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Abstract

Introduction. High-intensity laser therapy (HILT) is a recent resource promoted as an alternative to relieve pain and improve
function in patients with subacromial impingement syndrome (SAIS). The aim of this review was to assess the effects of HILT on
pain in patients with SAIS.

Methods. Electronic databases, including PubMed, Web of Science, Scopus, CINAHL, Science Direct, Cochrane Library, the
PEDro database, and Google Scholar (updated to January 8, 2025), were searched for clinical trials comparing HILT with other
physical therapy treatments in patients with SAIS. The main outcomes evaluated were pain intensity, range of motion (ROM), and
disability for different scales and instruments. The results of VAS, range of motion, CMS, and SPADI were analysed, evaluating
the quality of RCTs with the Cochrane risk of bias (RoB) 2.0 tool and the evidence with the GRADE approach.

Results. Nineteen studies were included, generally presenting a low RoB, except for outcome data measurement and bias
due to deviations from the intended intervention. RCTs reported a reduction in pain and an improvement in functionality in the
meta-analysis. VAS MD = -1.56 cm (95% CI: —2.1,1.0); CMS MD = 4.0% (95% Cl: 1.7, 6.2). Furthermore, there were significant
improvements in flexion and abduction favouring HILT: flexion MD = 12.8° (95% ClI: 2.5, 23.1);abduction MD = 15.3° (95% CI:
4.4,26.1). Only changes in pain and ROM were both statistically significant (p < 0.05) and clinically significant.

Conclusions. This SR supports the effects of HILT on pain, ROM, and disability. It agrees with previous reviews on LLLT, validat-
ing both treatment options. Although the evidence was assessed as important, methodological inconsistencies are noted in
some RCTs that could affect the certainty.
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Introduction

Shoulder pain is a common reason for medical consul-
tation, ranking third in musculoskeletal pain after back and
knee pain [1]. The prevalence of shoulder pain is 1 to 4.8% in
the general population, with around 50% experiencing per-
sistent pain for over six months [1-3]

Subacromial impingement syndrome (SAIS) is the lead-
ing cause of shoulder pain, accounting for 44—65% of cases
and primarily affecting women aged 45-64 [1, 4]. SAIS results
in inflammation or rotator cuff tendon degeneration due to sub-
acromial space conflicts (primary SAIS) or misalignment of
the humeral head caused by muscle imbalances (secondary
SAIS) [5]. Additionally, risk factors like smoking, sleep posi-
tions, repetitive shoulder activities, and acromion shape are
important considerations [3]. SAIS has three clinical stages
[6]: (1) oedema and inflammation with pain during and after
movement; (2) fibrosis and tendinitis with inflammation, weak-
ness, crepitus, limited range of motion (ROM), and arm-raising
difficulty; and (3) osteophytes and subacromial tendon rupture.
The first stage is more common in individuals under 25 years
of age, while the latter two are more prevalent after 40 [1, 6].

SAIS treatment includes medications, injections, and sur-
gery for severe cases, while conservative therapy emphasises

physical therapy [7]. Despite surgery rates, studies show no
significant difference in pain and disability reduction com-
pared to conservative management [1, 7]. Different physical
therapy modalities, such as shoulder girdle exercises, manual
therapy, transcutaneous electrical nerve stimulation (TENS),
and low-level laser therapy (LLLT), have proven to be effec-
tive in the treatment of SAIS [8-10].

LLLT effectively manages SAIS by reducing pain and en-
hancing ROM and functionality, especially when combined
with exercises [10, 11]. LLLT is a safe, non-invasive photo-
therapy using high-concentration red or infrared photons to
modulate biological processes (photobiomodulation), with
powers below 0.5 W that do not heat biological tissues [12,
13]. LLLT turns on enzymes in the respiratory chain (com-
plex IV); increases ATP, DNA, and RNA synthesis; and in-
creases metabolism. It also slows nerve conduction and re-
leases B-endorphins. It also reduces inflammatory mediators,
promotes collagen production, and aids nerve regeneration
[12-14].

In recent years, new treatment technologies involving
high-power lasers (HILT) have been developed for managing
musculoskeletal pain [15, 16]. HILT and LLLT share similar
biophysical characteristics, differing only in their emission pow-
ers (HILT being greater than 0.5 W). Higher power enables
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quicker energy delivery to tissues, resulting in varying degrees
of heating and coverage of larger treatment areas [16].
Due to the growing interest in HILT as a way to treat pain
in the musculoskeletal system and the proven effectiveness
of LLLT in SAIS, clinical trials (RCTs) have started to inves-
tigate the effects of HILT in this condition [17-21]. However,
given the novelty of this resource, there is uncertainty regard-
ing the quantity, quality, and outcomes of these RCTs support-
ing HILT for SAIS treatment. Consequently, the purpose of
this systematic review (SR) is to assess the existing evidence
regarding the effectiveness of HILT as a therapy for SAIS.

Subjects and methods
Design

This SR followed PRISMA guidelines and was registered
in the National Institute for Health Research’s International
Prospective Register of Systematic Reviews (PROSPERO)
under ID CRD42023387399 [22, 23].

The research question was structured using the PICO ap-
proach (population, intervention, comparison, and outcome).
The study focused on patients with SAIS who underwent HILT,
compared to those receiving other physical therapy interven-
tions, with or without sham HILT. The primary outcome as-
sessed pain intensity changes using tools like the visual ana-
logue scale (VAS), the numerical scale (NPRS), or other
validated scales. Changes in ROM (measured by goniometry)
and disability (measured with established questionnaires like
the Disability of Arm, Shoulder, and Hand Questionnaire, the
Shoulder Pain and Disability Index [DASH], or the Constant-
Murley Shoulder Outcome Score, [CMS]) were considered
secondary outcomes.

