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Abstract

Introduction: While photobiomodulation and high-power lasers are common for rotator cuff-
related shoulder pain, evidence interpretation is hindered by inconsistent dosimetry and clinical
findings. This systematic review and meta-analysis evaluate the effects of low-level (LLLT) and
high-level laser therapy (HLLT) on pain, range of motion (ROM), and shoulder function.
Methods: This PROSPERO-registered review included randomized controlled trials comparing
LLLT or HLLT against sham, no treatment, or conventional care. Two reviewers independently
conducted screening, data extraction, and risk-of-bias assessment. Continuous outcomes were
synthesized using random-effects models, supplemented by subgroup analyses (LLLT vs. HLLT;
laser vs. laser plus exercise) and sensitivity analyses to address heterogeneity.

Results: Twenty-three trials (wavelengths 805-1064 nm) were included. Pooled analysis showed
that laser therapy significantly reduced overall pain (VAS: MD -5.22; 95% Cl —7.56 to —2.88;
P<0.001 P<0.001 P<0.001), though improvements in pain at rest, during movement, and at
night were not statistically significant. After excluding outliers, modest improvements were
noted in active internal rotation (MD 1.14; 95% Cl 0.19-2.09; P<0.001 P<0.001 P<0.001)
and passive external rotation (MD —-1.33; 95% Cl —=1.92 to —0.73; P<0.001 P<0.001 P<0.001).
Subgroup analysis indicated that HLLT yielded superior active-abduction outcomes compared
to LLLT (P=0.016 P=0.016 P=0.016). Certainty was limited by heterogeneity, small sample sizes,
inconsistent dosimetry, and short follow-up.

Conclusion: Laser therapy provides modest, reproducible analgesic benefits, and selective
ROM improvements, particularly when HLLT is combined with exercise. Given the limited
functional gains and reporting inconsistencies, lasers should be used as an adjunct to structured
rehabilitation rather than a standalone treatment. Future trials require standardized dosing and
longer follow-ups.
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Introduction

Rotator cuff-related shoulder pain is a frequent cause of
persistent shoulder symptoms and functional limitation."
The condition includes a spectrum of tendon and
periarticular disorders in which pain, impaired range of
motion, weakness, and reduced daily activity may occur.>*
Although many patients are initially managed with non-
operative strategies such as exercise-based rehabilitation,
anti-inflammatory medication, corticosteroid injection, and
physical modalities, responses are variable and no single
conservative approach is uniformly effective.>® Laser-based
therapies have been proposed as adjunctive treatments
for shoulder tendinopathy because of their potential
biological effects on pain modulation, inflammation, tissue
perfusion, and repair processes.” Low-level laser therapy

(LLLT), also referred to as photobiomodulation, applies
low-intensity light to stimulate cellular activity without
producing a thermal tissue effect. In contrast, high-level
laser therapy (HLLT) delivers greater energy to deeper
tissues and may induce photochemical, photothermal, and
photomechanical responses. These mechanistic differences
suggest that the two modalities may not produce equivalent
clinical effects.5**

Despite growing clinical evidence, the literature remains
heterogeneous regarding laser parameters, dosimetry,
treatment duration, and outcome measures, making it
difficult to establish standardized clinical protocols. Several
systematic reviews have evaluated physical-agent modalities
for rotator cuff-related shoulder disorders, and a recent
review by Lin et al. ' specifically examined LLLT and
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HLLT for pain and disability in rotator cuff tendinopathy.
However, important uncertainties remain regarding the
consistency of effects across clinically distinct outcome
domains, particularly pain subtypes, active versus passive
range of motion, and validated shoulder-specific functional
scales. In addition, the interpretation of laser therapy is
complicated by substantial heterogeneity in dosimetry,
treatment regimens, co-interventions, comparator groups,
and follow-up duration. Therefore, the present review
was designed to provide an outcome-specific synthesis
of randomized controlled trials evaluating LLLT and
HLLT in rotator cuff-related shoulder disorders, with
particular attention to pain, active and passive ROM,
functional outcomes, subgroup patterns by laser type and
co-intervention, sensitivity analyses for influential studies,
and assessment of small-study effects where data permitted.

Accordingly, this systematic review and meta-analysis
evaluated randomized controlled trials of LLLT and HLLT
patients with rotator cuft-related shoulder disorders. The
objectives were to estimate their effects on pain, shoulder
range of motion, and functional outcomes, and to examine
whether treatment modality and co-interventions modified
the observed clinical response.

Methods

Protocol and reporting

This systematic review and meta-analysis was reported in
accordance with the PRISMA 2020 statement. The protocol
and eligibility criteria were defined a priori, and the final
search was conducted on October 14, 2024.

Eligibility criteria

Randomized controlled trials were eligible if they
compared low-level laser therapy LLLT or HLLT with sham
treatment, no intervention, or conventional nonsurgical
therapy in adults with rotator cuff disease, subacromial
impingement syndrome, or rotator cuff tendinopathy.
Eligible studies had to report pain measured using the
visual analog scale (VAS), active or passive range of motion,
or function measured using the SPADI, Constant-Murley,
QuickDASH, or UCLA score. Only English-language
studies with extractable numerical data were included.

Intervention definition

LLLT was defined as low-power, nonthermal red or near-
infrared photobiomodulation that stimulates cellular and
anti-inflammatory pathways without meaningful tissue
heating. HLLT was defined as higher-power laser therapy
with greater peak power and energy, deeper penetration,
and photobiomodulatory and photothermal effects.

Information sources and search strategy

MEDLINE via PubMed, Embase, Cochrane CENTRAL,
Web of Science, and Scopus were searched from inception
to October 14, 2024. After duplicate removal, two reviewers
independently screened titles and abstracts and assessed
potentially eligible full-text reports against the predefined
eligibility criteria. Disagreements were resolved through

discussion or consultation with a third reviewer.

Data extraction and data items

Two reviewers independently extracted study setting,
sample size, participant characteristics, diagnosis, laser
modality and parameters, treatment schedule, co-
interventions, comparator, follow-up duration, and
outcome data. Disagreements were resolved by consensus
or consultation with a third reviewer.

Risk of bias assessment

Two reviewers independently assessed risk of bias using
the Cochrane Risk of Bias 2 tool. The domains included
bias arising from the randomization process, deviations
from intended interventions, missing outcome data,
outcome measurement, and selection of the reported result.
Disagreements were resolved by consensus or consultation
with a third reviewer.

Outcomes

The primary outcome was total pain measured using the
VAS; scores reported on a 0-100 scale were converted to
a 0-10 scale. Secondary outcomes included VAS pain at
rest, during movement, and at night; active and passive
range of motion; and function measured using the SPADI,
Constant-Murley, QuickDASH, or UCLA score. Follow-
up was classified as short term, from the end of treatment
to 3 months, or mid-term, from more than 3 to 6 months.

