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Abstract Complex physical therapy is the main treatment
for the secondary lymphedema after breast cancer. The low-
level laser therapy (LLLT) has been used in order to stimu-
late lymphangiogenesis, encourage lymphatic motility, and
reduce lymphostatic fibrosis. However, these factors could
also favor the development of recurrence and metastasis.
The objective of this study is to discuss the use of LLLT in
the treatment of lymphedema after breast cancer. This study
utilized a systematic review on the use of LLLT in the
treatment of lymphedema after breast cancer. Evaluating
quality of articles was conducted through the PEDro scale.
Of the 41 articles identified, four were considered to be of
high methodological quality (score≥5). The low-level laser
in the axillary region was performed in all studies. The
control group was not similar across studies. The results
presented showed that there was a reduction in limb volume
in the group subjected to low-power laser when compared
with other treatments. No studies have evaluated the risk of

metastasis or relapse in the irradiated areas. Because no
studies have included the complex physical therapy as the
comparison group, we cannot claim that laser treatment is
the best efficacy or effectiveness in lymphedema treatment
after breast cancer. No studies have evaluated the hypothesis
that the LLLT can increase the risk of recurrence or metas-
tasis. Therefore, the questions about the safety of this pro-
cedure in cancer patients remain.
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Introduction

The overall increase in incidence of breast cancer and sig-
nificant morbidity related to its treatment has raised renewed
attention to the management of arm lymphedema in recent
years. The onset of lymphedema secondary to breast cancer
treatment often leads to a chronic condition of functional
disability, disfigurement, and inflammatory attacks [1] and
even conservative approaches to treat breast cancer, like
sentinel lymph node sampling and selective axillary clear-
ance, have failed to erradicate lymphatic complications.
Moreover, incidence of lymphedema can affect up to one
out of four treated patients [2].

According to the Consensus Document of the Interna-
tional Society of Lymphology, complex physical therapy
(CPT), consisting two phases of treatment involving a com-
bination of four components: skin care, manual lymph
drainage, compression therapy, and remedial exercises, is
the recommended conservative approach to reduce limb
volume in most patients [3]. However, not all facilities
dealing with breast cancer patients offer the recommended
treatment and several alternative modalities of lymphedema
treatment have been reported [4–6].
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Recently, low-level laser therapy (LLLT) has been sug-
gested as a possible useful treatment for lymphedema. Its
described mechanisms of volume reduction include promo-
tion of lymphangiogenesis and lymphatic motility stimulation,
with no significant changes in tissue architecture. LLLTwould
also improve overall lymphatic flow and reduce interstitial
fibrosis which accompanies lymph stasis [7]. However, such
proposed impact of enhanced lymphatic drainage in promot-
ing metastasis in these patients is still unknown, even though
some studies have examined its action in different tumoral cell
lines [8–13] and LLLT has been shown to underexpress
extracellular matrix proteins responsible for cell adhesion
which could be related with metastasis [14].

In this context, the aim of this systematic review is to
ascertain the usefulness of LLLT in lymphedema treatment
and discuss the safety of its use in cancer patients.

Materials and methods

We performed a systematic review in the databases
LILACS, MEDLINE, PEDro, PubMed, and SCIELO
for articles published in Portuguese, Spanish, and En-
glish using, individually or combined, the keywords:
physical therapy modalities, physical therapy, lymphe-
dema, breast neoplasms, and low-level laser therapy.

Identified papers 
41

Papers selected for quality 
assessment

05

Excluded papers
36

Repeated
05

Other causes of lymphedema 
22

Other designer 
09

Papers included in this study 

04

Fig. 1 Identification of papers
in databases

Table 1 Quality assessment according to PEDro criteria

Author Carati et
al. [16]

Kaviani
et al. [17]

Maya et
al. [19]

Kozanoglu
et al. [18]

Lau et
al. [7]

Item

Eligibility criteria were specified Yes Yes Yes Yes Yes

Subjects were randomly allocated to groups Yes Yes Yes No Yes

Allocation was concealed Yes No No Yes Yes

The groups were similar at baseline regarding the most important prognostic indicators Yes Yes No Yes Yes

There was blinding of all subjects Yes Yes No No Yes

There was blinding of all therapists who administered the therapy Yes Yes No Não Não

There was blinding of all assessors who measured at least one key outcome Yes No No Não Yes

Measures of at least one key outcome were obtained from more than 85 % of the
subjects initially allocated to groups

