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Abstract
This pilot, double-blind, randomized, placebo-controlled study is aimed at evaluating the effectiveness of low-level laser therapy
(LLLT) as a complementary treatment to complete decongestive therapy (CDT) treating lymphedema among breast cancer
patients for 12 months post-intervention. Study population was breast cancer patients who were diagnosed and referred to
lymphedema clinic for CDT. Participants (n = 22) were randomized and assigned into either an active laser intervention group
or an inactive laser placebo-control group. Active LLLTwas administered to participants twice a week at the beginning of each
CDT session. Outcome measures included lymphedema symptoms, symptom distress, and limb volume by an infrared
perometer. Participants in the active and placebo laser groups were comparable in demographic and clinical predictors of
lymphedema. In comparison with the placebo group (83.3%), significantly fewer participants in the active laser group (55.6%)
reported more than one lymphedema symptom (p = 0.012) at 12 months post-intervention. Significantly, more patients in the
active laser group (44.4%) reported less than two impaired limb mobility symptoms in comparison with the placebo group
(33.3%) at 12months post-intervention (p = 0.017). The active laser group had statistically significant improvements in symptom
distress of sadness (p = 0.005) from 73 to 11% and self-perception (p = 0.030) from 36 to 0% over time from baseline to 12-
months post-intervention. There was no significant reduction in limb volume. Findings of the trial demonstrated significant
benefits of complementary LLLT for relieving symptoms and improvement of emotional distress in breast cancer patients with
lymphedema.
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Introduction

Lymphedema is a chronic and progressive condition that is
characterized by the accumulation of protein-rich lymph fluid
in the interstitial spaces [1–3]. Lymphedema after breast

cancer treatment is a result of damage to the axillary lymph
drainage routes caused by surgery or radiation treatment [4]
and can develop at any age and at any time [5]. Lymphedema
can lead to chronic inflammation, fibrosis, and repeated infec-
tion [1–3]. Currently there are no medical or surgical cures for
lymphedema [6]. Breast cancer survivors with lymphedema
may suffer from multiple lymphedema symptoms, including
swelling, heaviness, firmness, tenderness, pain, numbness,
aching, and stiffness [7–10]. Consequences of these symp-
toms include physical deficits involving limb weakness and
diminished range of motion limiting an individual’s ability to
perform activities of daily living and work duties [8, 11, 12],
psychological morbidity [1, 2, 8, 11], decreased quality of life
(QOL) [1, 13, 14], and for the remainder of their lifetime
increases the risk of infection in the involved extremity [1,
10–12, 15].

Complete decongestive therapy (CDT) has been the stan-
dard treatment for lymphedema [16–18]. CDT is a
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combination of therapies, including manual lymphatic drain-
age (MLD), multilayer bandaging (MLB), compression, hy-
giene and skin care, and modified exercise [1, 2, 15, 16, 18].
Daily and life-long self-management of lymphedema is im-
perative to prevent worsening of the condition and repeated
infections and to ensure patients’ QOL [17–19]. Studies have
shown that components of CDT are effective in achieving
initial reductions in swelling [20, 21], decreasing symptoms
[22], and improving QOL [16, 22]. Due to the chronic nature
of the condition, maintaining the benefits gained during a
course of CDT can be challenging for individuals over time
[2].

