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Abstract

Background Photobiomodulation (PBM) is a non-invasive therapy increasingly used for pain, inflammation, and tis-
sue repair, yet a comprehensive synthesis of its effectiveness across multiple health outcomes remains lacking. Herein,
we aimed to systematically assess the clinical effects and strength of evidence for PBM across a wide range of health
outcomes using data from existing meta-analyses of randomized controlled trials (RCTs).

Methods We conducted an umbrella review of meta-analyses of RCTs, searching five databases up to December 8,
2023.Two reviewers independently assessed methodological quality using AMSTAR 2 and evaluated certainty of evi-
dence using a modified GRADE framework. Pooled effect sizes were recalculated as equivalent standardized mean
differences (eSMD) with 95% confidence intervals (Cl). The study was registered with PROSPERO (CRD42023495502).

Results A total of 15 meta-analyses encompassing 204 RCTs and over 9000 participants were included, covering 35
health endpoints across 15 disease conditions. PBM showed significant effects for 12 outcomes, with moderate cer-
tainty of evidence supporting improvements in burning mouth syndrome (pain reduction, eSMD —0.92 [95% CI—1.38
to—0.46]), knee osteoarthritis (disability, 0.65 [0.14 to 1.15]), fibromyalgia (fatigue, 1.25 [0.63 to 1.87]), androgenetic
alopecia (hair density, 1.32 [1.00 to 1.63]), and cognitive function (0.49 [0.14 to 0.84]). Most other outcomes exhibited
low or very low certainty due to heterogeneity or small-study effects. P-curve and funnel plot analyses indicated
evidential value for several outcomes, though potential publication bias was identified in some.

Conclusions PBM appeared beneficial for some health conditions, such as the strongest support for fibromyalgia,
osteoarthritis-related disability, and cognitive impairment. However, given the overall low-to-moderate certainty
of evidence for most endpoints, further high-quality trials and standardization of PBM protocols are warranted
before widespread clinical adoption.
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Introduction

Photobiomodulation (PBM), utilizing non-thermal red or
near-infrared light within the 600-1100 nm wavelength
range, has emerged as a non-invasive treatment modal-
ity for various diseases [1]. PBM was also referred to as
low-level light therapy, and its wavelength spectrum is
pertinent to mitochondrial light absorption, resulting in
activating the mitochondrial respiratory electron trans-
port chain and increased adenosine triphosphate (ATP)
production [2]. PBM has a role in pain reduction, wound
healing, tissue regeneration, and reducing inflammatory
responses [1]. Recently, PBM has been included in treat-
ment guidelines for oral mucositis in cancer therapies
and approved by the National Institute for Health and
Care Excellence and the Multinational Association of
Supportive Cancer Care [3].

The mechanism of action of PBM therapy includes the
activation of antioxidant enzymes and the inhibition of
inflammatory mediators [4]. The therapy regulates the
production of free radicals such as reactive oxygen spe-
cies (ROS) and nitric oxide (NO), thereby reducing oxi-
dative stress and improving the cellular environment
[5]. These biochemical changes promote cytoprotective
effects and are particularly important in the treatment
of neurological, skin, and musculoskeletal disorders [1].
PBM also has a positive impact on overall tissue repair
and regeneration by enhancing mitochondrial function
and increasing the energy efficiency of cells [3]. Through
these various mechanisms, PBMs are considered a com-
prehensive therapeutic approach that can improve a vari-
ety of pathological conditions.

Clinical trials have suggested the beneficial effect of
PBM for various health outcomes, especially oral and
musculoskeletal diseases [6—12]. Although several meta-
analyses have evaluated the effects of PBM on specific
conditions, they vary in methodological quality, effect
size estimation, and certainty assessment criteria. Fur-
thermore, no previous umbrella review has provided a
comprehensive synthesis across multiple disease areas
using a unified framework to evaluate the strength, con-
sistency, and credibility of evidence. To address this gap,
we conducted an umbrella review of meta-analyses of
randomized controlled trials (RCTs), re-analyzing pooled
estimates and assessing the certainty of evidence using a
standardized Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) approach. This
study aims to offer an overarching evaluation of the ther-
apeutic potential of PBM across diverse health outcomes,

while also identifying research gaps and informing clini-
cal decision-making.

Methods

Literature search strategy

We performed an umbrella review of meta-analyses of
RCTs to synthesize evidence from meta-analyses of RCTs
and explore the effects of PBM on various health out-
comes. Our study followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines 2020 [13, 14], and a priori protocol (PROS-
PERO database; CRD42023495502).

We included only peer-reviewed meta-analyses of
RCTs that investigated the clinical effects of PBM or low-
level laser therapy in human participants. Eligible studies
had to report pooled effect estimates along with hetero-
geneity statistics (?). We excluded network meta-analy-
ses, non-RCT designs, narrative reviews, and preclinical
(animal or in vitro) studies.