Data synthesis and statistical analysis

For continuous outcomes measured on a common scale,
such as VAS scores reported on standardized 0-100 or 0-10
scales, pooled effects were expressed as mean differences
(MDs) with 95% confidence intervals (CIs). When studies
assessed the same underlying construct using different
measurement scales, standardized mean differences (SMDs)
were calculated. All meta-analyses were performed using a
DerSimonian-Laird random-effects model to account for
between-study heterogeneity. Statistical heterogeneity was
evaluated with Cochran’s Q test and quantified using the
I? statistic, with values of 25%, 50%, and 75% interpreted
as indicating low, moderate, and high heterogeneity,
respectively. Prespecified exploratory subgroup analyses
were conducted according to laser type, comparing LLLT
with HLLT, and according to co-intervention, comparing
laser therapy alone with a laser combined with exercise
or physiotherapy. Sensitivity analyses were performed
by sequentially excluding identified outliers and studies
considered to have a higher risk of bias.

When outcome data were reported as medians
with interquartile ranges or ranges, we estimated the
corresponding means and standard deviations using
validated conversion methods, including Wan, Hozo, or
comparable approaches as appropriate, so that the data
could be pooled. If standard deviations were not reported
and could not be estimated, the study was excluded from the
corresponding pooled analysis but described qualitatively.
When multiple laser arms versus a single control arm were
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reported, we either (a) pooled laser arms when clinically
appropriate or (b) split the control group sample size to
avoid double-counting as per Cochrane recommendations.
All decisions and calculations are documented in the
extraction file. Analyses were conducted using Review
Manager (RevMan) for forest plot generation and primary
pooled estimates, and Stata or equivalent statistical software
for publication bias assessment, including Begg’s and
Egger’s tests and trim-and-fill analyses. Publication bias
and small-study effects were examined visually with funnel
plots and statistically using Begg’s and Egger’s tests. When
trim-and-fill analyses resulted in meaningful changes to
the pooled estimates, the adjusted estimates were reported.

Handling of heterogeneity and outliers

For outcomes with substantial heterogeneity (I> > 75%),
we explored potential sources of variability by examining
laser type, co-interventions, comparator type, follow-up
duration, risk of bias, and visually influential studies in
forest plots. These analyses were interpreted as exploratory
because the number of studies per outcome was limited.
Studies were classified as influential when they appeared
to exert a disproportionate impact on the pooled effect
estimate or between-study heterogeneity, based on the
visual inspection of forest plots and sensitivity analyses.
When such studies were identified, additional sensitivity
analyses were conducted to evaluate the robustness of the
pooled estimates. These analyses were intended to assess
the stability of the findings rather than to determine the
primary effect estimates. The possible effect of excluding
influential studies on both the magnitude and direction
of treatment effects was considered in the interpretation
of results.

Ethics

Because this review used published data and recruited
no participants or collected individual patient-level data,
institutional review board approval was not required.
Corresponding authors were contacted when additional
or missing data were needed.

Results

Literature Search and Study Selection

The database search identified 1,342 records. After removal
of 657 duplicates, 685 records underwent title and abstract
screening, of which 644 were excluded. Forty-one full-text
reports were assessed, and 18 were excluded because of
insufficient data. Consequently, 23 studies involving 1,317
participants were included. Because two studies each
contributed two eligible comparisons, 25 comparisons were
included in the meta-analysis Figure 1.

Characteristics of the Studies

The included studies evaluated LLLT or HLLT at
wavelengths ranging from 805 to 1,064 nm. Their main
characteristics are summarized in Table 1.

Meta-Analysis
The pooled analysis showed a significant reduction in total
VAS pain in the laser group compared with the control
group (MD, —5.22; 95% CI, -7.56 to —2.88; P<0.001).
However, VAS pain during movement, at rest, and at night
did not differ significantly between groups, although all
estimates favored laser therapy (Figure 2).

The studies by Kamal et al. '' and Elsodany et al. ©
were identified as outliers in the analyses of internal and
external rotation and were therefore excluded from the

[ Identification of studies via databases and registers ]

)

Records identified from: 1342
PUBMED: 153
Cochrane: 114
EMBASE: 339
Scopus: 530
Web of Science:206

Identification

| EndNote software (n =657)

_ l

Records screened
(n = 685)

o
=
=)
§ Reports assessed for eligibility
7} (n=41
h 4
Qualitative included studies
2 (n=23)
= Quantitative included studies
=
E (n=25)

Duplicate records (removed using

Records excluded
(n = 644)
Reviews (n=19)
Case reports (n=8)
Animal or cadaveric studies
(n=16)
Editorial notes and Conference
abstracts (n=22)
Non-English language (n=8)

Different fields of interest (n=571)

Insufficient data (n=18)

Figure 1. Study flowchart according to the PRISMA-DTA 2020 statement.

Journal of Lasers in Medical Sciences 2026;17 | 3



Dadkhahfar et al

Table 1. Characteristics of the Included Studies*

Female/Male

Study Pr:z'egtfs Aget n Laser Type s:l :v:;‘ Laser Duration Follow-up
control Laser Control Laser 8

Elsodany © 60 NR NR NR NR HILT 1064 ng;ﬁ'ssgon 120- 6m
Kamal " 40 10/10 10/10 36.85+11.33 37.35+£11.22 HILT NR total: 15 min 6w
Yilmaz 2 63 21/10 21/11 53.3+7.5 48+7.7 HILT 1064 NR 12w
Mahmoud " 45 NR NR 41.60+3.64 40.27 £3.65 HILT NR NR 8w
Yesilyaprak * 30 8/7 4m 50.110.2 49.2+9.0 HILT 1064 S;ilf;ef;?n?; time NR
Aceituno- 46 12/11 16/7 61.3+8.95 56.7+8.90 HILT 1064 NR 3m
Gomez '°

Abrisham 16 80 26/14 24/16 51.2+6.7 52.2+5.7 LLLT 890 120s 2w
Kelle 17 90 34/11 36/9 48.0 50.7 LLLT 904 150s 6m
Agir ' 112 48/8 47/9 47.61+10.49 51.48+5.51 LLLT 860 120s 4w
England " 30 NR NR NR NR LLLT 904 300s 2w
Abufoul 2° 50 12/16 9/13 54 (52 to 57) 56 (52 to 60) LLLT 808 NR 6m
Alfredo 2! 78 NR NR 45£10.4 54.2x7.1 LLLT 904 50s 3m
Vecchio 2 35 14/2 11/8 NR NR LLLT 830 total: 600 s 8w
Bingol 40 19/1 12/8 57.25+10.21 63.80+9.77 LLLT 904 60 s 2w
Dogan # 52 13/9 20/10 53.45+9.64 53.7+12.6 LLLT 850 60 s 3w
Yeldan 60 22/4 25/9 55.00+8.75 55.32+8.73 LLLT 904 NR 3w
Sen 26 37 10/8 15/4 48.5+11.9 52.2+8.3 LLLT 850 60 s 3m
Calis 36 14/7 10/5 50.42+£12.41 46.2+12.14 NR 904 120's 3w
Zaki % 30 6/4 5/5 53.43+11.4 45.86+13.28 HILT 904 50s 12w
Pekyavas » 70 NR NR 49.4+£12.6 40.6+11.7 HILT 1064 NR 2w
Bal 30 40 13/7 15/5 53.1+8.4 51.7+14.1 LLLT 904 120's 12w
Faria-Souza *' 69 NR NR NR NR LLLT 904 15 min and 20 s 2w
/:/‘T;?“ah 30 11/4 8/7 41.46+6.97 42.46+6.13 LLLT 905 150's 4w