Low-level laser therapy (LLLT) is a conservative therapy
utilizing nonionizing light sources that has been used in the
treatment of lymphedema for breast cancer patients [4].
Studies have shown benefits using LLLT in this population
[23–27], with proposed mechanisms of action supporting use
of this device on human tissues. The basic mechanism for the
use of low-level light for therapeutic benefit includes light
absorption, targeting and activating cytochrome c oxidase in
the mitochondrial membrane, leading to greater consumption
of cellular oxygen and ultimately increased metabolic energy
production [28], which is used for cellular repair. Research on
the use of this laser at low-intensity wavelengths suggest ef-
f ec t s a t the ce l lu l a r l eve l [29 ] w i th inc reased
lymphangiogenesis [30] and stimulation of lymphatic
motoricity [31, 32] facilitating removal of excess protein-
rich fluid, and stimulation of macrophage cells and the im-
mune system [30, 33] which decrease the risk of infection.
Studies have reported LLLT to be effective in softening fi-
brous tissue [4, 32] and surgical scars [34], reducing pain [4,
34], reducing arm volume [34–36], and improving QOL in the
breast cancer population [33]. Long-term benefits have been
documented in the literature using LLLT in this population in
limited studies [32, 33, 35, 36], with a 12-month follow-up in
one study [35], and a 2.5 year follow-up in one study [32]. In
November 2006, the Food and Drug Administration approved
the use of the RianCorp LTU-904 low-level laser (LLL) for
treatment of post-mastectomy lymphedema [37]. Published
studies on the effectiveness of LLLT are currently limited
due to lack of research design involving double-blind and
placebo-control randomization. In addition, there are limited
published studies on the effectiveness of LLLT as a comple-
mentary treatment to the standard care of CDT for breast can-
cer survivors. Thus, the purpose of the study was to evaluate
whether the use of LLLT as a complementary treatment to
CDT would result in additional improvement and long-term
benefits to individuals with lymphedema. The primary out-
comes were lymphedema symptoms, limb volume, and
QOL. We hypothesized that more patients in the active laser
groupwould have fewer symptoms and less symptom distress,
better limb volume, and greater treatment adherence than pa-
tients in the inactive laser group.

Materials and methods

This study was approved by the Institutional Review Board
(IRB) of a larger metropolitan health system and was regis-
tered as clinical trial #10-00923. Physicians and nurse practi-
tioners referred potential participants from March 2011, to
June 2016. To be enrolled in the trial, potential participants
who were willing to participate in the trial had to (1) meet the
inclusion and exclusion criteria (Table 1) and (2) obtain writ-
ten approval from their referring physician, who agreed to
allow the patient to participate in the trial.

Study design

A double-blind, randomized, placebo-controlled design was
used for this pilot study to explore the effectiveness of LLLT
on lymphedema as a complementary intervention to CDT
when compared with CDT treatment alone. The primary out-
comes were lymphedema symptoms, limb volume, and QOL.
We hypothesized that patients in the active laser group would
have significantly fewer symptoms, better limb volume, and
improved QOL in comparison with those in the inactive laser
group.

Participants

Oncologists affiliated with the medical center were informed
about the trial. Women who came to the clinic for a lymph-
edema evaluation were offered a study flyer for participation
into the trial. Fifty-four women who met the inclusion criteria
were identified. Twenty-two women agreed to participate in
the study. Informed consent was obtained from all partici-
pants, and subjects were randomized into either an active laser
group or an inactive laser group. One subject consented to the
study and was randomized, then changed her mind before data
collection was performed, so a total of twenty-one women
participated in the study (Fig. 1).

Randomization and blindness

After participants signed the informed consent, they were ran-
domized and assigned into either an active laser intervention
group (laser group) or an inactive laser placebo-control group
(placebo group) using a non-stratified permuted-block design.
Varying block sizes were used to minimize the possibility of
predicting the allocation sequence. The study’s statistician,
who was not involved in treatment intervention or data collec-
tion, performed the randomization. Participants were blinded
to the laser allocation. Lymphedema therapists and research
assessors who collected outcomes data were also blinded to
the randomization of group allocation, as well as to the allo-
cation of the active and inactive laser devices. All clinicians
who administrated the laser therapy were blinded to the
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allocation of the lasers. This was made possible because both
the active and inactive laser device presented the same red
light during the treatment.

Treatment description

Since CDT has been the standard treatment for breast cancer-
related lymphedema (BCRL) [6], all study participants re-
ceived CDT in this trial. The detailed description of CDT
can be found in Table 2. The use of LLL (the LTU-904 laser
by RianCorp) was added to CDT. The study utilized a total of
4 lasers, 2 active and 2 inactive laser devices, which were pre-
calibrated to provide either active or placebo laser treatment.
This information was blinded to participants, lymphedema
therapists, and researchers who evaluated outcome measures.
Lymphedema therapists were trained in the application of the
LLL, and complementary LLLT was administered twice a
week at the beginning of each lymphedema treatment session
before CDT.

