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Background: Breast cancer–related lymphedema (BCRL) is a common

complication that impairs function and quality of life. The effectiveness of

photobiomodulation (PBM) therapy remains unclear, necessitating a systematic

review and meta-analysis.

Methods: This review followed the PRISMA guidelines and was registered in

PROSPERO (CRD420261296197). PubMed, CENTRAL, and Embase were

systematically searched for randomized controlled trials (RCTs) evaluating PBM

therapy for BCRL up to January 20, 2026. Outcomes of interest included upper

limb volume, circumference, grip strength, and pain. Pooled effects were

synthesized using appropriate meta-analytic models and reported as mean

differences with 95% confidence intervals. Risk of bias, methodological quality,

and certainty of evidence were assessed using RoB 2, the PEDro scale, and

GRADE, respectively.

Results: Nine RCTs involving 312 participants with BCRL were included.

Compared with control conditions, PBM therapy resulted in significant

reductions in affected limb volume (SMD = −0.78, 95% CI −1.03 to −0.54; I² =

22%) and limb circumference (MD = −3.61 cm, 95% CI −4.85 to −2.38; I² = 44%).

Functional outcomes also improved, with increased grip strength (MD = 1.72 kg,

95% CI 1.07 to 2.37; I² = 14%) and reduced pain intensity (MD = −0.29, 95% CI

−0.52 to −0.05; I² = 0%). Overall risk of bias was low to moderate, with some

concerns about allocation concealment; evidence certainty wasmostly moderate

by GRADE.

Conclusions: PBM therapy is associated with significant improvements in limb

volume, circumference, grip strength, and pain in patients with BCRL. Despite

these favorable findings, the overall certainty of evidence is moderate, and safety

conclusions are limited by sparse adverse-event reporting. Larger, well-designed

RCTs are needed to confirm efficacy and optimize treatment parameters.
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1 Introduction

In recent years, the global burden of breast cancer (BC) has

continued to increase, making it the most frequently diagnosed

malignancy among women. In 2020, approximately 2.3 million new

cases were reported worldwide, with projections indicating that

annual incidence will exceed 3 million by 2040 (1). BC remains one

of the leading causes of cancer-related mortality in women (2).

Advances in surgery, radiotherapy, chemotherapy, and systemic

therapies have substantially improved survival; however, prolonged

survival has also led to a growing prevalence of treatment-related

long-term complications. Among these, breast cancer–related

lymphedema (BCRL) has emerged as a major concern,

significantly impairing physical function and quality of life in

survivors (3).

BCRL commonly occurs after breast cancer surgery, axillary

lymph node removal, and radiotherapy, which damage lymphatic

pathways and compromise lymph transport, resulting in the

accumulation of protein-rich fluid in the interstitial space (4).

Long-term follow-up studies indicate that more than 20% of breast

cancer survivors develop upper limb lymphedema, with risk

increasing over time (5). Clinically, BCRL manifests as persistent

limb swelling and pain, often accompanied by restricted mobility,

muscle weakness, sensory changes, and recurrent infections (6). In

advanced stages, progressive fibrosis and joint impairment may

develop. These physical limitations are frequently associated with

psychological burden, reduced social participation, and diminished

work capacity, leading to substantial declines in quality of life.

Currently, BCRL lacks a definitive curative treatment and is

managed primarily with conservative approaches (7). Complete

decongestive therapy (CDT), comprising manual lymphatic

drainage, compression, skin care, and exercise, remains the

standard of care (8). While CDT can reduce edema and alleviate

symptoms, its benefits depend heavily on sustained adherence and

prolonged treatment (9). Practical challenges, including treatment

complexity, discomfort, skin-related adverse effects, and activity

restriction, often limit long-term compliance (10). Furthermore,

existing therapies focus largely on symptom management and offer

limited ability to restore lymphatic function or reverse established

fibrosis, leaving a considerable proportion of patients with persistent

or progressive disease.

