impairment, with (A) overall effect, (B) treatment duration shorter than one month, and (C) treatment
duration longer than one month.
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addition, through the meta-regression analysis, we found
that the effect was not moderated by mean age
(slope=0.00, p=0.97), the percentage of females (slope=
—0.05, p=0.96),
p=0.58; see Supplementary Figure 9, which shows the

or treatment duration (slope=—0.01,

regressions for mean age, the percentage of females, and
treatment duration in terms of their effect on function).

Dropout Rate

We found that the dropout rate was not significantly dif-
ferent when comparing patients receiving LA to those
(RR=0.73,
Supplementary Figure 10, which shows a forest plot incor-

receiving sham treatment p=0.08; see

porating data from previous studies). No publication bias
found (t=0.33, df=18, p=0.74), as
Supplementary Figure 11. Additionally, no significant het-

was shown in

erogeneity was found among studies (Q=9.47, df=19,
1°=0.00%, p=0.95).

Placebo Effect

Finally, we examined the placebo effect of sham treatment
on pain intensity, based on data from the 20 included
studies. We found sham treatment significantly reduced
pain intensity (g=0.54, 95% CI=0.32 to 0.77, p<0.0001;
see Supplementary Figure 12, which shows a forest plot

comparing the degree of pain reduction associated with
laser acupuncture and placebo treatment). Sensitivity ana-
lysis showed that the significant effect was not influenced
by removal of any single study. Publication bias was
detected in the analysis (t=2.44, df=18, p=0.03; sece
Supplementary Figure 13). In addition, significant hetero-

geneity was noted among these studies (Q=104.49, df =19,
1>=81.82%, p<0.001).

Discussion

This study revealed that the positive effects of LA are
most pronounced for pain reduction and functional impair-
ment, following treatments of both shorter and longer than
one month in duration. In treatments shorter than one
month, LA also appears to improve disability; however,
in treatments longer than one month, its effect is not
significant. Disability is a physical condition that renders
a person unable to act in a manner considered usual for the
majority of people. Disability caused by a musculoskeletal
disorder that lasts for longer than one month may require
physical rehabilitation therapy in addition to LA. We
found that these effects were not moderated by mean
age, sex distribution, or treatment duration. There was no

significant difference between LA and sham groups in
dropout rates. The main strength of this study is that LA
ameliorates pain, disability, and functional impairment in
patients with musculoskeletal pain.

Law et al revealed that LA was efficacious in amelior-
ating musculoskeletal pain and functional outcomes after 6
to 26 weeks of treatment,*® while the findings of this study
revealed improvement after 5 days to 3 months of treat-
ment (Table 1). Randomized trials offer the best evidence
for assessing the occurrence of events with enough fre-
quency. If the trial designs are similar, the insight can be
improved by combining the evidence from each trial. Such
meta-analyses are best executed by statistically synthesiz-
ing results from a series of studies. Advantages of meta-
analyses include: the potential for a more thorough, larger
population analysis of outcomes (eg, time to event); incon-
sistencies of individual results can be pooled and quanti-
fied, increasing the statistical power; precision and
accuracy; the ability to explore patient subgroups; and
the ability to verify data quality as well as implementation
of sensitivity analyses on main results. Following a vast
search, we excluded more than 98% of the identified
articles due to them not meeting the inclusion criteria.
We believe that our results, according to statistically
synthesizing the data, provide the best obtainable evidence
on LA for pain management.

Sixteen articles revealed that LA had superior effects to
the control group in terms of pain management, improve-
ment of disability, and functional improvement (Table 1).
The laser parameters used for LA in these studies were as
follows: wavelength, 632.8-980 nm; power, 4-200 mW;
and energy, 0.275-43.2 J. Four studies***>*%? revealed

negative results for LA; two of these studies*>*

applied
0.2 J of energy to acupoints, and one study”~ applied 61.2—
68.8 J. A power density and energy that is too low or high
can result in an ineffective response.>* One study*® treated
patients three times weekly for only one week. The impro-
per choice of acupoints, low frequencies, inadequate
energy, infrequent treatments, and unskilled therapists
can all lead to a negative effect following LA therapy.?!