LLLTwas performed using a standardized fabric treatment
grid made from cut fabric sheets. The grid was pre-fashioned
with 40 punctured holes as marked treatment sites, and the
holes were divided into four color-coded groups: red, blue,
green, and black. The holes alternated colors to allow for
spacing of ≥ 2 cm between consecutive same-colored holes.
Participants were given their own fabric treatment grid to be
used for the duration of the study. The fabric grid was draped
over the underarm and medial to lateral chest wall of the
affected upper quadrant using pre-determined anatomical
landmarks to ensure consistency with each treatment. The
laser treatment was applied with the participant positioned in
supine with the affected arm abducted to 90° (Fig. 2). The
laser was applied over the standardized grid using a

corresponding set of color-coded holes alternating each ses-
sion on a 4-week cycle (Fig. 3). LLLTwas applied on the high
setting for 1 min at each of 10 sites in the axilla and a portion
of the chest wall on the affected side, for a total of 8–16
sessions depending on the time frame needed to achieve clin-
ical goals. The dose per application site was 1.5 J per centi-
meter squared (J/cm2), for a total dose of 15 J/cm2 delivered
at each treatment session.

Procedures

Members of the research team who were blind to the
randomization of the LLL device collected data.
Lymphedema therapists were trained in the application
of LLLT. Both groups received individualized CDT as
determined by their treating therapist. Treatment sessions
using LLLT as an adjunct to CDT ranged between 8 and
16 sessions, with the final number of visits for each sub-
ject determined by the time needed to achieve maximal
circumferential reduction as assessed by girth measure-
ments, and palpation of soft tissue texture/density im-
provement. Demographic and medical information was
obtained at the first visit after evaluation. Data collection
of selected outcome measures was performed at the first
visit after evaluation, after 8 treatment sessions, after the
final treatment session, and at long-term follow-up at 3, 6,
and 12 months (Table 3). We followed the research pro-
cedures used in our prior studies [38, 39], including use of
the perometer as recommended by the manufacturers
[38–40]. Protection of human subjects was ensured by
following the guidelines set forth by the IRB. Each par-
ticipant signed the written consent to the study.

Table 1 Study selection criteria

Inclusion criteria Exclusion criteria

Female subjects Active or metastastic cancer

21 years age or older Currently receiving or have plans for adjuvant radiation or chemotherapy

Unilateral breast cancer with ipsilateral lumpectomy or
mastectomy and lymph node dissection (sentinel biopsy
or axillary dissection)

Pregnant

Presence of other extremity lymphedema (primary or secondary)

Breast reconstruction was either immediate or delayed Pacemaker

Artificial joints in the upper quadrants

Stage II or III unilateral secondary upper extremity lymphedema
(as defined by the International Society of Lymphology)

Renal failure

Arterial insufficiency

Girth ≥ 2 cm circumferential difference and/or volume ≥ 200 mL
compared with the uninvolved upper extremity at any 4 cm segment

Congestive heart failure

Chronic inflammatory conditions

Able to commit to a long-term follow-up schedule History of deep vein thrombosis in the lymphedematous upper extremity

Previous treatment with low-level laser (regardless of indication)

Medication(s) known to affect body fluid balance

Body mass index (BMI) > 40 (morbid obesity)
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Clinical and outcome measures

Demographic and medical information

A structured interview tool was used to gather demographic
and medical information [38–40]. Demographic and medical
data collected included age, ethnicity, occupation, education,
diagnosis, treatment, nodal status, numbers of lymph nodes
removed, co-morbidities, and family and medical history
(such as breast cancer history, breast cancer gene status, and
family history of lymphedema). Medical information was ver-
ified by reviewing participants’ medical records as needed.

Height and BMI

Height was measured without shoes on to the nearest 0.1 cm
with a portable stadiometer. An electrical bioimpedance de-
vice (InBody 520, Biospace Co., Ltd.) was employed to

measure the weight, and the device automatically calculated
BMI using the formula: weight (kg)/height (m2) [39].

