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Abstract

Purpose This study aims to examine literature on effectiveness
of low-level laser therapy (LLLT) in reducing limb volume and
pain in adults with breast cancer-related lymphedema (BCRL).
Methods PubMed, PEDro, CINAHL, and Cochrane databases
were searched using (lymphedema OR edema OR swelling)
AND (breast cancer OR mastectomy) AND (laser OR low-level
laser therapy OR LLLT OR cold laser). Intervention studies or
meta-analyses reporting LLLT for BCRL were included in the
search. Pooled effect sizes (ES) and 95 % confidence intervals
(CI) were calculated for volume and pain. No limitations were
placed on length of follow-up, publication year, or language.
Final search was conducted on October 16, 2014.

Results Nine studies met criteria for inclusion. Within-group
pooled ES for volume (six studies) was —0.52 (—0.78, —0.25),
representing a 75.7-ml reduction in limb volume after LLLT.
Between-group pooled ES for volume (four studies) was
—0.62 (-0.97, —0.28), representing a 90.9-ml greater reduction
in volume with treatment including LLLT versus not includ-
ing LLLT. Within-group pooled ES for pain reduction (three
studies) was —0.62 (—1.06, —0.19), pain reduction of 13.5 mm
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(0—-100 mm VAS). Between-group pooled ES for pain reduc-
tion (two studies) was non-significant at —1.21 (—4.51, 2.10).
Conclusion Moderate-strength evidence supports LLLT in the
management of BCRL, with clinically relevant within-group
reductions in volume and pain immediately after conclusion
of LLLT treatments. Greater reductions in volume were found
with the use of LLLT than in treatments without it.
Implications for Cancer Survivors LLLT confers clinically
meaningful reductions in arm volume and pain in women with
BCRL.

Keywords Breast cancer - Lymphedema - Pain - Low-level
laser therapy

Introduction
Rationale and background

Breast cancer treatments may damage lymph vessels and
nodes, resulting in impaired lymph transport capacity and
accumulation of protein-rich interstitial fluid in the torso or
upper extremity (UE). Up to one in five women will develop
UE lymphedema after breast cancer treatment [1]. Women
with breast cancer-related lymphedema (BCRL) experience
more pain, poorer UE mobility, poorer quality of life, and
greater restrictions in activity than women without BCRL
[2-5]. Other complications of chronic BCRL include cellulitis
or lymphangitis, axillary vein thrombosis, and
lymphangiosarcoma [6]. The current standard of care for
BCRL is complete decongestive therapy (CDT), consisting
of compressive bandaging, exercise, manual lymphatic drain-
age (MLD), and compression garments [7]. Although often
effective in combination, the effectiveness of MLD indepen-
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dent of the other treatments has been called into ques-
tion. In a 2013 systematic review and meta-analysis,
Huang et al. [8] reported variable results across studies;
when data were pooled, no statistically significant ben-
efit in volume reduction from MLD alone was found.
These comprehensive treatments are time consuming,
labor intensive, and costly [9]. Therefore, evaluation of
effective, inexpensive, and easily applied alternatives is
warranted. Low-level laser therapy (LLLT) as an alter-
native for treatment of BCRL has been reported in the litera-
ture, but there are relatively few studies and no meta-analyses
of study findings.

Light Amplification by Stimulated Emission of Radiation
(laser) emits concentrated light as a narrow beam. The light
goes through optical amplification based on stimulated emis-
sion of electromagnetic radiation in the visible to infrared
range of wavelengths (670-950 nm) [10, 11]. High power,
or “hot lasers,” work by thermal mechanisms and can destroy
tissues, making them suitable for surgery but not reha-
bilitation. Conversely, low power “cold lasers,” typically
between 5 and 500 mW, work by non-thermal mecha-
nisms (photochemical reactions) and can be used to
deliver energy to tissues for a wide variety of rehabil-
itation purposes [11]. Cold laser, known as low-level
laser therapy, can be applied either by handheld units
(contact or non-contact devices) using spot application to
specific anatomical surfaces or by scanning units in which
LLLT is applied over a larger region [11].

Non-thermal effects of LLLT include stimulation of
adenosine triphosphate production, promotion of ribonu-
cleic acid and collagen production, modulation of in-
flammatory cytokines, inhibition of bacterial growth,
promotion of vasodilatation and endothelial regenera-
tion, stimulation of fibroblast activity, alteration of nerve
conduction velocity, and promotion of neural regenera-
tion [11]. The proposed mechanisms involve cellular-
level changes in response to photon absorption, includ-
ing alteration of membrane and organelle function and
promotion of other reactions that initiate complex se-
quences of cellular response to aid tissue healing. In
early studies on wound healing in mice, Lievens report-
ed acceleration of both vein and lymph vessel regener-
ation with laser application [12, 13]. More recently,
LLLT was found to decrease the expression of pro-
fibrotic transforming growth factor and type I collagen
deposition in the rat tibialis anterior muscle after muscle
lesion, suggesting that LLLT may be helpful in preventing
tissue fibrosis [14]. This suggests that LLLT may pro-
vide benefit to patients with lymphedema by increasing
lymphatic flow through encouragement of
lymphangiogenesis, stimulation of lymphatic motoricity,
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and prevention of tissue fibrosis that could potentially
further disrupt lymphatic function.