Search strategy

Medline (via PubMed), Web of Science, Scopus, CINAHL,
Science Direct, Cochrane Library, the Evidence-Based Physi-
otherapy Database (PEDro), and Google Scholar databases
were searched for HILT in SAIS RCTs (updated to January 8,
2025). The search was conducted employing a curated set of
keywords extracted from the MeSH (Medical Subject Head-
ings) dictionary. These keywords encompassed “Lasers”,
“Laser Therapy”, “Phototherapy”, “High-intensity Laser Ther-
apy”, “Class IV laser”,“Musculoskeletal Pai”, “Shoulder Pain”,
“Shoulder Impingement Syndrome”, “Joint Diseases”, and
“Rotator Cuff Tear Arthropathy”. These terms were combined
using boolean connectors “OR” and “AND” to create the
search algorithm: (((((“Lasers”) OR (“Laser Therapy”)) OR
(“Phototherapy”)) OR (“High-Intensity Laser Therapy”)) OR
(“Class 1V laser”)) AND (((((“Musculoskeletal Pain”) OR
(“Shoulder Pain”)) OR (“Shoulder Impingement Syndrome”))
OR (“Joint Diseases”)) OR (“Rotator Cuff Tear Arthropathy”)).
Furthermore, filters for “Clinical Trial” and “Randomised Con-
trolled Trial” were used to ensure the identification of clinical
trials in the search results.

Selection criteria

Three independent researchers (AC-B, FP-A, and ES-O)
collectively assessed article titles and abstracts from the data-
bases using the Rayyan web tool (https://www.rayyan.ai/),
making inclusion or exclusion decisions based on predefined
criteria. The review used the following inclusion criteria: (A)
human clinical trials with a SAIS diagnosis, (B) studies in Eng-
lish, Portuguese or Spanish, (C) HILT alone or in combination

with other physical therapy modalities, (D) comparisons with
other physical therapy treatments with or without placebo,
and (E) changes in pain intensity measured by different scales
or instruments as the main outcome. Exclusions comprised
literature reviews, systemic reviews of HILT and SAIS linked
to other musculoskeletal or neurological disorders, and stud-
ies with incomplete or inaccessible texts. No time limitation
has been set for the search, considering the recent emer-
gence of HILT and the potential limitation in the quantity of
available studies.

Risk of bias (RoB)

The RCTs’ methodological quality was initially assessed
using the PEDro scale (ICC 0.53-0.91) for an initial overview
[24]. Additionally, researchers used the Cochrane Collabo-
ration risk of bias 2 tool (RoB 2.0) to evaluate bias based on
investigator judgment [25]. Studies with PEDro scores above
five were categorised as having good (6-8 points) or excel-
lent methodological quality (9—10 points). Using the RoB tool,
studies with two or more high RoBs were deemed low quality
[25]. Concordance in RoB evaluation among researchers was
assessed using the kappa statistic [26].

Statistical analysis

For statistical analysis, the Review Manager Software
(RevMan 5.4) from the Cochrane Collaboration was utilised
[27]. Heterogeneity across studies was evaluated using the
chi-square (y?) test and the /? statistic, categorised as fol-
lows: unimportant (0-40%), moderate (30—60%), substantial
(50-90%), or considerable (75—100%). Depending on the de-
gree of heterogeneity observed, the researchers employed
either the Mantel-Haenszel fixed-effects method or the Der-
Simonian and Laird random-effects method to calculate the
pooled effect using mean differences (MDs) for the outcomes
of interest, along with their corresponding 95% confidence
intervals (Cl) [28].

Evidence recommendation

The evaluation of the quality of evidence employed the
GRADE approach (Grading of Recommendations, Assess-
ment, Development, and Evaluation), considering criteria
such as RoB, inconsistency, indirectness of evidence, impre-
cision, and publication bias [29]:

RoB. Highs are present if there are deficiencies in blind-
ing or hidden allocation criteria, potentially leading to an over-
estimation of treatment effects.

Inconsistency. Depends on heterogeneity equal to or ex-
ceeding 50% for an interesting outcome.

Indirect evidence. |dentified when the characteristics of
treated individuals deviated from those of the broader pop-
ulation with the health condition or when comparing HILT
treatment to less common interventions in the available evi-
dence or clinical practice.

Imprecision. Depends on whether the Cls for the pooled
effect in meta-analyses intersect the line of no effect, which
suggests a lack of clarity in favouring one of the two treatment
groups. Furthermore, the optimal sample size will be evalu-
ated, requiring a representative participant number exceed-
ing 200 to consider the effect as clinically relevant.

Publication bias. Depends on the number of studies re-
lated to the relevant outcome, with a cutoff of at least three
studies to mitigate bias effectively.
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Evidence levels, ranging from high to very low, were as-
signed, with an initial high-quality rating for each level due to
the exclusive inclusion of RCTs in this review [29]. Factors
affecting one or two GRADE domains may potentially lead to
a downgrade of the evidence quality by one or two levels. The
assessment of evidence importance will involve a comparison
to ascertain whether statistically significant weighted MDs
align with the literature’s definition of minimal clinically impor-
tant differences (MCID).