Lymphedema symptoms and symptom distress

The lymphedema and breast cancer symptom experience in-
dex (BCLE-SEI) is a valid, reliable, 5-point Likert-type self-
report instrument to assess symptoms related to lymphedema
or fluid accumulation [40–42]. This instrument consists of two
parts, one evaluating the occurrence of lymphedema symp-
toms and another evaluating QOL in terms of symptom dis-
tress. The lymphedema symptom assessment (part 1) assesses
impaired limb mobility in the shoulder, arm, elbow, wrist, and
fingers. It also assesses arm swelling, breast swelling, chest
wall swelling, heaviness, firmness, tightness, stiffness, numb-
ness, tenderness, pain/aching/soreness, redness, blistering,
burning, stabbing, tingling (pain and needles), hotness,
seroma, and limb fatigue/weakness. Symptom distress (part
2) evaluates the adverse impact and suffering evoked by one’s
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experience of lymphedema symptoms [40–42]. Symptom dis-
tress includes dimensions of daily living, social function, sleep
disturbance, sexuality, emotional/ psychological distress, and
days absent from work.

Infrared perometer measurement of limb volume

Perometry was performed on each arm as it was held horizon-
tally. The Perometer 350S maps a 3-dimensional graph of the
affected and non-affected extremities using numerous rectilin-
ear light beams and interfaces with a computer for data anal-
ysis and storage. A 3-dimensional limb image was generated
and LV was calculated. This optoelectronic method has a
standard deviation of 8.9 ml (arm), less than 0.5% of LV with
repeated measuring. Procedures for perometry were based on
protocol used in other research [21].

Statistical analysis

Demographic and treatment variables

Adherence to the Research Program we defined participants’
adherence to the research program as patients having complet-
ed each follow-up visit without loss to follow-up. SPSS ver-
sion 22 (IBM, Armonk, NY, USA) was used for statistical
analysis. Descriptive statistics were calculated for baseline
demographic (age, weight, BMI, percentage of body fat, mar-
ital status, employment, retirement status, disability) and clin-
ical characteristics (primary cancer stage, secondary cancer
stage, mastectomy, lumpectomy, chemotherapy, radiation,
auxiliary lymph node treatment, lymph nodes removed, fam-
ily history of lymphedema) overall and within each treatment
arm. All point estimates were generated with 95% confidence
intervals. Mean and standard deviations were used to

summarize continuous variables; frequencies and percentages
were used to summarize categorical variables.

Lymphedema symptoms, limb volume, and QOL

Because even a 5% limb volume increase enables detect-
able differences in QOL, lymphedema was defined as a
perometer measurement of ≥ 5% limb volume increase in
the ipsilateral arm in comparison with the changes in the
contralateral arm [43]. As the 24 lymphedema symptoms
denote clusters of symptoms, i.e., groups of more than
two symptoms that occur together, to indicate different

Table 2 Complete decongestive therapy components

Manual lymphatic drainage A gentle, hands-on technique that mobilizes the protein-rich fluid commonly associated with
lymphedema back into the body’s central system to be effectively removed.

Multilayer bandaging Multiple layers of low elastic bandages are applied on the lymphedematous arm to aid in the
muscle pump action to increase the return of the protein-rich fluid back into the body’s central system.

Exercise Therapeutic exercise when used in conjunction with multilayer bandaging aids to further enhance
the muscle pump action.

Education Education on posture, body mechanics, skincare, and lymphedema precautions are given to optimize
functional movement.

Compression garments Compression sleeve and gauntlet/glove to be utilized for daytime use during the self-management phase.

Vasopneumatic compression A multichamber vasopneumatic compression device used as an adjunct to manual lymphatic drainage,
multilayer bandaging, and exercise, providing sequential, gradient compression which exerts light, gentle,
external pressure on the affected extremity and chest wall to assist with movement of lymph fluid.