Two authors, ]J.K. and Y.S., independently and system-
atically screened literature by searching PubMed/MED-
LINE, Embase, CINAHL, Web of Science, and Google
Scholar systematic reviews databases from database
inception to December 8, 2023, and extracted data into a
spreadsheet. This study aimed to identify meta-analyses
of RCTs investigating the effect of PBM on various health
outcomes. The key search strategy was “meta-analysis”
AND (“PBM” OR “Photobiomodulation” OR “low-level
laser” OR “low-intensity laser light”) and related vari-
ants. The search strategies for each database are provided
in Supplementary Table 1. All articles identified through
database searches were systematically and manually
screened at the title/abstract and full-text levels by two
independent reviewers (J.K. and Y.S.). No automation
tools or machine-assisted screening software were used
at any stage of the review process.

Selection criteria

Two researchers (J.K. and Y.S.) independently and manu-
ally screened the references of the eligible articles and
rigorously reviewed the titles, abstracts, and full texts.
When two or more original meta-analyses examined the
same outcome, we prioritized the study that included
(1) the largest number of participants, (2) higher meth-
odological quality based on AMSTAR 2, and (3) broader
outcome coverage. If these factors were equivalent, we
selected the most recently published study [15]. The pri-
mary outcomes were the effects of PBM on several health
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conditions (e.g., burning mouth syndrome and temporo-
mandibular disorders) in meta-analyses of RCTs.

For each effect from RCTs, we extracted the effect
sizes, including mean difference (MD), risk ratio (RR),
or standardized mean difference (SMD), of individual
studies reported in each meta-analysis, recalculating the
pooled effect sizes and 95% confidence intervals (CI)
using random or fixed effects model [16]. RR was con-
verted to SMD in re-analysis to consolidate all data met-
rics as continuous data. To harmonize effect sizes across
studies, RRs were converted to SMDs using the following
formula SMD ~ log(RR) * ?, as described in previous
methodological literature [17, 18].

Data extraction and analysis

Each study provided the following information: year of
publication, quantity of primary studies encompassed,
categories of investigated outcomes, geographical loca-
tion of the study, counts of cases and participants,
research design, the method employed for effect estima-
tion (random or fixed effects), indicators of heterogene-
ity, and the extensively adjusted effect size accompanied
by a 95% confidence interval [19-21]. To re-analyze the
initial meta-analyses, we utilized the DerSimonian and
Laird method for outcomes including ten or more stud-
ies, and the Hartung-Knapp-Sidik-Jonkman method
for those including fewer than ten studies, under a ran-
dom-effects model. This strategy was chosen to ensure
appropriate estimation precision and minimize type I
error rates depending on the number of included stud-
ies, following established meta-analytical recommenda-
tions [22]. Network or dose-dependent meta-analyses
were not reconsidered due to insufficient estimations and
evidence [23]. Additionally, various subsequent analy-
ses were undertaken to investigate specific aspects: (1)
Heterogeneity was evaluated, with a substantial hetero-
geneity indicated by an P value exceeding 75%; (2) The
P-curve was employed to detect potential p-hacking, a
statistical manipulation for achieving significant results;
(3) The 95% prediction interval was utilized to gauge the
uncertainty of the observed estimates and offer guid-
ance for future research employing Bayesian statistics;
(4) The Knapp-Sidik-Jonkman random effects model was
implemented to minimize inappropriate type I errors; (5)
Examination of publication bias was conducted, with an
Egger’s P-value below 0.1 suggesting potential publica-
tion bias [24]. Following recent guidelines, we estimated
comparable SMDs across various metrics, including MD
or RR [14]. All analyses were conducted using R soft-
ware version 4.2.2 (R Foundation for Statistical Com-
puting, Vienna, Austria). For outcomes including ten or
more studies, the DerSimonian and Laird random-effects
model was applied. For outcomes with fewer than ten
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studies, the Hartung-Knapp-Sidik-Jonkman method
was applied in R using the rma.uni() function from the
metafor package, with the argument knha=TRUE. Sta-
tistical significance was determined based on a two-sided
P-value threshold of <0.05 [25].

Assessment of quality of study and evidence

The methodological quality of the included system-
atic reviews and meta-analyses was assessed using the
A Measurement Tool to Assess Systematic Reviews
2 (AMSTAR 2) checklist, which consists of 16 items,
including 7 critical domains [26]. Two reviewers (J.K. and
Y.S.) independently evaluated each study. Discrepancies
in item-level assessments were resolved through discus-
sion, and a third reviewer (D.K.Y.) was consulted when
necessary to reach consensus. Item-level results and
overall confidence ratings (high, moderate, low, critically
low) are presented in Supplementary Table 2, following
the AMSTAR 2 guidance [27].

The certainty of evidence for each outcome was
assessed using a modified version of the GRADE
approach. Certainty was categorized as high, moder-
ate, low, or very low based on five domains: risk of bias,
inconsistency, indirectness, imprecision, and publication
bias. The operational rules used to grade each domain,
along with the resulting assessments, are provided in
Supplementary Table 3.

Publication bias was assessed using funnel plots,
Egger’s test (P values), and/or P-curve analysis. In addi-
tion, we evaluated whether the effect size was large (e.g.,
SMD > 0.8), whether there was a dose-response relation-
ship, and whether credible residual confounding existed,
each of which was considered as a factor potentially
upgrading the certainty of evidence.

Patient and public involvement

No patients or members of the public were involved in
the development of this umbrella review. However, the
scope and methods of this review were informed by the
literature and discussions with experts in the field.