To ensure a comprehensive synthesis of evidence regard-
ing HILT and its effects in SAIS, researchers used the GRA-
DEpro GDT tool for guideline development to facilitate a sum-
mary table of evidence for outcomes that demonstrated
statistical significance in the meta-analysis (https://www.
gradepro.org).

Results
Search results

The initial database search generated a preliminary 3,174
articles (PubMed = 42; Scopus = 483; Web of Science = 108;
CINAHL = 201; Science Direct = 2,087; Cochrane Central =
201; the PEDro database = 7; and Google Scholar = 15).
Following the removal of duplicate articles, 29 documents re-
mained for further analysis. However, ten articles were exclud-
ed as they pertained to studies on HILT for frozen shoulder
(n=5), LLLT in SAIS (n = 2), two case reports (n = 2), and

HILT in post-stroke patients with hemiplegic shoulder pain
(n=1). This led to a final selection of 19 articles for analysis
[17-21, 30-43]. Figure 1 illustrates the PRISMA flowchart out-
lining the article search and selection process.

Appendix 1 provides a summary of the search strategy and
results for each database.

Methodological quality and risk of bias

Methodological quality assessed by the PEDro scale in-
dicated an overall good-to-excellent quality, averaging 7 points
(Table 1) [24]. Major methodological gaps were noted in the
concealment allocation and blinding of participants and as-
sessors. However, criteria such as random participant assign-
ment, pre-treatment group comparisons, participant follow-
up, and intergroup treatment comparisons were generally
fulfilled.

Figure 2 shows the RoB 2.0 assessment conducted by
three investigators (HDB, ACB, and NSV) on the included
studies. The RoB assessments resulted in a consensus among
evaluators, with a kappa coefficient of 0.90. The primary high
RoB was linked to measurements in the outcome data (57.7%)
and bias due to deviations from the intended intervention
(26.0%). Conversely, bias in the measure of outcome data
(0%), bias in missing outcome data (89.4%), and bias in the
randomisation process (15.7%) were deemed to have a low
RoB. Considering the presence of these results, they yielded
an overall risk of (31.6%).

[ Identification of studies via databases and registers ]
Records identified from:
Databases (n = 3,174)
c PubMed (n = 42) Records removed before screening:
-% Scopus (n = 483) e duplicate records removed
o Web of Science (n = 108) > (n=1,509)
:“E-' CINAHL (n = 201) * records marked as ineligible by
(7 Science Direct (n = 2,087) automation tools (n = 0)
2 Cochrane Library (n = 231) * records removed for other reasons
PEDro database (n = 7) (n=0)
Google Scholar (n = 15)
A4
Records screened N Records excluded
(n=1,665) (n=1,636)
v
g
< Reports sought for retrieval , Reports not retrieved
o (n=0) (n=0)
7]
n
\4
. Reports excluded:
Reports assessed for eligibility »| o LLLT studies in SAIS (n = 2)
(n=29) « HILT in SAIS case report (n = 2)
 HILT in frozen shoulder (n = 5)
_ * HILT in post-stroke patients with
hemiplegic shoulder pain (n = 1)
v
3
= Studies included in review (n = 19)
] Reports of included studies (n = 19)
= Figure 1. PRISMA flowchart diagram
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High-intensity laser therapy in shoulder impingement syndrome
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HILT treatments primarily targeted the deltoid, with the
< scanning technique being the predominant approach in most
= 5 studies [17-21, 30-32, 34, 35, 38, 39]. Six studies utilised
. % a combination of scanning and spot techniques [33, 36, 37,
§ 2 41-43], while the spot technique alone was used in one RCT
8o v [40]. In 12 studies, 1064 nm Nd:YAG lasers were used [17,
7-3 22 19-21, 32-34, 36, 37, 39, 42, 43], while dual-wavelength de-
v s g vices (808-930 nm) were employed in 3 studies [35, 38, 41],
“C-', S and four studies used three different wavelengths within the
.% T ; infrared spectrum [18, 30, 31, 40]. The maximum power out-
5 E 5§ putranged from 1.5 to 3000 W, with 8 and 12 W being the
s @5 most common. The average energy delivered typically fell
fg g 5 within the range of 2500-3000 J. The number of treatment
T E#Z  sessions varied, ranging from 10 to 15 sessions over a span
© o § 8 of 3to 4 weeks. Additional HILT parameters, such as pulse
‘; g 5 rate, phase duration, energy density, and treatment duration,
g §% <«  aresummarised in Table 1.
e teq
875>
ag.  Outcomes
c 20
c L2
E=I o
*g T § In these studies, pain intensity was assessed via VAS
TL 2 [17-21, 30-35, 37, 37-43], while the SPADI was employed to
c Z
g g E evaluate shoulder pain [20, 21, 30, 32, 40, 41] and disability.
®S5 E  Shoulder ROM was quantified using goniometry [20, 31, 33,
',lT ‘_3 B 35-37, 39, 42, 43]. Also, pain pressure threshold [39,40], func-
G s 'g tional assessment with CMS [17, 34, 35, 38, 42, 43], quality
;‘%‘ % of life with SF-36 [42] and NHP [32], tendon thickness with
§ x 2 ultrasonography [36, 37], and muscle strength with dyna-
E g2  mometry [39] or isokinetic assessment [42] were important
$5¢§  outcomes.
L x i Table 2 shows the results and comparisons between the
~ % A= studies and control groups. Both groups experienced a signifi-
< § £ cant reduction in pain (p < 0.05) during the evaluation ses-
g g ; sions [17-21, 30—43]. However, HILT demonstrates a more
£3 % pronounced and lasting pain reduction after treatment and
. . . ° g S during follow-up sessions. For ROM and disability, both groups
5 g|1g8| 8|8 5 é T 5' exhibit statistically significant differences before and after
S R I I S § E g treatment (p < 0.05). HILT notably enhances ROM, but find-
'1? < "; ings regarding disability are mixed, with conflicting results in
% 52  certain studies [20, 21, 39].
< %3
o c
~ ) % 3 Meta-analysis
o o C©
N T o
&gt  Painintensity
516
Sy