Self-management An individualized plan of care to manage the arm lymphedema upon discharge when circumferential
measurements have reached a plateau and maximal gains both in girth and soft tissue have been achieved.
This can include a combination use of compression garments, self-manual lymphatic drainage, self-multilayer
bandaging, exercise, and a vasopneumatic compression device.
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biological mechanism [43], we categorized the 24 symp-
toms into three identifying symptom clusters of impaired
limb mobility (limb mobility in the shoulder, arm, elbow,
wrist, and fingers, tightness and stiffness), fluid accumu-
lation symptoms (arm swelling, breast swelling, chest
wall swelling, seroma, heaviness, and firmness), and
pain/discomfort symptoms (pain/aching/soreness, numb-
ness, tenderness, redness, blistering, burning, stabbing,
tingling, hotness, limb fatigue/weakness).

Distributions of the outcome variables, including (a) limb
volume by perometer ≥ 5%, (b) count of lymphedema symp-
toms (0 vs 1–24 symptoms), (c) symptom clusters (reporting 2
or more symptoms related to impaired limb mobility, fluid
accumulation, and pain/discomfort), and (d) symptom dis-
tress, were summarized at each time point (visit 1 to visit 6)
and associations with laser treatment groups (active versus
inactive) were estimated. Chi-square analyses were performed
to estimate for the associations between categorical demo-
graphic and clinical predictors and laser treatment groups.
Fisher’s exact tests were conducted when data did not meet
the assumptions of Pearson’s chi-square (cells with expected
counts < 5). Independent group t tests were used to compare
groups on continuous variables.

Results

Participant characteristics

At baseline, the demographic and clinical predictors of the two
treatment groups were comparable, as no significant differ-
ences existed between both groups in terms of BMI, age,
treatment variables, axillary lymph node procedures, and
numbers of lymph nodes removed (Table 4). As a result, the
randomization scheme created two relatively similar patient
profiles. The mean age of both groups was between 60 and
64 years of age. Seventy-three percent of the women in the
laser group were married, while only 30% of the women in the
placebo group were married. Employment status was similar
in both groups, with 64% employed in the laser group and
70% in the placebo group. Approximately 60% of the women
in both groups had mastectomy, 90% underwent chemothera-
py, and over 90% had radiation and axillary lymph node dis-
section. The mean number of lymph nodes removed for wom-
en in the placebo group was 16 total nodes with 5 of them
positive, and for women in the laser group was 17 total nodes

Table 3 Schedule for data
collection and treatment
intervention

Research visits Screening and
consent

Demographic and
medical information

Outcome
measures

LLLT and
CDT

Evaluation X

Visit 1 X X

Intervention (sessions #1–8) X

Visit 2 X

Intervention (total sessions range
from #9 to 16)

X

Visit 3 X

Visit 4 (3 month follow-up) X

Visit 5 (6 month follow-up) X

Visit 6 (12 month follow-up) X
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with 8 of them positive. Less than 10% of all participants in
the study reported a family history of lymphedema.

Outcome variables: (Table 5)

Lymphedema symptoms

In comparison with the placebo group (83.3%), signifi-
cantly fewer participants in the laser group (55.6%) re-
ported more than one lymphedema symptom (p = 0.012)
at 12-months post-intervention. Significantly more pa-
tients in the laser group (44.4%) reported less than two
of the seven symptoms of impaired limb mobility (limb
mobility in shoulder, arm, elbow, wrist and fingers, tight-
ness and stiffness) in comparison with the placebo group
(33.3%) at 12-month post-intervention (p = 0.017). There
were no significant changes in symptoms of fluid accu-
mulation (arm swelling, breast swelling, chest wall

swel l ing, seroma, heaviness, and firmness) and
pain/discomfort symptoms (pain/aching/soreness, numb-
ness, tenderness, redness, blistering, burning, stabbing,
tingling, and pain/discomfort).

Symptom distress

The laser group had statistically significant improvements
in symptom distress of sadness (p = 0.005) from 73 to
11% and self-perception (p = 0.03) from 36 to 0% over
time from visit 1 to visit 6. The placebo group did not
show a correspondingly significant decrease in the
reporting of any total number of symptoms, impaired limb
mobility, symptom distress, or improvements in social
functioning. There were no significant improvements in
the dimensions of daily living, sleep disturbance, sexual-
ity, and days absent from work.

