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Abstract Researches have been performed to investigate the
effects of phototherapy on improving performance and reduc-
tion of muscular fatigue. However, a great variability in the
light parameters and protocols of the trials are a concern to
establish the efficacy of this therapy to be used in sports or
clinic. The aim of this study is to investigate the effectiveness,
moment of application of phototherapy within an exercise
protocol, and which are the parameters optimally effective
for the improvement of muscular performance and the reduc-
tion of muscular fatigue in healthy people. Systematic
searches of PubMed, PEDro, Cochrane Library, EMBASE,
andWeb of Science databases were conducted for randomized
clinical trials to March 2017. Analyses of risk of bias and
quality of evidence of the included trials were performed,
and authors were contacted to obtain any missing or unclear
information. We included 39 trials (861 participants). Data
were reported descriptively through tables, and 28 trials were

included in meta-analysis comparing outcomes to placebo.
Meta-analysis was performed for the variables: time until
reach exhaustion, number of repetitions, isometric peak
torque, and blood lactate levels showing a very low to mod-
erate quality of evidence and some effect in favor to photo-
therapy. Further investigation is required due the lack of meth-
odological quality, small sample size, great variability of ex-
ercise protocols, and phototherapy parameters. In general,
positive results were found using both low-level laser therapy
and light-emitting diode therapy or combination of both in a
wavelength range from 655 to 950 nm. Most of positive re-
sults were observed with an energy dose range from 20 to 60 J
for small muscular groups and 60 to 300 J for large muscular
groups and maximal power output of 200 mW per diode.
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Introduction

Strategies to improve performance and reduce muscular fa-
tigue have been investigated in a number of studies in the
sports and physical activity fields [1–3]. The aim of these
strategies was to provide improvement in muscular perfor-
mance, decrease muscular fatigue signals, and shorten the
recovery process after an activity. Ultimately, these strategies
enable the athlete to be better prepared for training or compe-
tition. These strategies may also be beneficial for patients in a
rehabilitation process while the potential of more efficient
exercises may increase the rehabilitation or recovery process.

Variousmethods to improvemuscularperformanceor slowing
downof the signalsofmuscular fatiguehavebeenstudied, suchas
massage, warm-up, compression garments, and cryotherapy
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[4–8].Scientificevidenceregardingtheeffectivenessofsuchstrat-
egies remains, however, unclear and theoretical [7–9].

Photobiomodulation therapy using low-level laser therapy
(LLLT) and light-emitting diode therapy (LEDT) has also been
utilized to increase muscular performance and reduce muscular
fatigue signals [10, 11]. Photobiomodulation therapy achieving
its photobiomodulation effects (i.e., biostimulation or
bioinhibition of chemical and physiological functions) when
used with optimal parameters inside a specific Btherapeutic
window^hasbeenwell described [12, 13].Consequently, efforts
have been made to establish a range of optimal dose–responses
that influence cellular activity [11–14]. Moreover, although the
proposedmechanism of photobiostimulation is through increas-
ing cytochrome c-oxidase expression at themitochondrial level,
which leads to an increase in adenosine triphosphate (ATP) pro-
duction [15, 16], a better muscular response when applied in
combination with physical exercise is expected.

Two systematic reviews have been previously published on
the effectiveness of photobiostimulation through
photobiomodulation therapy on muscular performance [10,
11]. Most studies included in both reviews demonstrated pos-
i t i ve ou t comes rega rd ing the e f f ec t i venes s o f
photobiomodulation therapy on muscle by improving perfor-
mance and showing ergogenic effects when applied before the
exercise. Nonetheless, the results of the published data remained
inconclusive, and further research was required to make valid
inferences on the estimated effect of photobiomodulation thera-
py. Since the publication of the last review [11], significant
advances have been observed in the literature on the use of
photobiomodulation therapy to improve muscle performance
[17–20], and the investigation of its effects on this field con-
tinues [21]. Therefore, this systematic review aimed to update
the current knowledge on the effects of photobiostimulation
combined with exercise for muscle performance improvement
and muscular fatigue reduction in both athletes and healthy peo-
ple. Specifically, this systematic review evaluated the effective-
ness of the addition of photobiomodulation therapy to an exer-
cise protocol in reducing muscle fatigue and improving muscle
performance in healthy individuals between 18 and 40 years;
when photobiomodulation therapy should be applied within an
exercise protocol to be optimally effective in reducing muscle
fatigue and improving muscle performance in healthy individ-
uals; and which photobiomodulation therapy light parameters
are optimally effective in reducing muscle fatigue and improv-
ing muscle performance in healthy individuals.

Methods

Protocol and registration

This systematic review was conducted in accordance with the
PRISMA statement. The review protocol was prospectively

registered in the International Prospective Register of
Systemat ic Reviews (PROSPERO – regis t ra t ion
#CRD42015024010), and it can be accessed at https://www.
crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42015024010.

Eligibility criteria

Only randomized controlled trials (RCTs) that tested the effec-
tiveness of photobiomodulation therapy (laser or light-emitting
diode [LED] lights) in reducing muscle fatigue signals and/or
improving muscular performance in healthy adults, athletes, or
physically active individuals, from 18 to 40 years old, against no
intervention or placebo group were considered as eligible. The
participants should have been enrolled in an exercise session or
in a s t rength or aerobic t ra in ing protocol wi th
photobiomodulation therapy irradiation applied at any time of
the physical exercise proposed.

Search strategy

Systematic electronic searches were conducted on PubMed,
Embase, PEDro, Web of Science, and Cochrane Central
Register of Controlled Trials. The searches were not limited by
date or language of publication, and they were structured follow-
ing the Cochrane Collaboration recommendations [22]. The last
day of the search for articles was March 19, 2017. The reference
lists of the full texts screened were searched manually to obtain
potentially eligible studies that were not retrieved electronically.

Study selection

One reviewer (AAV) conducted the searches. This reviewer also
screened each article based on title information followed by ab-
stract and keyword analysis. After this first step, two independent
reviewers (AAVand EV) conducted the inclusion of all full-text
articles that remained for inclusion.

Evaluation of the risk of bias

Risk of bias of the eligible studies was evaluated through
Cochrane Collaboration’s tool for assessing risk of bias of ran-
domized trials [22]. The classification of this tool includes seven
items assessing risk of bias: selection bias (random sequence
generation and allocation concealment), performance bias
(blinding of participants and personnel), detection bias (blinding
of outcome assessment), attrition bias (incomplete outcome da-
ta), reporting bias (selective reporting), and other sources of
biases [22].

The judgment for each item was classified as Blow risk^ (+),
Bhigh risk^ (−), or Bunclear risk of bias^ (?) [22]. The last was
considered when information is lacking or uncertain regarding
the potential risk of bias. Two reviewers (AAVand SDB) scored

182 Lasers Med Sci (2018) 33:181–214

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



T
ab

le
1

M
et
ho
ds
,p
ar
tic
ip
an
ts
,i
nt
er
ve
nt
io
ns
,a
nd

ou
tc
om

es

A
ut
ho
rs

Y
ea
r

S
et
tin

g
D
es
ig
n

S
am

pl
e

si
ze

(n
)

Pa
rt
ic
ip
an
ts

O
ut
co
m
e
as
se
ss
m
en
tc
on
di
tio

n
Pl
ac
eb
o

M
ai
n
ou
tc
om

es

A
lm

ei
da

et
al
.

[2
4]

20
12

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

10
U
nt
ra
in
ed

he
al
th
y
m
al
e

st
ud
en
ts
(2
2.
30

±
2.
26

ye
ar
s)

Is
om

et
ri
c
co
nt
ra
ct
io
n
of

el
bo
w

fl
ex
or
s
(n
on
do
m
in
an
ta
rm

)
on

th
e

Sc
ot
tb

en
ch

fo
r
60

s.

N
ot

sp
ec
if
ie
d.

Pe
ak

fo
rc
e
(k
gf
)

A
ve
ra
ge

fo
rc
e
(k
gf
)

A
lv
es

et
al
.

[2
5]

20
14

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

18
U
nt
ra
in
ed

he
al
th
y
m
al
e
an
d

fe
m
al
e
(2
2
±
1
ye
ar
s)

C
ar
di
op
ul
m
on
ar
y
ex
er
ci
se

te
st
in
g
in

el
ec
tr
om

ag
ne
tic

cy
cl
e
er
go
m
et
er

(7
0
rp
m
).

D
ev
ic
e
tu
rn
ed

of
f.

To
ta
le
xe
rc
is
e
tim

e
(s
)

H
ea
rt
ra
te
(H

R
,b
pm

)
A
bs
ol
ut
e
V
O
2
m
ax

(m
L
/m

in
)

R
el
at
iv
e
V
O
2
m
ax

(m
L
/k
g
m
in
)

W
or
k
lo
ad

R
PE

Sy
st
ol
ic
bl
oo
d
pr
es
su
re

(m
m
H
g)

B
lo
od

la
ct
at
e
co
nc
en
tr
at
io
n

(m
m
ol
/L
)

E
le
ct
ro
m
yo
gr
ap
hy

fa
tig
ue

th
re
sh
ol
d
(s
)

A
nt
on
ia
lli

et
al
.

[1
4]

20
14

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
de
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l.

40
U
nt
ra
in
ed

he
al
th
y
m
al
e
(2
4.
10

±
1.
52

ye
ar
s)
.

E
cc
en
tr
ic
is
ok
in
et
ic
ex
er
ci
se

pr
ot
oc
ol

(k
ne
e
ex
te
ns
or

m
us
cu
la
tu
re

of
th
e

no
nd
om

in
an
tl
eg
—
fi
ve

se
ts
of

15
re
ps
,v
el
oc
ity

of
60
°/
se
g)
.

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

Is
om

et
ri
c
pe
ak

to
rq
ue

(M
V
C
-N

m
)

D
O
M
S
(V
A
S
-
m
m
)

C
K
ac
tiv

ity
(U

/L
)

D
O
M
S–

al
go
m
et
ry

(k
gf
)

B
ar
on
i

et
al
.

[2
6]

20
10
a

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l.

36
U
nt
ra
in
ed

he
al
th
y
m
al
e
(2
5.
35

±
3.
41

ye
ar
s
L
L
LT

gr
ou
p,

24
.2
8
±
5.
48

ye
ar
s
pl
ac
eb
o

gr
ou
p)

E
cc
en
tr
ic
is
ok
in
et
ic
ex
er
ci
se

pr
ot
oc
ol

(k
ne
e
ex
te
ns
or

m
us
cu
la
tu
re

of
th
e

no
nd
om

in
an
tl
eg
—
fi
ve

se
ts
of

15
re
ps
,v
el
oc
ity

of
60
°/
se
g)
.

D
ev
ic
e
tu
rn
ed

of
f.

Is
om

et
ri
c
pe
ak

to
rq
ue

(M
V
C
-N

m
)

D
O
M
S

C
K
ac
tiv

ity
(I
U
/L
)

L
D
H
(I
U
/L
)

B
ar
on
i

et
al
.

[2
7]

20
10
b

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

17
U
nt
ra
in
ed
,h
ea
lth
y
an
d

ph
ys
ic
al
ly

ac
tiv

e
su
bj
ec
ts

(2
6.
29

±
4.
33

ye
ar
s)
.

30
m
ax
im

al
is
ok
in
et
ic
co
nc
en
tr
ic

re
pe
tit
io
ns

of
kn
ee

fl
ex
io
n–
ex
te
ns
io
n
pe
rf
or
m
ed

at
an

an
gu
la
r
ve
lo
ci
ty

of
18
0°
/s
eg

w
ith

a
90
-d
eg
re
e
R
O
M

(k
ne
e
ex
te
ns
or

m
us
cu
la
tu
re

of
th
e
do
m
in
an
tl
eg
).

D
ev
ic
e
tu
rn
ed

of
f.

Is
om

et
ri
c
pe
ak

to
rq
ue

(M
V
C
-N

m
)

A
V
G
pe
ak

to
rq
ue

(N
m
)

A
V
G
po
w
er

(W
)

To
ta
lw

or
k
(J
)

W
or
k
fa
tig
ue

in
de
x
(%

)
B
ar
on
i

et
al
.

[6
6]

20
15

L
ab
or
at
or
y

R
an
do
m
iz
ed

cl
in
ic
al
tr
ia
l

30
U
nt
ra
in
ed
,h
ea
lth
y
m
al
e

(2
3.
20

±
2.
15

ye
ar
s
co
nt
ro
l

gr
ou
p,
24
.5
0
±
3.
53

ye
ar
s

tr
ai
ni
ng

gr
ou
p,
an
d
21
.6
0

±
2.
63

ye
ar
s
tr
ai
ni
ng

+
L
L
LT

)

8-
w
ee
k
kn
ee

ex
te
ns
or

is
ok
in
et
ic

ec
ce
nt
ri
c
tr
ai
ni
ng

pr
og
ra
m

(e
cc
en
tr
ic
is
ok
in
et
ic
ex
er
ci
se

pr
ot
oc
ol

-
kn
ee

ex
te
ns
or

m
us
cu
la
-

tu
re

of
th
e
no
nd
om

in
an
tl
eg
—
3-
4

se
ts
of

10
re
ps
,v
el
oc
ity

of
60
°/
se
g)
.