Systematic reviews evaluating effectiveness of LLLT
for BCRL have provided moderate support for its use
[15-18]. However, the authors reported heterogeneity in
patient baseline characteristics, study designs, treatment
regimens and modes of LLLT delivery, and in follow-up
times. None has included meta-analyses. Therefore, the
magnitude of the effect and relative benefit of LLLT in
the treatment of BCRL remains unclear. Since 2012,
one additional randomized controlled trial (RCT) has
been published and is not included in previous systematic
reviews [19].

Objectives

The purpose of this systematic review and meta-analysis
is to examine and synthesize the most current literature
and address two foreground questions: (1) In adults with
BCRL, is LLLT effective in reducing pain and volume?
(2) Is LLLT more effective than other interventions that
do not include LLLT? Our hypotheses are that treatment with
LLLT (1) is effective in reducing pain and limb swelling in
patients with BCRL and (2) is more effective than treatments
that do not include LLLT.

Methods

Protocol and registration

We did not register the protocol for this review.
Information sources

Two authors (LCL and BS) conducted independent sys-
tematic electronic searches of PubMed, Physiotherapy
Evidence Database (PEDro), Cumulative Index to
Nursing and Allied Health Literature (CINAHL), and
Cochrane Library.

Search

Search terms used in PubMed and CINAHL were (lymphede-
ma OR edema OR swelling) AND (breast cancer OR mastec-
tomy) AND (laser OR low-level laser therapy OR LLLT OR
cold laser), a combination of MeSH terms and keywords.
Recursive searches of relevant articles were also performed.
Search terms for PEDro and Cochrane databases were lymph-
edema AND laser. Search included all available years up
through October 16, 2014.
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Eligibility criteria

Studies were eligible if they were an intervention study or meta-
analysis investigating the use of LLLT alone or in combination
with other treatments for BCRL, and they reported on upper
extremity swelling and/or pain. If additional studies were iden-
tified in existing meta-analyses, the individual studies were
evaluated for eligibility and included as individual studies.
Studies were excluded if the study population included patients
with primary lymphedema or lymphedema/edema secondary to
pathology other than breast cancer treatment. Case studies and
case reports were excluded from analysis. No limitations were
placed on length of follow-up, publication year, or language.

Study selection

Study selection began with independent review of all titles and
abstracts identified through initial database searches by two
authors (LCL and BS). After identification of relevant studies,
duplicates were removed, and recursive search was per-
formed. Remaining records were screened for eligibility, and
those meeting study inclusion and exclusion criteria were
evaluated further for final inclusion in this systematic review
and quantitative synthesis for meta-analysis.

Data abstraction

The authors extracted means and standard deviations for
swelling and pain from individual studies when reported. If
means and standard deviations were not reported, effect
sizes, test statistics, and/or p values were extracted
when provided. When data from multiple time points
were reported in any one study, data from the follow-up
time most similar to those from other studies were
selected. When data were reported qualitatively or where data
were not sufficient for calculation of effect sizes, the corre-
sponding author of the study was contacted.

Summary measures and synthesis of results

Individual study effect sizes and 95 % confidence inter-
vals (CI) were calculated for pre- to post-intervention
changes to determine within-group effects and post-in-
tervention group differences to determine between-groups
effects.

The calculated individual study effect sizes were then
weighted by their inverse variance. The Q heterogeneity sta-
tistic was calculated to determine the most appropriate model
for pooling data (random effects or fixed effect model), with
p<0.05 indicating significant heterogeneity necessitating use
of the random effects model. For each analysis, the

pooled one- or two-group effect size and 95 % CI were
then calculated. Data were synthesized and analyzed using
Microsoft® Excel® for Mac 2011, Version 14.2.5 statistical
software package.

To convert effect sizes back into clinical units,
pooled effect sizes were multiplied by the standard
deviation of an individual study (pre-test standard de-
viation for within-group effects sizes and pooled stan-
dard deviation for between-groups effect sizes). The
result was reported in the measurement units of that
study.

Risk of bias in and across studies

The PEDro scale developed by the Australian Physiotherapy
Evidence Database (http://www.pedro.org.au) was used to
rate the quality of each study and addressed study bias.
PEDro scores were compared to those reported in previous
systematic reviews when available [15, 16]. Use of funnel
plots and/or statistical tests for publication bias (i.e., Eggers or
Begg’s test) was planned.

Results
Study selection

The searches in PubMed and CINAHL were done using the
terms (lymphedema OR edema OR swelling) AND (breast
cancer OR mastectomy) AND (laser OR low-level laser ther-
apy OR LLLT OR cold laser). This yielded 41 studies in
PubMed and 12 studies in CINAHL. Using the terms (lymph-
edema AND laser) yielded ten studies in the PEDro
Database and one study in the Cochrane Database.
This search identified a total of 64 records as of
October 16, 2014 (Fig. 1). To ensure that all relevant
studies were identified, we then conducted a second
search in PubMed using only the terms lymphedema
AND laser. While this search yielded 83 studies, no
new studies were found, and there were fewer total
relevant studies, so the original PubMed search terms
were retained.