Yes No Yes Yes Yes

All subjects for whom outcome measures were available received the treatment or
control condition as allocated or data for at least one key outcome was analyzed
by “intention to treat”

No No No No No

The results of between-group statistical comparisons are reported for at least one
key outcome

Yes Yes Yes Yes Yes

The study provides both point measures and measures of variability for at least
one key outcome

Yes No Yes Yes Yes

Total PEDro Scale 09 05 04 05 08

Included Yes Yes No Yes Yes
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The following criteria were used to include studies for
further assessment:

& Study design: clinical trials (intervention studies)
& Eligible population: women with lymphedema second-

ary to breast cancer treatment;
& Intervention: treatment with LLLT used as an interven-

tion in the treatment group.
& Control group: there was no restriction in the control group

(placebo, other drug regimens, lack of intervention);
& Outcome of primary interest: changes in volume or

perimetry of the affected limb before and after the
intervention.

Data collection

Data were collected using a standardized form containing
information about: author and year of publication, number
of participants, the protocol of LLLT used, the control
group, outcomes evaluated, and main results.

Quality assessment of the methods of included studies

Quality of the articles was evaluated using the physiothera-
py evidence database scale (PEDro). When unavailable
from the original source, articles were reviewed employing
the same methodology used in PEDro [15]. Articles were
included whenever they scored at least 5 out of 10 points in
the scale.

Results

Forty-one studies were found matching our keyword search
in the selected databases and 36 articles were excluded for
not meeting the inclusion criteria (Fig. 1).

Among the five eligible papers for this systematic review,
quality assessment according to PEDro database was avail-
able for four publications [16–19] and one of them [19] did
not reach the minimum score required to be included in this
review. The article which was not evaluated in the PEDro
database [7] was considered of high methodological quality
and included in this analysis (Table 1).

Considering all four studies, 75 patients were submitted
to LLLT and 74 subjects were considered as controls. The
control groups were not similar in the studies. Among those
who used the placebo as a comparison (inactive laser),
Carati et al. [16] used it only in the first treatment cycle
but added active laser protocol in the secondcycle. Kaviani
et al. [17] used two cycles of inactive laser in the control
group. The pneumatic compression was the control used by
Kozanoglu et al. [18] and Lau et al. [7] compared their
results with a group with no intervention (Table 2). Ta

b
le

2
C
ha
ra
ct
er
is
tic
s
of

in
cl
ud

ed
st
ud

ie
s

S
tu
dy

N
um

be
r
of

su
bj
ec
ts

T
re
at
m
en
t
de
si
gn

C
on
tr
ol

G
ro
up

S
im

ila
r
in
te
rv
en
tio

ns
am

on
g

gr
ou
ps

F
ol
lo
w
-u
p

E
va
lu
at
io
n
of

ou
tc
om

es

C
ar
at
i
et

al
.
[1
6]

L
L
LT

0
33

2
bl
oc
ks

of
L
L
LT

,
se
pa
ra
te
d

by
an

8-
w
ee
k
re
st
pe
ri
od

1
bl
oc
k
of

sh
am

th
er
ap
y,

fo
llo

w
ed

by
an

8-
w
ee
k

re
st
pe
ri
od

an
d
th
en

1
bl
oc
k
of

L
L
LT

1
bl
oc
k
of

L
L
LT

1
bl
oc
k
of

th
er
ap
y
(a
ct
iv
e
or

pl
ac
eb
o)
,
fo
llo

w
ed

by
an

8-
w
ee
k
re
st
pe
ri
od

an
d
th
en

1
bl
oc
k
of

L
L
LT

P
er
im

et
ry
;
bi
oi
m
pe
da
nc
e;

to
no
m
et
ry
;
sh
ou
ld
er

ra
ng
e

of
m
ov
em

en
t;
se
lf
-r
ep
or
ts

C
on
tr
ol
0
33

K
av
ia
ni

et
al
.
[1
7]

L
L
LT

0
6

3
tim

es
a
w
ee
k
fo
r
3
w
ee
ks
.