N
o
pl
ac
eb
o
gr
ou
p.

Is
om

et
ri
c
pe
ak

to
rq
ue

(M
V
C
-N

m
)

C
on
ce
nt
ri
c
pe
ak

to
rq
ue

(N
m
)

E
cc
en
tr
ic
pe
ak

to
rq
ue

(N
m
)

M
us
cl
e
th
ic
kn
es
s
(c
m
)

B
or
ge
s

et
al
.

[2
8]

20
14

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
de
d

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l.

17
U
nt
ra
in
ed

he
al
th
y
m
al
e
(2
2

±
1
ye
ar
s
L
E
D
T
an
d
21

±
1
ye
ar
s
pl
ac
eb
o)

30
ec
ce
nt
ri
c
co
nt
ra
ct
io
ns

w
ith

a
lo
ad

of
10
0%

of
m
ax
im

al
vo
lu
nt
ar
y

is
om

et
ri
c
co
nt
ra
ct
io
n
st
re
ng
th

of
th
e
el
bo
w
fl
ex
or
s
of

th
e

no
nd
om

in
an
ta
rm

(w
ei
gh
te
d

du
m
bb
el
ls
).

A
sm

al
lp

ro
te
ct
iv
e
sh
ie
ld

w
as
pl
ac
ed

ov
er
th
e
tip

of
th
e
pr
ob
e
L
E
D
T

bl
oc
ki
ng

th
e

ir
ra
di
at
io
n.

Is
om

et
ri
c
m
us
cl
e
st
re
ng
th

(N
)

M
us
cl
e
so
re
ne
ss

(c
m
)

E
lb
ow

ra
ng
e
of

m
ot
io
n

(R
O
M
-d
eg
)

D
e
M
ar
ch
i

et
al
.

[2
9]

20
12

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

22
U
nt
ra
in
ed

he
al
th
y
m
al
e
(2
2.
02

±
3.
02

ye
ar
s)
.

P
ro
gr
es
si
ve

ru
nn
in
g
pr
ot
oc
ol

on
a

m
ot
or
-d
ri
ve
n
tr
ea
dm

ill
N
ot

sp
ec
if
ie
d.

T
im

e
to

ex
ha
us
tio
n
(s
)

A
bs
ol
ut
e
V
O
2
m
ax

(L
/m

in
)

R
el
at
iv
e
V
O
2
m
ax

(m
L
/k
g
m
in
)

A
er
ob
ic
th
re
sh
ol
d
(s
an
d

L
/m

in
)

A
na
er
ob
ic
th
re
sh
ol
d
(s
an
d

L
/m

in
)

T
B
A
R
S
(n
m
ol
/m

L
)

Lasers Med Sci (2018) 33:181–214 183

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
rs

Y
ea
r

S
et
tin

g
D
es
ig
n

S
am

pl
e

si
ze

(n
)

Pa
rt
ic
ip
an
ts

O
ut
co
m
e
as
se
ss
m
en
tc
on
di
tio

n
Pl
ac
eb
o

M
ai
n
ou
tc
om

es

C
ar
bo
ny
la
te
d
pr
ot
ei
ns

(n
m
ol
)

SO
D
ac
tiv

ity
(U

SO
D
/g

of
pr
ot
ei
n)

C
A
T
ac
tiv
ity

(U
C
A
T
/m

g
of

pr
ot
ei
n)

C
K
ac
tiv

ity
(U

/L
)

L
D
H
(U

/L
)

D
e
M
ar
ch
i

et
al
.

[1
7]

20
17

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
de
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

40
H
ea
lth
y
ph
ys
ic
al
ly

ac
tiv

e
m
al
e

vo
lu
nt
ee
rs
(2
5.
30

±
3.
32
)

Fa
tig

ue
-i
nd
uc
ed

pr
ot
oc
ol

by
pe
rf
or
m
in
g
5
se
ts
of

10
ec
ce
nt
ri
c/
co
nc
en
tr
ic
co
nt
ra
ct
io
ns

of
th
e
el
bo
w
fl
ex
or
s
(i
so
ki
ne
tic

dy
na
m
om

et
er
)

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

Is
om

et
ri
c
Pe
ak

to
rq
ue

(M
V
C
-N

m
)

D
O
M
S

T
B
A
R
S
(n
m
ol
/m

L
)

C
ar
bo
ny
la
te
d
pr
ot
ei
ns

(n
m
ol
)

C
K
ac
tiv

ity
(U

/L
)

D
e
Pa
iv
a

et
al
.

[1
8]

20
16

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d
cl
in
ic
al

tr
ia
l

50
U
nt
ra
in
ed

he
al
th
y
m
al
e
(2
4.
98

±
5.
9
ye
ar
s)
.

E
cc
en
tr
ic
is
ok
in
et
ic
ex
er
ci
se

pr
ot
oc
ol

(k
ne
e
ex
te
ns
or

m
us
cu
la
tu
re

of
th
e

no
nd
om

in
an
tl
eg
—
fi
ve

se
ts
of

15
re
ps
,v
el
oc
ity

of
60
°/
se
g)
.

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

M
V
C

D
O
M
S

C
K
ac
tiv

ity
(U

/L
)

D
e
So

uz
a

et
al
.

[1
9]

20
16

L
ab
or
at
or
y

R
an
do
m
iz
ed
,b
lin
de
d

co
nt
ro
lle
d
cl
in
ic
al
tr
ia
l

60
Y
ou
ng

an
d
ph
ys
ic
al
ly

ac
tiv
e

vo
lu
nt
ee
rs
of

bo
th

ge
nd
er
s

(2
2.
6
±
2.
7)

Fa
tig

ue
-i
nd
uc
ed

pr
ot
oc
ol

by
pe
rf
or
m
in
g
10
0
is
ok
in
et
ic

co
nc
en
tr
ic
co
nt
ra
ct
io
ns

of
an
kl
e

pl
an
ta
r
fl
ex
or
s
at
a
sp
ee
d
of

90
°/
s.

Se
co
nd

pe
n
of

th
e
la
se
r

de
vi
ce

w
hi
ch

w
as

di
sc
on
ne
ct
ed

an
d
di
d

no
te
ff
ec
tiv
el
y

ir
ra
di
at
e
en
er
gy
.

D
yn
am

om
et
ri
c
fa
tig

ue
in
de
x

M
ed
ia
n
fr
eq
ue
nc
y

D
en
is
et
al
.

[3
0]

20
13

L
ab
or
at
or
y

R
an
do
m
iz
ed
,s
in
gl
e-
bl
in
de
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

18
A
th
le
te
s
he
al
th
y
m
al
e
(s
oc
ce
r,

ho
ck
ey
,a
nd

ru
gb
y
un
io
n)

(2
2.
1
±
4.
1
ye
ar
s)
.

W
in
ga
te
an
ae
ro
bi
c
te
st

Y
oy
o
in
te
rm

itt
en
tr
ec
ov
er
y
te
st

N
ot

sp
ec
if
ie
d.

W
or
k
(k
J)

B
lo
od

la
ct
at
e
le
ve
ls

(m
m
ol
/L
)

Pe
ak

po
w
er

(W
)

Fa
tig

ue
in
de
x
(%

)
Fe
lis
m
in
o

et
al
.

[3
1]

20
14

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
st
ud
y.

22
Ph

ys
ic
al
ly
ac
tiv

e
he
al
th
y
m
al
es

(2
5.
09

±
4.
6
ye
ar
s
pl
ac
eb
o

gr
ou
p
an
d
26
.1

±
4.
1
ye
ar
s

L
L
LT

gr
ou
p)
.

B
ic
ep
s
cu
rl
ex
er
ci
se
—
10

se
ts
of

10
re
pe
tit
io
ns

w
ith

a
lo
ad

of
50
%

of
1R

M

D
ev
ic
e
tu
rn
ed

of
f

C
K
ac
tiv

ity
(%

)
1-
R
M

Fe
rr
ar
es
i

et
al
.

[3
2]

20
11

L
ab
or
at
or
y

R
an
do
m
iz
ed

co
nt
ro
lle
d
cl
in
ic
al

tr
ia
l.

36
H
ea
lth
y
m
al
e
(1
9.
7
±
0.
8
ye
ar
s

tr
ai
ni
ng

+
la
se
r
gr
ou
p,
21
.2

±
2.
5
ye
ar
s
tr
ai
ni
ng

gr
ou
p,

an
d
21
.8

±
2.
1
ye
ar
s
co
nt
ro
l

gr
ou
p)
.

D
yn
am

ic
st
re
ng
th

tr
ai
ni
ng

pr
og
ra
m

in
vo
lv
in
g
th
e
le
g-
pr
es
s
ex
er
ci
se

tw
ic
e
a
w
ee
k
fo
r
12

co
ns
ec
ut
iv
e

w
ee
ks
.

N
o
pl
ac
eb
o
gr
ou
p.

1-
R
M

le
g
te
st
(%

),
M
PI
D
te
st

T
hi
gh

pe
ri
m
et
ry

(%
)

Fe
rr
ar
es
i

et
al
.

[5
6]

20
15

Fi
el
d

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

an
d
pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l.

12
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(2
5.
5
±
5.
3
ye
ar
s)
.

4
m
at
ch
es

du
ri
ng

a
na
tio
na
l

ch
am

pi
on
sh
ip
.

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

C
K
ac
tiv

ity
(U

/L
)

Fr
its
ch

et
al
.

[3
3]

20
16

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
de
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

24
he
al
th
y
m
al
e
vo
lu
nt
ee
rs
(2
4

±
2.
58
)

Pl
yo
m
et
ri
c
ex
er
ci
se
s

D
ev
ic
e
tu
rn
ed

of
f

Is
om

et
ri
c
Pe
ak

to
rq
ue

(M
V
C
-N

m
)

E
ch
o
in
te
ns
ity

(u
ltr
as
on
og
ra
ph
y)

M
us
cl
e
so
re
ne
ss

(V
A
S)

G
or
ge
y

et
al
.

[3
4]

20
08

L
ab
or
at
or
y

R
an
do
m
iz
ed
,c
ro
ss
ov
er

tr
ia
ls

(p
ilo

ts
tu
dy
)

5
U
nt
ra
in
ed

he
al
th
y
m
al
e

st
ud
en
ts
(1
9
±
0.
7
ye
ar
s)
.

N
M
E
S
pr
ot
oc
ol

w
as

de
liv

er
ed

fo
r

3
m
in
to
in
du
ce

fa
tig

ue
in
th
e
kn
ee

ex
te
ns
or

m
us
cl
e
gr
ou
p
(t
w
o
te
st

tr
ia
ls
(L
L
LT

3
e
7
J
+
N
M
E
S)

an
d

a
co
nt
ro
lt
ri
al
(N

M
E
S
on
ly
))
.

N
o
pl
ac
eb
o
gr
ou
p.

M
V
C
(N

m
)

H
em

m
in
gs

et
al
.

[3
5]

20
17

L
ab
or
at
or
y

R
an
do
m
iz
ed
,b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
cr
os
s-

ov
er

tr
ia
l

34
re
cr
ea
tio
na
lr
es
is
ta
nc
e-
tr
ai
ne
d

at
hl
et
es

(b
ot
h
ge
nd
er
s)

(2
1.
1
±
2.
0)

E
cc
en
tr
ic
le
g
ex
te
ns
io
n
w
ith

12
0%

of
M
V
C
un
til

fa
tig

ue
(i
so
ki
ne
tic

dy
na
m
om

et
er
).

D
ev
ic
e
tu
rn
ed

of
fa
nd

th
e

be
ep

so
un
d
w
as

si
m
ul
at
ed

fr
om

an
ot
he
r
la
se
r
pr
ob
e.

N
um

be
r
of

re
pe
tit
io
ns

Is
om

et
ri
c
Pe
ak

to
rq
ue

(M
V
C
-N

m
)

B
lo
od

la
ct
at
e

184 Lasers Med Sci (2018) 33:181–214

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
rs

Y
ea
r

S
et
tin

g
D
es
ig
n

S
am

pl
e

si
ze

(n
)

Pa
rt
ic
ip
an
ts

O
ut
co
m
e
as
se
ss
m
en
tc
on
di
tio

n
Pl
ac
eb
o

M
ai
n
ou
tc
om

es

H
ig
as
hi

et
al
.

[3
6]

20
13

L
ab
or
at
or
y

R
an
do
m
iz
ed
,t
ri
pl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

20
A
ct
iv
e
he
al
th
y
fe
m
al
es

(2
1.
9

±
1.
1
ye
ar
s)
.