Table 4 Participants’
demographic and treatment
characteristics at baseline

Inactive laser Active laser p value

Mean age (SD) 59.60 (7.28) 63.64 (10.69) 0.330

Married 30.0% (3/10) 72.7% (8/11) 0.086

Employed 70.0% (7/10) 63.6% (7/11) 1.000

Unemployed 33.3% (1/3) 25.0% (1/4) 1.000

Retired 66.7% (2/3) 50.0% (2/4)

Disability 0.0% (0/3) 25.0% (1/4)

Cancer stage 0.417

1 10.0% (1/10) 27.3% (3/11)

2 40.0% (4/10) 27.3% (3/11)

3 50.0% (5/10) 27.3% (3/11)

Unknown 0.0% (0/10) 18.2% (2/11)

Cancer secondary stage 0.220

a 30.0% (3/10) 12.5% (1/8)

b 30.0% (3/10) 0.0% (0/8)

c 10.0% (1/10) 12.5% (1/8)

Unknown 30.0% (3/10) 75.0% (6/8)

Mastectomy 60.0% (6/10) 63.6% (7/11) 1.000

Lumpectomy 40.0% (4/10) 54.5% (6/11) 0.670

Chemotherapy 90.0% (9/10) 90.9% (10/11) 1.000

Radiation 90.0% (9/10) 100.0% (11/11) 0.476

No treatment 0.0% (0/10) 0.0% (0/11) –

Axillary lymph node procedure

SLNB 10.0% (1/10) 0.0% (0/11) 0.476

ALND 90.0% (9/10) 100.0% (11/11) 0.476

None 0.0% (0/10) 0.0% (0/11) –

Lymph nodes removed

Average # of positive nodes (SD) 4.57 (4.28) 7.67 (6.36) 0.288

Average total # of nodes removed (SD) 15.75 (6.50) 17.00 (6.80) 0.705

Family history of lymphedema 0.0% (0/10) 9.1% (1/11) 1.000

Body mass index (BMI) mean (SD) 26.55 (5.42) 27.56 (6.26) 0.700
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Limb volume

The laser group had a significant decrease in the percentage of
participants from 100 to 63% (p = 0.118) who had > 5% limb
volume prior to intervention to < 5% limb volume after inter-
vention, while the placebo group did not achieve a significant
decrease (100 to 78%; p = 0.614). Yet, the changes were not
statistically significant in either the laser or placebo groups.

Adherence rates

The placebo group had a significant decrease in adherence
rates from 100 to 60% (p = 0.037), while the laser group

maintained an adherence rate above 80% throughout the entire
study (p = 0.932).

Discussion

Results from this trial showed that the addition of LLLT to
CDT did help patients significantly improve their lymphede-
ma symptom experience by decreasing the number of lymph-
edema symptoms and relieving impaired limb mobility symp-
toms. LLLT also helped to improve emotional distress from
lymphedema symptoms, including sadness and self-percep-
tion. By reducing the number of lymphedema symptoms, re-
lieving symptoms of impaired limb mobility, and improving

Table 5 Outcome variables

Laser group Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 p valuea

Numbers of lymphedema symptoms reported (0 vs 1–24 symptoms)

Inactive 10/10 (100.0%) 9/10 (90.0%) 7/9 (77.8%) 6/7 (85.7%) 5/6 (83.3%) 5/6 (83.3%) 0.720

Active 11/11 (100.0%) 10/10 (100.0%) 7/10 (70.0%) 6/9 (66.7%) 5/10 (50.0%) 5/9 (55.6%) 0.012

Total 21/21 (100.0%) 19/20 (95.0%) 14/19 (73.7%) 12/16 (75.0%) 10/16 (62.5%) 10/15 (66.7%) 0.005

Impaired limb mobility symptoms reported (< 2 vs 2 +)