A
ft
er

an
8-
w
ee
k
in
te
rv
al
,

th
e
sa
m
e
tr
ea
tm

en
t
pr
ot
oc
ol

w
as

re
pe
at
ed

fo
r
an
ot
he
r

3-
w
ee
k
pe
ri
od

(1
8
tr
ea
tm

en
t
se
ss
io
ns
)

P
at
ie
nt
s
si
m
ila
rl
y
re
ce
iv
ed

sh
am

ir
ra
di
at
io
n
un
de
r

st
ri
ct
ly

co
nt
ro
lle
d
do
ub
le
-

bl
in
de
d
co
nd
iti
on
s

N
ot

ap
pl
ic
ab
le

A
ss
es
se
d
be
fo
re

an
d
du
ri
ng

th
e

tr
ea
tm

en
t
at

w
ee
ks

3,
9,

12
,

18
,
an
d
22

L
im

b
ci
rc
um

fe
re
nc
e;

pa
in

sc
or
e;

ra
ng
e
of

m
ot
io
n;

he
av
in
es
s
of

th
e
af
fe
ct
ed

lim
b

C
on
tr
ol
0
6

K
oz
an
og
lu

et
al
.

[1
8]

L
L
LT

0
25

20
-m

in
th
er
ap
y
fo
r
4
w
ee
ks

an
d
co
ns
is
te
d
of

12
se
ss
io
ns

2
h
of

in
te
rm

itt
en
t
pn
eu
m
at
ic

co
m
pr
es
si
on

th
er
ap
y
fo
r

4
w
ee
ks

(2
0
se
ss
io
ns
)

A
ct
iv
e
ra
ng
e
of

m
ot
io
n,

el
ev
at
io
n,

an
d
pu
m
pi
ng

ex
er
ci
se
s,
hy
gi
en
e,

an
d
sk
in

ca
re

P
re

an
d
po
st
tr
ea
tm

en
t
an
d

fo
llo

w
-u
p
at

3,
6,

an
d

12
m
on
th
s

L
im

b
ci
rc
um

fe
re
nc
e;

pa
in

in
ra
ng
e
of

m
ot
io
n
of

th
e

up
pe
r
ex
tr
em

ity
jo
in
ts
;

gr
ip

st
re
ng
th
;

C
on
tr
ol
0
25

L
au

et
al
.
[7
]

L
L
LT

0
11

L
L
LT

w
as

3
tim

es
a
w
ee
k
fo
r

4
w
ee
ks

N
o
tr
ea
tm

en
t.
F
ol
lo
w
-u
p

af
te
r
4
an
d
8
w
ee
k
fo
r

re
as
se
ss
m
en
t

S
ki
n
ca
re
,
M
L
D
,
an
d
ge
nt
le

up
pe
r

lim
b
m
ob
ili
za
tio

n
ex
er
ci
se
s

B
ef
or
e
an
d
af
te
r
th
e
tr
ea
tm

en
t

pe
ri
od

an
d
at

th
e
4-
w
ee
k

fo
llo

w
-u
p

V
ol
um

et
ry
;
to
no
m
et
ry
;
D
A
S
H

qu
es
tio

nn
ai
re

sy
m
pt
om

s
C
on
tr
ol
0
10

L
L
LT

lo
w
-l
ev
el

la
se
r
th
er
ap
y;

D
A
SH

di
sa
bi
lit
ie
s
of

th
e
ar
m
,
sh
ou

ld
er
,
an
d
ha
nd

;
M
L
D

m
an
ua
l
ly
m
ph

dr
ai
na
ge

Lasers Med Sci (2014) 29:1289–1295 1291



The treatment period varied from 3 to 4 weeks for each
cycle and follow-up ranged from 1 to 12 months. Volume
reduction of the limbs as a major endpoint for the studies
was also measured by different methods: perometry, bioim-
pedance [16], circumference of the upper limbs [17, 18], and
water displacement [7]. In two studies, changes in tissue
hardening were also assessed by tonometry [7, 16]. Analysis
of subjective feelings as pain, restriction of movement,
difficulty in daily activities, and heaviness was included in
all studies (Table 2).

Treatment and control groups were similar in all studies
included in this systematic review except for lymphedema
duration in one study [16] (Table 3). Treatment protocol and
physical laser characteristics (type, output, and power)

varied widely in all four studies making it difficult to com-
pare among them. In all studies, the axilla was targeted and
one of them included treatment of the cubital fossa [18].
Table 4 summarizes the methods of the studies.

In all studies, LLLT showed favorable results in limb
volume reduction as compared with the control group, es-
pecially in longer periods of follow-up. Also, significant
decrease in tissue hardness was observed in two studies
where it was considered as an endpoint. LLLT failed to
show improvement of subjective symptoms in all but one
study. Results are shown in Table 5. No adverse reactions
were reported. None of the articles referred to any increase
in cancer dissemination after treatment. However, that was
not included as a scope for the selected studies.