= T Te = g 5 § Ten studies were included in both the comprehensive
CE[sEnE|sE|aE|NE|vE|IRE|GE|cE|ZE|L § © meta-analysis and subgroup analyses to assess the effec-
JB|5E|YE|c 8828|2885 E|22|S 28  tiveness of HILT compared to other treatment modalities
TE|EE|EERE|e | EE R R e R8T LT WS regarding pain intensity. Pain intensity was measured using

8 o
alS|dlela|l2|3]|z|2l=a]g e8¢ v the VAS and SPADI subscale. The pooled effect was deter-
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HILT Control Mean Difference Mean Difference
3A Study or Subgroup Mean [cm] SD [cm] Total Mean [cm] SD [cm] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Elsodany 2018 [33] 1.8 0.6 30 4.3 0.7 30 10.9% -2.50([-2.83,-2.17] -
Kamal 2020 [36] 1.5 0.4 20 3.7 0.7 20 10.8% -2.20[-2.55,-1.85] -
Kamal 2021 [37] 1.7 0.6 20 3.9 0.7 20 10.7% -2.20[-2.60, -1.80] -
Santamato 2009 [17] 2.4 1.4 35 4.4 1.4 35 9.9% -2.00 [-2.66, -1.34] -
Zafar 2017 [30] 5.2 0.6 10 6.9 0.5 10 10.5% -1.70[-2.18, -1.22] —_—
Ghomi 2014 [18] 3.5 1.5 20 5.03 1.5 20 8.9% -1.53[-2.46, -0.60] I —
Okmen 2017 [21] 4.6 1.7 71 5.5 1.7 70 10.3% -0.90 [-1.46, -0.34] I
Aceituno-Goémez 2019 [34] 3.6 1.9 21 4.1 1.8 22 8.2% -0.50[-1.61,0.61] —
Yilmaz 2022 [42] 4.9 0.8 32 5.1 0.9 31 10.7% -0.20([-0.62,0.22] -
Dost 2021 [40] 4.6 2 35 4 1.6 35 9.2%  0.60[-0.25, 1.45] -
Total (95% CI) 294 293 100.0% -1.36 [-1.96, -0.75] L 2
Heterogeneity: Tau? = 0.85; Chi? = 126.41, df = 9 (P < 0.00001); I> = 93% _14 _52 ) é j‘
Test for overall effect: Z = 4.40 (P < 0.0001) Favours HILT Favours control
HILT Control Mean Difference Mean Difference
3B Study or Subgroup  Mean [%] SD [%] Total Mean [%] SD [%] Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Pekyavas 2016 [20] 4.2 5.1 19 13.1  13.2 51 30.0% -8.90[-13.19, -4.61] —a
Okmen 2017 [21] 25.2 8.8 71 28.4 9 70 39.3% -3.20[-6.14, -0.26] —
Zafar 2017 [30] 30.1 4.8 10 33.2 4.7 10 30.8% -3.10 [-7.26, 1.06] —
Total (95% CI) 100 131 100.0% -4.88 [-8.39, -1.36] P
iy 2 = . i2 = = = T = ! I 1 ]
?ete;ogenelty."Taffu ‘ ZSE)SZ glz'n . _5(.)23,031’ 2 (P =0.07);1 62% o 1o ) o 20
est for overall effect: 2 = 2.72 (P = 0. ) Favours HILT Favours control
HILT Control Mean Difference Mean Difference
3c Study or Subgroup Mean [cm] SD [cm] Total Mean [cm] SD [cm] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Zafar 2017 [30] 3.2 0.6 10 6.1 1 10 25.6% -2.90[-3.62, -2.18] -
Okmen 2017 [21] 2.67 1.3 71 4.2 1.4 70 26.2% -1.53[-1.98, -1.08] -
Aceituno-Gomez 2019 [34] 3.6 2.4 21 3 2.6 22 22.5% 0.60 [-0.89, 2.09] —_—
Dost 2021 [40] 4.9 1.3 35 3.7 1.6 35  25.7% 1.20 [0.52, 1.88] -
Total (95% CI) 137 137 100.0% -0.70 [-2.50, 1.10] *
Heterogeneity: Tau? = 3.17; Chi? = 75.92, df = 3 (P < 0.00001); I*> = 96% I 1 1 } |
Test fo Il effect: Z = 0.76 (P = 0.45 -10 -5 0 > 10
est for overall effect: Z = 0.76 (P = 0.45) Favours HILT Favours control
HILT Control Mean Difference Mean Difference
3D Study or Subgroup Mean [cm] SD [cm] Total Mean [cm] SD [cm] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Elsodany 2018 [33] 1.9 0.6 30 4.7 0.5 30 34.8% -2.80([-3.08,-2.52] =
Aceituno-Gomez 2019 [34] 1.8 0.6 21 2.6 2.4 22 31.1% -0.80[-1.84,0.24] —=
Yilmaz 2022 [42] 4.9 0.8 32 5.5 1.1 31 34.2% -0.60[-1.08,-0.12] i
Total (95% CI) 83 83 100.0% -1.43[-3.13,0.28] P
Heterogeneity: Tau? = 2.15; Chi? = 68.00, df = 2 (P < 0.00001); I> = 97% 5_10 —IS ) 45 104
Test for overall effect: Z = 1.64 (P = 0.10) Favours HILT Favours control
HILT Placebo Mean Difference Mean Difference
3E Study or Subgroup Mean [cm] SD [cm] Total Mean [cm] SD [cm] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Aceituno-Gomez 2019 [34] 3.6 1.9 21 4.1 1.8 22 12.6% -0.50[-1.61,0.61]
Yilmaz 2022 [42] 4.9 0.8 32 5.1 0.9 31 87.4% -0.20([-0.62,0.22]
Total (95% CI) 53 53 100.0% -0.24[-0.63, 0.16]
Heterogeneity: Tau? = 0.00; Chi®* = 0.25, df = 1 (P = 0.62); I> = 0% _44 _52 1 + j‘