LLLT =low-level laser therapy, HILT =high-intensity laser therapy, NR=not reported. +The values are given as the mean, with or without the standard deviation
and with or without the range in parentheses, unless otherwise noted. $This study used 2 different comparisons to compare 2 different laser groups for evaluating
laser therapy versus non-surgical interventions for shoulder tendinopathies. §This study compared 2 different laser groups in the same study for evaluating laser

therapy versus non-surgical interventions.

pooled analysis. No significant between-group differences
were observed, except for active internal rotation, which
improved significantly in the laser group compared with
the control group (MD, 1.14; 95% CI, 0.19-2.09; P<0.001;
Figure 3.)

In the analyses of internal and external rotation, the study
by Elsodany et al. ¢ was identified as an outlier and excluded
from the pooled analysis. After its exclusion, a significant
between-group difference was observed for passive external
rotation (MD, —1.33; 95% CI, —1.92 to —0.73; P<0.001;
Figure 4.)

The study by Elsodany et al. ¢ was identified as an outlier
and excluded from the SPADI analysis. No significant
between-group differences were observed for the SPADI,
Constant-Murley, QuickDASH, or UCLA scores (Figure 5).

Subgroup Analysis
The results of the subgroup analysis are shown in Table 2.
Due to significant heterogeneity, we conducted subgroup
analyses to identify potential sources of variability.

In terms of active abduction, a significant difference
was noted between HLLT and LLLT, with HLLT yielding
more favorable outcomes (-0.52 vs. 2.82, P=0.016). No

statistically significant differences were detected between
HLLT and LLLT with respect to the other variables.

Small-Study Effects and Reporting Bias

Funnel plots are presented in Supplementary File 1. No
evidence of funnel-plot asymmetry was observed for any
outcome except passive flexion. For passive flexion, both
Begg’s and Egger’s tests indicated significant small-study
effects (P <0.05). Trim-and-fill analysis changed the pooled
estimate from —0.67 (95% CI, —1.93 t0 0.59) to —0.05 (95%
CI, —-1.40 to 1.30).

Risk of Bias Assessment
Risk-of-bias judgments are presented in Table 3.

Discussion

This meta-analysis indicates that laser therapy may offer a
small analgesic effect in patients with rotator cuff-related
shoulder disorders; however, the available evidence does
not demonstrate consistent benefits across all clinical
outcomes. The clearest pooled signal was observed for total
VAS pain, whereas pain at rest, pain during movement,
night pain, most range-of-motion outcomes, and

Journal of Lasers in Medical Sciences 2026;17
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a. Laser Control Hedges's g Weight b. Laser Contral Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% CI (%)
Bingol et al. 2005 20 -45 635 20 -21 g8z i} -0.36[ -0.87. 026] 1041 Vecchio et al. 1993 19 21 212 16 21 347 E 0.00[-0.65, 0.65] 14.36
Degan et al. 2010 30 34 4 22 -296 584 o -0.88[ -1.46. -0.32] 1042 Yeldan et al. 2008 34 -147 553 26 -204 645 M 095 042, 148] 1450
Abrisfiam etal. 2011 40 A4S 31 A0 29247 u TN B.37y;:°5.56) H0.21 Callis etal. 2011 15 144 107 16 -71 917 HlH 0.72[-1.43, -0.01] 14.27
Abd-Allah MA etal. 2017 15 -427 196 15 -4.13 239 i -0.62[ -1.34, 008] 10.38 Kelle et al. 2014 45 130 323 45 -3 25T = 570[-4.36, -3.02] 14.32
Elsodany etal. 2018 0 -603 .183 30 28 223 M- -15.65[-18.49, -1281] 9.08 Vesilyopraketal 2022 15 42 554 15 41 572 - 017[087, 052 1429
Aceituno-Gomezetal. 2019 23 -36 478 23 -36 546 [ ] 000[ -057, 057] 1042 P - e = 408[ 492, 320 140
Kamal et al. 2020 20 -523 162 20 278 202 M- 1310 -16.03, -10.16]  9.00

Sen et al. 2023 19 -16 812 17 -3 .739 b -1.63[-2.38, -0.89) 14.22
Mahmoud et al. 2023 15 63 420 15 26 .7 [=) 620[ -7.92, -4.48] 9.93
Abufoul et al. 2023 22 24 517 28 409 522 n 320[ 237, 403 1035 Overall e -1.32[-2.73, 0.09)
Agir et al. 2024 56 431 397 56 55 261 M 14.37[-16.28, -1245]  9.80 Heterogeneity: 1 = 3.48, I" = 96.65%, H' = 20.81
Ovaral <> 522( 756, -288) Testof = 8; Q(6) = 178.85, p = 0.00
Heterogeneity: 1° = 13.61, I = 88.52%, H' = 67.40 Testof8=0:z=-1.84, p=007

6 4 2 0 2
Random-effects DerSimonian-Laird model
20 -0 o 10

Random-effects DerSimonian-Laird model
c Laser Control Hedges'sg  Weight d. Laser Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% Gl (%)
Vecchio et al. 1993 19 -26 248 16 -31 347 164 0.89, 240] 14.34 Vecchioetal. 1993 19 25 236 16 -2.1 347 -1.34(-2.06, -0.62] 20.04
Yeldan et al. 2009 34 -221 439 26 -215 59 -012[-0.62, 0.38] 1462 Yeldanetal 2009 34 -2.85 .553 26 -3.08 .664 ) 0.38(-0.13, 0.88] 20.50
Calis et al. 2011 15 -213 819 16 -92 .568 -1.68[-2.49, -0.88] 14.28 Calis et al. 2011 15 274 107 16 -1.29 .929 -1.41(-2.19, -0.64] 19.92
Kelle et al. 2014 45 -247 .366 45 -1.01 .367 -3.95[-4.66, -3.24] 14.40 Yimazetal.2022 32 -2 .213 31 -8 .269 —f— -4.89(-5.87, -3.91 19.31
Yesilyaprak etal. 2022 15 -3.4 509 15 -5.28 .384 4.086[ 2.82, 5.30] 1357 Sen et al. 2023 19 -15 941 17 -15 995 E 0.00(-0.64, 0.64] 2023
Yilmaz et al. 2022 32 23 16 31 -9 .259 -1.20[-1.73, -0.67) 14.59 Overall -1.42[-2.95, 0.12]
Sen et al. 2023 19 -36 .76 17 -17 713 -2.52[-3.38, -1.65] 14.20