Given the limitations of conventional conservative therapies in

terms of long-term adherence, symptom recurrence, and reversal of

fibrosis, increasing attention has been directed toward safe, non-

invasive, and repeatable adjunctive interventions. Photobiomodulation

therapy (PBM) has gradually been introduced into the clinical

management of breast BCRL and has shown potential benefits in

reducing limb swelling and symptom burden in some randomized

controlled studies (11, 12). From a biological perspective, PBM acts on

tissues through red or near-infrared light, influencing mitochondrial
Abbreviations: RCTs, randomized controlled trials; BCRL, Breast cancer–related

lymphedema; PBM, Photobiomodulation; BC, Breast cancer; MD, mean

difference; SMD, Standardized mean difference; CI: confidence intervals;

CENTRAL, Cochrane Central Register of Controlled Trials; CDT, Complete

decongestive therapy.
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energy metabolism and related signaling pathways, thereby modulating

microcirculation, inflammatory responses, and tissue repair processes

(13, 14). In the context of lymphedema pathophysiology, PBM may

promote lymphangiogenesis, enhance lymphatic drainage, and

attenuate chronic inflammation and fibrosis, thereby improving tissue

compliance and reducing fluid accumulation (15, 16). In addition, its

immunomodulatory, analgesic, and soft-tissue reparative effects provide

a theoretical basis for improvements in pain, functional limitation, and

disability among patients with BCRL. However, existing clinical studies

are limited by small sample sizes and substantial heterogeneity in

treatment parameters and outcome measures, which restricts the

consistency and generalizability of the evidence.

Therefore, this study aimed to systematically evaluate the effects

of PBM therapy on limb swelling, function, and pain in patients

with BCRL through a systematic review and meta-analysis, and to

assess the certainty of the available evidence.
2 Methods

The study protocol was prospectively registered in the

PROSPERO database (CRD420261296197), and the review

methodology adhered to PRISMA recommendations.

2.1 Search strategy

The review process consisted of three sequential phases:

identification of records, eligibility screening, and final study

inclusion. Randomized controlled trials (RCTs) were retrieved

from PubMed, Embase, and the Cochrane Central Register of

Controlled Trials (CENTRAL) from inception to January 20,

2026. Only English-language publications were eligible. Searches

were structured around three domains: BCRL, PBM-related terms

(including PBM and laser-based terminology), and RCT identifiers.

A combination of controlled vocabulary and free-text terms was

applied, with truncation used when appropriate. To ensure

comprehensive coverage, reference lists of included studies were

examined manually, and authors of conference abstracts were

contacted when additional information was required. Full search

details are presented in Supplementary Table 1.

2.2 Inclusion and exclusion criteria

Eligibility criteria were established using the PICOS framework.

Studies were eligible if they included patients diagnosed with BCRL,

without restrictions on age or disease duration. ①Interventions

involved PBM therapy, applied alone or alongside standard care;

②Control groups received comparable background treatment

without PBM, including sham procedures, usual care,

conventional rehabilitation, or no additional intervention;

③Studies were required to report quantitative lymphedema-

related outcomes before and after intervention, with at least one

of the following measures: limb circumference, limb volume, pain,

or quality of life. Only RCTs published in English were included.

Studies were excluded if they met any of the following criteria:

(1) non-original publications, including letters, case reports,
frontiersin.org
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conference abstracts, reviews, or commentaries; (2) insufficient data

to calculate effect sizes with 95% confidence intervals; or (3) failure

to report efficacy outcomes, or inclusion of overlapping or

duplicate datasets.

2.3 Study selection and data extraction

After duplicate records were removed using EndNote (Clarivate

Analytics), two reviewers (C.Q. and Z.H.) independently screened

all studies based on predefined eligibility criteria. Screening

involved title and abstract review followed by full-text assessment

to confirm eligibility and identify incomplete information.

Disagreements were resolved by consensus, with a third reviewer

(Z.Z.) consulted when required.

Two reviewers independently extracted data using a

standardized data extraction form. Information collected included

study characteristics (title, authors, and year of publication),

participant characteristics (diagnostic criteria and age), sample

size, and study design. Details of PBM therapy were recorded,

including treatment modality and parameters (wavelength, dose,

and irradiance), as well as intervention protocols (treatment

duration, frequency, intervention period, and total number of

sessions). Outcome measures and corresponding summary

statistics (means and standard deviations before and after

intervention) were extracted. The primary outcomes were limb

volume, limb circumference, grip strength, and pain. In addition,

adverse events were systematically sought and extracted from all

eligible trials and descriptively summarized to assess safety; when

adverse events were not reported, this was recorded as “not

reported” rather than assumed absent.

2.4 Certainty of evidence assessment

Evidence certainty for the primary outcomes was evaluated

using the GRADE methodology implemented in GRADEpro GDT.

The assessment considered five dimensions that may reduce

confidence in the results, including methodological limitations,

heterogeneity, indirectness, imprecision, and potential reporting

bias. RCTs were regarded as providing high-level evidence at

baseline and were downgraded if concerns were identified in any

domain. Certainty ratings and key findings were summarized in a

GRADE Summary of Findings table.

2.5 Sensitivity analyses

Sensitivity analyses were conducted by sequentially removing

one study at a time to examine its impact on the pooled results.