Test for overall effect: Z = 1.18 (P = 0.24)

Favours HILT Favours sham HILT

Figure 3. Forest plots for pain intensity at rest (VAS) at the end of treatment (3A), pain intensity at rest (SPADI, 3B), pain intensity at fol-
low-up (1 month, 3C), pain intensity at follow-up (3 months, 3D) and HILT versus placebo (3E)

not statistically significant. The quality of evidence was deemed
significant for pain intensity assessed with VAS but had low
certainty, and it was not considered significant with a low
level for the SPADI subscale (Table 3).

Shoulder ROM

A meta-analysis grouped data on shoulder ROM for ab-
duction [20, 30, 31, 33, 36, 39, 42], flexion [20, 30, 31, 36, 37,
39, 42], external rotation [20, 30, 33, 39, 41], and internal rota-
tion [30, 33, 39, 42]. The results revealed statistically signifi-
cant changes in ROM for abduction (MD = 15.3°;95% Cl = 4.4,
26.1; p < 0.01, Figure 4A) and shoulder flexion (MD = 12.8°;
95% Cl =2.5,23.1; p < 0.01, Figure 4B) after the treatment.
However, no significant differences were observed between
the groups in terms of external rotation movements (MD = 3.8°;
95% Cl =-5.1,12.6; p = 0.4, Figure 4C) and internal rotation
(MD =2.9°; 95% Cl =-2.5,0.37; p = 0.29, Figure 4D) at the
end of the treatment. All analyses exhibited a considerable
P index [29]. The evaluation of the evidence suggests impor-
tant changes for shoulder abduction and flexion, although
with a low level of certainty (Table 3). For the other CROMs,
researchers assessed the evidence as not important due to
the non-statistically significant changes [29].

Shoulder disability

The meta-analysis focused on shoulder disability (SPADI),
upper limb disability (DASH), and shoulder functionality (CMS).
No statistically significant MDs were observed between the
groups for SPADI (MD =—4.4%; 95% Cl =-10.8,-1.9;p=0.17,
Figure 4E) and for DASH (MD = -5.9%; 95% Cl =-17.9, 6.0;
p = 0.33). However, a significant difference was found for
CMS (MD = 3.95 points; 95% Cl = 1.7, 6.2; p < 0.01). The F?
statistic was considerable for SPADI and DASH but was not
significant in terms of functionality evaluated by CMS [28].
Grounded in this outcome, the evidence pertaining to the ef-
fectiveness of HILT in functioning with CMS is deemed not
important and, with moderate certainty, was due to the RoB
and inconsistency (Table 3) [27, 46].