Inactive 9/10 (90.0%) 8/10 (80.0%) 5/9 (55.6%) 5/7 (71.4%) 4/6 (66.7%) 2/6 (33.3%) 0.235

Active 10/11 (90.9%) 9/10 (90.0%) 4/10 (40.0%) 4/9 (44.4%) 4/10 (40.0%) 4/9 (44.4%) 0.017

Total 19/21 (90.5%) 17/20 (85.0%) 9/19 (47.4%) 9/16 (56.3%) 8/16 (50.0%) 6/15 (40.0%) 0.002

Fluid accumulation symptoms reported (< 2 vs 2 +)

Inactive 8/10 (80.0%) 8/10 (80.0%) 6/9 (66.7%) 4/7 (57.1%) 5/6 (83.3%) 3/6 (50.0%) 0.706

Active 7/11 (63.6%) 5/10 (50.0%) 5/10 (50.0%) 5/9 (55.6%) 3/10 (30.0%) 3/9 (33.3%) 0.672

Total 15/21 (71.4%) 13/20 (65.0%) 11/19 (57.9%) 9/16 (56.3%) 8/16 (50.0%) 6/15 (40.0%) 0.506

Pain/discomfort symptoms reported (< 2 vs 2 +)

Inactive 3/10 (30.0%) 3/10 (30.0%) 2/9 (22.2%) 1/7 (14.3%) 2/6 (33.3%) 1/6 (16.7%) 0.282

Active 5/11 (45.5%) 4/10 (40.0%) 0/10 (0.0%) 0/8 (0.0%) 1/10 (10.0%) 0/9 (0.0%) 0.063

Total 8/21 (38.1%) 7/20 (35.0%) 2/19 (10.5%) 1/15 (6.7%) 3/16 (18.8%) 1/15 (6.7%) 0.005

Sadness item reported (< 2 vs 2 + on the Likert scale)

Inactive 7/10 (70.0%) 4/10 (40.0%) 2/9 (22.2%) 2/7 (28.6%) 2/6 (33.3%) 1/6 (16.7%) 0.958

Active 8/11 (72.7%) 5/10 (50.0%) 2/10 (20.0%) 4/9 (44.4%) 3/10 (30.0%) 1/9 (11.1%) 0.005

Total 15/21 (71.4%) 9/20 (45.0%) 4/19 (21.1%) 6/16 (37.5%) 5/16 (31.3%) 2/15 (13.3%) 0.059

Self-perception item reported (< 2 vs 2 + on the Likert scale)

Inactive 2/10 (20.0%) 2/10 (20.0%) 2/9 (22.2%) 2/7 (28.6%) 1/6 (16.7%) 1/6 (16.7%) 1.000

Active 4/11 (36.4%) 3/10 (30.0%) 1/10 (10.0%) 0/9 (0.0%) 0/10 (0.0%) 0/9(0.0%) 0.030

Total 6/21 (28.6%) 5/20 (25.0%) 3/19 (15.8%) 2/16 (12.5%) 1/16 (6.3%) 1/15 (6.7%) 0.401

Limb volume change (< 5% vs 5% +)

Inactive 10/10 (100.0%) 9/10 (90.0%) 7/9 (77.8%) 5/6 (83.3%) 5/6 (83.3%) 5/5 (100.0%) 0.614

Active 11/11 (100.0%) 6/9 (66.7%) 7/9 (77.8%) 8/8 (100.0%) 7/9 (77.8%) 5/8 (62.5%) 0.118

Total 100.0% (21/21) 78.9% (15/19) 77.8% (14/18) 92.9% (13/14) 80.0% (12/15) 76.9% (10/13) 0.141

Adherence to complete decongestive therapy

Inactive 10/10 (100.0%) 10/10 (100.0%) 9/10 (90.0%) 7/10 (70.0%) 6/10 (60.0%) 6/10 (60.0%) 0.037

Active 11/11 (100.0%) 10/11 (90.9%) 10/11 (90.9%) 9/11 (81.8%) 10/11 (90.9%) 9/11 (81.8%) 0.932