Results

Of 1489 studies screened, 684 full-text studies were
assessed after duplicate removal, with 15 meta-analyses
of RCTs included (Fig. 1). Excluded study characteristics
are shown in Supplementary Table 4. Although no pub-
lication year restrictions were applied, all included stud-
ies were published between 2019 and 2023. A total of 204
original articles across 32 countries (Australia, Austria,
Brazil, Canada, China, Colombia, Croatia, Denmark,
Egypt, England, France, Greece, Hong Kong, Hungary,
India, Indonesia, Iran, Israel, Italy, Japan, Korea, New
Zealand, Norway, Saudi Arabia, Scotland, Spain, Sweden,
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Potentially relevant studies; n=1489

PubMed (n=159) Embase (n=366)
CINAHL (n=652) Google scholar (n=182)
Web of Science (n=130)
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Records screened (n=684)
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Eligible titles and abstracts (n=158)

Duplicate records removed (n=805)

Excluded; n=143
- Not RCT article (n=63)

Included studies (n=15)

» - Not eligible for the full text (n=61)
- Atticles reporting overlapped
results (n=19)

Fig. 1 PRISMA 2020 flow diagram. Abbreviations: RCT, randomized controlled trials

Taiwan, Thailand, Turkey, the UK, and the United States)
and six continents were included (Table 1) [6-12, 28—-35].

The quality of the original meta-analysis based on
AMSTAR 2 was high in one meta-analysis, moderate
in two, and low in twelve (Supplementary Table 2). Fif-
teen meta-analyses of RCTs covered over 9000 patients
with 35 unique health endpoints and 15 unique health
outcomes, including burning mouth syndrome, tempo-
romandibular disorders, rheumatoid arthritis, plantar
fasciitis, tendinopathy, knee osteoarthritis, fibromyalgia,
cognitive function, myofascial neck pain, Achilles tendi-
nopathy, fractures, carpal tunnel syndrome, diabetic foot
ulcers, tinnitus, and androgenetic alopecia. The proto-
col of PBM widely varies in aspects of the wavelengths
of laser, duration of treatment, and number of treatment
sessions, and particularly, there is no existing standard
protocol (Table 2).

Based on the GRADE, 17.1% (6/35) meta-analyt-
ical effects met the moderate certainty criteria, 57.1%
(20/35) effects met low certainty, and 25.7% (9/35)
met very low certainty (Supplementary Table 3).
Except for nine outcomes (quality of life in patients
with burning mouth syndrome, pain levels in patients
with temporomandibular disorders, pain reduction
in patients with knee osteoarthritis, changes in fibro-
myalgia impact questionnaire [FIQ] score in patients
with fibromyalgia, changes in pain severity in patients

with fibromyalgia, changes in number of tender points
in patients with fibromyalgia, changes in severity of
fatigue in patients with fibromyalgia, changes in sever-
ity of anxiety in patients with fibromyalgia, and pain
reduction in patients with fractures), the shape of the
P-curve exhibited a pronounced rightward skewness in
the case of continuous metrics (P <0.05). This skewness
suggests the absence of any indications of P-hacking.
By re-evaluating the 19 results through random and
fixed effects analyses, it was identified that 42.9% (15
out of 35) exhibited significant heterogeneity (I*>75).
We found statistical indications of publication bias in
20.0% (6 out of 30) of the studies using Egger’s regres-
sion test. To explore potential sources of heterogeneity,
we performed a sensitivity analysis for outcomes with
substantial heterogeneity (I*>75%) by excluding stud-
ies in the lowest 25th percentile of sample size. As a
result, heterogeneity was substantially reduced in two
outcomes, including pain levels in patients with rheu-
matoid arthritis (/?=44.61%) and handgrip strength in
patients with rheumatoid arthritis (> =0%). In contrast,
heterogeneity in remaining outcomes either persisted
or increased, suggesting that small study effects were
not the primary contributors of inconsistency in most
cases. The forest plot, Funnel plot, and P-curve for each
health outcome are presented in Supplementary Mate-
rials (Supplementary Fig. 1-35).
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Table 1 Characteristics of meta-analyses of randomized clinical trials studying PBM

Outcome First author Published year Included countries AMSTAR2
1. Burning mouth syndrome

Pain intensity in patients with burning mouth Clu 2023 China, Croatia, Iran, Spain Low
syndrome

Quiality of life in patients with burning mouth Clu 2023 Croatia, Iran, Italy, Spain Low
syndrome

2.Temporomandibular disorders

Pain levels (VAS score) in patients with temporo- R Hanna 2021 Austria, Brazil, India, Iran, Italy, Turkey High
mandibular disorders

3. Rheumatoid arthritis

Pain levels in patients with rheumatoid arthritis | Lourinho 2023 Brazil, England, Scotland, Turkey Low
Morning stiffness in patients with rheumatoid | Lourinho 2023 Brazil, England, Japan, Scotland Low
arthritis

Handgrip strength in patients with rheumatoid | Lourinho 2023 Brazil, Japan, Turkey Low
arthritis

Functional capacity in patients with rheumatoid | Lourinho 2023 Brazil, Scotland, Turkey Low
arthritis

Inflammation in patients with rheumatoid I Lourinho 2023 Brazil, England, Scotland, Turkey Low
arthritis

Activity score in patients with rheumatoid I Lourinho 2023 England, Japan Low
arthritis