Robustness was further tested by excluding crossover trials that

contributed only first-phase change-score data.

2.6 Data synthesis and statistical analysis

Statistical analyses were conducted using RevMan (version 5.4).

Effect sizes were derived from group sample sizes and post-

intervention means with corresponding standard deviations.

Continuous outcomes were pooled as mean differences (MD) or

standardized mean differences (SMD) with 95% confidence
Frontiers in Oncology 03
intervals, depending on the measurement scales used. Results

were presented graphically using forest plots, and statistical

significance was defined as a two-sided p-value < 0.05.

For trials with more than two arms, when a single control group

was shared by two eligible PBM intervention arms, we included the

intervention arms as two separate comparisons. To avoid double-

counting the shared control participants and artificially inflating

precision, we split the control-group sample size equally across the

comparisons (with group means and standard deviations

unchanged), following Cochrane Handbook guidance (17).

Between-study variability was evaluated using Cochran’s Q test

and the I² statistic. Fixed-effects models were applied when

outcomes were measured on the same scale and heterogeneity

was low (I² < 50%); otherwise, random-effects models were used.

Random-effects models were also applied in sensitivity analyses to

account for potential clinical and methodological differences across

studies. Owing to the limited number of included trials, publication

bias was not formally assessed, as funnel plots and related tests are

not recommended when fewer than 10 studies are available

according to the Cochrane Handbook (17).

We performed time-stratified subgroup analyses (approximately

2, 4, 8, and 12 weeks) for each outcome. Subgroup analyses by PBM

parameter ranges or overall treatment duration were not feasible due

to insufficient data and inconsistent parameter reporting.
3 Results

3.1 Study identification and selection

The study selection process comprised four stages. A total of

120 records were identified through database searches conducted

from inception to January 20, 2026. After the removal of 19

duplicate records by two reviewers (C.Q. and Z.H.), 101 records

remained for screening. Title and abstract screening excluded 90

records that did not meet the eligibility criteria. Full-text assessment

was then performed for 11 articles, of which one non-randomized

study and one study lacking primary outcome data were excluded.

Ultimately, nine studies met the inclusion criteria and were

included in the meta-analysis (Figure 1).

Disagreements arising during study selection were resolved by

discussion, with a third reviewer (C.L.) consulted when consensus

could not be reached.

3.2 Study characteristics

The main characteristics of the included studies are

summarized in Table 1. All publications were written in English

and involved women aged 18 years or older with clinically

diagnosed BCRL, evaluating the clinical effects of PBM. The RCTs

were published between 2003 and 2023, with sample sizes ranging

from 8 to 50 participants (11, 12, 18–24). All studies assessed

changes in limb circumference or volume; five also reported pain

outcomes, and three measured grip strength. Treatment effects were

primarily compared with conventional conservative care (e.g.,

manual lymphatic drainage) or sham laser controls. Follow-up
frontiersin.org
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duration varied across studies, most commonly ranging from 1 to 3

months, with longer follow-up in some trials. Baseline edema

severity was variably reported; two trials provided baseline excess

limb volume (affected minus unaffected), whereas the remaining

studies did not report this metric (20, 23).

All interventions involved laser-based PBM, predominantly

using low-intensity lasers, applied to the axillary lymphatic

regions of the affected upper limb, although treatment parameters

and irradiation areas differed among studies. Intervention duration

ranged from 3 to 12 weeks, with treatment frequency varying from

once daily to twice weekly. Regarding safety, only one study

reported a single case of cellulitis, with no other serious adverse

events observed, while the remaining studies did not provide

explicit safety data (19). Notably, one included trial employed a
Frontiers in Oncology 04
three-arm design and was treated as two independent comparisons

in this review, resulting in a total of ten comparisons included in the

quantitative synthesis.

3.3 Risk of bias

Two reviewers independently evaluated the nine RCTs using

the Cochrane Risk of Bias 2 tool (Figure 2). Overall risk of bias

across studies was low to moderate: most trials were judged as low

risk of bias; however, four trials had unclear reporting of allocation

concealment and were therefore rated as having some concerns in

the randomization process domain. Although the majority of

domains were low risk, these limitations could introduce selection

bias and should be considered when interpreting the pooled results.
FIGURE 1

PRISMA flow diagram of study identification, screening, and inclusion.
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TABLE 1 Characteristics of the included studies.