E
lb
ow

fl
ex
io
n-
ex
te
ns
io
n
m
ov
em

en
t

as
po
ss
ib
le
w
ith

75
%

of
w
ei
gh
to
f

1-
R
M
.

N
ot

sp
ec
if
ie
d

B
lo
od

la
ct
at
e
(p

va
lu
e/
gr
ap
hs
),
E
M
G

fa
tig

ue
(p

va
lu
e/
gr
ap
hs
),

N
um

be
r
of

el
bo
w

fl
ex
io
n-
ex
te
ns
io
n
re
pe
ti-

tio
ns

K
el
en
cz

et
al
.

[3
7]

20
10

L
ab
or
at
or
y

R
an
do
m
iz
ed

cl
in
ic
al
tr
ia
l.

30
H
ea
lth

y
m
al
es

an
d
fe
m
al
es

(7
m
en
,2
3
w
om

en
)
(2
3

±
3
ye
ar
s)
.

M
V
C
la
st
ed

60
s.

D
ev
ic
e
tu
rn
ed

of
f

A
ct
iv
ity

of
th
e
ri
gh
t

m
as
se
te
r
(μ
V
)

A
ct
iv
ity

of
th
e
le
ft
m
as
se
te
r

(μ
V
)

M
ax
im

al
fo
rc
e
(k
gf
)

M
ea
n
fo
rc
e
(k
gf
)

T
im

e
to

ex
ha
us
tio
n
(s
)

L
ea
l-
Ju
ni
or

et
al
.

[3
8]

20
08

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l.

12
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(2
2
±
3
ye
ar
s)

V
ol
un
ta
ry

bi
ce
ps

co
nt
ra
ct
io
ns

-
lo
ad

of
75
%

of
th
e
M
V
C

a
sm

al
lp

ro
te
ct
iv
e
sh
ie
ld

w
as
pl
ac
ed

ov
er
th
e
tip

of
th
e
pr
ob
e
bl
oc
ki
ng

th
e
la
se
r
en
er
gy

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

T
im

e
to

ex
ha
us
tio
n
(s
)

N
um

be
r
of

re
pe
tit
io
ns

L
ea
l-
Ju
ni
or

et
al
.

[3
9]

20
09
a

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

8
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(1
8.
50

±
0.
93

ye
ar
s)

W
in
ga
te
te
st
(c
yc
lin
g
at
m
ax
im

al
sp
ee
d
fo
r
30

s
w
ith

a
lo
ad

of
7.
5%

of
th
e
at
hl
et
e’
s
bo
dy

w
ei
gh
t)

N
ot

sp
ec
if
ie
d

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

C
K
ac
tiv

ity
(U

/L
)

Pe
ak

po
w
er

ou
tp
ut

(W
/k
g)

M
ea
n
po
w
er

ou
tp
ut

(W
/k
g)

L
ea
l-
Ju
ni
or

et
al
.

[4
0]

20
09
b

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
de
d

pl
ac
eb
o-
co
nt
ro
lle
d
cr
os
s-

ov
er

tr
ia
l.

10
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(2
3.
6
±
5.
6
ye
ar
s)
.

V
ol
un
ta
ry

bi
ce
ps

hu
m
er
ic
on
tr
ac
tio

ns
w
ith

a
w
or
kl
oa
d
of

75
%

of
th
ei
r

m
ax
im

al
vo
lu
nt
ar
y
co
nt
ra
ct
io
n

fo
rc
e.

N
ot

sp
ec
if
ie
d

N
um

be
r
of

re
pe
tit
io
ns

T
im

e
to

ex
ha
us
tio
n
(s
)

C
K
ac
tiv

ity
(U

/L
)

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

C
R
P
le
ve
ls
(m

g/
dL

)
L
ea
l-
Ju
ni
or

et
al
.

[4
1]

20
09
c

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l

20
A
th
le
te
s
(m

al
e
vo
lle
yb
al
la
nd

so
cc
er

pl
ay
er
s)
.

V
ol
le
yb
al
ln

=
9
(2
0.
67

±
2.
96

ye
ar
s)

So
cc
er

n
=
11

(1
6.
18

±
0.
75

ye
ar
s)

W
in
ga
te
te
st
(c
yc
lin

g
at
m
ax
im

um
sp
ee
d
fo
r
30

s
ag
ai
ns
ta

lo
ad

of
7.
5%

of
th
e
at
hl
et
e’
s
bo
dy

w
ei
gh
t)
.

N
ot

sp
ec
if
ie
d

M
us
cl
e
W
or
k
(J
)

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

C
K
ac
tiv

ity
(U

/L
)

L
ea
l-
Ju
ni
or

et
al
.

[4
2]

20
09
d

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l

10
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(2
2.
30

±
6.
09

ye
ar
s)
.

V
ol
un
ta
ry

bi
ce
ps

hu
m
er
ic
on
tr
ac
tio

ns
w
ith

a
w
or
kl
oa
d
of

75
%

of
th
ei
r

m
ax
im

al
vo
lu
nt
ar
y
co
nt
ra
ct
io
n

fo
rc
e.

N
ot

sp
ec
if
ie
d

N
um

be
r
of

re
pe
tit
io
ns

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

T
im

e
to

ex
ha
us
tio
n
(s
)

L
ea
l-
Ju
ni
or

et
al
.

[4
3]

20
10

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
cr
os
s-

ov
er

tr
ia
l.

9
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(1
8.
6
±
1
ye
ar
s)
.

V
ol
un
ta
ry

bi
ce
ps

hu
m
er
ic
on
tr
ac
tio

ns
w
ith

a
w
or
kl
oa
d
of

75
%

of
th
ei
r

m
ax
im

al
vo
lu
nt
ar
y
co
nt
ra
ct
io
n

fo
rc
e
un
til

ex
ha
us
tio

n.

N
ot

sp
ec
if
ie
d.

N
um

be
r
of

re
pe
tit
io
ns

T
im

e
to

ex
ha
us
tio
n
(s
)

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

C
K
ac
tiv

ity
(U

/L
)

C
-r
ea
ct
iv
e
pr
ot
ei
n
(m

g/
dL

)
L
ea
l-
Ju
ni
or

et
al
.

[4
4]

20
11
a

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
cr
os
s-

ov
er

tr
ia
l

6
A
th
le
te
s
(m

al
e
yo
un
g
fu
ts
al

at
hl
et
es
)
(2
0.
67

±
2.
96
).

W
in
ga
te
te
st
(c
yc
lin

g
at
m
ax
im

um
sp
ee
d
fo
r
30

s
ag
ai
ns
ta

lo
ad

of
7.
5%

of
th
e
at
hl
et
e’
s
bo
dy

w
ei
gh
t)
.

N
ot

sp
ec
if
ie
d.

Pe
ak

Po
w
er

(W
/k
g)

M
ea
n
Po

w
er

(W
/k
g)

B
lo
od

la
ct
at
e
le
ve
ls

(m
m
ol
/L
)

C
K
ac
tiv

ity
(U

/L
)

C
R
P
le
ve
ls
(m

g/
dL

).
L
ea
l-
Ju
ni
or

et
al
.

[4
5]

20
11
b

L
ab
or
at
or
y

R
an
do
m
iz
ed

do
ub
le
-b
lin
d

pl
ac
eb
o-
co
nt
ro
lle
d
cr
os
s-

ov
er

tr
ia
l.

6
A
th
le
te
s
(m

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(1
8.
57

±
0.
98

ye
ar
s)
.

W
in
ga
te
te
st
(c
yc
lin

g
at
m
ax
im

um
sp
ee
d
fo
r
30

s
ag
ai
ns
ta

lo
ad

of
7.
5%

of
th
e
at
hl
et
e’
s
bo
dy

w
ei
gh
t)
.

E
qu
ip
m
en
to

n
pl
ac
eb
o

m
od
e
(w

ith
ou
ta
ct
iv
e

ir
ra
di
at
io
n)

Pe
ak

po
w
er

(W
/k
g)

M
ea
n
po
w
er

(W
/k
g)

Fa
tig

ue
in
de
x
(%

)
T
B
A
R
S
le
ve
ls
(n
m
ol
/m

L
)

M
ac
ie
l

et
al
.

[4
6]

20
13

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l

7
A
th
le
te
s
(f
em

al
e
vo
lle
yb
al
l

pl
ay
er
s)
(2
2.
57

±
3.
82

ye
ar
s)
.

Ju
m
ps

an
d
is
om

et
ri
c
pl
an
tif
le
xi
on

ex
er
ci
se

N
ot

sp
ec
if
ie
d.

Pe
ak

fo
rc
e
(N

)
H
or
iz
on
ta
lj
um

p
(c
m
)

V
er
tic
al
ju
m
p
(c
m
)

T
im

e
to

fa
tig

ue
(s
)

Lasers Med Sci (2018) 33:181–214 185

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
rs

Y
ea
r

S
et
tin

g
D
es
ig
n

S
am

pl
e

si
ze

(n
)

Pa
rt
ic
ip
an
ts

O
ut
co
m
e
as
se
ss
m
en
tc
on
di
tio

n
Pl
ac
eb
o

M
ai
n
ou
tc
om

es

R
M
S
la
te
ra
lg

as
tr
oc
ne
m
iu
s

(μ
V
)

R
M
S
m
ed
ia
lg

as
tr
oc
ne
m
iu
s

(μ
V
)

M
al
ta
et
al
.

[4
7]

20
16

L
ab
or
at
or
y

R
an
do
m
iz
ed
,c
ro
ss
ov
er
,

do
ub
le
-b
lin
d,

pl
ac
eb
o-
co
nt
ro
lle
d
cl
in
ic
al

tr
ia
l

15
C
au
ca
si
an

m
al
es

m
od
er
at
el
y

ac
tiv

e
an
d
he
al
th
y
m
al
es

(2
5.
1
±
4.
4
ye
ar
s)

G
ra
de
d
ex
er
ci
se

te
st
an
d
tw
o

su
pr
am

ax
im

al
ef
fo
rt
s
at
11
5%

of
th
e
in
te
ns
ity

as
so
ci
at
ed

w
ith

m
ax
im

al
ox
yg
en

up
ta
ke
.

D
ev
ic
e
tu
rn
ed

of
f
an
d

su
bj
ec
ts
us
in
g

bl
in
df
ol
ds

an
d

w
ea
ri
ng

he
ad
ph
on
es

to
av
oi
d
pe
rc
ei
vi
ng

lig
ht

an
d
so
un
d

si
gn
al
s
du
ri
ng

th
e

L
E
D
T
se
ss
io
n.

A
lte
rn
at
iv
e
m
ax
im

al
ac
cu
m
ul
at
ed

ox
yg
en

de
fi
ci
t(
M
A
O
D
A
L
T
)

T
im

e
to

ex
ha
us
tio
n

R
es
pi
ra
to
ry

ex
ch
an
ge

ra
tio

R
PE

M
ir
an
da

et
al
.

[2
0]

20
16

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l

20
U
nt
ra
in
ed

he
al
th
y
m
al
e
(2
6.
0

±
6.
0
ye
ar
s)
.

Pr
og
re
ss
iv
e
ca
rd
io
pu
lm

on
ar
y
te
st
on

a
tr
ea
dm

ill
.

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

D
is
ta
nc
e
co
ve
re
d
(k
m
)

T
im

e
un
til

ex
ha
us
tio

n
(s
)

Pu
lm

on
ar
y
ve
nt
ila
tio
n

(L
/m

in
)

O
xy
ge
n
up
ta
ke

(m
L
/k
g/
m
in

C
ar
bo
n
di
ox
id
e
pr
od
uc
tio

n
(m

L
/k
g/
m
in
)

D
ys
pn
ea

sc
or
e

Pi
nt
o
et
al
.

[4
8]

20
16

Fi
el
d

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

12
A
th
le
te
s
(m

al
e
ru
gb
y
pl
ay
er
s)

(2
3.
50

±
2.
32

ye
ar
s)

B
an
gs
bo
o
Sp

ri
nt

Te
st
(B
ST

)
(f
ie
ld

te
st
)

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

Fa
tig

ue
Pe
rc
ep
tio

n
(q
ue
st
io
nn
ai
re
)

ST
-M

ea
n
(f
ro
m

B
ST

)
ST

-B
es
t(
fr
om

B
ST

)
Fa
tig

ue
in
de
x
(f
ro
m

B
ST

)
R
ei
s
et
al
.

[4
9]

20
14

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e
bl
in
d,
an
d

pl
ac
eb
o
co
nt
ro
lle
d

27
A
th
le
te
s
(m

al
e
so
cc
er

pl
ay
er
s)

(2
2.
62

±
8.
03

ye
ar
s)

L
eg

ex
te
ns
io
n
ex
er
ci
se

w
ith

a
lo
ad

at
75
%

of
1R

M
.

N
ot

sp
ec
if
ie
d

B
lo
od

la
ct
at
e
(m

m
ol
/L
)

C
K
ac
tiv

ity
(U

/L
)

T
im

e
to

fa
tig

ue
(s
)

N
um

be
r
of

re
pe
tit
io
ns

75
%

of
m
ax
im

um
lo
ad

(R
M
)

R
os
sa
to

et
al
.