Heterogeneity: 1° = 2.92, I' = 95.90%, H* = 24.40
Testof @ = 8 Q(4) =97.59, p = 0.00
Testof 8 =0:z=-1.81,p=0.07

Overall

Heterogeneity: 1° = 4.27, I* = 07.08%, H’ = 33.97
Test of @ = 8; Q(6) = 203.84, p = 0.00
Testof@=0:2=-0.72, p= 047

-0.57[-2.13, 0.99]

Random-effects DerSimonian-Laird model

Random-effects DerSimonian-Laird model

Figure 2. Forest plot of the effect sizes for the visual analog scale (VAS). For each parameter, the blue square indicates the value in the included studies (with
weighting indicated by the square sizes), and the horizontal line indicates the 95% Cl; the corresponding set of values is stated to the right. The green diamond
indicates the random-effects model for the pooled data and its CI. The pooled effect size, chi-square, Cochrane Q, and 12 (inconsistency) values for the model
are stated at the bottom of the panel. a) total VAS, b) VAS at rest, c¢) VAS at movement, d) VAS at night. Cl = confidence interval.

b.

a. Laser Control Hedges's g Weight Laser Control Hedges's g Weight
Study N_Mean SD Mean SD with 5% CI %) Study N_Mean SD N _Mean SD with 95% CI (o)
Bingol et al. 2006 20 7.75 508 20 10 599 - -0.40(-1.01, 022] 9.22 Bingol et al. 2008 20 1025 508 20 1475 10.2 - -0.61[-1.23, 0.01] 850
Dogan &t al. 2010 30 12 6.88 22 681 552 3 0.80[ 0.23, 1.36] 9.30 Dogan et al. 2010 30 19.5 7.26 22 12.04 7.45 - 1.00[ 0.43, 158 8.53
Calis et al. 2011 15 10.66 3.15 16 9.12 276 - 0.51[-0.19, 1.21] 9.07 Calis et al. 2011 15 10.07 268 16 9.87 2.65 - 0.07 [-0.61, 0.76] 845
Pekyavas etal. 2018 19 32.73 6.95 16 30.28 11.3 - -070[-1.37, 003] 912 Pekyavas etal. 2016 19 37.52 7.44 16 3979 11 - -0.24[-0.89, 0.41] 848
Alfredo et al. 2021 42 28.6 4.51 42 28.6 6.07 [ | 0.00 [ -0.42, 0.42] 9.50 Elsodany et al. 2018 30 382 267 30 18.2 256 - 792 642, 942] 757
Alfrado et al. 2021 36 187 617 42 286 607 W -160[-2.11, -1.10] 9.39 Alfredo et al. 2021 42 432 555 42 548 7.75 - -1.70(-2.20, -1.21] 8.58
Yesilyaprak etal 2022 15 109 28 15 181 404 -2.02[-2.88, -1.15] 873 Alfredo et al. 2021 36 213 895 42 548 775 W -3.98[-4.75, -3.22] 839
Yimaz et al. 2022 3z 24.3 641 3 9.6 3.85 - 274 2.05, 3.42] 9.09 Yimaz et al. 2022 a2 24.7 6.44 31 123 821 . 1.94[ 1.34, 2.53] 852
Abufoul et al. 2023 22 53 6.24 28 50 5.26 - 0.52[-0.04, 1.08] 931 Yesilyaprak et al. 2022 15 16.8 677 15 21.7 4.13 - -0.83[-1.56, -0.11) 842
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Figure 3. Forest plot of the effect sizes for the active range of motions. For each parameter, the blue square indicates the value in the included studies (with
weighting indicated by the square sizes), and the horizontal line indicates the 95% Cl; the corresponding set of values is stated to the right. The green diamond
indicates the random-effects model for the pooled data and its Cl. The pooled effect size, chi-square, Cochrane Q, and 12 (inconsistency) values for the model
are stated at the bottom of the panel. a) active flexion, b) active abduction, c) active extension, d) active adduction, e) active internal rotation, f) active external
rotation. CI = confidence interval.

functional scores showed inconsistent or non-significant
effects. Therefore, the main clinical message is not that laser
therapy is broadly effective, but that it may offer limited

pain reduction in selected settings, particularly when used
as part of a rehabilitation program rather than as an isolated
intervention.
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Figure 4. Forest plot of the effect sizes for the passive range of motions. For each parameter, the blue square indicates the value in the included studies (with
weighting indicated by the square sizes), and the horizontal line indicates the 95% ClI; the corresponding set of values is stated to the right. The green diamond
indicates the random-effects model for the pooled data and its CI. The pooled effect size, chi-square, Cochrane Q, and 12 (inconsistency) values for the model
are stated at the bottom of the panel. a) passive flexion, b) passive abduction, c) passive external rotation, d) passive internal rotation. Cl = confidence interval.
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Figure 5. Forest plot of the effect sizes for other functional outcomes. For each parameter, the blue square indicates the value in the included studies (with
weighting indicated by the square sizes), and the horizontal line indicates the 95% Cl; the corresponding set of values is stated to the right. The green diamond
indicates the random-effects model for the pooled data and its CI. The pooled effect size, chi-square, Cochrane Q, and 12 (inconsistency) values for the model
are stated at the bottom of the panel. a) Shoulder Pain and Disability Index (SPADI), b) Constant-Murley score (CMS), ¢) Quick Disabilities of the Arm, Shoulder,
and Hand (QuickDASH), d) The University of California-Los Angeles (UCLA) shoulder scale. CI = confidence interval.

Unlike previous reviews that evaluated LLLT or HLLT
separately, often within specific diagnostic subgroups
such as subacromial impingement syndrome, this review

performance, limiting support for its use as a standalone
treatment.
Pain relief was the most consistent benefit across the

integrates both modalities across a broader range of rotator
cuff-related shoulder pain conditions. By jointly assessing
pain, range of motion, and function, it provides a more
comprehensive evaluation and identifies consistent and
uncertain findings in the literature.”