Control group Outcomes Adverse
effect

Measure
ment
timepoint

Sample
size

Age
(year)

Intervention

25
53.36
± 3.56

Sham laser

Limb,
strength,
circumference
Handgrip
Shoulder
ROM

Not
reported

4, 8, 12
weeks

8
64.30
±
11.10

Conventional
therapy

Limb
circumference
Pain,
Heaviness

One case of
cellulitis;
no other
serious
Adverse
events

8, 12
weeks

28
65.00
± 2.00

Sham laser
Limb volume
Quality of life

Not
reported

4, 8, 12
weeks

4
48.70
±
12.50

Sham laser
Limb
circumference
Pain

Not
reported

4, 8, 12
weeks

21 49-62 Sham active

Limb, Pain
circumference
Handgrip,
strength

Not
reported

12 weeks

10
51.30
± 8.90

Sham active Limb volume
Not
reported

2, 4 weeks

(Continued)

Q
ian

e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
6
.18

0
2
6
4
3

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

0
5

Study Country Design Cancer
stage
/duration

PBM group

Sample
size

Age
(year)

Baseline
excess
limb
volume
(mL)

Intervention
(PBM)

Treatment
parameters

Treatment protocol Stimulation
sites

Ahmed
Omar MT,
et al.
(2011)

Egypt
RCT, 2
arms

Stages II
or III
breast
cancer

25
54.76
± 3.33

Not
reported

Ga-As laser
(Pagani IR27/
4;
RianCorp Pty
Ltd.,
Australia)

904 nm (infrared, Ga-
As);
5 mW; spot size 0.2
cm²;
pulsed (50 ns); max
2800 Hz; 1.5 J/cm²

2 min/point at 10 points; 20
min/session; 3 sessions/week for
12 weeks (36 sessions)

Antecubital fossa
(3 points);
axilla/axillary
lymph nodes (7
points)

Baxter GD,
Liu L, et al.
(2018)

New
Zealand

RCT,
2 arms

Stages II
or III
breast
cancer

9
57.90
± 9.60

Not
reported

LLLT (PBM)
–

LightForce
EX
(LTS-1500,
2012)

Solid-state laser diode;
wavelength 980/810 nm
(80:20); output power
500 mW; power density
100 mW/cm²; spot size
5 cm²; energy density
6 J/cm²; energy per
point 30 J/cm²

60 s/point at 10 points;
total radiant energy
300 J/session; 2 sessions/week;
12 sessions total

10 points along
the
affected arm
from
the axilla to the
wrist

Carati CJ,
Anderson
SN,
et al.
(2003)

Australia
RCT,
2 arms

>= 3
months

33
63.00
± 2.00

888 ± 108

LLLT (PBM)
–

RianCorp
LTU-
904H

Pulsed Ga-As laser;
wavelength 904 nm;
average output 5 mW;
spot size 0.2 cm²; Class
1 laser; contact mode

Treatment delivered
by skin contact; parameters
measured at the start of each
session

Affected
upper limb

Kaviani A,
Fateh M,
et al.
(2006)

Iran
RCT,
2 arms

>= 3
months

4
53.70
± 9.80

Not
reported

LLLT (PBM)
–

Ga–As diode
laser
(Mustang-
024,
Russia)

Wavelength 890 nm
(Ga–As);
pulsed mode; output
power
10 W; frequency
3000 Hz;
pulse width 130 ns;
emission
power 4 mJ/s; spot size
0.7 cm²; energy per
point 1 J;
energy density 1.5 J/cm²;
non-contact mode
(1 cm distance)

5 points/session; 3sessions/week
for 3 weeks; after an 8-week
interval, the same protocol was
repeated for another 3 weeks
(total 18 sessions)

Axillary
region
(5 points)

Kozanoglu
E, Gokcen
N,
et al.
(2022)

Turkey
RCT,
2 arms

Stages II
or III
breast
cancer

21 46-66
Not
reported

LLLT (PBM)
–

(Electronica
Pagani IR27/
4)

Ga–As laser; wavelength
904 nm; frequency
2800 Hz;
energy density 1.5 J/cm²

20 min/session; 5 sessions/week
for 4 weeks (20 sessions)

Antecubital
fossa (3 points);
axilla (7 points)

Lau RW,
Cheing
GL.
(2009)

China
RCT,
2 arms

Stages II
or III
breast
cancer

11
50.90
± 8.60

448.2 ±
145.6

LLLT (PBM)
–

Comby 3
Terza
Serie (ASA
S.r.l.,
Italy)

Infrared laser;
wavelengths
808 nm + 905 nm;
average
output at 905 nm: 24
mW
(pulsed, 1–10, 000 Hz);
max
power at 808 nm: 500