[5
0]

20
16

L
ab
or
at
or
y

R
an
do
m
iz
ed
,c
ro
ss
ov
er
,

do
ub
le
-b
lin
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

10
Ph

ys
ic
al
ly

ac
tiv
e
he
al
th
y
m
al
e

(2
9
±
6.
0
ye
ar
s)

Is
om

et
ri
c
co
nt
ra
ct
io
n
at
60
%

of
M
V
C
.

D
ev
ic
e
tu
rn
ed

of
f

T
im

e
to

ex
ha
us
tio
n

Is
om

et
ri
c
Pe
ak

to
rq
ue

(M
V
C
-N

m
)

E
M
G

V
an
in

et
al
.

[5
1]

20
16
a

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

28
H
ig
h-
le
ve
ls
oc
ce
r
at
hl
et
es

E
cc
en
tr
ic
is
ok
in
et
ic
ex
er
ci
se

pr
ot
oc
ol

(k
ne
e
ex
te
ns
or

m
us
cu
la
tu
re

of
th
e

no
nd
om

in
an
tl
eg
—
fi
ve

se
ts
of

15
re
ps
,v
el
oc
ity

of
60
°/
se
g)
.

D
ev
ic
e
tu
rn
ed

of
f

Is
om

et
ri
c
Pe
ak

to
rq
ue

(M
V
C
-N

m
)

D
O
M
S

C
K
ac
tiv

ity
IL
-6

ex
pr
es
si
on

V
an
in

et
al
.

[5
2]

20
16
b

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

48
Ph

ys
ic
al
ly
ac
tiv

e
he
al
th
y
m
al
es

(2
6
±
5.
24

ye
ar
s)

L
eg

Pr
es
s
an
d
L
eg

E
xt
en
si
on

ex
er
ci
se
s
tw
ic
e
a
w
ee
k—

5
se
ri
es

of
10

re
pe
tit
io
ns

w
ith

80
%

of
1

R
M
.

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

Is
om

et
ri
c
Pe
ak

to
rq
ue

(M
V
C
-N

m
)

1-
R
M

Pe
ri
m
et
ry

V
ie
ir
a
et
al
.

[5
3]

20
12

L
ab
or
at
or
y

R
an
do
m
iz
ed

co
nt
ro
lle
d
cl
in
ic
al

tr
ia
l.

45
Ph

ys
ic
al
ly

ac
tiv
e
he
al
th
y

fe
m
al
e
st
ud
en
ts
(2
1.
2

±
2.
1
ye
ar
s
co
nt
ro
lg

ro
up
,

20
.5

±
1.
3
ye
ar
s
tr
ai
ni
ng

gr
ou
p,
an
d
21
.2

±
1.
7
ye
ar
s

tr
ai
ni
ng

w
ith

L
L
LT

gr
ou
p)

C
yc
le
er
go
m
et
er

ex
er
ci
se

w
ith

lo
ad

ap
pl
ie
d
to

th
e
ve
nt
ila
to
ry

th
re
sh
ol
d
(V

T
)
fo
r
th
re
e
tim

es
a

w
ee
k
fo
r
9
co
ns
ec
ut
iv
e
w
ee
ks
–-

en
du
ra
nc
e
tr
ai
ni
ng
.

N
o
pl
ac
eb
o
gr
ou
p

Fa
tig

ue
in
de
x
(F
Ie
xt

-
%
?)

To
ta
lw

or
k
(T
W
ex
t–

J?
)

V
en
til
at
or
y
th
re
sh
ol
d

B
od
y
m
as
s
(k
g)

B
M
I
(k
g/
m

2
)

V
ie
ir
a
et
al
.

[5
4]

20
14

L
ab
or
at
or
y

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o
co
nt
ro
lle
d,

cr
os
so
ve
r
tr
ia
l.

7
yo
un
g
m
en

(2
1
±
3
ye
ar
s
of

ag
e)

w
ho

w
er
e
cl
in
ic
al
ly

he
al
th
y

T
hr
ee

se
ts
of

20
R
M

of
kn
ee

fl
ex
io
n-
ex
te
ns
io
ns

us
in
g
an

is
ok
in
et
ic
dy
na
m
om

et
er

at
60
°/
s

(w
or
ko
ut
)

D
ev
ic
e
pr
ob
e
tu
rn
ed

of
f.

R
M

E
M
G
fa
tig

ue
in
de
x

186 Lasers Med Sci (2018) 33:181–214

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



each trial independently for risk of bias. A third reviewer (EV)
was consulted for consensus rating whenever needed.

Quality of evidence

The quality of evidence was assessed using the GRADE ap-
proach [22]. The quality of evidence of the included studies refers
to a body of studies, and not to individual studies. Some factors,
such as risk of bias, inconsistency, indirectness, imprecision, and
publication bias, are associated with this judgment, and theymay
lead to upgrading or downgrading the quality of evidence of an
outcome from a group of studies [22, 23]. The quality of evi-
dence can be presented in four categories: high (enough evidence
in the estimate of the effect), moderate (the true effect is close to
the estimate of the effect), low (the confidence of the effect is
limited), and very low (little confidence of the effect estimate)
[23].

Data extraction

Data were extracted from studies on participants’ characteristics
(healthy adults), interventions (photobiomodulation therapy)
compared with control and/or placebo groups, exercise protocol
enrolled (short- or long-term exercise, any type of exercise pro-
tocol), moment of irradiation (before, during, or after an exercise
session), and variables related to reducing fatigue signals and/or
improvement of performance. Data extraction was performed by
one reviewer in a standardized predefined way, and summarized
by tabulation (Tables 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11). In case
data were not reported in the article, the correspondent author
was contacted by e-mail. A reminder e-mail was sent after
1 week. Their answers or lack of Bresponse^ were noted.

For the purpose of this review, muscular performance is de-
fined as the capacity of the skeletal muscle to generate force to be
developed in a certain physical exercise or sport. The variables
most related to muscular performance were strength [57], power,
and endurance [58, 59], and they are generally measured by
isokinetic dynamometer tests, functional tests, and variables re-
lated with exercise execution. Muscle fatigue can negatively af-
fect optimal muscle capacity [60]; thus, both concepts are
enrolled.

In this perspective, we define muscle fatigue as a gradual
decrease inmaintaining themaximal capacity of force generation
or power output, and it reflects the decrease of performance and
impairment in motor control [58, 61–63]. Peak torque, total
work, fatigue index, mean peak torque are variables frequently
associated withmuscle function; therefore, the rate of decrease of
these indices can estimatemuscle fatigue [58, 62].Muscle fatigue
is frequently related to the inability to continue the execution of
the exercise, impairment in muscle contraction, effort perceived,
and increase in blood levels of muscle damage markers [64, 65].

With these concepts in mind, the variables chosen are in-
volved in modulating biochemical marker release (such asT

ab
le
1

(c
on
tin

ue
d)

A
ut
ho
rs

Y
ea
r

S
et
tin

g
D
es
ig
n

S
am

pl
e

si
ze

(n
)

Pa
rt
ic
ip
an
ts

O
ut
co
m
e
as
se
ss
m
en
tc
on
di
tio

n
Pl
ac
eb
o

M
ai
n
ou
tc
om

es

Z
ag
at
to

et
al
.

[5
5]

20
16

Fi
el
d

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
de
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l.

20
A
th
le
te
s
(m

al
e
w
at
er

po
lo

pl
ay
er
s)
(1
5.
4
±
1.
2
ye
ar
s)

Fi
ve

tr
ai
ni
ng

da
ys

D
ev
ic
e
tu
rn
ed

on
bu
t

w
ith
ou
tl
as
er

ir
ra
di
at
io
n.

T
im

e
to

co
ve
r
20
0-
m

m
ax
i-

m
al
sw

im
m
in
g
(P
20
0)

30
-s
cr
os
sb
ar

ju
m
p
te
st

(3
0C

J)
R
PE

(a
.u
.)

IL
-1
β
(p
g/
m
L
)

IL
-1
0
(p
g/
m
L
)

T
N
F-
al
ph
a
(p
g/
m
L
)

C
re
at
in
e
ki
na
se

ac
tiv

ity
(U

/L
)

L
D
H

LE
D
T
lig

ht
-e
m
itt
in
g
di
od
e
th
er
ap
y,

LL
LT

lo
w
-l
ev
el

la
se
r
th
er
ap
y,

N
M
E
S
ne
ur
om

us
cu
la
r
el
ec
tr
ic
al

st
im

ul
at
io
n,

C
K

cr
ea
tin

e
ki
na
se
,
M
V
C

m
ax
im

al
vo
lu
nt
ar
y
co
nt
ra
ct
io
n,

IL
in
te
rl
eu
ki
n,

LD
H

la
ct
at
e

de
hy
dr
og
en
as
e,
R
P
E
ra
tin

g
of

pe
rc
ei
ve
d
ex
er
tio

n,
B
M
I
bo
dy

m
as
s
in
de
x,

R
M

re
pe
tit
io
n
m
ax
im

um
,
E
M
G

el
ec
tr
om

yo
gr
ap
hy
,
D
O
M
S
de
la
ye
d
on
se
t
m
us
cl
e
so
re
ne
ss
,
VA

S
vi
su
al

an
al
og
ic

sc
al
e,
M
P
D
I

is
ok
in
et
ic
m
us
cl
e
pe
rf
or
m
an
ce

in
is
ok
in
et
ic
dy
na
m
om

et
ry
,S

T-
m
ea
n
m
ea
n
sp
ri
nt

tim
e,
ST
-B
es
tb

es
ts
pr
in
tt
im

e,
B
ST

B
an
gs
bo

te
st
,C

R
P
C
-
re
ac
tiv

e
pr
ot
ei
n,
SO

D
su
pe
ro
xi
de

di
sm

ut
as
e,
C
AT

ca
ta
la
se

Lasers Med Sci (2018) 33:181–214 187

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Table 2 Photobiomodulation therapy parameters (intervention)

Authors Source of light Wavelength (nm) Energy density
per diode (J/cm2)

Energy per site (J) Power density
per diode (W/cm2)

Spot size (cm2)

Almeida et al. [24] Red or Infrared LLLT 660 or 830 1.785 5 17.85 0.0028

Alves et al. [25] Infrared LLLT (cluster
with 7 diodes)

850 40 14 (2 J per diode) 2 0.05

Antonialli et al. [14] Super-pulsed LLLT, red
LEDTs and
infrared LEDTs

Cluster of 12 diodes
(4 of 905 nm, 4
of 875 nm and 4
of 640 nm)

10 J: 0.05 (905 nm)
1.27 (640 nm)
1.48 (875 nm)
30 J: 0.16 (905 nm)
3.80 (640 nm)
4.42 (875 nm)
50 J: 0.27 (905 nm)
6.35 (640 nm)
7.41 (875 nm)a

10, 30 or 50 0.00071 (905 nm)
0.01666 (640 nm)
0.01944 (875 nm)

20 cm2 (cluster):
- 0.44 cm2 (905 nm)
- 0.9 cm2 (875 nm

and 640 nm)

Baroni et al. [26] Infrared LLLT (cluster
with five diodes)

810 206.89a 30 J (6 J each diode) 6.89a 0.029

Baroni et al. [27] Red and infrared
LEDTs (cluster
probe with 34 diodes of
red and 35 diodes of
infrared)

660 and 850 1.5 J/cm2 (red), 4.5
J/cm2 (infrared)

41.7 0.05 (red),
0.15 (infrared)

0.2

Baroni et al. [66]b Infrared LLLT (cluster
with five diodes)

810 206.89a 30 J (6 J each diode) 6.89a 0.029

Borges et al. [28] Red LEDT (single diode) 630 5.1 9a 0.1695a 1.77

De Marchi et al. [29] Infrared LLLT (cluster
with 5 diodes)

810 164.85 30 (6 J each diode) 5.495 0.0364

De Marchi et al. [17] Red and infrared LEDTs (cluster
with 34 red and 35
infrareds diodes)

660 and 850 1.5 (red) and 4.5 (infrared) 41.7 (0.3 from each red
LED and 0.9 from
each infrared laser)

0.05 (for red) and
0.15 (for infrared)

28.2 (cluster)-0.2
each diode

De Paiva et al. [18] Super-pulsed LLLT, Red
LEDTs and Infrared LEDTs

Cluster of 9 diodes
(1 of 905 nm, 4
of 875 nm and
4 of 640 nm)

0.85 (905 nm)
5 (640 nm)
5.83 (875 nm)

39.37 0.00284 (905 nm)
0,01667(640 nm)
0,01944 (875 nm)

4 cm2

- 0.44 cm2 (905 nm)
- 0.9 cm2 (875 nm

and 640 nm)
De Souza et al. [19] Infrared LLLT (single diode) 808 1785a 5 35.7 0.0028