The inconsistency across outcomes is clinically important:
pain relief did not consistently improve function, and
range-of-motion gains were small, variable, and outcome-
specific. This dissociation suggests that laser therapy may
reduce symptoms or local inflammation without restoring
tendon mechanics, neuromuscular control, or shoulder

included RCTs. Laser therapy significantly reduced
overall VAS pain, with a larger effect for HLLT than LLLT,
although the between-group difference was not statistically
significant. Individual studies also consistently showed
analgesic benefits of HLLT, particularly when combined
with exercise therapy. The findings of Elsodany et al.
provide compelling evidence that HLLT, when combined
with exercise, results in sustained and superior reductions
in VAS pain scores compared with sham treatment plus
exercise at three and six months of follow-up. Kamal et al.
! similarly reported significant reductions in pain intensity
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Table 2. Subgroup Analyses*

Variable Effect size (95% Cl) 1% (%) P-value
VAS total
LLLT -3.25 (-6.15 to -0.35) 98.73

0.173
HLLT -8.64 (-15.83 to -1.44) 98.58
VAS at rest
LLLT -1.01 (-2.63 to 0.60) 96.73

0.602
HLLT -2.11(-5.92 to 1.70) 97.89
VAS at movement
LLLT -1.32 (-3.19 t0 0.55) 97.14

0.331
HLLT 1.40 (-3.75 to 6.55) 98.29
Active flexion
LLLT 0.10 (-0.57 t0 0.77) 91.60

0.490
HLLT 1.04 (-1.54 t0 3.63) 97.47
Active abduction
LLLT -0.52 (-1.791t0 0.76) 97.20

0.016
HLLT 2.82(0.41 t0 5.23) 97.53
Active internal rotation
LLLT 0.71 (-0.29 to 1.71) 95.23

0.115
HLLT 2.47 (0.52 to 4.42) 91.92
Active external rotation
LLLT -0.06 (-1.77 to 1.66) 98.05

0.710
HLLT 0.50 (-1.91 to 2.9) 97.11
SPADI
LLLT -1.83 (-4.43 t0 0.77) 98.77

0.134
HLLT 0.54 (-1.15 to 2.24) 94.23

*Cl=confidence interval, VAS=visual analog scale, LLLT=low-level
laser therapy, HLLT=high-level laser therapy, SPADI=Shoulder Pain and
Disability Index.

when HLLT was combined with exercise compared
with exercise alone. Yilmaz et al. > demonstrated HLLT
superiority for VAS scores maintained at the 12-week
follow-up. Mahmoud et al. * conducted a 3-arm trial,
demonstrating that the HLLT+PT group achieved larger
reductions in VAS pain than the PT alone and RSWT
(radial shockwave therapy) + PT groups, after both 6 and
8 weeks. Yesilyaprak et al. '* uniquely assessed HLLT only
with HLLT+exercise and observed that adding exercise
to HLLT enhanced pain improvement during activity,
emphasizing the synergistic value of multimodal therapy.
In contrast to these supportive findings, Aceituno-Gomez
et al. * found no superiority of HLLT plus exercise over
sham treatment plus exercise in reducing pain at three
months, tempering generalized enthusiasm for HLLT as
an adjunctive intervention and underscoring the continued
role of exercise as a pragmatic foundation for pain relief.
LLLT trials exhibited broader variability in outcomes,
likely influenced by disparate dosimetry, wavelength,
and study design. Nonetheless, several high-quality trials
define the potential of LLLT as an adjunct for analgesia.
Abrisham et al. '* demonstrated that LLLT combined
with exercise achieved superior pain reduction compared
with exercise+sham laser at two weeks. Kelle/Kozanoglu
extended the same results to a 6-month follow-up;

additionally, they established comparable results to local
corticosteroid injection.'” Agir et al. '® reported that LLLT
and peloid therapy, each administered alongside exercise,
produced significant improvements in pain compared
with exercise alone, although no significant difference
was observed between the two treatment modalities. In an
older study by England et al.,” which compared active laser
therapy, dummylaser, and drug therapy (naproxen sodium),
LLLT produced significant improvements in both groups
for pain and objective movement measures. Abufoul et al. ®
expanded the evidence base to postoperative rehabilitation,
showing that self-administered photobiomodulation
(PMB) after rotator cuff repair accelerated pain resolution
relative to sham therapy at 6 months. The necessity of
concurrent rehabilitation remains paramount. Alfredo et
al. * randomized patients with subacromial impingement
syndrome to LLLT plus exercise, exercise alone, or LLLT
alone. At three months, LLLT alone produced markedly
worse pain and SPADI outcomes than both exercise-
containing groups, highlighting the limited effectiveness
of laser therapy without concurrent rehabilitation.

However, even when combined with exercise, LLLT
remains controversial and often shows no superiority over
sham treatment, suggesting that observed improvements
may largely reflect exercise effects and natural recovery
in control groups. This limitation was reinforced by
rigorous randomized, double-blind, placebo-controlled
trials using standardized exercise regimens across all
groups. For instance, Vecchio et al.  and Bingol et al. %
reported substantial within-group improvements in pain
from baseline across all treatment arms; however, active
laser therapy did not demonstrate superiority over dummy
laser treatment at any follow-up assessment. These findings
are in line with other studies employing cold therapy, such
as those by Dogan et al. * and Yeldan et al.,* which also
showed no significant pain relief. More recently, Sen et al.
* also confirmed this non-superiority, and although there
were short-lived benefits (one-month gains in pain and
function), they dissipated entirely by three months.

Further complicating the interpretation of LLLT
heterogeneity, even across studies using comparable laser
doses, may be partly related to the variable use of co-
interventions, particularly thermal modalities. Alfredo et al.
» proposed that the failure of LLLT to demonstrate additive
efficacy in studies such as Dogan and Yeldan’s ** may be
due to the concomitant use of cold packs. They proposed
the plausible explanation that cryotherapy-induced
reductions in local metabolic activity and vasoconstriction
may limit the delivery or absorption of laser energy.
However, a similar negative result was shown in Calis
et al.’s ® trial, which combined hot packs with LLLT and
exercise and failed to demonstrate any superiority of LLLT
over the exercise-only group. These findings suggest that
any potent thermal stimulus may introduce physiological
variables that neutralize or mask the subtle biostimulative
effects of LLLT.