3 sessions/week
for 4 weeks (12 sessions);
scanning over 144 cm²; ~20
min/session; supine position;
non-contact
scanning (distance 50 cm)

Axillary region
of affected side
(entire axilla,
~144 cm²)
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TABLE 1 Continued

Control group Outcomes Adverse
effect

Measure
ment
timepoint

imulation
es

Sample
size

Age
(year)

Intervention

rid-defined
atment areas
ffected upper
b)

8
63.90
±
10.70

MLD
Limb volume
Pain,
Heaviness

Not
reported

2, 4 weeks

rid-defined
atment areas
ffected upper
b)

8
63.90
±
10.70

MLD
Limb volume
Pain
Heaviness

Not
reported

2, 4 weeks

illary
mphatics
2 points);
bital/volar
ow
mphatics (8
ints)

16
57.60
± 9.50

MLD Limb volume
Not
reported

4, 8, 12
weeks

illary region
ntire axilla)

19
59.37
±
10.16

Sham active

Limb volume
Pain,
Handgrip
strength,
Quality of life

Not
reported

4, 8, 12
weeks

fected. Excess limb volume was defined as affected minus unaffected limb volume and was reported in

Q
ian

e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
6
.18

0
2
6
4
3

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

0
6

Study Country Design Cancer
stage
/duration

PBM group

Sample
size

Age
(year)

Baseline
excess
limb
volume
(mL)

Intervention
(PBM)

Treatment
parameters

Treatment protocol S
s

mW
(continuous/pulsed, 1–
1500 Hz); energy
density 2 J/cm²

Ridner SH,
Poage-
Hooper
E, et al.
(2013)a

USA
RCT,
3 arms

Stages II
or III
breast
cancer

15
61.60
± 9.90

Not
reported

LLLT (PBM)
–

RianCorp
LTU
904 (FDA-
approved,
Class 1)

Ga–As laser; wavelength
904 nm; Class 1; contact
application; exposure
20–30 s/point; grid-
based application

20 min/session; exposure
controlled by timer; total
sessions NR

G
tr
(a
li

Ridner SH,
Poage-
Hooper
E, et al.
(2013)b

USA
RCT,
3 arms

Stages II
or III
breast
cancer

15
58.60
±
11.00

Not
reported

LLLT (PBM)
–

RianCorp
LTU
904 (FDA-
approved,
Class 1)

Ga–As laser; wavelength
904 nm; Class 1; contact
application; exposure
20–30 s/point; grid-
based
application

20 min/session;
exposure controlled
by timer; total
sessions NR

G
tr
(a
li

Selcuk
Yilmaz
S, Ayhan
FF.
(2023)

Turkey
RCT,
3 arms

Stages II
or III
breast
cancer

15
55.30
±
12.10

Not
reported

LLLT (PBM)
–

(BTL-5000®,
BTL
Industries
Ltd., UK)

Ga-Al-As laser; power
density 30 mW/cm²;
energy
density 1.5 J/cm²; direct
contact; grid technique

1 min/point; total
20min/session; LLLT followed by
a multilayer
bandaging; patient supine with
arm abducted 90°

A
ly
(1
c
e
ly
p

Storz MA,
Gronwald
B,
et al.
(2017)

Germany
RCT,
2 arms

>= 3
months

17
61.06
± 9.66

Not
reported

Cluster PBM
–

TIMELAS
Vital
(Schwa-
medico,
Germany)

Continuous-wave laser;
wavelength 980 nm
(NIR);
16 laser diodes; average
power 40 mW/diode;
total power 640 mW;
spot size per
diode 4.9 cm²; total
beam
area 78.54 cm²; energy
per
point 24 J; total energy
384 J;
power density 8.14 mW/
cm²;
energy density 4.89 J/
cm²

10 min/session (600 s);
2 sessions/week
for 4 weeks
(8 sessions total)

A
(e

MLD, Manual lymphatic drainage; PBM, Photobiomodulation; RCT, Randomized controlled trial; ROM, Range of motion; Baseline excess limb volume (mL): affected – una
two trials; other studies were marked as not reported.
t
it

e

m

e

m

x

u
lb

o

x

f
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3.4 Synthesis of results

3.4.1 Limb volume

Six RCTs involving 187 participants were included in the

analysis of limb volume. In accordance with the prespecified

methodology, a random-effects model was applied. The pooled

analysis showed that PBM therapy was associated with a

significant reduction in limb volume compared with control

interventions (SMD = −0.78, 95% CI −1.03 to −0.54; p < 0.001).

The observed heterogeneity was low to moderate (I² = 22%, p =

0.17) (Figure 3A).