4. Plantar fasciitis

Pain intensity in patients with plantar fasciitis JV Ferlito 2023 Greece, United States Low
5.Tendinopathy

Pain reduction (VAS score) in patients with ten- N Tripodi 2021 Greece, Hong Kong, Iran, Turkey Low
dinopathy

Muscle strength in patients with tendinopathy N Tripodi 2021 Greece, Hong Kong, Turkey Low
6. Knee osteoarthritis

Pain reduction in patients with knee osteoar- MB Stausholm 2019 Brazil, Denmark, Greece, Hungary, Indonesia, Iran, Moderate
thritis Saudi Arabia, Sweden, Turkey, United Kingdom
Reduction in disability in patients with knee MB Stausholm 2019 Brazil, Indonesia, Iran, Sweden, Turkey, United Moderate
osteoarthritis Kingdom

7.Fibromyalgia

Changes in FIQ score in patients with fibromy- SWYeh 2019 Brazil, Spain, Turkey Low
algia

Changes in pain severity in patients with fibro- SWYeh 2019 Brazil, Spain, Turkey Low
myalgia

Changes in number of tender points in patients ~ SW Yeh 2019 Brazil, Turkey Low
with fibromyalgia

Changes in severity of fatigue in patients SWYeh 2019 Brazil, Spain, Turkey Low
with fibromyalgia

Changes in severity of stiffness difference SWYeh 2019 Brazil, Turkey Low
in patients with fibromyalgia

Changes in severity of depression in patients SWYeh 2019 Brazil, Turkey Low
with fibromyalgia

Changes in severity of anxiety in patients SWYeh 2019 Brazil, Turkey Low
with fibromyalgia

8. Myofascial neck pain

Neck pain level in patients with myofascial neck MR Tehrani 2022 Denmark, Egypt, Iran, Italy, Turkey Low
pain syndrome

Pressure pain threshold in patients with myofas- MR Tehrani 2022 Egypt, Italy, Korea, Turkey Low
cial neck pain syndrome

9. Achilles tendinopathy

Pain intensity in patients with Achilles tendi- ALC Martimbianco 2020 New Zealand, Norway Low
nopathy

Function in patients with Achilles tendinopathy ~ ALC Martimbianco 2020 New Zealand Low
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Table 1 (continued)

Outcome First author Published year Included countries AMSTAR2
10. Fractures

Pain reduction (VAS score) in patients with frac- ~ FCJ Neto 2020 Canada, Iran, Taiwan Low
tures

11. Carpal tunnel syndrome

Pain levels (VAS score) in patients with carpal AH Bekhet 2017 Iran, Thailand, Turkey Low
tunnel syndrome

Symptom severity scale in patients with carpal AH Bekhet 2017 Iran, Taiwan, Thailand, Turkey Low
tunnel syndrome

Functional severity scale in patients with carpal AH Bekhet 2017 Iran, Taiwan, Thailand, Turkey Low
tunnel syndrome

12. Diabetic foot ulcers

Complete healing rate in diabetic foot ulcers JHuang 2021 Brazil, China, Colombia, Iran, Israel Moderate
Ulcer area reduction percentage in diabetic foot  JHuang 2021 Brazil, India, Iran Moderate
ulcers

Mean healing time in diabetic foot ulcers J Huang 2021 China Moderate
13. Tinnitus

Overall symptoms (THI score) in patients CH Chen 2020 Denmark, Italy, Korea Low

with tinnitus

14. Androgenetic alopecia

Hair density in patients with androgenetic KH Liu 2019 Iran, Korea, Taiwan, United States Low
alopecia

15. Cognitive function

The effects on age-related cognitive impairment Y Gao 2023 Australia, China, Egypt, France, Iran, and United ~ Low

States

Abbreviations: FIQ Fibromyalgia impact questionnaire, PBM Photobiomodulation, THI/ Tinnitus Handicap Inventory, VAS Visual analogue scale

We identified 35 health endpoints and grouped them
into 15 unique disease conditions: burning mouth syn-
drome, temporomandibular disorders, rheumatoid
arthritis, plantar fasciitis, tendinopathy, knee osteo-
arthritis, fibromyalgia, cognitive function, myofascial
neck pain, Achilles tendinopathy, fractures, carpal tun-
nel syndrome, diabetic foot ulcers, tinnitus, and andro-
genetic alopecia (Table 3 and Supplementary Table 5).
Among 35 health endpoints, 34.3% (12/35) of unique
significant effects between PBM and health endpoints
relating to 9 unique disease conditions were reported.
The results are summarized by showing evidence maps
of each health endpoint among participants with PBM
interventions (Fig. 2 and Table 3).

Burning mouth syndrome

PBM significantly reduced pain intensity (eSMD, — 0.92
[95% CI-1.38 to—0.46]) with moderate certainty
of evidence. Although the funnel plot showed slight
asymmetry, Egger’s test was non-significant (P=0.13).
P-curve results confirmed evidential value (P <0.0001).
No significant effect on quality of life was found (low
certainty).

Temporomandibular disorders

PBM reduced pain levels (eSMD —0.56 [95% CI—0.83
to —0.29]) with low certainty of evidence. Despite con-
sistent forest plot trends, publication bias was sug-
gested by funnel plot asymmetry and Egger’s test
(P<0.001). P-curve results supported evidential value
(P <0.0001).