Denis et al. [30] Red and Infrared LEDTs
(cluster probe with 34
red LEDs and 35
infrared LEDs)

660 and 950 1.5 (red) and
2.25 (infrared)a

25.95 0.05 (red) and
0.075 (infrared)

0.2

Felismino et al. [31] Infrared LLLT (single diode) 808 nm 357.14 1 35.71 0.0028

Ferraresi et al. [32] Infrared LLLT (cluster
with six diodes)

808 214.28 0.6 21.42 0.0028

Ferraresi et al. [56] LEDT (array of 200
diodes—100 infrared
and 100 red)

850 and 630 105 J: 0.93 (850 nm)
and 0.57 (630 nm)

210 J: 1.86 (850 nm)
and 1.14 (630 nm)

315 J: 2.78 (850 nm)
and 1.71 (630 nm)

105, 210 or 315 0.1625 (infrared)
and 0.1 (red)

0.2

Fritsch et al. [33] Infrared LLLT (cluster
with five diodes)

850 206.9 30 6.9 0.029

Gorgey et al. [34] Infrared LLLT 808 na 3 or 7 0.0083 Not applicable

Hemmings et al. [35] Red and Infrared LEDTs
(cluster with 34
red and 35 infrared diodes)

660 and 850 41.7 J: 1.4 (red) and
4.5 (infrared)

83.4 J: 3 (red) and 9
(infrared)

166.8 J: 6 (red) and 18
(infrared)

41.7 (0.3 from each
red LED and 0.9
from each infrared
LLLT)

83.4 (0.6 from each
red LED and 1.8
from each infrared)

166.8 (1.2 from each
red LED and 3.6 from
each infrared)

0.05 28.2 (cluster)–0.2
each diode

Higashi et al. [36] Infrared LLLT (single diode) 808 250 7 35.7 0.0028

Kelencz et al. [37] Red LEDT (single diode) 640 2, 4, or 6 1.044, 2.088, or 3.132 0.222 0.522

Leal-Junior et al. [38] Red LLLT (single diode) 655 500 5 5 0.01

Leal-Junior et al. [39] Infrared LLLT (single diode)
or red and infrared LEDTs
(cluster with 34 red and
35 infrareds diodes)

810 (LLLT)/660 and
850 (LEDs)

164.84/1.5 and 4.5 6/41.7 5.50/0.05 and 0.15 0.0364/0.2

Leal-Junior et al. [40] Red and infrared
LEDTs (cluster with
34 red and 35
infrareds diodes)

660 and 850 1.5 (red) and
4.5 (infrared)

41.7 (0.3 from each red
LED and 0.9
from each
infrared laser)

0.05 (red) and
0.15 (infrared)

0.2

Leal-Junior et al. [41] Infrared LLLT (single diode) 830 1071.42 or 1428.57 3 or 4 J 35.71 0.0028

Leal-Junior et al. [42] Infrared LLLT (single diode) 830 1785.71 5 35.7 0.0028

Leal-Junior et al. [43] Infrared LLLT (cluster
with 5 diodes)

810 164.85 30 J (6 J each diode) 5.495 0.0364

Leal-Junior et al. [44] Red and infrared LEDTs
(cluster with 34

660 and 850 1.5 (red) and 4.5 (infrared) 41.7 (0.3 from each
red LED and 0.9

0.05 (red) and 0.15
(infrared)

0.2
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Table 2 (continued)

Authors Source of light Wavelength (nm) Energy density
per diode (J/cm2)

Energy per site (J) Power density
per diode (W/cm2)

Spot size (cm2)

red and 35
infrareds diodes)

from each infrared
laser)

Leal-Junior et al. [45] Red and infrared LEDTs
(cluster with 34
red and 35
infrareds diodes)

660 and 850 1.5 (red) and 4.5 (infrared) 41.7 (0.3 from each red LED
and 0.9 from each
infrared laser)

0.05 (red) and 0.15
(infrared)

0.2

Maciel et al. [46] Infrared LLLT (single diode) 830 5.68 11 0.25 0.12

Malta et al. [47] Red and infrared LEDTs Cluster of 104 diodes
(56 diodes of 660
nm and 48 diodes
of 850 nm)

1.5 J/cm2 (red) and 4.5
J/cm2 (infrared)

60 J at each point (0.3 J
from each red
LED and 0.9 J
from each infrared
LED)

0.05 (660 nm) and
0.15 (850 nm)

69 cm2 (cluster) 0.2
per diode

Miranda et al. [20] Super-pulsed LLLT,
Red LEDTs
and Infrared LEDTs

Cluster of 12 diodes
(4 of 905 nm, 4 of
875 nm and 4
of 640 nm)

30 J: 0.16 (905 nm)
3.80 (640 nm)
4.42 (875 nm)a

30 0.00071(905 nm)
0.01666 (640 nm)
0.01944 (875 nm)

20 cm2 (cluster):
- 0.44 cm2 (905 nm)
- 0.9 cm2 (875 nm

and 640 nm)
Pinto et al. [48] Super-pulsed LLLT,

Red LEDTs and
Infrared LEDTs

Cluster of 12 diodes
(4 of 905 nm, 4
of 875 nm and 4
of 640 nm)

30 J: 0.16 (905 nm)
3.80 (640 nm)
4.42 (875 nm)

30 0.00071(905 nm)
0.01666 (640 nm)
0.01944 (875 nm)

20 cm2 (cluster):
- 0.44 cm2 (905 nm)
- 0.9 cm2 (875 nm

and 640 nm)
Reis et al. [49] Infrared LLLT (cluster

with 6 diodes)
830 214.28 0.6 21.43 0.0028

Rossato et al. [50] Large cluster probe
(33 diodes) vs.
Small cluster probe
(9 diodes) - Both
clusters have Laser
and LEDTs.

Large cluster (5 lasers
850 nm, 12 LEDTs
670 nm, 8 LEDTs
880 nm and 8
LEDTs 950 nm).

Small cluster (5 Lasers
850 nm and 4
LEDTs 670 nm)

Large cluster
- 53.33(850 nm)
- 0.156 (670 nm)
- 0.625 (880 nm)
- 0.391 (950 nm)
Small cluster
- 93.33 (850 nm)
- 0.875 (670 nm)a

Large cluster
30 (total)
- 3.2 (850 nm)
- 0.3 (670 nm)
- 0.8 (880 nm)
- 0.5 (950 nm)
Small cluster
30 (total)
- 5.6 (850 nm)
- 0.56 (670 nm)

Large cluster
- 1.666(850 nm)
- 0.0052 (670 nm)
- 0.01953 (880 nm)
- 0.01171 (950 nm)
Small cluster
- 1.666 (850 nm)
- 0.01562 (670 nm)

Large cluster:
30.2 (total)
- 0.06 (850 nm)
- 1.92 (670 nm)
- 1.28 (880 nm)
- 1.28 (950 nm)
Small cluster:
7.5 (total)
- 0.06 (850 nm)
- 0.64 (670 nm)

Vanin et al. [51] Infrared LLLT (cluster
with five diodes)

810 54.95, 164.84, 274.73 10, 30 or 50 (2, 6 or
10 J each diode)

5.495 0.18 (0.0364 each diode)

Vanin et al. [52] Super-pulsed LLLT,
Red LEDTs and
Infrared LEDTs

Cluster of 12 diodes (4
of 905 nm, 4 of
875 nm and 4
of 640 nm)

30 J: 0.16 (905 nm)
3.80 (640 nm)
4.42 (875 nm)

30 0.00071(905 nm)
0.01666 (640 nm)
0.01944 (875 nm)

20 cm2 (cluster):
- 0.44 cm2 (905 nm)
- 0.9 cm2 (875 nm

and 640 nm)
Vieira et al. [53] Infrared LLLT

(cluster with six
diodes)

808 214.28 3.6 (0.6 per diode) 21.42 0.0028

Vieira et al. [54] Infrared LLLT (single diode) 808 1428.57 4 35.71 0.0028

Zagatto et al. [55] Infrared LLLT (single diode) 810 107.14 3 3.57 0.028

Authors Treatment time per
point or site (s)

Power output
per diode (mW)

Total Energy
delivered (J)

Number of treated
points or sites

Muscle
treated

Moment of
application

Almeida et al. [24] 100 50 20 4 Biceps brachii Before

Alves et al. [25] 20 100 56a 4 (3 in quadriceps and
1 in gastrocnemius)

Quadriceps and
gastrocnemius

Before

Antonialli et al. [14] 76, 228 or 381 - 0.3125 (905 nm)
- 17.5 (875 nm)
- 15 (640 nm)

60, 180, or 300 6 Quadriceps Before

Baroni et al. [26] 30 200 180 6 Quadriceps Before

Baroni et al. [27] 30 10 (red) and 30 (infrared) 125.1 3 Quadriceps Before

Baroni et al. [66]b 30 200 240 8 Quadriceps Before

Borges et al. [28] 30 300 36a 4 Biceps brachii After

De Marchi et al. [29] 30 200 360 per lower limb 12 sites per lower limb Quadriceps (6 sites)
Hamstrings (4 sites)
Gastrocnemius (2 sites)

Before

De Marchi et al. [17] 30 10 (red) and 30 (infrared) 41.7 1 Biceps brachii Before

De Paiva et al. [18] 300 - 1.25 (905 nm)
- 15 (640 nm
- 17.5 (875 nm)

236.22 per lower limb 6 sites on the
nondominant lower
limb

Quadriceps After

De Souza et al. [19] 49 100 25 5 Soleus Before

Denis et al. [30] 30 10 (red) and 15 (infrared) 103.8 per lower limb 4 per lower limb Quadriceps After

Felismino et al. [31] 10 100 4 4 Biceps brachii Between the sets
of exercise

Ferraresi et al. [32] 10 s each site—70 s
per lower limb
(total 140 s)

60 25.2 per lower limb 42 (total 84) Quadriceps After

Ferraresi et al. [56] 20, 40, or 60 32.5 (infrared) and
20 (red) each diodeb

315, 630 or 945
each lower limb

3 sites (bilaterally) Quadriceps, hamstrings
and triceps surae

Before

Fritsch et al. [33] 30 200 240 per lower limb 8 Quadriceps Before or after
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lactate, creatine kinase [CK], and C-reactive protein [CRP]),
improving training response (peak torque, total work, and 1-
RM test), and reducing fatigue signals (such as number of
repetitions and time to exhaustion).

Data syntheses and analysis

A meta-analysis was performed using RevMan review man-
agement software (version 5.3) to summarize the treatment
effect of photobiomodulation therapy on improving muscular

performance and reducing muscular fatigue. Meta-analysis
was only performed for those studies that compared
photobiomodulation therapy to a placebo group due to the
large amount of comparisons. Consequently, four studies were
omitted from the meta-analysis [32, 34, 53, 66], but we pre-
sented these data descriptively.

Meta-analysis on continuous outcomes was conducted using
means and standard deviations (SDs) from each of the eligible
trials. Data were presented by standardized mean difference
(SMD) when the data were presented in different outcome

Table 2 (continued)

Authors Treatment time per
point or site (s)

Power output
per diode (mW)

Total Energy
delivered (J)

Number of treated
points or sites

Muscle
treated

Moment of
application

Gorgey et al. [34] 300 or 600 500 3 or 7 (scanning mode-no
total energy described)

Scanning
mode (no defined
points)

Quadriceps Before (scanning mode)

Hemmings et al. [35] 30, 60, and 120 10 (red) and 30 (infrared) 250.2, 500.4, or 1000.8a 6 Quadriceps Before

Higashi et al. [36] 70 100 56 8 Biceps brachii Before

Kelencz et al. [37] 9, 18 or 27 116 8.352, 16.704, or 25.056 8 Right masseter After

Leal-Junior et al. [38] 100 50 20 4 Biceps brachii Before

Leal-Junior et al. [39] 30 (both) 200/10 and 30 12/83.4 each lower limb 2 per lower limb (total of 4) Quadriceps Before

Leal-Junior et al. [40] 30 10 (red) and 30 (infrared) 41.7 1 (with 69 diodes) Biceps brachii Before

Leal-Junior et al. [41] 30 or 40 100 15 or 20 per lower limb 5 per lower limb (total of 10) Quadriceps Before

Leal-Junior et al. [42] 50 100 20 4 Biceps brachii Before

Leal-Junior et al. [43] 30 200 60 2 (cluster with 5 diodes) Biceps brachii Before

Leal-Junior et al. [44] 30 10 (red) and 30 (infrared) 208.5 per lower limb 5 per lower limb (total of 10) Triceps surae, rectus
femoris and
hamstrings

Before

Leal-Junior et al. [45] 30 10 (red) and 30 (infrared) 83.4 per lower limb 2 per lower limb (total of 4) Quadriceps Before

Maciel et al. [46] 22 30 220a 20 Triceps surae After

Malta et al. [47] 30 10 mW (660 nm) and
30 mW (850 nm)