3.4.2 Limb circumference

Four RCTs involving 116 participants were included in the

meta-analysis of limb circumference. In accordance with the

prespecified methodology, a fixed-effects model was applied.

Compared with control interventions, PBM therapy significantly

reduced limb circumference (MD = −3.61 cm, 95% CI −4.85 to
Frontiers in Oncology 07
−2.38; p < 0.001). Low to moderate heterogeneity was observed

among studies (I² = 44%, p = 0.08) (Figure 3B).

3.4.3 Hand grip strength

Three RCTs, including 128 participants, were pooled to

examine the effect of PBM on the grip strength of the affected

upper limb. In line with the prespecified methodology, a fixed-

effects model was applied. PBM therapy was associated with a

significant increase in grip strength compared with control

interventions (MD = 1.72 kg, 95% CI 1.07 to 2.37; p < 0.001).

Low heterogeneity was observed across studies (I² = 14%, p =

0.32) (Figure 4A).

3.4.4 Pain

Six RCTs involving 148 participants were pooled to evaluate the

effect of PBM on pain in the affected upper limb. In accordance with

the prespecified methodology, a fixed-effects model was used. PBM

therapy was associated with a significant reduction in pain
FIGURE 2

Summary and visualization of risk of bias assessment. (A) Risk of bias summary. “+” means low-risk bias; “?” means unclear risk bias; “-” means
high-risk bias; (B) Deviation chart for risk of bias.
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compared with control interventions (MD = −0.29, 95% CI −0.52 to

−0.05; p < 0.001). No heterogeneity was detected among studies

(I² = 0%, p = 0.56) (Figure 4B).

3.5 Adverse events

Reporting of adverse events varied across studies. Only one trial

explicitly reported safety data, documenting a single case of

cellulitis, whereas the remaining studies did not report adverse

events. Adverse events were sought and extracted from all eligible

trials; when not reported, this was recorded as “not reported” rather

than assumed absent. The absence of reported events in these trials

should not be interpreted as evidence of safety. Owing to insufficient

and inconsistent reporting, a quantitative synthesis of safety

outcomes was not feasible.
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3.6 Sensitivity analyses

Sensitivity analyses were conducted to assess the robustness

of the pooled results. For limb volume and circumference

outcomes, leave-one-out analyses showed that removing any

single study did not change the direction or statistical

significance of the pooled effects. However, minor variations in

effect size were observed.

3.7 GRADE evaluation of evidence

GRADE ratings and the Summary of Findings are summarized

in Table 2, with full domain-specific evaluations provided in the

accompanying source data. Evidence certainty for the primary

outcomes ranged from low to moderate, driven mainly by
FIGURE 3

Forest plots showing the effects of photobiomodulation on limb volume and limb circumference in patients with breast cancer–related lymphedema.
(A) Limb volume; (B) Limb circumference.
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downgrading for imprecision. This limitation largely reflected the

small aggregated sample size (fewer than 400 participants), which

constrained the precision of the pooled estimates. We did not

downgrade for inconsistency because effect directions were

generally consistent across trials, statistical heterogeneity was

low to moderate (I² typically <50%), and sensitivity analyses did

not materially change the pooled estimates. Although PBM

parameters varied across studies, this protocol heterogeneity

primarily limited identification of the optimal regimen rather

than indicating substantial unexplained inconsistency in

effect estimates.
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4 Discussion

This systematic review and meta-analysis synthesizes

randomized evidence to clarify the clinical role of PBM in the

management of BCRL. PBM was consistently associated with

reductions in upper-limb swelling, reflected by decreased limb

volume and circumference, along with improvements in grip

strength and pain. These effects showed low between-study

heterogeneity and remained stable in sensitivity analyses,

supporting the robustness of the pooled estimates. However,

evidence certainty ranged from low to moderate under GRADE,
FIGURE 4

Forest plots of the effects of photobiomodulation on grip strength and pain in patients with breast cancer–related lymphedema. (A) Grip strength;
(B) Pain.
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mainly due to imprecision from limited cumulative sample sizes,

and a subset of trials had some concerns in the randomization

process (e.g., unclear allocation concealment), warranting

cautious interpretation.

When edema-related outcomes were examined over time, PBM

appeared to show a time-dependent pattern. Early effects were not

evident at approximately 2 weeks, whereas reductions in limb

volume and circumference became apparent from around 4 weeks

and were sustained through 8 weeks. This suggests that PBM may

require cumulative exposure before clinically detectable changes in

swelling occur, which is biologically plausible given the time needed

for lymphatic functional adaptation, modulation of local

inflammation, and improvements in tissue compliance (25, 26).