Tendinopathy

PBM led to reduced pain (eSMD, 0.16 [95% CI, 0.07 to
0.24]) with low certainty. Forest plot trends were consist-
ent; funnel plot showed mild asymmetry, but P-curve
confirmed evidential value (P<0.0001). No significant
effect on muscle strength (very low certainty).

Knee osteoarthritis

PBM significantly improved pain (eSMD, 0.02 [95% CI,
0.01 to 0.03]) and disability (eSMD, 0.65 [95% CI, 0.14 to
1.15]) in patients with knee osteoarthritis, with low and
moderate certainty of evidence, respectively. Despite fun-
nel plot asymmetry for pain and possible small-study
effects, P-curve analyses for both outcomes indicated
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Table 3 Evidence maps of umbrella review of associations between PBM and health outcomes

eSMD (95% Cl) Direction GRADE
1. Burning mouth syndrome
Pain intensity in patients with burning mouth syndrome -0.92 (-1.38 to -0.46) Association Moderate
Quality of life in patients with burning mouth syndrome 0.03 (-0.73t0 0.78) No association Low
2. Temporomandibular disorders
Pain levels (VAS score) in patients with temporomandibular disorders -0.56 (-0.83 to -0.29) Association Low
3. Rheumatoid arthritis
Pain levels in patients with rheumatoid arthritis -0.03 (-0.16 t0 0.10) No association Very low
Morning stiffness in patients with rheumatoid arthritis -0.02 (-0.15 t0 0.10) No association Low
Handgrip strength in patients with rheumatoid arthritis -0.03 (-2.15 to 2.09) No association Very low
Functional capacity in patients with rheumatoid arthritis -0.19(-1.45t0 1.07) No association Very low
Inflammation in patients with rheumatoid arthritis -0.01 (-0.77 to 0.75) No association Low
Activity score in patients with rheumatoid arthritis 0.35(-0.28 t0 0.98) No association Very low
4. Plantar fasciitis
Pain intensity in patients with plantar fasciitis -0.10 (-0.24 to 0.05) No association Low
5. Tendinopathy
Pain reduction (VAS score) in patients with tendinopathy 0.16 (0.07 to 0.24) Association Low
Muscle strength in patients with tendinopathy 0.68 (-0.06 to 1.43) No association Very low
6. Knee osteoarthritis
Pain reduction in patients with knee osteoarthritis 0.02 (0.01 to 0.03) Association Low
Reduction in disability in patients with knee osteoarthritis 0.65 (0.14 to 1.15) Association Moderate
7. Fibromyalgia
Changes in FIQ score in patients with fibromyalgia 1.15 (0.61 to 1.69) Association Low
Changes in pain severity in patients with fibromyalgia 249(-1.19t0 6.18) No association Very low
Changes in number of tender pointis patients with fibromyalgia 2.00 (-0.61 to 4.61) No association Very low
Changes in severity of fatigue in patients with fibromyalgia 1.25 (0.63 to 1.87) Association Moderate
Changes in severity of stiffness difference in patients with fibromyalgia 1.06 (0.36 to 1.77) Association Low
Changes in severity of depression in patients with fibromyalgia 1.15 (-0.20 to 2.50) No association Low
Changes in severity of anxiety in patients with fibromyalgia 1.64 (-0.13 to 3.42) No association Low
8. Myofascial neck pain
Neck pain level in patients with myofascial neck pain syndrome -0.02 (-0.03 to -0.01) Association Low
Pressure pain threshold in patients with myofascial neck pain syndrome 2.75(-0.11to 5.61) No association Very low
9. Achilles tendinopathy
Pain intensity in patients with achilles tendinopathy -0.02 (-0.16 to 0.13) No association Low
Function in patients with achilles tendinopathy -0.02 (-0.20 to 0.16) No association Low
10. Fractures
Pain reduction (VAS score) in patients with fractures 0.18 (0.00 to 0.36) No association Low
11. Carpal tunnel syndrome
Pain levels (VAS score) in patients with carpal tunnel syndrome -0.07 (-0.20 to 0.06) No association Low
Symptom severity scale in patients withcarpal tunnel syndrome -0.01 (-0.13 to 0.10) No association Low
Functional severity scale in patients with carpal tunnel syndrome -0.07 (-0.19 to 0.04) No association Low
12. Diabetic foot ulcers
Complete healing rate in diabetic foot ulcers -0.22 (-0.62 t0 0.01) No association Low
Ulcer area reduction percentage in diabetic foot ulcers Association Very low
Mean healing time in diabetic foot ulcers -1.41(-3.19t0 0.37) No association Low
13. Tinnitus
Overall symptoms(THI score) in patients with tinnitus -0.05 (-0.17 to 0.06) No association Moderate
14. Androgenetic alopecia
Hair density in patients with androgenetic alopecia 1.32 (1.00 to 1.63) Association Moderate
15. Cognitive function
The effects onagerelated cognitive impairment 0.49 (0.14 to 0.84) Association Moderate

The numbers in bold indicate a significant difference (P < 0.05)