Pooled data showed no overall range-of-motion benefit
of laser therapy over controls. The only reproducible
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Table 3. The risk of bias in randomized trials (RoB 2) tool assessment for the included studies

Study D1 D2 D3 D4 D5 Overall
Elsodany © Some concerns Low Low Low Some concerns Some concerns
Kamal ' Low Some concerns Low Some concerns Some concerns Some concerns
Yilmaz low low Some concerns Some concerns Some concerns Some concerns
Mahmoud " Some concerns Some concerns Low Some concerns Some concerns Some concerns
Yesilyaprak ' low low Some concerns Some concerns Some concerns Some concerns
Aceituno-Gomez '® Some concerns Low Some concerns Low Low Some concerns
Abrisham ' Low Low Low Low Some concerns Low

Kelle 7 High High High High Some concerns High

Agir 8 Some concerns High Some concerns High Some concerns High

England " Some concerns Low Some concerns Low Some concerns Some concerns
Abufoul 8 Low Low Low Low Low Low

Alfredo 2° Low Low Low Low Some concerns Some concerns
Vecchio ! Low Low low low Some concerns low

Bingol 2 Some concerns Low Low Low Some concerns Some concerns
Dogan # Some concerns Low Low Low Some concerns Some concerns
Yeldan 2 Some concerns low Some concerns Some concerns Some concerns Some concerns
Sen Some concerns Low low Some concerns Some concerns Some concerns
Calis ° Some concerns Low Low Low Some concerns Some concerns
Zaki 2 low low Some concerns Some concerns Some concerns Some concerns
Pekyavas ¥ Some concerns Low low Some concerns Some concerns Some concerns
Bal 28 Some concerns Some concerns Low Low Some concerns Some concerns
Faria-Souza » Some concerns Low Some concerns Some concerns Some concerns Some concerns
Abd-Allah MA 3¢ Some concerns Low Low Some concerns Some concerns Some concerns

Domains: D1 =bias due to the randomization process, D2 =bias due to deviations from intended interventions, D3 =bias due to missing outcome data, D4 =bias

in the measurement of the outcome, D5 =bias in the selection of the reported result

group-level finding was a modest improvement in active
internal rotation, whereas passive external rotation favored
controls. Active range-of-motion gains may reflect pain
reduction enhanced by rehabilitation. Although some
differences were statistically significant, their clinical
importance remains uncertain because MCID values were
inconsistently reported; however, the small effect sizes
suggest limited clinical relevance.

Studies evaluating HLLT more frequently reported
measurable improvements in shoulder motion. Elsodany
et al.,® for example, found that active and passive abduction,
external rotation, and internal rotation improved after
treatment, with these gains sustained at the three- and six-
month follow-up assessments. Mahmoud et al. ** showed
greater improvements in flexion and abduction in the
HLLT+PT group. Kamal et al. ' reported comparable
tindings in the HLLT plus exercise group. They also
used ultrasonography as an objective correlate of clinical
improvement and demonstrated a significant reduction
in supraspinatus tendon thickness in the HLLT group.
This observation was later supported by Zaki et al. ** in
a notable three-arm randomized placebo-controlled trial
comparing LLLT plus kinesiology taping (KT), high-power
laser therapy (HPL) plus KT, and sham KT. The HPL-KT
group demonstrated greater improvement than the LLLT-
KT group, particularly in terms of reduced supraspinatus
tendon thickness and increased tendon echogenicity.

Furthermore, although formal statistical comparisons did
not establish definitive superiority between groups for
ROM outcomes, Zaki et al. highlighted a clinical advantage
of HPL, suggesting that it may improve ROM across more
directions than LLLT or sham treatment. Yilmaz et al.’s 2
HLLT + exercise treatment compared with sham HLLT +
exercise treatment significantly improved active shoulder
flexion, external rotation, and transiently improved
internal rotation at 3 weeks, with persistent benefits in
flexion and external rotation by 12 weeks, while abduction
remained unchanged. On the other hand, Pekyavas et al. %
in a multimodal trial observed incremental benefits only
in abduction when HLLT was added to manual therapy
and kinesio-taping.

Evidence on the effect of LLLT on ROM remains
heterogeneous. Abrisham et al. ' reported improvements
in both active and passive range of motion for shoulder
flexion, abduction, and external rotation. In contrast,
Alfredo et al. ?° listed abduction as the only motion that
improved significantly compared to the exercise group.
However, Yeldan et al. ** and several others showed
equivalent ROM recovery between active and sham
treatments, and Abufoul reported no ROM advantage in
postoperative rehabilitation.?

Functional outcomes improved within most
intervention arms but did not demonstrate significant
pooled between-group differences in the overall meta-
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analysis. When delivered with exercise, HLLT produced
the most convincing functional signals in individual
trials, namely reports of sustained SPADI gains for six
months by Elsodany et al. ¢ and superior Constant-Murley
classifications in Yesilyaprak et al.’s ** trial. This positive
functional trend was in line with the same studies that
showed coinciding pain improvement. However, the study
by Aceituno-Gémez et al. ** found no superiority of HLLT
plus exercise over sham plus exercise in reducing pain and
improving functionality.

A more pronounced disassociation between pain
improvement and functional outcomes was observed in
LLLT trials. LLLT trials showed a clearer dissociation
between pain relief and functional improvement. However,
Alfredo et al.,* reported that LLLT combined with exercise
improved both SPADI and modified UCLA scores more
than either intervention alone. Kelle and Kozanoglu
observed improvements in UCLA and Nottingham
Health Profile scores.”” Agir et al. ' reported comparable
short-term effects of LLLT plus home exercise therapy
on functional status and quality of life, measured using
SPADI and SF-36, respectively. Other studies reported
no pain relief and non-significant functional changes,
similar to Dogan et al. and Yeldan et al.,”*** while studies
by Abufoul et al. ® and Bal et al. ** indicated no functional
advantage despite analgesic benefits, which aligns with our
observations regarding analgesia and function in the overall
meta-analysis.

The dissociation between pain reduction and functional
improvement warrants consideration. Shoulder
function depends on muscle strength, tendon integrity,
neuromuscular control, movement coordination, and
rehabilitation adherence; therefore, short-term analgesia
may reduce symptoms without improving validated
functional outcomes. This may explain the greater
responsiveness of pain-related measures to laser therapy.

Mechanistically, the clinical pattern we observed is
biologically plausible: Both LLLT and HLLT deliver light
energy within the near-infrared spectrum (805-1064 nm)
that gets absorbed by cellular chromophores and appears
to enhance mitochondrial activity and ATP synthesis,
promoting fibroblast proliferation, collagen remodeling,
decreased prostaglandin-mediated inflammation, and
improved subacromial perfusion.'>'*”? HLLT’s higher
power density and pulsed emission likely permit deeper
tissue penetration (due to reduced heat accumulation
at depth) and greater metabolic stimulation (enhancing
photochemical effects in deep structures).*'"'*> Several
studies attribute the rapid but often transient early
analgesic effect to delayed nociceptive transmission,
inhibition of axonal flow in dorsal root ganglion neurons,
and altered sensory input to the central nervous system.
Additional mechanisms include increased pain thresholds
at nerve endings and enhanced tissue production
of serotonin, endogenous opioids, and morphine-
mimetic substances.®!7?*?26282 [ aser therapy may act
as a biostimulatory and anti-inflammatory adjunct that
supports tissue recovery without directly restoring tendon

structure or neuromuscular coordination. 1626

Because excluding influential studies may alter pooled
effects, outlier-removed models were used only for
sensitivity analyses, whereas primary interpretation
relied on the full dataset. Findings should be interpreted
cautiously given substantial heterogeneity in laser
modality, dosimetry, treatment protocols, co-interventions,
comparators, and study designs. Laser therapy was often
combined with multimodal rehabilitation, while controls
ranged from sham or no treatment to active therapy; thus,
pooled estimates reflect heterogeneous clinical comparisons
rather than standalone laser efficacy. Clinically, laser
therapy produced statistically significant but modest
pain relief without consistent functional improvement,
suggesting potential symptom relief in selected patients
but limited functional recovery when used alone.