The lack of statistical significance at 12 weeks should be interpreted

cautiously, as it may reflect fewer contributing studies, smaller

cumulative sample sizes, and greater variability in treatment

parameters and follow-up timing rather than a true waning of

effect. Taken together, these findings suggest that the most

consistent anti-edematous effects may be observed within an

intermediate treatment window of approximately 4–8 weeks,

while durability beyond this period requires confirmation in

larger trials with longer follow-up.

Clinically, the interpretability of edema reduction is enhanced

when changes are anchored to baseline severity and commonly used

diagnostic thresholds in BCRL. In practice, BCRL is often defined or

staged using interlimb differences, for example, an interlimb volume
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difference of ≥10%, alongside circumference-based criteria in some

settings (27). However, baseline edema severity was reported

heterogeneously across the included trials, and only two studies

provided baseline excess limb volume (affected minus unaffected),

which precluded a consistent cross-trial estimation of percentage

reduction relative to baseline. Notwithstanding, the available

baseline data (mean excess volumes of approximately 448–888

mL) indicate clinically relevant swelling in at least a subset of

participants. Interpretation should also consider the minimal

clinically important difference (MCID): to date, no universally

accepted MCID thresholds have been established for limb volume

or circumference in BCRL, and reported benchmarks vary by

measurement technique, baseline severity, and analytic approach.

In the absence of established MCIDs, greater weight should be

placed on the coherence of effects across complementary domains

and on patient-centered responder metrics. In this review,

improvements in swelling outcomes were accompanied by

favorable changes in pain and functional performance, supporting

the possibility of patient-relevant benefit beyond statistical

significance (28). Future trials of PBM in BCRL should therefore

standardize baseline reporting and prespecify relative (% baseline)

change and responder analyses (e.g., the proportion improving

below clinically meaningful thresholds such as <10% interlimb

difference), together with longer follow-up, to strengthen clinical

interpretability and better define durability and optimal treatment

duration (29, 30).
TABLE 2 Summary of primary outcomes with GRADE evidence assessment.

Outcomes
No. of
studies

No. of
patients

Effect size
(MD or SMD),
[± 95% CI]

Anticipated absolute
effects (95% CI) P

value

Heterogeneity
assessment Reason for

downgrading
Grade
evaluation

Risk with
photobiomodulation

I2 [p value]

Limb Volume 6 187 SMD=-0.78 1.03 lower P<0.001 I2 = 22% Downgraded for imprecision
due to the small total sample
size (<400 participants)

95% CI [-1.03 to
-0.54]

(1.03 to 0.54 lower) [P = 0.17]

⊕⊕⊕⊝

Moderate

Limb
Circumference
(CM)

4 116 MD=-3.61 4.85 lower P<0.001 I2 = 44% Downgraded for imprecision
due to the small total sample
size (<400 participants)

95% CI [-4.85 to
-2.38]

(4.85 to 2.38 lower) [P = 0.08]

⊕⊕⊕⊝

Moderate

Grip strength
(Kg)

3 128 MD=1.72 1.07 higher P<0.001 I2 = 14% Downgraded for imprecision
due to the small total sample
size (<400 participants)

95% CI [1.07 to
2.37]

(1.07 higher to 2.37 higher) [P = 0.32]

⊕⊕⊕⊝

Moderate

Pain 6 148 MD=-0.29 0.52 lower P<0.001 I2 = 0% Downgraded for imprecision
due to the small total sample
size (<400 participants)

95% CI [-0.52 to
-0.05]

(0.52 lower to 0.05 lower) [P = 0.56]

⊕⊕⊕⊝
GRADE: Grading of Recommendations, Assessment, Development, and Evaluations; SMD: Standardized mean difference; MD: Mean difference. We did not downgrade for inconsistency
because heterogeneity was low–moderate and effects were directionally consistent; sensitivity analyses were robust.
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In contrast to swelling-related endpoints, the time pattern of

effects on grip strength and pain appears more delayed, suggesting

that functional and symptomatic benefits may require longer

exposure and/or follow-up to become clinically detectable (31).