Table 4 Technical features of laser used in the included trials

Study Laser type/model Local Treatment time Laser output/power density/dose

Carati et al. [16] RianCorp LTU
904H

17 points centered at 2-cm
intervals in the axilla

1 min each point, 1
7 min per session,
3 times a week,
3 weeks

300 mJ over 17 points (5.1 J in total),
dosage of 1.5 J/cm2

Kaviani et al. [17] GaAs diode
laser system,
Mustang-024

5 points in the axillary
region

3 times a week,
3 weeks, 2 period
(18 sessions)

10 W at 890 nm wavelength in pulsed
mode (frequency 3,000 Hz, pulse
width 130 ns, emission power 4 mJ/s).
0.7 cm2 each point of axillary region
was 1 J (energy density 1.5 J/cm2)

Kozanoglu et al. [18] GaAs 904-nm
laser devise
(Eletronica
Pagani IR27/4)

3 points on the antecubital
fossa and at seven points
on the axilla

20 min, 3 times a
week, 4 weeks
(12 sessions)

2800 Hz , 1.5 J/cm2

Lau et al. [7] Comby 3 Terza
Serie, Model D;
ASA S.r.l

Axillary region of the
affected side

20 min, 3 times a
week, 4 weeks
(12 sessions)

Wavelength of 808 nm and two emitting
at a wavelength of 905 nm. The average
output of the head source was 500 mW
(808 nm) and 24 mW (905 nm). Each
with pulsed emission at a frequency
varying from 1 to 10,000 Hz (905 nm)
and continuos emission at 1 to 1.500 Hz
(808 nm).

Table 3 Clinical characteristics of the patients included in the studies

Study Mean age (±SD) Mean weight at start of
trial (±SD)

Lymphedema duration (months)
(±SD)

Excess limb volume at start of
triala

LLLT Control LLLT Control LLLT Control LLLT Control

Carati et
al. [16]

63 years (±2) 65 years (± 2) 76 kg (±2) 76 kg (±3) 98 months (±15)b 43 months (±9)b 888 mL (±108) 645 mL (±72)

Kaviani et
al. [17]

54 years (±10) 49 years (±12) - - 7 years (±4) 6 years (±5) 180 cm (±18) 166 cm (±17)

Kozanoglu
et al. [18]

45 years (±10) 51 years (±10) - - 19 months (±30) 21 months (±27) 19 cm (±6) 17 cm (±10)

Lau et
al. [7]

51 years (±9) 51 years (±9) 62 kg (±86) 62 kg (±12) 43 months (±1) 36 months (±9) 448 mL (±146) 426 mL (±167)

a Affected limb volume−unaffected limb volume
bA significant statistical difference was found between the groups

1292 Lasers Med Sci (2014) 29:1289–1295



Discussion

The laser is an electromagnetic radiation from the light am-
plification by stimulated emission of radiation, produced in a
resonant optical cavity from an active medium and a source of
excitation [20]. The LLLT has been used as a resource for
physical therapy in different clinical settings [21]. Among the
types of laser, the most widely used in clinical practice are the
helium–neon (HeNe) and gallium–arsenide (GaAs) [22].

In cancer patients, the laser has been used in prevention
and treatment of mucositis induced by radiotherapy and
chemotherapy [23]. It is also employed in postoperative

complications of breast cancer, in order to stimulate lym-
phangiogenesis, enhance lymphatic motility, stimulate mac-
rophages and immune system, and reduce fibrosis [24].
However, these effects could possibly favor recurrence and
metastasis development [25–28].

Inclusion of studies was performed based on the criteria
of the PEDro scale. However, this scale does not classify the
external validity of the studies nor considers the magnitude
of the effects of the treatments, thus it cannot be considered
as a reliable source for evidence of the results [15].

Several aspects must be taken into account in assessing
the applicability of the LLLT in clinical practice for patients

Table 5 Effect of the treatment of studies included in systematic review

Author Effect of the treatment

Arm volume Tonometry Symptoms

Carati et al.
[16]

Mean affected limb volume at 3 months after
2 cycles of treatment was significantly
less than after placebo treatment (89.7 vs
32.1 mL; P00.017). There were no significant
differences found between active and placebo
groups immediately after cessation of the
treatment. Thirty-one percent had a clinically
significant reduction in their affected limb
volume 2–3 months after treatment with
2 cycles of LLLT treatment.