Independent review of titles and abstracts plus recursive
search of 64 studies was conducted by two authors (LCL and
BS). Twenty-seven studies remained after exclusion by non-
relevance. One additional study was included through recur-
sive search. Removal of duplicates resulted in 14 studies. One
article presented preliminary data from Piller and
Thelander [20], which was subsequently reported as
follow-up in 1998 [21]. The 1995 report was irretriev-
able and excluded. Of the remaining 13 studies, four
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Table 1  Study quality assessment of included studies, using the PEDro scale

PEDro criterion Study

Reported in study Carati Dirican (single group only) Kaviani Kozanoglu Lau Maiya Omar Piller (single group only) Ridner
Eligibility criteria specified Yes No Yes Yes Yes Yes Yes  Yes Yes
Random allocation Yes No Yes No Yes Yes Yes No Yes
Concealed allocation Yes  No No Yes Yes No No No No
Baseline comparability Yes  No Yes Yes Yes No Yes No Yes
Blinded assessors No No Yes No Yes No Yes No No
Blinded participants Yes  No Yes No No No Yes No No
Blinded therapists Yes  No No No No No Yes No No
Follow-up Yes  Yes No Yes Yes Yes Yes  Yes Yes
Intention-to-treat analysis No No No No Yes Yes No No No
Between-group comparisons Yes No No Yes Yes Yes Yes No Yes
Points estimates and variability Yes  No No Yes Yes Yes Yes  No Yes
Total score (out of 10) (first 8 1 4 5 8 5 8 1 5

criterion not included)

were systematic reviews [15—18] that contained no new
records and in which meta-analyses were not conducted;
these were therefore excluded. Nine studies remained and
were included in this review.

PEDro scores (Table 1) and levels of evidence (Table 2)
were assigned independently by two of the authors (LCL and
BS). A summary of included studies is presented in Table 2
and the results in Tables 3 and 4. Laser treatment parameters
are summarized in Table 5. All studies included measurement
of upper extremity total limb volume using either water dis-
placement (volumetry) or circumferential assessment (ei-
ther with a tape measure or infrared perometry). Three
studies [19, 21, 22] also used bioimpedance to assess
resistance to electric current as a surrogate measure of
interstitial fluid volume. However, only total limb vol-
ume measures are included in the current meta-analyses
for limb volume changes. Of the five studies that in-
cluded independent measures of pain, they used either a visual
analogue scale or numeric pain rating scale. These pain mea-
sures are similar in construct and are appropriate to be com-
bined in pooled analysis.

Summaries of individual studies
Carati et al. 2003

Carati et al. [22] conducted a two-component crossover study.
The first was a double-blinded randomized sham (placebo)
controlled crossover trial of a nine-session cycle of LLLT
(n=26) versus sham LLLT treatment (n=27). After one cycle
of LLLT, no significant differences in volume were found and
no significant differences between groups. The second compo-
nent of the trial was designed to allow comparison of two cycles
of LLLT to one cycle. After completion of the crossover phase,
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11 participants from the original sham laser group (unblinded)
received a second nine-session cycle of LLLT treatments, and
the data were pooled, bringing the number of participants
receiving two cycles of active LLLT to 37. No statistically
significant reductions from baseline were found in mean
affected limb volume after two cycles of LLLT imme-
diately post-treatment (p=0.442), at 1 month post-
treatment (p=0.119), or at 3 months post-treatment
(»=0.061), although volume was decreased. Compared
to the sham group, however, the two-cycle LLLT group
demonstrated a significantly greater reduction in mean
limb volume at 3 months post-treatment (89.7+46-ml
reduction vs. 32.14+3.4-ml increase; p=0.017). At 2 to
3 months following the second block of LLLT, 31 % of
participants had a clinically significant reduction (>200 ml) in
affected limb volume, compared to 4 % in the sham
group (p=0.01). Pain was not reported as an indepen-
dent outcome.

Dirican et al. 2011

This single-group pre-test/post-test study [23] investigat-
ed the effect of LLLT on 17 women with BCRL. All
patients used compression garments or bandaging, and
two used a pneumatic pump during the course of the
study intervention. The LLLT protocol was modeled on
the protocol used by Carati et al. [22] without the
crossover component and with no control group. The
authors concluded that LLLT improved volume and pain
when used as an adjunct to conventional treatments. All
participants experienced a decrease in affected UE circumfer-
ence as compared to the unaffected UE with a mean decrease
of 54 % (£27 %) after initial block of treatment and 73 %
(£24 %) after both blocks. Fourteen of 17 participants reported
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Table 4 Overview of study
conclusions Studies Within-group comparison Between-groups comparison
Benefit Benefit unclear Results clearly Results did not
favor LLLT clearly favor LLLT
Volume Carati [ ] [

Dirican® u NA

Kaviani NA ]

Kozanoglu ]

Lau [ ]

Maiya NA

Omar ]

Piller* NA

Ridner ]

Pain Carati®

Dirican® ] NA

Kaviani ]

Kozanoglu ]