Color represents the levels of SMD in data with statistically significance (P<0.05)
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Bl Barthel Index, C/ Confidence interval, CRS-R Coma Recovery Scale-Revised, eSMD Equivalent standard mean difference, FMA-LE Fugl-Meyer Assessment Lower
Extremity, FMA-UE Fugl-Meyer Assessment Upper Extremity, HADS Hospital Anxiety and Depression Scale, ICARS International Cooperative Ataxia and Rating Scale,
MADRS Montgomery-Asberg Depression Rating Scale, MAS Modified Ashworth Scale, MCCB Matrics Consensus Cognitive Battery, MD Mean difference, NPS Numeric
pain scale, PANSS-G12 Positive and Negative Syndrome Scale G12, SARA Scale for Assessment and Rating of Ataxia, VAS Visual analogue scale, Y-BOCS Yale-Brown

Obsessive-Compulsive Scale
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Outcome
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eSMD (95% CI)

1. Burning mouth syndrome

Pain intensity in patients with burning mouth syndrome —_——e— -0.92 (-1.38 to -0.46)
Quality of life in patients with burning mouth syndrome ~ 0.03 (-0.73 to 0.78)
2. Temporomandibular disorders :
Pain levels (VAS score) in patients with temporomandibular disorders —e— -0.56 (-0.83 to -0.29)
3. Rheumatoid arthritis :
Pain levels in patients with rheumatoid arthritis |—0—| -0.03 (-0.16 t0 0.10)
Morning stiffness in patients with rheumatoid arthritis —e— -0.02 (-0.15 to 0.10)
Handgrip strength in patients with rheumatoid arthritis % > -0.03 (-2.15 to 2.09)
Functional capacity in patients with rheumatoid arthritis - -0.19 (-1.45 to 1.07)
Inflammation in patients with rheumatoid arthritis 3 -0.01 (-0.77 t0 0.75)
Activity score in patients with rheumatoid arthritis 0.35 (-0.28 t0 0.98)
4. Plantar fasciitis .
Pain intensity in patients with plantar fasciitis |_._v_| -0.10 (-0.24 to 0.05)
5. Tendinopathy :
Pain reduction (VAS score) in patients with tendinopathy C e 0.16 (0.07 to 0.24)
Muscle strength in patients with tendinopathy : . | 0.68 (-0.06 to 1.43)
6. Knee osteoarthritis .
Pain reduction in patients with knee osteoarthritis b 0.02 (0.01 to 0.03)
Reduction in disability in patients with knee osteoarthritis : . 0.65 (0.14 to 1.15)
7. Fibromyalgia
Changes in FIQ score in patients with fibromyalgia ° > 1.15 (0.61 to 1.69)
Changes in pain severity in patients with fibromyalgia > 249 (-1.19t0 6.18)
Changes in number of tender points in patients with fibromyalgia R > 2.00 (-0.61 to 4.61)
Changes in severity of fatigue in patients with fibromyalgia o : 1.25 (0.63 to 1.87)
Changes in severity of stiffness difference in patients with fibromyalgia v ° > 1.06 (0.36 to 1.77)
Changes in severity of depression in patients with fibromyalgia > 1.15 (-0.20 to 2.50)
Changes in severity of anxiety in patients with fibromyalgia F > 1.64 (-0.13 to 3.42)
8. Myofascial neck pain :
Neck pain level in patients with myofascial neck pain syndrome o -0.02 (-0.03 to -0.01)
Pressure pain threshold in patients with myofascial neck pain syndrome > 2.75 (-0.11 to 5.61)
9. Achilles tendinopathy .
Pain intensity in patients with achilles tendinopathy '_'_' -0.02 (-0.16 to 0.13)
Function in patients with achilles tendinopathy e -0.02 (-0.20 to 0.16)
10. Fractures .
Pain reduction (VAS score) in patients with fractures —e—i 0.18 (0.00 to 0.36)
11. Carpal tunnel syndrome :
Pain levels (VAS score) in patients with carpal tunnel syndrome '—."" -0.07 (-0.20 to 0.06)
Symptom severity scale in patients with carpal tunnel syndrome —e— -0.01 (-0.13 to 0.10)
Functional severity scale in patients with carpal tunnel syndrome —e-H -0.07 (-0.19 to 0.04)
12. Diabetic foot ulcers .
Complete healing rate in diabetic foot ulcers —_—— -0.22 (-0.62 t0 0.01)
Ulcer area reduction percentage in diabetic foot ulcers _ 3.65 (0.54 to 6.76)
Mean healing time in diabetic foot ulcers g -1.41 (-3.1910 0.37)
13. Tinnitus :
Overall symptoms (THI score) in patients with tinnitus —o— -0.05 (-0.17 to 0.06)
14. Androgenetic alopecia .
Hair density in patients with androgenetic alopecia —— 1.32 (1.00 to 1.63)
15. Cognitive function
The effects on age-related cognitive impairment D 0.49 (0.14 to 0.84)
[ T 1
-1.5 0.0 1.5
Equivalent Standard Mean Difference
< >

Decreased risk of health outcome

Increased risk of health outcome

Fig. 2 Point estimates of health outcomes following PBM intervention. Abbreviations: Cl, confidence interval; eSMD, equivalent standard mean
difference; FIQ, fibromyalgia impact questionnaire; PBM, photobiomodulation; THI, Tinnitus Handicap Inventory; VAS, visual analogue scale

strong right-skew (P<0.0001) and high power (>90%),
supporting evidential value.