Discussion

The application of HILT in SAIS holds significant clinical
importance, presenting a non-invasive therapeutic resource
that has demonstrated efficacy in alleviating pain and en-
hancing mobility in many RCTs. The precise application of
HILT plays a crucial role in modulating the analgesic response
and inducing muscle relaxation through thermal effects. Con-
sequently, this therapeutic approach emerges as a valuable
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HILT Control Mean Difference Mean Difference
Study or Subgroup  Mean [grades] SD [grades] Total Mean [grades] SD [grades] Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Pekyavas 2016 [20] 167.8 9.2 19 173.7 2.7 51 12.5% -5.90[-10.10, -1.70] -
Yilmaz 2022 [42] 172.8 18 32 171.9 15.3 31 11.9% 0.90 [-7.34, 9.14] b
Aydin 2021 [39] 141.6 9.4 28 137.9 8.1 28 12.5% 3.70 [-0.90, 8.30] ™
Zafar 2017 [30] 70.2 4.6 10 57.4 4.5 10 12.6% 12.80 [8.81, 16.79] -
Zafar 2017 [31] 98.2 3.5 10 81 2.5 10 12.7% 17.20[14.53,19.87] -
Elsodany 2018 [33] 132.3 9.8 30 112.5 9.8 30 12.4% 19.80[14.84, 24.76] -
Kamal 2021 [37] 153.5 3 20 117.5 3.9 20 12.7% 36.00 [33.84, 38.16] -
Kamal 2020 [36] 152.5 2.9 20 116.3 3.7 20 12.7% 36.20 [34.14, 38.26] -
Total (95% CI) 169 200 100.0% 15.26 [4.38, 26.13] -
Heterogeneity: Tau? = 241.15; Chi? = 609.41, df = 7 (P < 0.00001); I> = 99% —SIO _255 ) 255 SIO
Test for overall effect: Z = 2.75 (P = 0.006) Favours control Favours HILT
HILT Control Mean Difference Mean Difference
Study or Subgroup  Mean [grades] SD [grades] Total Mean [grades] SD [grades] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pekyavas 2016 [20] 172.4 7.4 19 176.5 2.7 51 14.7% -4.10[-7.51, -0.69] -
Yilmaz 2022 [42] 172.1 21.5 32 174.5 10.5 31 13.6% -2.40[-10.72,5.92] T
Aydin 2021 [39] 144.5 8.2 28 141.8 6.9 28 14.6% 2.70 [-1.27, 6.67] =
Zafar 2017 [30] 69.4 5.9 10 60.7 5.8 10 14.4% 8.70[3.57, 13.83] -
Zafar 2017 [31] 96.8 4 10 82.3 4.4 10 14.7% 14.50[10.81, 18.19] -
Kamal 2021 [37] 157.9 4.6 20 123.2 15.9 20 13.9% 34.70[27.45, 41.95] —
Kamal 2020 [36] 157.8 4.6 20 121.2 15.7 20 14.0% 36.60 [29.43, 43.77] —
Total (95% CI) 139 170 100.0% 12.79 [2.46, 23.12] S
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HILT Control Mean Difference Mean Difference
Study or Subgroup  Mean [grades] SD [grades] Total Mean [grades] SD [grades] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pekyavas 2016 [20] 78.6 11.8 19 82.8 8.8 51 18.9% -4.20[-10.03, 1.63]
Yilmaz 2022 [42] 86.8 7.2 32 88.2 6.3 31 20.0% -1.40[-4.74, 1.94]
Aydin 2021 [39] 69.8 4.1 28 69.9 4.1 28 20.3% -0.10[-2.25, 2.05]
Zafar 2017 [31] 60.7 3 10 55.3 2 10 20.3% 5.40 [3.17, 7.63] -
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Yilmaz 2022 [42] 86.8 7.2 32 88.3 6.3 31 23.9% -1.50[-4.84, 1.84]
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Study or Subgroup Mean [score] SD [score] Total Mean [score] SD [score] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Aceituno-Gémez 2019 [34] 20.2 16.1 21 23 17.2 22 11.9% -2.80 [-12.75, 7.15] —
Dost 2021 [40] 49.1 16.9 35 40 17 35 13.3% 9.10 [1.16, 17.04]
Elsodany 2018 [33] 21.9 1.3 30 35.8 1.9 30 16.7% -13.90[-14.72,-13.08] -
Okmen 2017 [21] 33.2 14.5 71 39.3 14.8 70 15.3% -6.10 [-10.94, -1.26] —
Pekyavas 2016 [20] 7.4 45 19 14.6 123 51 15.7% -7.20[-11.14, -3.26] —
Sirbu 2021 [38] 22.9 16.8 22 333 17.1 25 12.0% -10.40([-20.11, -0.69] I
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Figure 4. Forest plots for shoulder abduction (4A), shoulder flexion (4B), shoulder external (4C), internal rotation (4D), disability with
SPADI and DASH (4E and 4F), and functionality with CMS (4G) at the end of treatment
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Table 3. Summary of findings and quality of evidence (GRADE) for interesting outcomes

Certainty assessment No. of patients Effect ol
no. of | study . ) o . » publication conventional | relative absolute (level of | Importance®
: ) RoB | inconsistency | indirectness | imprecision ) HILT evidence)
studies | design bias PT (95% ClI) (95% Cl)
Pain intensity at rest (VAS; 0 to 10 cm)
MD 1.36 cm
serious? serious® not serious® | not serious? no lower ®D00
10 RCT P> =93% 294 293 - important
(-1) 1) ) ©) ©) (1.96 lowerto | low
0.75 lower)
Pain intensity at rest (SPADI; 0 to 100%)
MD 4.9 %
serious? serious® not serious® | not serious? no lower Y lele) not
3 RCT P =62% 100 131 - .
() 1) (0) (0) () (8.4 lower to low important
1.4 lower)
Shoulder abduction (goniometry; 0 to 180°)
MD 15.3°
serious? serious® not serious® | not serious? no higher ®D00
8 RCT P =99% 169 200 - important
(1) 1) () () ©) (4.4 higher to low
26.1 higher)
Shoulder flexion (goniometry; 0 to 180°)
MD 12.8°
e .
- RCT serious? ;e__rlg;f/o not serious® | not serious? no 139 170 B higher D00 important
(-1) 1) 0) (0) (0) (2.5 higher to low
283.1 higher)
Functionality (CMS: 0 to 100 points)
MD 4 points
) not serious® ) . higher
serious? not serious® | not serious? no 9 DDDO not
4 RCT P=0% 110 113 - ’
(-1) ©) 0) 0) (0) (1.7 higher to moderate important
6.2 higher)

Cl - confidence interval, CMS — Constant-Murley Scale, MD — mean difference, PT — physical therapy, SPADI — Shoulder Pain and Disability

Index, RCT — randomised controlled trial, VAS — visual analogue scale

2 The high RoB was linked to the measurement of outcome data (57.7%) and bias due to deviations from the intended intervention (26%).
® The heterogeneity determines the inconsistency, depending on the F? statistic (= 50%).
¢ Considering a direct comparison of interventions and outcomes relevant to the study, with applicability to the clinical context, it was found

that the indirect evidence held little significance.

d Imprecision was assessed by examining the width of the confidence intervals (Cls) for the pooled MD, the crossing of the no-effect line in

the meta-analysis, and the sample size (n < 200).