300 J per lower limb 5 in each lower limb Quadriceps (two
sites), Biceps
femoris (two sites),
Triceps surae (one site)

Before

Miranda et al. [20] 228 - 0.3125 (905 nm)
- 17.5 (875 nm)
- 15 (640 nm)

510 per lower limb 17 sites on each lower limb Quadriceps, hamstring,
and gastrocnemius
muscles

Before

Pinto et al. [48] 228 - 0.3125 (905 nm)
- 17.5 (875 nm)
- 15 (640 nm)

510 per lower limb 17 sites on each lower limb Quadriceps, hamstring,
and gastrocnemius
muscles

Before

Reis et al. [49] 10 per site (total
70s per lower limb)

60 25.2 per lower limb 7 per lower limb Quadriceps After

Rossato et al. [50] Large cluster: 32
Small cluster: 56

Large cluster
- 100 (850 nm)
- 10 (670 nm)
- 25 (880 nm)
- 15 (950 nm)
Small cluster
- 100 (850 nm)
- 10 (670 nm)

60 2 Biceps brachii Before

Vanin et al. [51] 60, 180 or 300 200 per diode (total
of 1000)

60, 180 or 300 6 sites Quadriceps Before

Vanin et al. [52] 228 - 0.3125 (905 nm)
- 17.5 (875 nm)
- 15 (640 nm)

180 per lower limb 6 sites on each
lower limb

Quadriceps Before and/or after

Vieira et al. [53] 10 per site (total
50s per lower limb)

60 18 per lower limb 5 Quadriceps After

Vieira et al. [54] 40 100 20 each time
point—applied three
times (total 60 J)

5 Quadriceps Between sets of exercise
and after the last series
(three applications in the
same day)

Zagatto et al. [55] 30 100 24 per lower limb 8 each lower limb Adductor magnus
and adductor longus

After

LLLT low-level laser therapy, LEDT light-emitting diode therapy
aData calculated
bAuthors cited that the device was the same of previous study

190 Lasers Med Sci (2018) 33:181–214

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



measures and as mean difference (MD) if the studies used the
same outcome measure [22]. Pooled effects were calculated
using fixed effects to estimate the effect [22]. The within-
group variation was assumed to be known. Heterogeneity was
analyzed using Higgins I2 values.

When there was more than one comparison from a single
group, the number of participants in the common arm was
divided by the number of comparisons [22]. If more than one
time point was found in the study, all were shown in tables, but
only the closest time point of the photobiomodulation therapy
application was chosen for the analysis. Furthermore, if more
than one photobiomodulation therapy dosage was tested in the
experiment, the dosage with the largest effect was chosen for
the meta-analysis.

Results

We included 39 randomized controlled trials (n = 861 partic-
ipants) (Fig. 1). The study sample sizes ranged from 5 to 60
participants (median, 22.07 [13.82]). These studies were pub-
lished between 2008 and 2017. Detailed description of the
study characteristics can be found in Table 1. Twenty-one of
the included studies performed crossover designs, and 18were
parallel trials (Table 1). The authors of 16 studies were
contacted by e-mail for additional information, 11 authors
(68.75%) provided the required data [28, 30, 31, 38, 43,
48–51, 53, 55], with 1 (6.25%) answering that they did not
have the information anymore [34], and 4 authors (31.25%)
did not answer [25, 32, 36, 56].

Fig. 1 Flowchart

Fig. 2 Risk of bias graph
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Risk of bias assessment

In general, trials showed a high risk of bias. The risk of bias
analysis demonstrated a lack of information for most studies
regarding allocation concealment (90%; n = 35), selective
reporting of the outcomes (46%, n = 18), and lack of blinding
(33%, n = 13). The details of the risk of bias assessment of all
included studies are summarized in Figs. 2 and 3.

Characteristics of the exercise protocols

Authors proposed exercises involving concentric [17, 19, 27,
54] or eccentric isokinetic contractions performed in the
isokinetic dynamometer [14, 18, 26, 28, 35, 51, 66], as well
as isometric contractions [24, 37, 46, 50]. Some studies pro-
posed cardiopulmonary exercises using cycloergometer [25,
53], treadmill [20, 29, 47], or Wingate test to induce fatigue
[30, 39, 41, 44, 45].

Furthermore, exercises encompassing dynamic concentric
contractions with weights or workload machines were pro-
posed, generally involving the quadriceps or biceps brachii
muscles [31, 36, 38, 40, 42, 43, 49, 52]. Authors also used
plyometric exercises [33, 46], sport-specific test [48, 55], or
matches [56], and only one used an electric stimulation pro-
tocol [34].

Variables

The variables extracted from the articles were time until ex-
haustion and number of repetitions (Table 3), blood lactate
(Table 4), CK (Table 5), CRP (Table 6), lactate dehydrogenase
(LDH) (Table 7), concentric and isometric peak torques
(Table 8), total work and 1-RM test (Table 9), peak and mean
peak power (Table 10), and maximal and mean force
(Table 11). Meta-analyses were possible for four variables:
time to exhaustion, number of repetitions, blood lactate, and
isometric peak torque.

Analysis of the outcomes related to time until exhaustion
was possible for 12 studies. Based on these trials, low-quality
evidence (downgraded due to risk of bias and imprecision)
showed that photobiomodulation therapy can increase the
time until exhaustion during exercise with a mean difference
of 3.55 s (n = 348; 95% CI, 1.09–6.00; I2 = 0%; p = 0.005) in
favor of photobiomodulation therapy (Fig. 4). For the number
of repetitions, eight trials showed a significant effect in favor
of photobiomodulation therapy, and low-quality evidence
(downgraded due to inconsistency and imprecision) showed
that photobiomodulation therapy increases the number of rep-
etitions of an exercise compared with placebo (n = 219; MD,
4.88; 95% CI, 0.14–9.62; I2 = 59%; p = 0.04) (Fig. 4).

In the meta-analysis for isometric peak torque, maximal vol-
untary test (MVC) test, very low-quality evidence (downgraded
due to risk of bias, inconsistency, and imprecision) showed that a

Fig. 3 Risk of bias summary
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Table 4 Blood lactate

Authors Blood lactate (mmol/L)

Alves et al. [25] PL LLLT
7.7 ± 2.7 7.2 ± 2.3
p > 0.05

Denis et al. [30]a PL LEDT
Baseline Post-yoyo test Post 3rd min, Post 9th min Post15th min Baseline
1.24 ± 0.69 14.52 ± 2.16 13.27 ± 3.73 10.81 ± 3.84 8.77 ± 4.46 1.38 ± 0.62
p > 0.05 p > 0.05

Hemmings et al. [35] PL 30s LED 60s LED
1.14 ± 1.69 1.18 ± 1.30 1.22 ± 1.71
p > 0.05

Higashi et al. [36] Values not described in the text (p values)
Leal-Junior et al. [38] Before LLLT Before PL After LLLT

2.38 ± 0.27 2.4 ± 0.31 3.92 ± 0.50
p > 0.05

Leal-Junior et al. [39] Before LEDT Before LLLT Before PL LEDT 3’ LLLT 3’ PL 3’ LEDT 10’
1.55 ± 0.54 1.54 ± 0.38 1.66 ± 0.42 10.03 ± 1.74 9.94 ± 1.75 10.04 ± 2.59 10.84 ± 2.94
p > 0.05 p > 0.05 p > 0.05

Leal-Junior et al. [40] Before LEDT Before PL After LEDT
3.40 ± 1.07 3.70 ± 1.25 11.60 ± 3.99
p > 0.05 p = 0.042

Leal-Junior et al. [41] Before LLLT Before PL LLLT 3’ PL 3’
2.52 ± 0.52 2.24 ± 0.33 13.27 ± 2.11 13.66 ± 2.89
p > 0.05 p > 0.05 p > 0.05

Leal-Junior et al. [42] Before LLLT Before PL After LLLT
2.31 ± 0.36 2.16 ± 0.37 5.93 ± 0.90
p = 0.200

Leal-Junior et al. [43] Before LLLT Before PL LLLT 5’ PL 5’ LLLT 10’ PL 10’
1.30 ± 0.10 1.43 ± 0.25 2.20 ± 0.54 5.32 ± 3.19 4.56 ± 1.05 4.84 ± 2.26
p > 0.05 p < 0.01* p > 0.05

Leal-Junior et al. [44] PL LEDT Cold water immersion therapy
Pre Post Pre Post Pre
11 ± 2.61 9.17 ± 5.04 16 ± 3.22 10.50 ± 2.43* 13.83 ± 1.94
*p < 0.05

Pinto et al. [48]a PL Phototherapy
Baseline 3 min 10 min 30 min 60 min Baseline
1.820 ± 0.6 15.10 ± 2.74 12.91 ± 3.15 7.990 ± 2.47 3.310 ± 1.02 1.940 ± 0.72
p > 0.05 p > 0.05

Reis et al. [49]a PL Prefatigue laser
5 min 10 min 15 min 5 min 10 min
Day 1 Day 8 Day 1 Day 8 Day 1 Day 8 Day 1 Day 8 Day 1 Day 8
4.53 ± 1.69 4.61 ± 1.85 3.36 ± 1.18 3.05 ± 1.02 2.76 ± 0.78 2.28 ± 0.55 4.7 ± 2.69 6.8 ± 2.88 4.2 ± 1.87 4.7 ± 2.24
*ANOVA, p = 0.0037: placebo versus postfatigue laser: p < 0.01, **prefatigue laser versus postfatigue laser: p < 0.05.

Authors Blood lactate (mmol/L)

Alves et al. [25] LLLT
7.2 ± 2.3
p > 0.05

Denis et al. [30]a LEDT
Baseline Post-yoyo test Post 3rd min, Post 9th min Post15th min
1.38 ± 0.62 13.75 ± 2.91 12.94 ± 3.53 11.16 ± 3.80 9.7 ± 4.14
p > 0.05

Hemmings et al. [35] 60s LED 120 s LED
1.22 ± 1.71 1.00 ± 1.36
p > 0.05

Higashi et al. [36] Values not described in the text (p values)
Leal-Junior et al. [38] After LLLT After PL

3.92 ± 0.50 3.65 ± 0.51
p > 0.05

Leal-Junior et al. [39] LEDT 10’ LLLT 10’ PL 10’ LEDT 15’ LLLT 15’ PL 15’
10.84 ± 2.94 10.35 ± 2.67 11.95 ± 1.89 10.15 ± 2.05 10.47 ± 2.22 11.04 ± 0.85
p > 0.05 p > 0.05

Leal-Junior et al. [40] After LEDT After PL
11.60 ± 3.99 15.20 ± 3.21
p = 0.042

Leal-Junior et al. [41] LLLT 10’ PL 10’ LLLT 15’ PL 15’
13.15 ± 2.17 13.28 ± 1.42 11.07 ± 2.14 12.76 ± 1.82
p > 0.05 p = 0.01*

Leal-Junior et al. [42] After LLLT After PL
5.93 ± 0.90 6.10 ± 1.10
p = 0.200
PL 10’ LLLT 15’ PL 15’ LLLT 20’ PL 20’

194 Lasers Med Sci (2018) 33:181–214

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



significant difference was found between photobiomodulation
therapy and placebo with some effect in favor of
photobiomodulation therapy (n = 286; SMD = 0.57 Nm; 95%
CI, 0.17–0.97; I2 = 59%; p = 0.006), based on ten trials (Fig. 5).
For blood lactate levels measured immediately or until 5 min
after the exercise, based on moderate-quality evidence
(downgraded due to imprecision), 12 trials demonstrated a sig-
nificant effect in favor of photobiomodulation therapy compared
with placebo group (n = 337;MD 0.14mmol/L; 95%CI, − 0.49
to 0.20; I2 = 16%; p = 0.41) (Fig. 5).

Based on 15 trials, very low-quality evidence (downgraded
due to inconsistency, indirectness, and imprecision) showed
that photobiomodulation therapy modulates CK activity after
exercise compared with placebo, with a small effect in favor of
photobiomodulation therapy. Due to the high level of hetero-
geneity, we did not combine the results for the meta-analysis
(I2 = 75%), but we reported these descriptively.

For the variables of LDH levels, concentric peak torque,
total work, 1-RM, peak power, mean peak power, maximal
force, and mean force, performing meta-analysis was not pos-
sible because of the low amount of studies that address each
one, but we evaluated the quality of evidence for each out-
come, and the results are shown in Table 12. Due to the lack of
studies and methodological variability, the quality of evidence
for these variables were defined as very low, most of them
being downgraded due to inconsistency, indirectness, and im-
precision. The quality of evidence for each variable is sum-
marized in Table 12.

Effectiveness and moment of application

With regard to the moment of application, 26 (67%) studies
applied the photobiomodulation therapy before the exercise, 9
(23%) studies after the exercise, 2 (5%) studies between the

sets of exercise, 1 before and/or after exercise, and 1 study
before or after the exercise (Table 2).