Fibromyalgia

Among the seven health endpoints related to fibromyal-
gia, 42.9% (3/7) showed significant effects of PBM with
low certainty of evidence. Improvements were observed
in FIQ score (eSMD, 1.15 [95% CI, 0.61 to 1.69]), fatigue
severity (eSMD, 1.25 [95% CI, 0.63 to 1.87]), and stiffness
severity difference (eSMD, 1.06 [95% CI, 0.36 to 1.77]).
Forest plots showed consistently positive effects across
studies. Funnel plots were largely symmetric with non-
significant Egger’s tests, and all three outcomes exhibited

right-skewed P-curves (P<0.01), supporting the eviden-
tial value of the findings.

Diabetic foot ulcers

PBM reduced ulcer area (eSMD, 3.65 [95% CI, 0.54 to
6.76]) with very low certainty. Funnel plot asymmetry
and low P-curve power (59%) suggest possible small-
study effects and limited evidential value.

Androgenetic alopecia

PBM significantly increased hair density (eSMD, 1.32
[95% CI, 1.00 to 1.63]) with moderate certainty. The fun-
nel plot was symmetric, and the right-skewed P-curve
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(100% P <0.025) indicated strong evidential value (power
98%).

Cognitive function

PBM has beneficial effects on age-related cognitive
impairment (eSMD, 0.49 [95% CI, 0.14 to 0.84]) with
moderate certainty of evidence. The forest plot showed
consistent positive effects, and although the funnel plot
suggested mild asymmetry, Egger’s test was not signifi-
cant. The right-skewed P-curve (P<0.0001) with 94%
estimated power supported the presence of evidential
value.

No significant effects of PBM on several disease conditions
Previous studies reported beneficial effects of PBM on
several diseases (Supplementary Table 5); however, our
re-analyses showed that 65.7% (23/35) of no significant
effects were observed, reporting on no effects of PBM on
several health outcomes, including rheumatoid arthritis,
plantar fasciitis, Achilles tendinopathy, fractures, carpal
tunnel syndrome, and tinnitus (Table 3).

Discussion

Key findings

We aimed to suggest evidence-based recommendations
and insights into PBM for clinicians and patients. To our
knowledge, this umbrella review represents the first com-
prehensive evaluation of PBM effects on several health
outcomes, analyzing data from 15 meta-analyses of
RCTs with over 9000 patients and assessing the evidence
using GRADE criteria. Our findings indicated that PBM
had beneficial effects on nine unique diseases, includ-
ing burning mouth syndrome, temporomandibular dis-
orders, tendinopathy, knee osteoarthritis, fibromyalgia,
myofascial neck pain, diabetic foot ulcers, androgenetic
alopecia, and cognitive impairment.

Among the 35 health endpoints assessed, no outcome
was supported by high certainty of evidence. However,
moderate certainty of evidence supported significant
associations between PBM and improved outcomes in
five domains: reduced pain intensity in burning mouth
syndrome, reduced disability in knee osteoarthritis,
decreased severity of fatigue in patients with fibromyal-
gia, increased hair density in androgenetic alopecia, and
improved cognitive function. Several other outcomes,
reduction pain levels in temporomandibular disorders,
tendinopathy, and knee osteoarthritis, decreased FIQ
score, diminished severity of stiffness in fibromyalgia,
and reduced neck pain level, were supported by low
certainty of evidence, while the effects of PBM on tem-
poromandibular disorders and diabetic foot ulcers were
rated as very low, indicating limited confidence in these
findings.
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Plausible underlying mechanisms

PBM, involving low-level lasers or LEDs, is a safe and
feasible treatment method for various health conditions
based on its cellular and molecular effects [36]. It primar-
ily affects mitochondrial function, specifically targeting
the cytochrome C oxidase, a large transmembrane pro-
tein complex and part of the electron transport chain in
mitochondria [36]. Therefore, PBM activated the electron
transport chain in mitochondria, resulting in increased
production of ATD, essential for cell proliferation, cell
survival, and tissue regeneration [37]. The therapeutic
effects of PBM extend to pain reduction, improved cir-
culation, and reduced inflammatory responses [1]. It
reduces pro-inflammatory cytokines and induces anti-
inflammatory ones, which is crucial in conditions like
osteoarthritis and fibromyalgia as a critical change in the
pathological process [38]. In addition, the role of PBM in
decreasing oxidative stress through increased activity of
antioxidant enzymes further supports its anti-inflamma-
tory and tissue-protective properties [38].

In pain management, the effects of PBM are attributed
to its modulation of pain and neural circuits. It decreases
the expression of pain-inducing substances like substance
P and bradykinin and triggers the release of serotonin,
enkephalins, and endorphin for analgesic effects [39].
This mechanism is particularly significant in health out-
comes such as tendinopathy and temporomandibular
disorders. In addition, PBM can improve cell viability,
proliferation, and microcirculation pathways for condi-
tions like androgenetic alopecia, enhancing blood flow
and oxygenation to stimulate hair follicles [40].