Lau®
LLLT low-level laser therapy, NA Maiya NA [ ]
not assessed Omar®
* Single group studies Piller™ © NA NA
® Pain not an outcome in Ridner - -

these studies

Table S LLLT treatment parameters
Study Device type/model Wavelength (nm) Application duration and Application area(s)
number of sessions
Carati Direct contact; Rian 904 1 min/spot; 17 spots, 2 ¢cm apart in axilla
Corp LTU 904H 17 min/session
18 session
Dirican Direct contact; Rian 904 1 min/spot; 17 spots, 2 cm apart in axilla
Corp LTU 904H 17 min/session
18 sessions
Kaviani Noncontact mode applied 890 Duration not reported 5 spots (0.7 cm?) in axilla
1 cm above skin; Mustang 18 sessions
-024 Ga—As diode laser system
Kozanoglu Electronica Pagani IR27/4 904 20 min 3 spots antecubital fossa,
Ga-As laser device 12 sessions 7 spots axilla
Lau Scanning 50 cm above skin; 808 20 min Entire axilla (144 cm?)
Comby 3 Terza Serie, Model D 905 %2 12 session
Maiya Thor DD Laser; He-Ne laser 632.8 34 min/session Multiple points in axilla
EC Laser Therapy; Diode Laser 850 10 sessions
Omar Direct contact; RianCorp 904 2 min/spot; 3 spots antecubital fossa,
Ga-As laser 20 min 7 spots axilla (0.2 cm?/spot)
36 session
Piller Scanning; Space Mid Scanning head: 10 min per area Axilla, arm, and forearm
M3-UP Laser 632.8 IR lasers: (30 min total)
904 (x2) 16 sessions
Ridner Direct contact; RianCorp 904 20-30 s per point, in Not specifically stated: “grids

LTU 904H

each treatment grid
(~20 min total)
10 sessions (average)

for the areas to be treated
were identified”
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statistical significance (set at <0.017), the authors suggest that
LLLT may be useful in conjunction with other therapies to
accelerate the benefits of treatment and reduce the need for
expensive and labor-intensive treatments.

Maiya et al. 2008

In this randomized trial of women with breast cancer-related
lymphedema, Maiya et al. [6] investigated the immediate
effects of a 10-day course of LLLT plus UE exercise (n =10)
compared to UE exercise and use of compression garment
(n=10). Significantly greater reductions in arm circumference
were seen in the LLLT group compared to the no-LLLT group
for both arm (p=0.021) and forearm (p=0.05) circum-
ference measurements at the conclusion of the intervention.
The pain scores in the LLLT group (1.5+0.51) and control
group (4.8+1.50) were significantly different at the conclu-
sion of the intervention (p=0.001).

Omar et al. 2011

Omar et al. [27] conducted a RCT comparing LLLT (n=25) to
sham laser (n=25). Of the 58 women initially randomized,
eight were lost to follow-up (four women in each group): in
the LLLT group, one withdrew for cellulitis and three for non-
adherence; in the sham group, two withdrew for cellulitis and
two for non-adherence. Average duration of lymphedema was
13.98 months (+2 months). Limb circumference was signifi-
cantly decreased in the LLLT group compared to baseline at
each time point (p<0.05). There were significant (p<0.05)
within-group decreases in limb circumference for the sham
group as well, with the exception of week 4. Differences
between groups, with greater reductions in the LLLT than in
the sham group, were statistically significant (»p<0.01) at
weeks 8, 12, and 16. The authors concluded that LLLT may
be effective in reducing arm circumference in persons with
BCRL, with results lasting up to 16 weeks.

Piller and Thelander 1998

Piller and Thelander [21] conducted a small pre-test/post-test
within-group study with 11 participants at enrollment who had
BCRL for between 3 and 10 years. Ten women completed 16
sessions of LLLT. Results were reported for regional circum-
ference differences between limbs, for volume calculated from
circumference, and for bioimpedance. Overall reductions in
circumference were noted in the proximal and distal upper
arm, the elbow, and the wrist over the 10-week series. No
change was noted in the upper forearm, and an increase in
circumference was noted at the lower forearm over the
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treatment period. Limb volume, calculated from circum-
ference, revealed an average decrease of 100 ml over
the 10-week treatment period. Increased volume was
noted in the early post-treatment stage (+300 ml), which
was decreased by 6 months (—=397 ml) and 36 months
(—288 ml) from baseline. Reduction in limb volume
appeared to be maintained in the seven remaining par-
ticipants, with a volume reduction of the affected arm
reaching 29 % over a 2.5-year follow-up. Correlation
between duration of treatment and volume difference was
reported as the measure of association. Measures of variability
were not reported.