¢ Importance was gauged based on whether the pooled effect, expressed as MD, met a value recognised in the literature as a clinically

important change (MCID).

option for addressing SAIS, offering therapeutic benefits
without the associated drawbacks of more invasive proce-
dures or LLLT. In essence, HILT provides a promising alter-
native for the management of this clinical condition.

This SR aimed to assess HILT’s analgesic effects in SAIS
patients compared to other physical therapies. The primary
findings indicate potential effectiveness in reducing pain, im-
proving functionality, and improving ROM in shoulder abduc-
tion and flexion. However, due to heterogeneity among RCTs
and methodological issues, a cautious interpretation is nec-
essary, influencing the overall recommendation based on the
evidence.

HILT and shoulder pain

This SR shows the effectiveness of HILT in reducing pain
among SAIS patients. HILT exhibits a significant reduction of
—1.4 cm (95% CI: —2.0, —0.8) when compared to other treat-
ments, including isolated exercise [30, 31, 33, 36, 37, 42],
exercise combined with phonophoresis [37], ultrasound
[17, 18, 30], thermotherapy [21], TENS [21], and HILT placebo
[34]. Notably, this pain reduction surpasses the CMID thresh-

old (CMID = —-1.4 cm) established for individuals with rota-
tor cuff injuries [44]. Nonetheless, while clinically meaningful
reductions in pain intensity were noted even at 1- and 3-month
follow-ups, there were no statistically significant differences
compared to conventional physical therapy interventions.
This implies that HILT is effective in the short and medium
term, but other treatments may produce similar effects, albeit
with a delay. These findings regarding HILT’s effects on pain
intensity with VAS align with prior research on LLLT in shoulder
tendinopathies. These studies have found that laser thera-
py reduces pain by —1.3 cm (95% CI: —1.7 to —2.4) and 2.4 cm
(95% CI: —1.3 to —2.8) compared to other physical or exercise
therapy methods and sham LLLT, respectively [11]. This sug-
gests similar analgesic effects and supports the idea that
these lasers share a common physical mechanism of action.
However, more research is needed to directly compare the
effectiveness of HILT and LLLT, as no study in the review
conducted such a comparison. These findings endorse laser
therapy’s efficacy in alleviating shoulder pain, resulting in an
important GRADE rating despite some uncertainty due to bias
and variability. Currently, HILT is regarded as a clinically
equivalent alternative to LLLT, making the choice between
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these approaches contingent on resource availability, cost
considerations, or individual patient preferences.

The VAS outcomes align with those from the SPADI sub-
scale, where HILT exhibits a greater pain reduction compared
to the control treatment, with a difference of -5.0% (95% CI:
—-8.4,-1.39). It's worth noting that this difference falls below
the CMID threshold of 14 to 20% that is established for the
SPADI [45]. It should be considered that only three studies
utilised the SPADI subscale [20, 21, 30], rendering the VAS
results more reliable. Notably, no significant discrepancies in
pain intensity at treatment completion emerged in the HILT
versus placebo comparison. Notably, this analysis hinged on
just two studies [34, 42], highlighting the need for more ex-
tensive research for definitive outcomes.

In patients with SAIS, an important clinical metric is the
Patient Acceptable Symptom Status (PASS) Assessment,
which employs VAS scores to identify the highest symptom
level deemed acceptable by patients. An average PASS of
3 cm has been established as acceptable (95% Cl: 2.3, 3.7).
While not directly assessed in the referenced RCTs, the pain
intensity at the end of treatment aligns with the acceptable
PASS for several RCTs [17, 18, 30, 31, 37].

In SAIS rehabilitation, exercise integration is crucial due
to the central role of muscle weakness [46, 47]. Several RCTs
in this study integrated exercises within HILT protocols. Giv-
en that there is a strong link between SAIS and rotator cuff
and postural muscle weakness, physical therapy is very im-
portant for three very important reasons: managing symp-
toms (using HILT or other methods), strengthening muscles,
and postural re-education [46].

HILT and ROM

The results show that HILT is better than traditional physi-
cal therapy at increasing the ROM of the shoulder in flexion
and abduction by an average of 15.3° (95% Cl: 4.4-26.1) and
12.9° (95% Cl: 2.5-23.1), respectively. These improvements
are greater than the minimal detectable change (MDC), which
is 8° for flexion and 4° for abduction [48], and align with the
MCID reported, ranging from 11° to 16° [49]. Increased shoul-
der flexion and abduction influence scapular plane arm lift-
ing, which is limited in SAIS patients [1, 5]. This movement
improves movement patterns, strengthens the rotator cuff,
and prevents injuries [50].

The thermal and analgesic benefits of HILT increase ROM.
Heating the tissues relaxes muscles and interrupts the cycle
of painful muscle spasms [51, 52]. At the same time, pain
reduction diminishes abnormal afferent information that af-
fects movement performance [53]. Since it was applied di-
rectly to the deltoid, which controls abduction and flexion,
the HILT likely had a greater effect on ROM. Importantly, fo-
cused HILT administration to specific rotator muscles may
improve shoulder rotation. The limited number of RCTs on
the rotation ROM may make it difficult to draw conclusions.

Although HILT can enhance movement, it is recommend-
ed to combine it with more targeted interventions, such as
exercises or manual therapy, for optimal results [54].