This is clinically plausible because grip strength is a composite

indicator of upper-limb capacity and depends not only on tissue

status but also on pain inhibition, joint mobility, neuromuscular

performance, and patients’ engagement in daily activities or

rehabilitation exercises. Likewise, pain relief may reflect gradual

changes in local inflammation and mechanosensitivity, reduced

tissue pressure, and progressive adaptation to movement, rather

than an immediate analgesic effect (32, 33). As a result,

improvements in function and symptoms may emerge

downstream of earlier reductions in edema and tissue stiffness,

consistent with a “cascade” model in which initial tissue-level

changes enable later performance gains. This interpretation aligns

with prior clinical observations that PBM-related improvements in

edema markers tend to precede more gradual gains in functional

performance and symptom relief (34, 35). From a translational and

trial-design perspective, these findings underscore the need for

sufficient treatment duration and adequately timed follow-up

assessments when evaluating PBM effects on function- and pain-

related outcomes; otherwise, short-term evaluations may

underestimate delayed but clinically relevant benefits.

PBM may exert therapeutic effects in BCRL through multiple

complementary biological pathways. Light absorption by

cytochrome c oxidase in the mitochondrial membrane may

enhance adenosine triphosphate production and cellular oxygen

utilization, thereby supporting metabolic activity and tissue repair

(36, 37). At the lymphatic level, PBM may stimulate lymphatic

endothelial cell function, potentially promoting lymphangiogenesis

as well as rhythmic contraction and dilation of lymphatic vessels,

while improving tissue compliance and local fluid dynamics to

facilitate edema resorption (38, 39). PBM has also been reported to

exert anti-inflammatory and anti-edematous effects, potentially

through modulation of prostaglandin I2 levels, leading to reduced

platelet aggregation, vasodilation, and improved tissue oxygenation

(40). In addition, PBM may influence macrophage and leukocyte

activity, which could aid clearance of inflammatory mediators and

reduce the risk of skin infections (41, 42). Together, these

mechanisms provide a plausible biological basis for the reductions

in limb volume and circumference observed in this study. As tissue

pressure and inflammation decrease, pain perception may be

alleviated and mechanical conditions for movement improved,

which in turn may facilitate downstream functional gains such as

improved grip strength. Overal l , PBM may influence

morphological, functional, and symptomatic outcomes in BCRL

through an integrated pathway involving enhanced cellular energy

metabolism, improved lymphatic drainage, modulation of

inflammation, and optimization of the local tissue environment.

To strengthen translational inference, future PBM trials in BCRL

should incorporate standardized immune/inflammation biomarker

monitoring, such as cytokine profiles (e.g., IL-6, TNF-a, IL-1b,
IL-10, TGF-b), macrophage polarization markers (e.g., M1/M2-
Frontiers in Oncology 11
related markers), and lymphatic endothelial inflammatory/

lymphangiogenic signaling (e.g., VEGF-C/VEGFR-3 and related

endothelial activation markers), alongside clinical volume and

symptom outcomes.

Overall, the certainty of evidence ranged from low to moderate,

mainly due to imprecision from small pooled sample sizes.

Nevertheless, key outcomes showed consistent effect directions,

low heterogeneity, and stable sensitivity analyses, supporting the

internal reliability of the findings. These limitations reflect study

scale and methodological variability rather than uncertainty in

effect direction, suggesting that the results provide cautious

support for PBM as an adjunctive option for BCRL, while

highlighting the need for larger, standardized trials with longer

follow-up.
5 Limitations

This review has several limitations. The limited number of trials

and small cumulative sample size reduced statistical precision for

some outcomes. Although statistical heterogeneity was low for

several outcomes, there was substantial clinical heterogeneity in

PBM protocols across studies (e.g., wavelength, energy density/

dose, treatment duration, and application frequency), which may

have influenced pooled estimates and limited identification of

optimal treatment parameters. In addition, unclear or incomplete

reporting of randomization procedures, allocation concealment,

and adverse events in some trials introduces methodological

uncertainty and restricts conclusions regarding PBM safety,

particularly because safety outcomes could not be synthesized

quantitatively. Time-stratified subgroup analyses were conducted

for each outcome; however, subgroup analyses by overall treatment

duration or specific PBM parameter ranges were not feasible

because too few studies were available within comparable

categories, and parameter reporting was inconsistent. Finally, the

lack of an established minimal clinically important difference for

limb volume and circumference limits the clinical interpretation of

statistically significant results.
6 Conclusion

This systematic review and meta-analysis suggest that PBM

may offer clinical benefits in the management of BCRL. PBM was

associated with improvements in upper-limb swelling and with

delayed gains in grip strength and pain relief, indicating a time-

dependent treatment effect. Although the certainty of evidence was

low to moderate, PBM may be considered as an adjunctive

intervention; however, conclusions regarding safety are limited by

sparse and inconsistent adverse-event reporting, and its optimal

treatment parameters and long-term effectiveness require

confirmation in larger, well-designed trials.
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