Ridner et al. 2013

Ridner et al. [19] conducted a RCT in which 46 women with
unilateral BCRL were randomized into one of three treatment
arms: (1) LLLT + compression bandaging, (2) manual lym-
phatic drainage (MLD) + compression bandaging, or (3)
combined MLD/LLLT + compression bandaging. For the
LLLT group, the median duration of lymphedema was
27 months (IQR: 6, 58). Medians, interquartile range, and
effect sizes for limb volume for each group were reported.
All three groups demonstrated clinically and statistically sig-
nificant volume reductions (»p<0.001), but no statistically
significant between-groups differences were found (circum-
ference p=0.422). The largest effect sizes reported were for
circumference differences for the two LLLT groups. The
authors suggest that LLLT followed by compression bandag-
ing may be as effective at reducing volume and less burden-
some relative to MLD or combined MLD/LLLT followed by
compression bandaging. However, since each group received
compression bandaging after treatment, the beneficial effect of
compression bandaging itself cannot be discounted.
Assessment of UE pain/ache was included as part of the
Lymphedema Symptom Intensity and Distress Scale-Arm
(LSIDS-A). Effect sizes for UE ache comparing baseline to
immediately following the final treatment were 0.24 for the
MLD group, —0.31 for the LLLT group, and —0.07 for the
MLD + LLLT group. While between-groups comparisons
specific to UE pain/ache were not done, the differences among
groups for the total LSIDS-A scores were not significantly
different.

Study characteristics and results across studies

All studies included a measure of upper extremity volume, but
only five included independent measures of pain. Effect sizes
for individual studies were calculated, where authors present-
ed sufficient data specifically reflecting the results of LLLT
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within a single treatment cohort or between treatment groups
(Table 3). If studies did not report effect sizes or pro-
vide data to calculate them, attempts were made to
contact study investigators to obtain data. If data were
not available, the studies were not included in meta-
analysis for that outcome. Effect sizes were calculated
for one assessment period only (for outcomes assessed
between 0 and 4 weeks of conclusion of the intervention). An
overview of study parameters and conclusions for all nine
studies is presented in Table 4.

Synthesis of results
Limb volume

The within-group pooled effect size for changes in UE volume
post-LLLT treatment was calculated using data from six stud-
ies (Fig. 2) [18, 24-26]. Statistical heterogeneity, as represent-
ed by a Q-statistic of 2.77 (p=0.73), was not statistically
significant. Cohen’s d within-group pooled effect size, calcu-
lated using the fixed effect model, was statistically significant
for a moderate reduction in volume post-treatment (d=—0.52,
95 % CI=-0.78, —0.25). When converted back to clinical
units, this effect size equates to a reduction in arm volume of
75.7 ml

The between-groups pooled effect size for differences in
volume between groups, after treatment, was calculated using
data from four studies (Fig. 3) [6, 25, 26]. Statistical hetero-
geneity was non-significant, 0=2.71 (p=0.44), and a moder-
ate, statistically significant pooled effect size was calculated
using the fixed effect model (d=-0.62; C/=—0.97, —0.28).
When converted back to clinical units, this effect size is
equivalent to a 90.9-ml greater reduction in arm volume with
treatment including LLLT than with treatment not including
LLLT.

Pain

Three studies reporting pain outcome data measured by
the visual analog scale (VAS) were included in within-
group meta-analysis [18, 24, 25]. The outcomes reported
were statistically homogeneous, 0=1.4 (p=0.49). Meta-
analysis using a fixed effect model revealed a statisti-
cally significant, moderate pooled effect size of LLLT
on pain reduction (d=—0.62; CI=—-1.06, —0.19; Fig. 4).
This represents a clinical reduction in pain of 13.5 mm
on the 0-100 mm VAS.

Data for pain outcomes immediately post-treatment were
extracted from two studies [6, 25] and combined to calculate
the comparative benefit of LLLT on pain reduction through

between-groups pooled effect size statistical analysis. The
data were significantly heterogeneous (Q-statistic of 22.60,
p=<0.001). Calculation of between-groups, pooled effect size
of LLLT on pain reduction using the random effects model
revealed a large pooled effect size (d=—1.21) but a wide
confidence interval crossing zero (95 % CI=—-4.51,
2.10), thus no statistically significant difference in
amount of pain reduction after LLLT as compared to
other treatments (Fig. 5). The effect size was converted
into clinical units to reveal a 21.1-mm larger reduction in pain
on the VAS with treatment including LLLT than with treat-
ment not including LLLT.

Harm

Six of the nine studies reported on adverse events or
discussed harm [6, 21-24, 27]. Dirican et al. [23] re-
ported development of cellulitis in one participant in the
LLLT group. Omar et al. [27] reported cellulitis in one
LLLT participant and two participants in the sham laser
group. Piller reported a severe injury-related arm infec-
tion (unrelated to the study) in one participant who had
been enrolled but did not continue the intervention [21]. All
other studies reported no adverse events to participants or did
not report on harm.

Risk of bias in and between studies

The PEDro scale was used to evaluate study quality
(Table 1). Scores varied from a minimum of 4 to a
maximum of 8. The two single-group studies were at
greater risk for bias due to the nature of the study
design (lack of experimental controls). Evaluating pub-
lication bias for this meta-analysis was not possible due
to the low number of studies included in meta-analysis.