This problem is amplified in HLLT trials, where
perceptible warmth may unblind participants and
assessors. Sample sizes were often small, commonly <20
per arm, and follow-up was short; only three studies
extended to six months, leaving effect durability uncertain.
Publication bias was detected for passive flexion, and trim-
and-fill adjustment shifted the estimate toward neutrality,
warranting caution. Meta-regression was not performed
because few studies contributed to each outcome and
dosimetry reporting was incomplete; therefore, subgroup
and sensitivity analyses were used exploratorily to assess
heterogeneity.

Given persistent high heterogeneity despite subgroup and
sensitivity analyses, pooled estimates should be considered
exploratory rather than definitive, with narrative synthesis
preferred when heterogeneity remained unexplained.
Future studies should assess laser therapy as an adjunct
to multimodal rehabilitation, examine dose-response
relationships and treatment frequency, and evaluate
comparative effectiveness and cost-utility to define its role
among conservative treatments for rotator cuff-related
shoulder disorders.

Conclusion

In this study, laser therapy produced a small reduction
in overall pain among patients with rotator cuff-related
shoulder disorders. However, effects on pain subdomains,
functional outcomes, and most active and passive ROM
measures were inconsistent or non-significant in pooled
analyses. Although exploratory subgroup analyses
suggested a possible advantage of HLLT over LLLT for
active abduction, this finding should not be interpreted
as definitive evidence of generalized HLLT superiority.
The clinical applicability of the findings is limited by high
between-study heterogeneity, small trial sizes, variable
comparators, incomplete laser-dosimetry reporting, and
limited follow-up duration. Current evidence supports
laser therapy, particularly HLLT, as a potential adjunct
to structured rehabilitation rather than as a standalone
intervention. Future trials should use standardized
dosimetry, adequately blinded sham controls, longer
follow-up, and complete reporting of treatment parameters
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to clarify dose-response relationships and clinically
meaningful benefits.

Authors’ Contribution
Conceptualization: Sahar Dadkhahfar- Maryam Abbasian

Data

Curation: Saba Hasanzadeh- Maryam Abbasian

Methodology: Seyed Mohammadmisagh Moteshakereh, Hooshmand

Zarei

Software:seyed Mohammadmisagh Moteshakereh,
Hooshmand Zarei

Supervision: Mohammadreza Abbasian

Writing-Original Draft: Mahsa Nikkhoo

Writing—Review & Editing: Parsa Omidvar, Mahsa Nikkhoo

Consent for Publication
Not applicable.

Ethical Approval
As this study is a systematic review and meta-analysis of previously

publi
requi

shed studies, ethical approval and informed consent were not
red.

Funding
This research received no external funding

Supplementary Files

Supp
red i

lementary file 1. Funnel plots of the functional outcomes. The
ne indicates the overall effect size or risk difference using the

random-effect model.

References

1.

Akhtar A, Richards J, Monga P. The biomechanics of the rotator
cuff in health and disease - a narrative review. J Clin Orthop
Trauma 2021;18:150-6. doi:10.1016/j.jcot.2021.04.019

Al Hammadi MI, Shah ZA, Rathod RK, Seddik MA. Shoulder
impingement pain syndrome: pathophysiology, diagnosis, and
a review of current treatment strategies. Cureus 2025;17(9):
€92045. doi:10.7759/cureus.92045

Nho §J, Yadav H, Shindle MK, Macgillivray JD. Rotator cuff
degeneration: etiology and pathogenesis. Am ] Sports Med
2008;36(5):987-93. doi:10.1177/0363546508317344
Dhillon KS. Subacromial impingement syndrome of the
shoulder: a musculoskeletal disorder or a medical myth? Malays
Orthop J 2019;13(3):1-7. doi:10.5704/m0j.1911.001

Calis HT, Berberoglu N, Calis M. Are ultrasound, laser and
exercise superior to each other in the treatment of subacromial
impingement syndrome? A randomized clinical trial. Eur ] Phys
Rehabil Med 2011;47(3):375-80.

Elsodany AM, Alayat MS, Ali MM, Khaprani HM. Long-term
effect of pulsed Nd: YAG laser in the treatment of patients
with rotator cuff tendinopathy: a randomized controlled
trial. Photomed Laser Surg 2018;36(9):506-13. doi:10.1089/
pho.2018.4476

Hamblin MR. Mechanisms and applications of the anti-
inflammatory effects of photobiomodulation. AIMS Biophys
2017;4(3):337-61. doi:10.3934/biophy.2017.3.337

Abufoul R, Gavish L, Haddad M. Photobiomodulation self-
treatment at home after rotator cuff arthroscopic repair
accelerates improvement in pain, functionality, and quality of
life: a double-blind, sham-controlled, randomized clinical trial.
Lasers Surg Med 2023;55(7):662-73. doi:10.1002/Ism.23692
Hao J, Yao Y, Remis A, Sun Y, Zhu D, Wu S. Effects of high-
intensity laser therapy on subacromial impingement syndrome:
a systematic review and meta-analysis. Lasers Med Sci
2024;39(1):240. doi:10.1007/s10103-024-04190-0

Lin LH, Chou PY, Hsu NW, Chen HI, Dong JT, Chen CC.
Systematic review and meta-analysis of laser physical agent
for pain and disability in rotator cuff tendinopathy: subgroup
analysis and meta-regression exploration of randomized control

20.

21.

22.

23.

24.

25.

trials. Disabil Rehabil 2026:1-16. doi:10.1080/09638288.202
6.2632917

Ahmed Kamal W, Saber M, Aiad K, Mostafa MS, Bahey El-
Deen HA. Effect of high-power laser on shoulder mobility in
sub acromial impingement syndrome: randomized controlled
trial. J Environ Treat Tech 2020;8(3):1157-62.