While research on PBM in dental and musculoskeletal
diseases, particularly in burning mouth syndrome and
knee osteoarthritis, is well supported by moderate cer-
tainty of evidence, studies in neurological or neurodegen-
erative disorders are less extensive. However, recent RCTs
show promising results of transcranial PBM in traumatic
brain injury and Parkinson’s disease [1, 2], with our study
affirming its beneficial effects in age-related cognitive
impairment. Furthermore, PBM has a therapeutic role
in neural regeneration and enhanced neuronal function
via increasing the expression of nerve growth factor,
neuronal tissue regeneration, and cell death inhibition
in neurons [41]. These findings suggest the potential of
PBM as a non-invasive treatment for neurological and
neurodegenerative disorders, warranting further research
to solidify its role in these areas.

Policy implication

In the context of clinical implications, it is essential
to differentiate between statistically significant find-
ings and those that are clinically meaningful. Accord-
ing to widely accepted benchmarks for SMDs, namely,
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approximately 0.2 as small, 0.5 as moderate, and 0.8
or greater as large effect, only a limited number of out-
comes exhibited effect sizes that are likely to translate
into perceptible clinical benefits [42]. For instance, the
observed improvements in fatigue and FIQ scores among
patients with fibromyalgia exceeded the threshold for a
large effect, suggesting a potentially meaningful impact
in real-world settings. In contrast, certain outcomes such
as pain reduction in tendinopathy (SMD =0.16) and knee
osteoarthritis (SMD =0.02), although statistically signifi-
cant, may have limited clinical utility unless combined
with adjunctive therapies. These distinctions underscore
the importance of contextualizing statistical outcomes
within clinical frameworks and support the need for
further translational research to inform evidence-based
decision-making.

The observed effects of PBM across a range of health
conditions suggest potential integration into clinical
care pathways, particularly for outcomes supported by
moderate certainty of evidence, such as burning mouth
syndrome, knee osteoarthritis, fibromyalgia-related
fatigue, androgenetic alopecia, and age-related cognitive
impairment. Implementing PBM into standard treatment
protocols would require additional high-quality investi-
gations, refinement of clinical guidelines, and health pol-
icy adaptations to support its application. When applied
in appropriate clinical contexts, PBM may offer a via-
ble, non-invasive, and safe therapeutic option for select
patient populations [43].

Comparison with previous studies

Our findings align with prior meta-analyses that have
explored the efficacy of PBM in managing musculoskel-
etal conditions, particularly knee osteoarthritis and fibro-
myalgia. In the context of knee osteoarthritis, Oliveira
et al. conducted a systematic review and meta-analysis
[44], concluding that PBM can reduce pain intensity and
may improve disability. However, they noted that the
certainty of evidence was very low, cautioning against
recommending PBM as a standalone treatment and sug-
gesting its use as a complementary therapy. Similarly, in
fibromyalgia management, a systematic review by Yeh
et al. reported significant improvements in FIQ scores
[35], pain severity, and fatigue levels among patients
receiving low-level laser therapy. Furthermore, Fitzmau-
rice et al. highlighted that whole-body PBM led to sig-
nificant reductions in pain and enhancements in quality
of life for patients with fibromyalgia [45]. While these
studies support the therapeutic potential of PBM, our
updated GRADE reassessment, applying stricter criteria
for heterogeneity and imprecision, resulted in more con-
servative certainty ratings. This distinction underscores
the importance of re-evaluating evidence using unified
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grading rules and highlights the need for standardized
protocols in future trials.

Strengths and limitations

To the best of our knowledge, this is the first umbrella
review of meta-analyses of RCTs to investigate the effects
of PBM on various health outcomes, suggesting its
potential as a feasible and effective treatment for various
diseases. However, several limitations warrant considera-
tion. First, our reliance on previous original meta-anal-
yses, which did not explore the adverse outcomes of
PBM, limits our ability to investigate its side effects or
safety. Second, the variability in PBM protocols across
the original studies introduces heterogeneity, potentially
influencing our findings. Third, the lack of direct qual-
ity assessment of individual studies within each original
meta-analysis may impact the precision and reliability of
our findings [46]. Fourth, the methodology of umbrella
reviews, including factors like sample size, heterogeneity,
and statistical significance, can vary and affect the cate-
gorization and interpretation of evidence [47, 48].

Conclusions

In this umbrella review of meta-analyses of randomized
controlled trials, we found that PBM exhibited statisti-
cally significant therapeutic effects across nine unique
health conditions, including burning mouth syndrome,
temporomandibular disorders, tendinopathy, knee oste-
oarthritis, fibromyalgia, myofascial neck pain, diabetic
foot ulcers, androgenetic alopecia, and age-related cog-
nitive impairment. However, the certainty of evidence,
as assessed using a modified GRADE framework, ranged
from very low to moderate, with no outcomes supported
by high-certainty evidence. PBM yielded moderate-cer-
tainty evidence for selected outcomes such as pain reduc-
tion in burning mouth syndrome, disability improvement
in knee osteoarthritis, fatigue reduction in fibromyalgia,
hair density increase in androgenetic alopecia, and cogni-
tive improvement in older adults. These findings suggest
that PBM may serve as a promising non-invasive adjunc-
tive therapy, particularly for outcomes supported by
moderate-certainty evidence. Nevertheless, further large-
scale, high-quality trials with standardized protocols are
warranted to validate its clinical efficacy, particularly for
conditions where the current evidence remains limited or
uncertain.
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