Discussion
Summary of evidence

This systematic review and meta-analysis examined current
evidence of the effects of LLLT on swelling and pain in
women with BCRL. Nine studies of level of evidence from
2 to 4 were eligible for inclusion. The results support our
hypothesis that the use of LLLT alone or combined with
other treatments decreases swelling and pain in women
with BCRL. Additionally, LLLT is more effective in decreas-
ing swelling, but not pain, when compared to treatments that
do not include LLLT.
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Although the minimal clinically important difference
(MCID) in limb volume reduction following treatment
for BCRL has not been established, a reduction of
76 ml following LLLT may represent a clinically sig-
nificant improvement in swelling as it may impact di-
agnosis and treatment decisions. Conversion of the
between-groups pooled effect size for swelling revealed
a 91-ml greater reduction in arm volume with treatment
including LLLT than with treatment not including LLLT.
Limb volume reductions in women with BCRL have
been associated with improvements in mobility and
quality of life. It may also be reasonable to expect that
decreases in arm swelling may lead to attendant changes
in skin quality or texture (e.g., fibrosis) or in pain severity.
Treatments that contribute to meaningful reductions in swell-
ing warrant consideration as a viable treatment option in the
management of BCRL.

Treatment with LLLT resulted in reduction of pain in
women with BCRL. Converting this single-group pooled
effect size to clinical units resulted in an average reduc-
tion of 13.5 mm on the 0-100 mm VAS for pain. This
exceeds the MCID of 9-11 mm for the VAS [28].
While the between-groups pooled effect size for pain
reduction yielded the largest effect size (—1.21), of
potential clinical importance, the difference between
groups did not reach statistical significance (95 % CI=
—4.51, 2.10). Only two studies provided pain data for this
between-groups effect size.

While there was improvement in pain in those who re-
ceived treatment with and without LLLT, one could speculate
that the decrease in pain was a result of the decrease in volume
of the affected limb or because of improved mobility of the
affected limb. However, as many practicing clinicians may
experience, there is an entire spectrum of pain syndromes that
may arise as the result of breast cancer treatment. Other
potential causes of pain in breast cancer survivors include
cervical radiculopathy, brachial plexopathy, mono-neuropa-
thies, chemotherapy-induced peripheral neuropathy, rotator
cuff tendonitis, shoulder adhesive capsulitis, axillary web
syndrome, post-mastectomy pain syndrome, post-surgical
pain and edema, and bone metastases [29]. Treatments for
these conditions are often addressed simultaneously with the
treatment of lymphedema. In future studies, it may be benefi-
cial to further investigate the complaint of pain in relation to
intervention.

Regarding harm, while there were no apparent differ-
ences in adverse treatment-related events in LLLT ver-
sus control groups across studies, important contraindi-
cations and precautions for LLLT should be considered
when using this modality. The total incidence of
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cellulitis reported in the included studies was two per
group [23, 27]. Women with UE lymphedema after
breast cancer treatment are at greater risk for developing
cellulitis than women without lymphedema, likely due
to stagnation of proteins and fluid in the edematous
limb [30, 31]. Cellulitis is an acute infection of the skin
and subcutaneous tissues characterized by erythema,
pain, warmth, and swelling. Through medical record
review of patients seen at the Thailand Lymphedema
Day Care Center, Teerachaisakul et al. [30] identified
1456 patients diagnosed with lymphedema. Of these,
179 were determined to have had cellulitis for which
several associated independent risk factors were identi-
fied: percent difference in limb circumference, primary
lymphedema diagnosis, food-induced complication expe-
rience, and elevated systolic blood pressure.
Interestingly, skin injury was not included in the list
of potential risk factors. In the chronic wounds of 25
patients with primary lymphedema, methicillin-resistant
Staphylococcus aureus was found in 35 % of the cases
[32]. Meticulous skin care in patients with chronic
lymphedema, to prevent opportunistic infections from
microorganisms on the skin, is important in the preven-
tion of cellulitis. Though LLLT does not appear to
increase the risk for cellulitis, patients with skin break-
down or signs and symptoms of cellulitis should be
referred for appropriate medical management.

Particularly relevant to patients with BCRL is the
potential for malignancy. Because laser has been shown
to increase blood flow and cellular energy production
[11], it has been theorized that laser could have a
carcinogenic influence on tissues [16]. According to a
2009 review [33], no evidence has demonstrated in vivo
harm from laser therapy regarding increases in cancer or
cancer cell activity. Similarly, in vitro studies showed
no adverse effects, with some studies reporting in-
creased phagocytic and chemotactic activity of leuko-
cytes while noting no acceleration of tumor cell repro-
duction [33]. None of the studies included in this review
evaluated the effect of LLLT on cancer recurrence or metas-
tasis, which would require longer-term follow-up and much
larger sample sizes.

Primary evidence regarding the effect of LLLT consists
of seven small level 2 to 3 RCTs of variable methodolog-
ical rigor and two single-group pre-test/post-test studies of
lower quality (level 4). Individual study quality for the
RCTs was evaluated using the PEDro scale. Scores ranged
from 4 to 8 (out of 10) for the seven two-group studies.
Those studies with PEDro scores <5 were downgraded
from a level of evidence 2 to a level of evidence 3. All
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of the RCTs reported to have randomly allocated partici-
pants to groups. However, the study by Kozanoglu [25]
reported that patients were randomized, blindly, “by con-
secutive alternate allocation according to the admittance to
our clinic”. Quasi-randomized allocation strategies, such as
alternation, do not satisfy this PEDro item criterion.
Baseline characteristics are reported, however, and no sta-
tistically significant differences in important characteristics
were seen. Maiya et al. [6] reported block randomization of
their 20 participants (ten per group), but it was unclear how
this was done. The authors did not report demographic
baseline characteristics other than generally in the abstract.
All other two-group studies demonstrated baseline compa-
rability between groups. Few studies reported on conceal-
ment of allocation, and thus most were scored low on that
item. Non-concealed allocation, non-random allocation, and
baseline group differences may introduce a source of bias,
threatening the internal validity of the study and increasing
the risk for confounding factors to obscure the relationship
between the treatment and the outcome. In these studies,
this was less of a problem than lack of blinding. Lack of
blinding of participants and/or assessors is another source
of potential bias. Blinding minimizes differential treatment
of the groups throughout the study and the potential for
differential assessment of outcomes, minimizing bias and
improving study validity. Participants were blinded in only
the three RCTs that utilized sham laser as the control [22,
24, 27]. Assessors were blinded in three studies [24, 26,
27].