Of the 39 studies included in the review, 32 showed pos-
itive results in at least one of the variables related to perfor-
mance when photobiomodulation therapy was used in asso-
ciation with exercise. These positive results were achieved
mainly when photobiomodulation therapy was applied be-
fore the exercise (n = 24), but also when applied after
(n = 5), either before or after (n = 1), and between the sets
of exercise (n = 2). No effect in favor to photobiomodulation
therapy was observed in seven studies; three studies applied
the photobiomodulation therapy after, and four studies ap-
plied the photobiomodulation therapy before the exercise,
one of them in scanning mode.

Photobiomodulation therapy parameters

LLLT was the source of light most used in the studies
(n = 22). LEDT was used in 11 studies, most of them
combining red and infrared wavelengths (n = 9).
Moreover, the combination of sources of light (LLLT +
LEDT) and different wavelengths (red and infrared) in
the same device were found in seven studies. Table 2
shows more details regarding the photobiomodulation
therapy parameters.

A cluster device was used in 27 trials to reach a wider
application area, and one study used the light application by
scanning mode, whereas 38 conducted the application in di-
rect contact with the skin.

In general, positive results were found using both
LLLT and LEDT or a combination of both in a wave-
length range from 655 to 950 nm. Most of the positive
results were observed, with an energy dose range from
20 to 60 J for small muscular groups (representing 85%

Table 4 (continued)

Authors Blood lactate (mmol/L)

Leal-Junior et al. [43] 4.84 ± 2.26 5.02 ± 3.06 4.67 ± 1.74 3.94 ± 0.99 3.57 ± 0.54
p > 0.05 p > 0.05 p > 0.05

Leal-Junior et al. [44] Cold water immersion therapy
Pre Post
13.83 ± 1.94 11.67 ± 1.97
*p < 0.05

Pinto et al. [48]a Phototherapy
3 min 10 min 30 min 60 min
14.11 ± 3.53 11.95 ± 3.74 6.070 ± 2.46 2.370 ± 0.58
p > 0.05

Reis et al. [49]a Prefatigue laser Postfatigue laser
15 min 5 min 10 min 15 min
Day 1 Day 8 Day 1 Day 8 Day 1 Day 8 Day 1 Day 8
3.3 ± 1.38 3.5 ± 1.54 4.42 ± 2.59 4.18 ± 1.98 2.7 ± 1.62 3.21 ± 1.37 2.02 ± 0.61 1.92 ± 0.65* **
*ANOVA, p = 0.0037: placebo versus postfatigue laser: p < 0.01, **prefatigue laser versus postfatigue laser: p < 0.05.

LLLT low-level laser therapy, LEDT light-emitting diode therapy, PL placebo

*Statistically significant
a Unpublished data provided by author
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Table 5 Creatine kinase (CK) activity

Authors Creatine kinase (CK) activity (IU/L)

Antonialli et al. [14] Pre Post 1 h 24 h 48 h
PL 504.12 ± 54.69 581.55 ± 68.97 748.37 ± 84.92 1168.32 ± 170.80 1297.60 ± 163.18
10 J 489.67 ± 46.02 448.50 ± 64.58 472.17 ± 41.30* 674.33 ± 44.26* 531.00 ± 80.36*
30 J 521.00 ± 84.50 537.50 ± 78.53 567.33 ± 100.80* 576.00 ± 104.69* 502.67 ± 53.23*
50 J 475.17 ± 112.59 530.83 ± 134.17 507.00 ± 108.12* 709.33 ± 105.08* 509.83 ± 120.99*
* p < 0.05 compared to placebo

Baroni et al. [26] Baseline LLLT Baseline PL 24 h LLLT 24 h PL
144.69 ± 59.01 155.16 ± 51.27 271.70 ± 146.31 497.75 ± 362.97

LLLT 24 h p < 0.05*
De Marchi et al. [29] Before LLLT Before PL After LLLT

151.74 ± 45.15 150.10 ± 48.60 178.26 ± 82.36*
p = 0.0001*

De Marchi et al. [17] Pre Post 1 h 24 h
PBMT 66.91 ± 8.70 109.61 ± 34.48 82.67 ± 38.02* 111.00 ± 69.00*
*p < 0.01
PL 63.95 ± 5.44 132.37 ± 45.34 131.57 ± 84.45 294.53 ± 120.60
p > 0.05

De Paiva et al. [18] Pre Post 1 h 24 h
PBMT 51.01 ± 12.35 55.53 ± 15.58 56.69 ± 16.03 54.63 ± 16.65*

p > 0.05 p > 0.05 p > 0.05 p < 0.05
PL 44.11 ± 7.77 51.30 ± 6.79 56.92 ± 16.86 100.84 ± 13.66
p > 0.05

Felismino et al. [31]a PL LLLT
Baseline Immediately after 24 h 48 h 72 h Baseline
136.00 ± 12.8 156 ± 16.9 290.00 ± 45.6 3220.00 ± 189 4295.00 ± 200 409.00 ± 18.6
* Difference from laser

group (p < 0.05).
Ferraresi et al. [56]a LEDT 105 J LEDT 210 J LEDT 315 J

Before After Before After Before
328.0 ± 188.9 499.6 ± 232.0 338.8 ± 130.3 364.1 ± 127.5 245.1 ± 126.9
p = 0.001 p = 0.993 p = 0.407

Leal-Junior et al. [39] Before cluster LEDT Before LLLT Before PL After cluster LEDT
190.75 ± 93.19 232.13 ± 153.28 192.50 ± 69.80 171.87 ± 41.48* **
p < 0.05* cluster × placebo/

p < 0.01** cluster × probe
Leal-Junior et al. [40] Before LEDT Before PL After LEDT

53.62 ± 23.37 52.91 ± 40.78 50.58 ± 4.47*
p > 0.05 p = 0.035*

Leal-Junior et al. [41] Before LLLT Before PL After LLLT
108.64 ± 33.68 107.72 ± 41.12 111.16 ± 7.04*
p = 0.7737 p = 0.0133*

Leal-Junior et al. [43] Before LLLT Before PL After LLLT
281 ± 196.3 340.6 ± 335.6 263.6 ± 134.2*
p > 0.05 p = 0.017*

Leal-Junior et al. [44] PL LEDT
Baseline Post exercise Post treatment Baseline Post exercise Post treatment
90.55 ± 20.28 95.28 ± 7.92 88.83 ± 21.57 92.30 ± 19.67 107.52 ± 13.42 83.75 ± 9.56*
p < 0.05

Reis et al. [49]a PL Prefatigue laser
Baseline Post exercise Baseline Post fatigue
Day 1 Day 8 Day 1 Day 8 Day 1 Day 8 Day 1
297.0 ± 171.98 420.4 ± 314.31 314.01 ± 184.46 414.17 ± 302.08 239.4 ± 50.28 205.9 ± 90.1022396 248.2 ± 49.86
*Prefatigue laser versus postfatigue laser p < 0.05.
**Placebo versus p < 0.01. postfatigue laser

Vanin et al. [51]a Pre Post 1 h 24 h
PL 219.7 ± 50.50 277.01 ± 55.30 373.90 ± 59.50 689.12 ± 53.10
10 J 212.40 ± 59.78 249.93 ± 60.76 374.49 ± 65.73 467.92 ± 66.85
30 J 227.80 ± 65.28 291.90 ± 56.28 421.53 ± 61.20 680.3 ± 65.60
50 J 233.6 ± 52.21 268.92 ± 31.22 266.51 ± 51.11 456.76 ± 50.13
p > 0.05 compared to placebo

Zagatto et al. [55] LLLT group PL group
Pre Post 24 h 48 h Pre
125.26 ± 70.25 114.06 ± 56.43 84.30 ± 33.36 60.76 ± 40.66ab 97.30 ± 58.32
(79.63–170.88) (75.99–152.14) (59.34–109.26) (29.35–92.17) (51.68–142.92)
a p < 0.05 to pre in the same group b p < 0.05 to post in the same group

Authors Creatine kinase (CK) activity (IU/L)

Antonialli et al. [14] 72 h 96 h
1173.09 ± 404.15 1077.81 ± 372.23
526.67 ± 58.59* 877.67 ± 111.72*
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of doses with positive results), and 60 to 300 J for large
muscular groups (representing 75% of doses with

positive results), and maximal power output of
200 mW per diode (Fig. 6).

Table 5 (continued)

Authors Creatine kinase (CK) activity (IU/L)

414.00 ± 90.39* 604.17 ± 64.76*
540.33 ± 194.00* 1078.50 ± 41.25
* p < 0.05 compared to placebo

Baroni et al. [26] 48 h LLLT 48 h PL
435.95 ± 238.04 1327.58 ± 949.82
LLLT 48 h p < 0.05*

De Marchi et al. [29] After LLLT After PL
178.26 ± 82.36* 290.42 ± 127.11
p = 0.0001*

De Marchi et al. [17] 24 h 48 h 72 h
111.00 ± 69.00* 101.49 ± 69.01* 73.48 ± 27.00*
*p < 0.01
294.53 ± 120.60 291.82 ± 182.05 226.02 ± 101.12
p > 0.05

De Paiva et al. [18] 48 h 72 h 96 h
56.55 ± 17.63* 52.35 ± 16.26* 43.66 ± 16.30*
p < 0.05 p < 0.05 p < 0.05
118.91 ± 12.45 99.55 ± 10.38 99.47 ± 11.01
p > 0.05

Felismino et al. [31]a LLLT
Immediately after 24 h 48 h 72 h
448.00 ± 22.2 816.00 ± 67.03 2088.00 ± 84.11 2520.00 ± 94.72 *
* Difference from laser

group (p < 0.05).
Ferraresi et al. [56]a LEDT 315 J PL

After Before After
318.0 ± 153.5 270.3 ± 112.4 406.1 ± 150.1
p = 0.407 p = 0.012

Leal-Junior et al. [39] After LLLT After PL
275.51 ± 32.90 219.38 ± 15.18
p < 0.05* cluster × placebo/

p < 0.01** cluster × probe
Leal-Junior et al. [40] After PL

57.24 ± 8.65
p = 0.035*

Leal-Junior et al. [41] After PL
136.21 ± 22.62
p = 0.0133*

Leal-Junior et al. [43] After PL
525.7 ± 386.5
p = 0.017*

Leal-Junior et al. [44] LEDT Cold water immersion therapy
Post treatment Baseline Post exercise Post treatment
83.75 ± 9.56* 91.29 ± 20.49 92.99 ± 14.91 87.84 ± 13.67
p < 0.05

Reis et al. [49]a Prefatigue laser Postfatigue laser
Post fatigue Baseline Post fatigue
Day 8 Day 1 Day 8 Day 1 Day 8
217.3 ± 89.23 234.56 ± 133.22 289.01 ± 215.67 238.84 ± 134.61 106.5 ± 66.53* **
*Prefatigue laser versus postfatigue laser p < 0.05.
**Placebo versus p < 0.01. postfatigue laser

Vanin et al. [51]a 48 h 72 h 96 h
742.34 ± 62.90 578.59 ± 64.80 562.90 ± 58.60
447.96 ± 61.84 400.85 ± 58.13 360.12 ± 61.01
711.28 ± 64.0 498.49 ± 57.87 481.81 ± 59.85
390.14 ± 39.98 293.00 ± 52.40 280.96 ± 60.10
p > 0.05 compared to placebo

Zagatto et al. [55] PL group
Post 24 h 48 h
107.66 ± 51.22 82.22 ± 37.17 79.27 ± 47.93
(69.58–145.74) (57.26–107.17) (47.86–110.68)
a p < 0.05 to pre in the same group b p < 0.05 to post in the same group

LLLT low-level laser therapy, LEDT light-emitting diode therapy, PL placebo, PBMT photobiomodulation therapy

*Statistically significant
a Unpublished data provided by author
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Discussion

This systematic review aimed to summarize the evidence
available regarding the effects of photobiomodulation therapy
for the improvement of muscle performance and muscular
fatigue reduction. We additionally tried to detect the best
Btherapeutic window^ of the photobiomodulation therapy
and the better time to apply the therapy to achieve the greater
photobiostimulation effect.

Photobiomodulation therapy showed to be effective in most
of the included studies for at least one variable related to per-
formance or fatigue. Both LLLTand LEDT, or combination of
both, in a wavelength range from 655 to 950 nm was used.
Most of the positive results were observed with an energy dose
range from 20 to 60 J for small muscular groups (representing
85% of doses with positive results), and 60 to 300 J for large
muscular groups (representing 75% of doses with positive re-
sults), and a maximal power output of 200 mW per diode,
mainly when applied before the exercise. Interestingly, positive
results were found in most studies that combined different
wavelengths and sources of light, and it must be explored
because few studies used this kind of device. We also observed
better results when a cluster device was used, especially in
wide areas of application, such as in lower limb muscles. Our
results corroborate with the findings in two previous reviews
that identified ergogenic effect of photobiomodulation therapy
on performance improvement when applied before exercise,
using laser and/or LED sources of light [10, 11].