HILT and disability

According to SPADI and CMS, HILT is effective in reduc-
ing disability by —6.6% (95% CI: —12.5, —0.6) and enhancing
functionality by 4 points (95% Cl: 1.7, 6.2), respectively. In
patients with rotator cuff injuries, the SPADI values for dis-
ability are lower than the MCID (8 to 13 points, or 10 to 16%),
while the CMS values for functionality are concordant with
the MCID (2 to 16 points) [55, 56].

Disability has gained increasing importance in clinical trials.
This outcome is crucial, as treatments should not only eval-
uate the influence of symptoms on functionality, a relevant
aspect for patients [57]. Although HILT is primarily intended
to alleviate pain, its secondary effect on disability is signifi-
cant, as pain frequently induces a dread of moving that re-
stricts functionality. Furthermore, this dread of movement fre-
quently contributes to the condition’s chronicity [58-60].

Recommendations

This review emphasises the variability of parameters in
the use of HILT in studies, which makes establishing a stand-
ard dose challenging. Nevertheless, a dosage based on com-
mon parameters is proposed: wavelength 1064 nm, average
power 8-12 W, total energy 3050 J for three phases (1000 J,
50 J, and 2000 J), continuous mode for phases 1 and 3, pulsed
mode for phase 2, scanning application on the deltoid (phases
1 and 3), and punctual on pain spots (phase 2).

Furthermore, the number of sessions should range be-
tween 12 to 15 over the course of four weeks. To improve
treatment outcomes, it is suggested that resistance and
postural exercises be added to HILT [46, 47, 54]. In addition,
the literature suggests investigating approaches that incor-
porate the neuroscience of pain, motor imagery techniques,
and behavioural modification, especially in chronic pain [46].

Limitations

This SR underscores its commitment to transparency,
aligning with the rigorous PRISMA guidelines and ensuring
the registration of the protocol in PROSPERO. However, it is
imperative to recognise certain inherent limitations.

(1) The inability to exclude articles in languages other than
English and Spanish represents a notable constraint, given
the multinational origin of randomised controlled trials (RCTs),
spanning countries like Turkey, Iran, India, and Taiwan. The
potential existence of pertinent articles in other languages,
particularly within the ‘grey literature’, introduces a degree of
limitation [61]. Similarly, efforts should be directed towards miti-
gating this issue, considering the use of eight search sources,
with some encompassing grey literature, notably Google
Scholar.

(2) Confronting substantial heterogeneity among the in-
cluded studies has rendered the formulation of more con-
clusive findings regarding the evidentiary support for HILT
addressing pain, ROM, and disability a complex task.

(8) Methodological limitations, including challenges re-
lated to bias due to deviations from the intended intervention
or measurement of the outcome data, observed in certain
RCTs warrant acknowledgement, as these aspects may exert
an influence on the robustness and interpretability of the re-
ported results.

Conclusions

This review supports the efficacy of HILT in reducing pain
in patients with SAIS. Significant improvements in shoulder
flexion and abduction are observed, as well as a decrease in
associated disability. These results are consistent with pre-
vious reviews on LLLT, supporting the validity of both treat-
ment options. However, additional comparative studies are
needed for a more precise evaluation of the effectiveness of
both types of therapeutic lasers.

The authors highlighted the importance of evidence, but
methodological inconsistencies in some RCTs affecting the
certainty of results must be considered.
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Appendix 1
Search strategy (last updated January 8, 2025)
Identification
Identification of studies via databases and registers of studies via
Keywords Gl e Total
PubMed | Scopus WoS CINAHL SS:?:;e Cﬁict:)k:;?e PEDro Google Scholar
S1 |,Lasers” 5,040 | 1,152,633 | 163,427 | 10,623 | 1,000,197 | 25,963 2,357,883
S2 | ,Laser Therapy” 4,404 33,219 | 11,229 | 12,021 8,887 7,707 77,467
S3 | ,Phototherapy” 1,869 27,709 | 11,049 | 6,772 11,021 4,048 62,468
S4 |, High-intensity Laser Therapy” 70 158 128 94 25 217 692
S5 | ,Class IV laser” 6 34 22 14 61 31 168
S6 |S1ORS2ORS3O0RS40RS5 9,526 | 1,174,871 | 182,228 | 25,681 | 1,020,191 | 29,578 2,442,075
S7 | ,Musculoskeletal Pain” 1,141 14,839 | 12,232 | 5,180 11,358 3,237 47,987
S8 | ,Shoulder Pain” 1,535 20,068 8,404 | 7,064 11,063 4,827 52,961
S9 |, Shoulder Impingement Syndrome” 373 2,800 555 1,609 553 891 6,781
S10 |,Joint Diseases” 909 31,617 4,141 10,599 23,405 2,474 73,145
S11 |, Rotator Cuff Tear Arthropathy” 6 654 123 54 457 54 1,348
S12 | S7 OR S8 OR S9 OR S10 OR S11 3,682 67,033 | 24,628 | 23,528 | 44,201 10,777 173,849
. . . . . . o 12,600**
S13 | S7 OR S12 42 483 108 201 2,087 231 7 (15 articles found) 3,174

* search algorithm used for formal databases: (“Lasers” OR “Laser Therapy” OR “Phototherapy” OR “High Intensity Laser Therapy” OR
“Class 1V laser”) AND (“Musculoskeletal Pain” OR “Shoulder Pain” OR “Shoulder Impingement Syndrome” OR “Joint Diseases” OR
“Rotator Cuff Tear Arthropathy”)

** manually searched
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