On the basis of TCM theory, qi stagnation and blood
stasis cause pain (a pathological change in which a long-
term or serious stagnation of qi obstructs blood flow,
a disease with features of simultaneous qi stagnation and
blood stasis).”>>° Based on the gate-control theory of pain
and the endorphin-and-neurotransmitter model, acupunc-
ture has the ability to modulate certain pain signals related
to endogenous neurotransmitters.”’
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The de-qi sensation felt by the patient after acupunc-
ture needling is associated with the therapeutic effect of
acupuncture, according to the TCM theory.”'”** LA is
not associated with de-qi sensations such as distension,
soreness, heaviness, or numbness. However, LA could
activate blood and move qi, providing anti-inflammatory
and analgesic effects. The re-adjustment of qi and blood
flow recovers internal homeostasis and improves disease
symptoms.”®  Low-level laser therapy has anti-
inflammatory effects, influences neural modulation, and
has cellular effects through the dissociation of nitric
oxide from cytochrome C oxidase.?® It seems to play the
same role as needle acupuncture at the skin level, by
means of an inhibitory mechanism associated with nerve
block.®' Low-level laser therapy can decrease inflamma-
tion by lowering the quantity of biochemical markers
(prostaglandin E2, messenger ribonucleic acid cyclooxy-
genase-2, interleukin-1B, and tumor necrosis factor-o),
neutrophil influx, oxidative stress, edema, and
hemorrhage.®” LA combines the therapeutic effects of
traditional acupuncture and low-level lasers. The analgesic
effect of low-level laser therapy is mediated by peripheral
opioid receptors,”® whereas traditional acupuncture has
local and remote analgesia that may be mediated by var-
ious mechanisms.

Invasive acupuncture needling is associated with
potential complications, including pneumothorax, central
nervous system or spinal cord injury, cardiac tamponade or
heart injury, subarachnoid or intracranial hemorrhage, bro-
ken needles, local bruising, swelling, tenderness, infection
or cellulitis, dizziness, syncope, nausea, and vomiting.®**’
By combining traditional acupuncture and modern laser
medicine, noninvasive LA is a low-intensity, nonthermal
laser irradiation method to stimulate acupuncture points.
LA does not include the pain sensation and risk of com-
plications associated with acupuncture needling. It focuses
on acupoint treatment, as opposed to ordinary laser ther-
apy which focuses on local non-acupoints. Noninvasive
and pain-free, LA could be an alternative therapy to tradi-
tional acupuncture for needle-phobic patients.

In this study, it was noted that pain intensity might
have been influenced by the placebo effect. The placebo
effect is not a medical effect; however, it benefits
a patient’s health status due to the perception that the
placebo treatment is effective.®®®® There are several pos-
sible mechanisms of the placebo effect, including the
expectation model and the reflex conditioning model.

A subject’s thoughts and beliefs may respond positively

to the health state in the expectation model; their previous
experiences will produce a positive conditioned stimulus
in the reflex conditioning model. Some neurobiological
studies have shown that placebo analgesia mechanisms
may be associated with endogenous opioids, dopamine,

endocannabinoids, 70-73

oxytocin, or  vasopressin.
However, the analgesic effect of neuromodulation with
LA is significantly superior to the placebo effect in this
study.

Meta-analysis is a statistical method and quantitative
technique to pool the results of several individual studies.
Pooling the results from individual clinical trials provides
more precise and accurate information on the effect of LA
for musculoskeletal pain. However, several limitations of
meta-analysis exist, including: little information provided
about the mechanism of action, imperfect literature data
collection, the presence of publication bias, over-
estimating the treatment effect size, lower quality research
methods, lack of TCM syndrome differentiation, and het-
erogeneity. In some studies, randomization is not per-
formed with a computer-generated random number list,
a coin toss, or well-intermixed envelopes. Some trials
were incompletely masked or blinded and did not use
identical tablets or vials. In order to reduce the above
limitations, we selected more than 14 well-randomized,
double-blind clinical trials conducted in different coun-
tries. Finally, some non-English articles might have been

missed from our search results.

Conclusion

This meta-analysis has shown that LA may improve pain,
disability, and functional levels in musculoskeletal disor-
ders. Further researches are necessary to better determine
optimal therapeutic parameters, including wavelength,
dose, and intensity, and to reach the maximal physiological
benefit and cost-effectiveness of therapy.

Abbreviations

CI, confidence interval; DASH, the Disabilities of the
Arm, Shoulder and Hand; ES, effect size; LA, laser acu-
puncture; RR, risk ratio; TCM, traditional Chinese medi-
cine; WOMAC, the Western Ontario and McMaster
Universities’ Osteoarthritis Index.
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