Yilmaz M, Eroglu S, Dundar U, Toktas H. The effectiveness
of high-intensity laser therapy on pain, range of motion,
functional capacity, quality of life, and muscle strength in
subacromial impingement syndrome: a 3-month follow-up,
double-blinded, randomized, placebo-controlled trial. Lasers
Med Sci 2022;37(1):241-50. doi:10.1007/s10103-020-03224-7
Mahmoud HM, Abdelsalam MS, Ayad KE, Faggal MS. High
intensity laser therapy versus radial shock wave therapy in
treatment of shoulder impingement syndrome. Fizjoterapia
Polska 2023(5):245-52. doi:10.56984/8zg20b475
Yesilyaprak SS, Paskal S, Kosay C, Hapa O. The addition of
exercise to high-intensity laser therapy improves treatment
effectiveness on pain and muscle strength in patients with
subacromial pain syndrome: a randomized trial. Phys Med
Rehab Kuror 2024;34(4):197-206. doi:10.1055/a-2108-4574
Aceituno-Gémez J, Avendafio-Coy J, Gémez-Soriano J, Garcia-
Madero VM, Avila-Martin G, Serrano-Mufioz D, et al. Efficacy
of high-intensity laser therapy in subacromial impingement
syndrome: a three-month follow-up controlled clinical trial. Clin
Rehabil 2019;33(5):894-903. doi:10.1177/0269215518824691
Abrisham SM, Kermani-Alghoraishi M, Ghahramani R, Jabbari
L, Jomeh H, Zare M. Additive effects of low-level laser therapy
with exercise on subacromial syndrome: a randomised, double-
blind, controlled trial. Clin Rheumatol 2011;30(10):1341-6.
doi:10.1007/s10067-011-1757-7

Kelle B, Kozanoglu E. Low-level laser and local corticosteroid
injection in the treatment of subacromial impingement
syndrome: a controlled clinical trial. Clin Rehabil
2014;28(8):762-71. doi:10.1177/0269215514520772

Agir FC, Karpuz S, Yilmaz R, Akkurt HE, Yilmaz H. Comparison
of the efficacy of low intensity laser and peloid therapy in
patients with subacromial impingement syndrome. Int J
Biometeorol 2024;68(8):1507-17. doi:10.1007/s00484-024-
02660-2

England S, Farrell AJ, Coppock JS, Struthers G, Bacon PA. Low
power laser therapy of shoulder tendonitis. Scand ) Rheumatol
1989;18(6):427-31. doi:10.3109/03009748909102106
Alfredo PP, Bjordal JM, Junior WS, Marques AP, Casarotto
RA. Efficacy of low-level laser therapy combined with
exercise for subacromial impingement syndrome: a
randomised controlled trial. Clin Rehabil 2021;35(6):851-60.
doi:10.1177/0269215520980984

Vecchio P, Cave M, King V, Adebajo AO, Smith M, Hazleman
BL. A double-blind study of the effectiveness of low-level
laser treatment of rotator cuff tendinitis. Br ] Rheumatol
1993;32(8):740-2. doi:10.1093/rheumatology/32.8.740
Bingol U, Altan L, Yurtkuran M. Low-power laser treatment
for shoulder pain. Photomed Laser Surg 2005;23(5):459-64.
doi:10.1089/ph0.2005.23.459

Dogan SK, Ay S, Evcik D. The effectiveness of low laser
therapy in subacromial impingement syndrome: a randomized
placebo controlled double-blind prospective study. Clinics
(Sao Paulo) 2010;65(10):1019-22. doi:10.1590/s1807-
59322010001000016

Yeldan |, Cetin E, Ozdincler AR. The effectiveness of low-
level laser therapy on shoulder function in subacromial
impingement syndrome. Disabil Rehabil 2009;31(11):935-40.
doi:10.1080/09638280802377985

Sen El, Arman S, Tseveendorj N, Yilmaz E, Oral A, Capan N.
Low-level laser therapy versus ultrasound therapy combined
with home-based exercise in patients with subacromial
impingement syndrome: a randomized-controlled trial.
Turk J Phys Med Rehabil 2023;69(4):424-33. doi:10.5606/

10

| Journal of Lasers in Medical Sciences 2026;17


https://doi.org/10.1016/j.jcot.2021.04.019
https://doi.org/10.7759/cureus.92045
https://doi.org/10.1177/0363546508317344
https://doi.org/10.5704/moj.1911.001
https://doi.org/10.1089/pho.2018.4476
https://doi.org/10.1089/pho.2018.4476
https://doi.org/10.3934/biophy.2017.3.337
https://doi.org/10.1002/lsm.23692
https://doi.org/10.1007/s10103-024-04190-0
https://doi.org/10.1080/09638288.2026.2632917
https://doi.org/10.1080/09638288.2026.2632917
https://doi.org/10.1007/s10103-020-03224-7
https://doi.org/10.56984/8zg20b475
https://doi.org/10.1055/a-2108-4574
https://doi.org/10.1177/0269215518824691
https://doi.org/10.1007/s10067-011-1757-7
https://doi.org/10.1177/0269215514520772
https://doi.org/10.1007/s00484-024-02660-2
https://doi.org/10.1007/s00484-024-02660-2
https://doi.org/10.3109/03009748909102106
https://doi.org/10.1177/0269215520980984
https://doi.org/10.1093/rheumatology/32.8.740
https://doi.org/10.1089/pho.2005.23.459
https://doi.org/10.1590/s1807-59322010001000016
https://doi.org/10.1590/s1807-59322010001000016
https://doi.org/10.1080/09638280802377985
https://doi.org/10.5606/tftrd.2023.11193

Laser therapy for shoulder tendinopathies

26.

27.

28.

tftrd.2023.11193

Zaki Z, Ravanbod R, Schmitz M, Abbasi K. Comparison of low
level and high-power laser combined with kinesiology taping on
shoulder function and musculoskeletal sonography parameters
in subacromial impingement syndrome: a randomized placebo-
controlled trial. Physiother Theory Pract 2022;38(13):2514-25.
doi:10.1080/09593985.2021.1934926

Pekyavas NO, Baltaci G. Short-term effects of high-intensity
laser therapy, manual therapy, and Kinesio taping in patients
with subacromial impingement syndrome. Lasers Med Sci
2016;31(6):1133-41. doi:10.1007/s10103-016-1963-2

Bal A, Eksioglu E, Gurcay E, Gulec B, Karaahmet O, Cakci

29.

30.

A. Low-level laser therapy in subacromial impingement
syndrome. Photomed Laser Surg 2009;27(1):31-6. doi:10.1089/
pho.2007.2222

Faria-Souza APG, Dantas EHM, Silva EB, Martinho KO,
Mesquita MG. Kinesiotherapy associated with laser GaAs
application in shoulder-rotator cuff syndrome. Laser Phys
2007;17(3):286-9. doi:10.1134/s1054660x0703005x
Abd-Allah MA, El-Azizi HM, Mohammed MM. Low-level laser
therapy versus eccentric exercises in the treatment of shoulder
impingement syndrome. J Adv Pharm Educ Res 2017;7(4):428-
37.

Journal of Lasers in Medical Sciences 2026;17 | 11


https://doi.org/10.5606/tftrd.2023.11193
https://doi.org/10.1080/09593985.2021.1934926
https://doi.org/10.1007/s10103-016-1963-2
https://doi.org/10.1089/pho.2007.2222
https://doi.org/10.1089/pho.2007.2222
https://doi.org/10.1134/s1054660x0703005x