While statistical heterogeneity was only demonstrated for
one of our analyses, there is qualitative heterogeneity across
the nine studies in study design, types of control groups, and
in protocols for LLLT. Control groups in the two-group stud-
ies included sham laser in three studies [22, 24, 27], intermit-
tent compression in one [25], waitlist in one [26], compression
garment in one [6], and MLD or MLD/LLLT in one [19]. Two
studies had no comparison group [21, 23]. LLLT treatment
parameters also varied widely among studies. Frequency and
number of LLLT sessions ranged from ten sessions on con-
secutive days to 36 sessions provided three times per week for
12 weeks. Three of the studies provided LLLT in two distinct
3-week, nine-session treatment cycles with an 8-week hiatus
between cycles [22—24]. Seven of the nine studies used direct
contact or non-contact spot application handheld units. The
most common laser wavelength applied was ~904 nm, includ-
ed in seven of nine of the studies (Table 5). Laser application
duration ranged from 17 to 34 min per session. Laser appli-
cation ranged from 5 to 17 standardized locations, and all
protocols included treatment to the axilla. Is it unknown if
the frequency and timing of visits, number of minutes per

session, or total “dose” of laser applied is the important
variable. Participants in the Maiya [6] study had a total of
340 min of LLLT over 10 days, while participants in the Lau
et al. [26] and Kozanoglu et al. [25] studies each had 240 min
of LLLT over a 4-week period, a considerably lower “dose”
with greater temporal spread. Future studies could examine
dose more specifically. The parameters most commonly used
among these studies included >17-min treatment sessions of
904-nm LLLT, three times per week for 3 to 4 weeks with a
dosage of 1.5 J/em? applied to the axillary region. These
parameters are in accordance with those that have been re-
ported in pre-clinical research to a have bio-stimulatory effect
[34].

Differences in study heterogeneity and participant charac-
teristics may account for the differences seen among individ-
ual study effect sizes. This becomes important to consider
when determining generalizability of individual study or ag-
gregate results to clinical practice. All studies included adult
women who met study-defined criteria for diagnosis of
lymphedema (>200-ml interlimb difference, >2-cm difference
between limbs at multiple measurement locations, or % dif-
ference between limbs). Although the Maiya et al. study
enrolled women between 3 and 6 weeks post-surgery, the
remaining studies included women with lymphedema of at
least 2 months in duration and most greater than 3 months.

Sample sizes of the studies included in this review were
varied and small, ranging from 8 to 64. Total sample size
across all studies was 289. However, study heterogeneity
and/or lack of data necessary for calculation of individual
study effect sizes limited the ability to pool all studies for both
outcomes. Therefore, sample sizes for the meta-analyses
remained modest. Pooling data from three studies for the
within-group effect size for pain yielded a sample size of 44.
Pooling two studies for between-groups differences in pain
yielded a sample size of 67 (33 in LLLT and 34 in control
groups). The latter analysis may still be underpowered to
detect between-groups differences in pain, which did not
reach statistical significance. Pooled sample sizes for volume
were larger. For the within-group analysis of volume changes,
pooling data from six studies yielded a sample size of 115. For
the between-groups analysis of volume, pooling results from
four studies resulted in a sample size of 138 (69 in LLLT and
69 in control groups).

Statistical reporting varied among studies, adding to the
challenge of pooling data. Between-groups statistical compar-
isons were not reported, and no measure of variability ap-
peared in Kaviani et al., precluding it from inclusion in the
between-groups meta-analysis. While the Carati et al. study
was a RCT, only within-group effect sizes could be included
in this meta-analysis since p values were only reported for the
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3-month follow-up between-groups comparison. Of the
single-group studies, Piller did not include measures of vari-
ability and was thus not included in meta-analysis of within-
group effects. No studies explicitly stated that intention to treat
analysis was performed; however, the Maiya et al. and Lau
et al. studies had no dropouts, and all participants completed
the study.

An additional threat to validity may include publication
bias, in which studies with favorable outcomes are more often
published than those with negative outcomes. This may have
biased our meta-analytic results toward favoring LLLT; how-
ever, statistical tests for publication bias (i.e., Eggers test)
could not be reliably utilized since so few studies were includ-
ed in the meta-analysis. While all but one of the individual
studies reported clear benefit of LLLT for within-group com-
parisons for volume, comparison between groups was more
balanced with four studies favoring LLLT (n=184) and three
not (n=75) (Table 4), and in spite of the authors’ conclusions,
the individual study effect sizes that were calculated for vol-
ume within-group meta-analysis were not statistically signif-
icant. The within-group volume effect size only reached sta-
tistical significance once pooled. This may reflect inadequate
power in the individual studies. For the between-groups com-
parisons for volume, half of the studies favored LLLT and half
did not. Once pooled, the between-groups volume difference
did reach statistical significance.