Total 21/21 (100.0%) 20/21 (95.2%) 19/21 (90.5%) 16/21 (76.2%) 16/21 (76.2%) 15/21 (71.4%) 0.026

a Fisher’s exact test due to small cell counts
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emotional distress, LLLT played an important role in treating
lymphedema, focusing on symptom management in breast
cancer patients with lymphedema. Inconsistent with other
studies [25, 36, 44], findings of our trial did not show statis-
tically significant changes in limb volume in either group,
although the laser group does show a decrease in limb volume
of > 5% from 100 to 63%. The insignificance of limb volume
in this study may be a result of the small power with a sample
size n = 21.

Future research should have a larger sample size focusing
on the effect of laser treatment on limb volumes. Research
suggests, however, that arm volume reduction alone may not
provide adequate relief of symptoms and may contribute to
poorer QOL among breast cancer patients [13, 14]. Ridner
found that cumulative symptom experience was found to be
influenced more by the perception of arm volume than by the
objective arm volume. Thus, lymphedema symptoms and
symptom distress may be more sensitive indicators for evalu-
ating the effects of lymphedema treatment [13].

Adherence to CDT during the initial intensive phase of treat-
ment and the maintenance phase of therapy has been identified
as an obstacle for long-term self-management of this condition to
achieve optimal outcomes [45]. Our trial found that significantly
more patients in the placebo group failed to follow up at the
research visits while over 80% of the patients in the laser group
maintained adherence to research follow-up visits.With a greater
understanding of the impact of symptom burden reduction
resulting from treatment intervention, individuals who make sig-
nificant gains in symptom reduction and decreased pain from
treatment intervention may be more motivated to adhere to their
treatment protocol and to long-term follow-up visits in the future.

The ultimate goal of lymphedema treatment is to relieve suf-
fering. Based on results from this study, LLLTshould be consid-
ered a complementary therapy to CDT to relieve symptoms and
symptom distress, in turn helping patients to achieve optimal
outcomes of CDT by motivating patient adherence.

Strengths and limitations of the trial

The strengths of the study included a rigorous study design
with a long-term follow-up of 12 months, while a majority of
published studies utilized a shorter follow-up period of approx-
imately 3–6 months. Outcome measures in this study included
a combination of subjective and objective measurements with
the ability to not only capture changes in symptoms and symp-
tom distress but also limb volume by infrared perometer, a
more rigorous measure of limb volume than tape measures
used by a majority of the studies [25, 31, 32, 34–36, 44].
Another strength in this study was the use of a standardized
fabric grid during treatment sessions to insure consistency in
the location of treatment points. The grid had four different
color-coded groups of holes which enabled the use of

alternating laser points of application from session to session
to ensure quality and safety of treatment.

There are several limitations of this study. Because the goal
of the study was to examine the use of the LLL as a comple-
mentary treatment to CDT, the study protocol required contin-
uous adherence to CDT during the treatment portion of the
study and required long-term follow-up appointments. Both
of these requirements presented challenges in the recruitment
of subjects, as many potential participants for the study were
unwilling to participate for one or both reasons. There were
several enrolled subjects who were unable to complete the
study. Only one subject in the laser group dropped out of the
study as she complained about discomfort in the chest wall.
Other participants were lost to follow-up for reasons unrelated
to the study (Fig. 1). As a result of these challenges, the sample
size of the study was small, so findings from this study should
be considered with caution. Future research should investigate
the effectiveness of LLLTas sole treatment modality for lymph-
edema in comparison to LLLTas the complementary therapy to
CDT.

Conclusion

Results from this pilot study show significant benefit of LLLT in
combination with CDT for symptom burden reduction in indi-
viduals with BCRL, but did not show additional benefit for limb
volume reduction. In the future, best practice for BCRL assess-
ment would include a combination of limb volumemeasurement
and comprehensive symptom assessment, as this pathology has
been shown to have an impact in both areas. For future studies, a
larger sample size with a rigorous study design focusing on the
effectiveness of LLLT as the sole treatment for the BCRL pop-
ulation is indicated to make more definitive conclusions.
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