There were significant decreases in
tonometry readings (indicating
increased tissue hardness) in
participants receiving placebo
or one cycle of LLLT treatment
over the duration of the trial.
Significant hardening of the affected
arm were reported immediately after
treatment with 2 cycles of LLLT,
but at 3 months after treatment there
was a significant increase in tissue
tonometry reported in the affected
upper arm (P00.025).

There was no difference found
between placebo or either of
the active treatment regimens.

Kaviani et
al. [17]

The total reduction in circumference in LLLT
group was greater than in the sham group in
all sessions except week22a.

- The reduction of pain score at
each session compared to
pretreatment status in the
laser group was more than
in the sham group except in
the weeks3 and 9a. The
differences between range of
motion and heaviness scores
at each session and baseline
scores had a similar pattern
in both groupsa.

Kozanoglu
et al. [18]

The reduction in the limb circumference
was greater in LLLT group than that in
control group at posttreatment (P00.04)
and at 12 months (P00.02).

– No significant differences were
detected with respect to pain
scores and grip strength
between the two groups in
all follow-up.

Lau et al.
[7]

In the laser group, the change in arm volume
decreased from 448.2 to 320.9 mL at 4-week
follow-up (p00.00). The control group
showed a significant increase, from 426.0
to 447.0 mL (p00.00) at the 4-week follow-up.
By the follow-up session, the laser group had
a 28 % cumulative reduction in the arm
volume in contrast to a 6 % increase in the
control group (p00.044).

The laser group demonstrated a
significant increase in tonometry
readings at sites 1, 2, and 4 (p00.000;
p00.002; p00.000). Upon the follow-up
session, there was a 33.2 % cumulative
increase in tonometry reading at site 1
and a 15.2 % cumulative increase at
site 2 and 4, with significant between-
group difference found at sites 1 and
4 even after adjustment (p<0.017).

In the laser group, the mean DASH
scores decreased significantly
from 36.9 to 24.9 at the follow-up
session (p00.040), but not in
control group (p00.338). Upon
the 4-week follow-up, the laser
group demonstrated a 37 %
cumulative reduction in DASH
scores, compared to a 7 %
cumulative increase in DASH
scores for the control group
(p0not significant).

aP value not reported

Lasers Med Sci (2014) 29:1289–1295 1293



with lymphedema after breast cancer treatment (external
validity): generalizability of results, definition, and evalua-
tion of outcomes and benefits of treatment [29].

Considering the generalization of results, this systematic
review was used as selection criteria studies in women with
lymphedema after breast cancer. Therefore, the results can-
not be generalized to other populations.

About the outcomes studied, all items included limb
volume reduction as the main outcome, although the method
used was not uniform. Also studied were the tissue resis-
tance (tonometry), range of motion, related symptoms of the
limb, and reported difficulties in performing daily activities.

The best methodological design of a clinical trial to
assess the efficacy of a new treatment is to compare the
treatment under test to the standard method employ to
manage the clinical problem [30]. For lymphedema after
breast cancer treatment, the best scientific evidence supports
the approach by complex decongestive physiotherapy and
compression [3, 6, 24, 31–33]. However, no study has
targeted such design.

Therefore, the results of this systematic review are to be
cautiously interpreted due to the inherent methodological
limitations of the analyzed studies, like the small sample
sizes of the included studies, the lack of definition of the
used dose and power density in several studies, and the lack
of two important qualitative parameters, i.e., blindness and
concealed allocation to groups. Because of these limitations,
the meta-analysis could not be performed.

Future research must be performed to establish some un-
clear issues regarding laser therapy in patients with lymphe-
dema after breast cancer treatment, particularly the time of
laser application, number of treatment sessions, energy set-
tings, power density, and dose. In addition, future studies must
include, as a comparison group, the standard lymphedema
treatment (complex physical therapy) in order to ascertain
the laser role in lymphedema treatment. Additionally, longer
follow-up is necessary to evaluate the occurrence of side
effects or adverse reactions related to laser exposure.

Conclusion

The LLLT showed favorable results in reducing limb vol-
ume as compared to placebo, no intervention, and pneumat-
ic compression. However, studies comparing LLLT with the
standard approach recommended to treat most patients with
lymphedema after breast cancer treatment were not reported.
Therefore, it is not possible to ascertain the role of LLLT
alone or combined with complex physical therapy in this
group of patients. As no studies have evaluated the hypoth-
esis whether LLLT can increase the risk of recurrence or
metastasis, this procedure should be employed cautiously in
cancer patients.
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