The best study design for establishing a causal relationship
between an intervention and outcome is the RCT. A meta-
analysis of high-quality RCTs provides the highest level of
evidence, but unfortunately, there are limited numbers of
methodologically rigorous studies on LLLT on the treatment
of lymphedema. Enhanced rigor can be achieved through
consistent blinding of participants and assessors when possi-
ble and true and concealed random allocation to ensure that
valid conclusions can be drawn from the results. The current
standard of care for BCRL is CDT, which has been shown to
be effective in volume reduction as a multimodal treatment
[7], and comparison of LLLT or LLLT plus CDT compared to
CDT alone is warranted.

In determining the strength of evidence, it is important to
consider risk of study bias, consistency in effect sizes among
studies, directness of comparisons, and the precision and
magnitude of the effect sizes for the outcomes considered
important [35]. Risk of bias was formally addressed by eval-
uating study design and methodology with the PEDro rating
scale and Oxford Centre for Evidence-Based Medicine Levels
of Evidence [36]. While the two single-group studies were at
greater risk for bias, the remaining RCTs had greater internal
controls for study bias. However, blinding of investigators and
participants in these studies was variable. Consistency, or
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similarity in direction and range of effect sizes, was high in
this meta-analysis. While not all individual study effect sizes
were statistically significant, they were consistently in the
same direction.

Due to the comprehensive nature of BCRL management,
and variability in study methodology, this meta-analysis was
unable to fully parse out the effects of LLLT alone on limb
volume and pain. Only two of the RCTs compared LLLT
alone against a placebo treatment [22, 24] and one to a waitlist
control [26]. For the others, the number and type of co-
interventions varied. Stout et al. [9] demonstrated that the
use of a compression garment alone is effective at reducing
limb volume in women with early volume changes after breast
cancer surgery. If, however, the control group interventions
were effective themselves in reducing volume or pain, this
may result in an underestimate of the effect of LLLT on these
outcomes. Within the RCTs that utilized co-interventions, the
co-interventions were the same across treatment groups,
allowing LLLT to be compared directly to alternative treat-
ments. For example, Omar [27] compared LLLT, exercise,
education, and compression garments to a control group of
sham laser, exercise, education, and compression garments,
allowing direct comparison of active to sham LLLT. With
regard to pain, there was little, if any, information provided
in the studies about co-interventions, so interpretation of ef-
fects of LLLT on pain requires caution.

The precision around the effect size estimates for volume
was such that conclusions could be drawn about the benefit of
treatment. This was not the case for the between-groups
comparisons for pain for which the confidence interval was
wide, and finally, the magnitude of the effect size should be
considered. Effect sizes of 0.2 are considered small, 0.5 are
considered medium, and 0.8 are considered large [37]. The
magnitudes for the pooled effect sizes were moderate for
between- and within-group comparisons for volume and the
within-group comparisons for pain.

Conclusions

Therefore, the results of this systematic review and meta-
analysis provide moderate evidence in support of the use of
LLLT in reducing limb volume in the management of BCRL.
While there are a limited number of studies, with small sample
sizes, the results of pooled analyses support statistically sig-
nificant and clinically meaningful reductions in limb volume
immediately upon conclusion of treatments that included
LLLT compared to those that did not include LLLT. While
there is evidence of pain reduction with the use of LLLT, there
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is insufficient evidence that treatments that utilize LLLT pro-
vide additional benefit beyond treatments that do not
include LLLT. However, in evaluating the applicability
of this evidence to clinical practice, a number of factors
should be taken into account. This includes the validity
and quality of the individual studies included in the
review and the quality and generalizability of the review
itself.
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Fig. 2 Forest plot: within-group
effect of low-level laser therapy
on upper extremity volume

(effect sizes and 95 % confidence

intervals)

Fig. 3 Forest plot: between-
groups effect on upper extremity
volume (effect sizes and 95 %
confidence intervals)
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Fig. 4 Forest plot: within-group
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Appendix B

Table 6 Prisma checklist

Section/topic Number Checklist item Reported on page no.
Title
Title 1 Identify the report as a systematic review, meta-analysis, or both 1
Abstract
Structured summary 2 Provide a structured summary including, as applicable: 2
background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal
and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review
registration number
Introduction
Rationale 3 Describe the rationale for the review in the context of 3-5
what is already known
Objectives 4 Provide an explicit statement of questions being addressed 5
with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS)
Methods
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be 5
accessed (e.g., Web address), and, if available, provide
registration information including registration number
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) 6
and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale
Information sources 7 Describe all information sources (e.g., databases with dates of 5-6
coverage, contact with study authors to identify additional
studies) in the search and date last searched
Search 8 Present full electronic search strategy for at least one database, 5
including any limits used, such that it could be repeated
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