These reviews were performed with studies published until
2013. Thus far, many studies have been developed. To know,
13 studies have been included in the review performed by
Leal-Junior et al. [11], whereas Borsa et al. [10] included 10
studies. In this review, we included 39 studies and statistical
analysis was only performed if the variable of interest has at
least eight studies. These data show the consistency of the
results and the importance of a new review in this field.

The interaction of photobiomodulation therapy for the out-
comes time to exhaustion, number of repetitions, isometric
peak torque, and blood lactate, demonstrated by statistical
analysis, indicates that this therapy can improve individual
performance on exercise. However, these results are inconclu-
sive due to heterogeneity and the low-level quality evidence
between the studies and reaffirm the need to be more
exploited. The mechanisms proposed are on increasing mito-
chondrial activity leading to more ATP production, and on
modulating the release of inflammatory markers [10–12, 15,
26, 29, 32, 43, 48, 55]. It is an interesting field to be explored
because this intervention may modulate the release of markers
related to muscular damage and provide more energy to per-
form the exercise besides a shorter time to recover for the next
event.

Few studies reported the results of CRP and LDH concen-
trations. Two studies of three reported positive results for eachT

ab
le
9

(c
on
tin

ue
d)

A
ut
ho
rs

To
ta
lw

or
k
(J
)

1-
R
M

PL
+
P
L

74
.6
7
(±

8.
27
)

85
.3
3
(±

11
.8
0)

95
.7
5
(±

11
.7
6)

*S
ig
ni
fi
ca
nt

di
ff
er
en
ce

co
m
pa
re
d
to

pl
ac
eb
o
(p

<
0.
05
)

**
D
at
a
fr
om

th
e
ot
he
r
gr
ou
ps

ca
n

be
fo
un
d
in

th
e
m
an
us
cr
ip
t.

V
ie
ir
a
et
al
.[
53
]

C
on
tr
ol

B
ef
or
e

23
09
.8

±
25
5.
6

p
=
0.
56
8

23
50
.5

±
31
6.
5

p
=
0.
79
8

V
ie
ir
a
et
al
.[
54
]

PL
L
L
LT

B
as
el
in
e

B
as
el
in
e

F
in
al

71
.5
±
12
.6

78
.4

±
8.
8

12
0
±
41
.8

0.
02
7*

de
cr
ea
se
d
1R

M
0.
02
7*

LL
LT

lo
w
-l
ev
el
la
se
r
th
er
ap
y,
LE

D
T
lig

ht
-e
m
itt
in
g
di
od
e
th
er
ap
y,
P
L
pl
ac
eb
o,
P
ho
to

ph
ot
ot
he
ra
py

*S
ta
tis
tic
al
ly

si
gn
if
ic
an
t

a
U
np
ub
lis
he
d
da
ta
pr
ov
id
ed

by
au
th
or

204 Lasers Med Sci (2018) 33:181–214

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



of these outcomes (Tables 6 and 7). The authors attribute the
lower concentrations of these inflammatory markers to the
ergogenic effect of photobiomodulation therapy, such as
blood lactate and CK outcomes [26, 29, 43].

The variables related to functional assessments, such as
concentric peak torque, total work, 1-RM test, peak torque,
mean peak torque, maximal force, and mean force were also
described, few studies were found for each outcome, and the
results were controversial (Tables 8, 9, 10, and 11). Increasing
peak torque can be detected mainly in isometric contractions
(MVC) in association to photobiomodulation therapy but
without effect for other variables. These are important out-
comes to consider for future studies because these variables
can be related to Bperformance fatigability^ (contractile capa-
bilities) [67]. In addition, these measures could be related to
the intensity of symptoms through self-report measurements
[67], similar to performed by Pinto et al. [48].

The main reasons for the lack of positive results at any
variable found in five studies are the small area covered by
the photobiomodulation therapy irradiation or parameters
used, showing the importance of the establishment of an op-
timal therapeutic window to reach the effects of
photobiostimulation. The scanning mode of application used
by Gorgey et al. [34] did not show positive results, which can
be explained by the high refraction of the light and energy loss
provided by this kind of application [11].

One of the limitations of this review is the risk of bias of
included studies. In general, a high rate of unclear information
was found, which means that some of our results could be
uncertain. For example, a number of the included studies were
hampered by unclear reporting of the technique used for allo-
cation concealment and unclear selective reporting. It is im-
portant to note that the lack of allocation concealment may
overestimate the effects of the therapy, and the observed ef-
fects may be due methodological bias.

An additional limitation is the small sample size of the
included studies. Photobiomodulation therapy combined
with an exercise program to reduce muscle fatigue and
improve performance has been studied since 2006, with
the publication of the first experimental trial in this field
[68]. Since 2008, studies with humans have been per-
formed [38], with an increase in publications to date.
Although most of these studies presented a sample size
calculation, many of the studies reported sample size to be
one of the limitations [25, 34, 39, 40, 44, 45, 54]. Given
the relative novelty of this topic, the number of studies is
still limited, and it is important to note that most pub-
lished studies were conducted by the same research
groups, which can also be considered a limitation.

We additionally observed that most of the studies per-
formed a crossover design. Not reporting these studies would
be a waste of research information, and it did not encompass
the whole scientific information available. However, in this
context, we cannot fully analyze the difference within-
individual because the studies did not provide sufficient data
for this kind of analysis. For such, we decided to consider
that the differences within individuals were known. The
effects of the photobiomodulation therapy have been
shown to be short-lived and reversible [43], and the cross-
over design can be considered suitable to investigate the
effects of photobiomodulation therapy. Ideally, investiga-
tors should provide a rationale for using a crossover de-
sign, as well as testing the carryover effects, and missing
data must be clear in the manuscript [69].

The authors should carefully report the reason for
selecting this approach, how many days comprise the
washout period, existence of carryover effects, and missing
data. In the same rationale, the authors should be clear
when reporting the results and provide the within-participants
effec ts [70, 71] . In this review, some included

Table 10 Peak power and mean peak power

Authors Peak power (W/kg) Mean peak power (W)

Denis et al. [30]a Placebo LEDT
Baseline Post-yoyo End Baseline Post-yoyo End
12.6 ± 1.6 11.9 ± 1.1 11.9 ± 1.5 12.7 ± 1.1 11.9 ± 1.2 12.1 ± 1.5
p > 0.05

Leal-Junior et al. [39] Active LLLT Active cluster LEDT PL Active LLLT Active cluster LEDT PL
12.20 ± 0.46 12.31 ± 0.83 12.36 ± 0.59 9.55 ± 0.35 9.58 ± 0.57 9.64 ± 0.39
p > 0.05 p > 0.05

Leal-Junior et al. [44] PL LEDT Cold water immersion PL LEDT Cold water immersion
12 ± 0.36 12.70 ± 1.23 12.01 ± 0.67 9.39 ± 0.48 9.98 ± 1.29 9.42 ± 0.59
p > 0.05 p > 0.05

Leal-Junior et al. [45] LEDT PL LEDT W/kg PLW/kg
12.22 ± 0.82 12.29 ± 0.60 9.54 ± 0.60 9.65 ± 0.42
p > 0.05 p > 0.05

LLLT low-level laser therapy, LEDT light emitting diode therapy, PL placebo

*Statistically significant
a Unpublished data provided by author
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Fig. 4 Meta-analysis time to exhaustion (a) and number of repetitions (b)

Fig. 5 Meta-analysis isometric peak torque (a) and blood lactate levels (b)
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studies that reported 1month [35], 1week [20, 25, 30, 36, 39–45,
48], 72 h [27], and 48 h of washout [34, 46, 47, 50, 54]. One did
not report the time between sessions [29]. Because some studies
performed the assessments with a follow-up of 96 h, at least
1 week between the testing sessions seems reasonable to prevent
carryover effects in studies with photobiomodulation therapy.

A further concern is regarding the variability of exercise
protocols and photobiomodulation therapy parameters used in
the studies. As our definition on performance comprises phys-
ical exercise or sport in general, and the research question does
not limit to a specific kind of physical activity, we decided to
include in the whole evidence. Nevertheless, replication of
some studies would be necessary to confirm the effects.

Some studies evaluated the effects of photobiomodulation
therapy in the field with specific sports testing [48, 55] or
matches [56]. Positive effects were found in the study con-
ducted by Ferraresi et al. [56] in preventing increases in CK
activity when photobiomodulation therapy was applied before
four volleyball matches. However, this study presented seri-
ous problems regarding methodology, data analysis and data
interpretation [72] besides not monitoring the level of activity
of each participant during each match, which can alter the
level of this enzyme.

In fact, research with athletes in the field is very interesting
and important for sports practice. It is a novel setting in the
photobiomodulation therapy research, and itmust be investigated
to confirm the previous findings.

The primary strength of our study is that we systematically
summarized important results related to photobiomodulation
therapy in performance and fatigue, comprising all evidence
in this research field to date. Another strength is our method-
ological design because we did not define any restriction on
the date of publication or language. In addition, we performed
manual search though references lists of the manuscripts and
lists of publications from more cited authors in this field. By
this approach, we believe that we could compile the whole
scientific literature available. Furthermore, we registered the
review protocol before starting the research, ensuring the
transparency of the review process as suggested by the
PRISMA statement [73].

With regard to data extraction, another strength of our study
is that when data of the studies were unavailable or in case of

any doubt regarding the studies, we contacted the authors
through e-mail. Although not all authors have replied to e-
mails, we managed to gather the most information possible.

Implications for current practice

The application of photobiomodulation therapy combined with
exercise has shown to be effective on improving muscular per-
formance and reducing the signals of fatigue. This is a promising
area of research, and interesting results can be found in the cur-
rent literature [74].

Photobiomodulation therapy associated with exercise seems
to be a valuable alternative to improve muscular performance,
and consequently, reduce the recovery time between exercise
sessions. The beneficial effects could be observed in both un-
trained individuals and athletes, which means that this interven-
tion could be an alternative to shorter rehabilitation processes for
patients and also for better performance in sports, which could be
observed from the data and author’s conclusions of the most
studies included in this systematic review. However, the quality
of the body evidence assessment showed very low to moderate
quality to the main outcomes, showing that further research must
be performed to be confident about the effects. We attribute this
quality level mainly to the risk of bias category and the impreci-
sion of the results due the small sample size and wide confidence
intervals of the outcomes (Table 12).

Meta-analysis was possible for only four outcomes, and we
found that some evidence shows that photobiomodulation thera-
py has an effect for these outcomes. Therefore, more studies are
needed to conclude the effect of this therapy in improvement of
performance, both in functional outcomes and biochemical
markers related to recovery.

Future recommendations

Important gaps for future studies were found in this review
based on the methodological limitations. We strongly recom-
mend the attention by researchers for reporting guidelines as
the Consolidated Standards of Reporting Trials (CONSORT)
statement to perform the trials [75, 76]. Recently, it was
copublished on JOSPT (originally published in the Journal
of Physiotherapy in 2016) an editorial encouraging authors

Fig. 6 Effective doses for small
and large muscular groups
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to follow the Tidier checklist (template for intervention de-
scription and replication) to confirm if all items required were
reported in the manuscript before submission [77]. This is a
means to reduce bias and assist the authors to follow an ade-
quate, clear, and transparent reporting and design.

However, there is no guideline for reporting crossover tri-
als. The high proportion of lack of information in the reports
found in this review led us to encourage reviewers and inves-
tigators regarding the need for reporting guidelines for cross-
over trials. Moreover, future studies should present their data
in absolute values and their respective variation, as
mean ± SD, with detailed description.

Further concern should be taken in report ing
photobiomodulation therapy parameters. These parameters
should be shown in detailed form, such as in a table in the
manuscript, to provide more information for the reader regarding
the device used and allow the study replication by other authors
[78].

Finally, more research is needed in this area with greater
sample size, better methodological design, and detailed
photobiomodulation therapy parameters to increase the qual-
ity of evidence and confidence that the estimated effects are
true. In this review, we could detect for the very first time a
Btherapeutic window^ in this exciting field, and we encourage
the authors to improve the investigation around this range of
photobiomodulation therapy parameters.

Conclusion

Our results suggest that the application of photobiomodulation
therapy associated with exercise may improve muscular per-
formance and reduce the signals of muscle fatigue. The best
effects of photobiomodulation therapy were observed mainly
when LLLT, LEDT, or the combination of both sources of
lights were used before the exercise in direct contact with
the skin with wavelengths from 655 to 950 nm. Most of pos-
itive results were observed with an energy dose range from 20
to 60 J for small muscular groups and 60 to 300 J for large
muscular groups and maximal power output of 200 mW per
diode.

Despite the detailed analysis of the individual studies, it
must be viewed with caution due to the very low- to
moderate-quality evidence of the body of studies.

We conclude that more studies with better methodological
quality, greater sample size, and following a therapeutic window
are needed to predict the effects and effectiveness of this therapy.
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