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Abstract
Chronic obstructive pulmonary disease (COPD) is characterized by dyspnea, as well as musculoskeletal and systemic manifes-
tations. Photobiomodulation therapy (PBMT) with use of low-level laser therapy (LLLT) and/or light-emitting diode therapy
(LEDT) is an electrophysical intervention that has been found to minimize or delay muscle fatigue. The aim of this study was to
evaluate the acute effect of PBMTwith combined use of lasers diodes, light-emitting diodes (LEDs), magnetic field on muscle
performance, exercise tolerance, and metabolic variables during the 6-minute stepper test (6MST) in patients with COPD.
Twenty-one patients with COPD (FEV1 46.3% predicted) completed the 6MST protocol over 2 weeks, with one session per
week. PBMT/magnetic field or placebo (PL) was performed before each 6MST (17 sites on each lower limb, with a dose of 30 J
per site, using a cluster of 12 diodes 4 × 905 nm super-pulsed laser diodes, 4 × 875 nm infrared LEDs, and 4 × 640 nm red LEDs;
Multi Radiance Medical™, Solon, OH, USA). Patients were randomized into two groups before the test according to the
treatment they would receive. Assessments were performed before the start of each protocol. The primary outcomes were oxygen
uptake and number of steps, and the secondary outcome was perceived exertion (dyspnea and fatigue in the lower limbs). PBMT/
magnetic field applied before 6MST significantly increased the number of steps during the cardiopulmonary exercise test when
compared to the results with placebo (129.8 ± 10.6 vs 116.1 ± 11.5, p = 0.000). PBMT/magnetic field treatment also led to a
lower score for the perception of breathlessness (3.0 [1.0–7.0] vs 4.0 [2.0–8.0], p = 0.000) and lower limb fatigue (2.0 [0.0–5.0]
vs 4.0 [0.0–7.0], p = 0.001) compared to that with placebo treatment. This study showed that the combined application of PBMT
andmagnetic field increased the number of steps during the 6MSTand decreased the sensation of dyspnea and lower limb fatigue
in patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a charac-
terized by dyspnea, as well as musculoskeletal and systemic

manifestations [1]. Because of the primary site affected by
COPD, reduced functional capacity has for many decades
been attributed to changes in respiratory mechanics and im-
paired pulmonary gas exchange, resulting in dyspnea being
the principal symptom limiting exercise [2, 3].

Structural changes in the lower limb muscles result in re-
duced overall exercise capacity, progressing to deconditioning
caused by a reduction in the performance of physical activities
of daily living [4, 5]. Gosselink et al. [6] were the first to
document reduced quadriceps muscle strength, as assessed
by isometric peak torque (PT), in patients with COPD, show-
ing it to be a predictor of reduced maximum oxygen uptake
(VO2). In addition, patients with COPD have decreased
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muscle endurance when compared with healthy individuals. A
plausible explanation for this reduction is abnormal muscle
metabolism in which oxidative activity is lower [7].

Different functional tests are commonly used to evaluate
exercise tolerance in this population due to the limiting factor
of both muscle fatigue and dyspnea. The 6-minute walk test
(6MWT) is sensitive and reproducible and is commonly used
to evaluate the course of exercise tolerance in the context of
out/inpatient pulmonary rehabilitation (PR) with a well-
defined minimum clinically important difference [8–11].
According to the American Thoracic Society (ATS) guidelines
[12], the 6MWT must be performed in an unobstructed 30-m
hallway, but such a space is rarely available in the patient’s
home [13] or in the physician’s office, or even in some respi-
ratory medicine departments. The 6-minute stepper test
(6MST) has several advantages when compared with other
tests of functional capacity. This test requires only a limited
amount of space and equipment and is feasible, easy to per-
form, sensitive, well tolerated, and reproducible in COPD pa-
tients [14, 15]. The 6MST has been used to assess exercise
tolerance in the context of PR [16, 17]. However, the correla-
tion between the 6MSTand validated indices used to measure
exercise capacity (6MWT and cardiopulmonary exercise test-
ing) has not yet been established.

Several electrophysical interventions are being studied to
minimize or delay muscle fatigue. In many studies,
photobiomodulation therapy (PBMT) has been used as a
non-invasive therapeutic modality to increase muscle vasodi-
lation, improve collateral circulation, increase the level of ox-
ygen in the tissue, and increase mitochondrial adenosine tri-
phosphate (ATP) in peripheral muscles in different diseases
[18–20]. On the other hand, static magnetic fields are able to
decrease oxidative stress, increase antioxidant activity [21],
and also increase mitochondrial adenosine triphosphate
(ATP) production [22]. Moreover, the combination of PBMT
(super-pulsed infrared laser, red LED, and infrared LED) and
static magnetic field demonstrated remarkable synergy, lead-
ing to enhanced electron transfer and consequent activation of
mitochondrial respiratory chain and ATP production [23].

The mechanisms involved in muscle performance im-
provement with the use of PBMT are not completely under-
stood. It has been speculated that improvement may be due to
minimization of oxidative stress [24], increase in local blood
flow [18], and accelerated lactate removal [25]. Few human
studies have evaluated the effects of PBMT on peripheral
muscle function, but the results converge to positive effects
on muscle performance.

A previous study by Miranda et al. [26] was the first to
study the effects of PBMT in patients with COPD. The authors
found a smaller decrease in the median frequency (electro-
myographic outcome for the evaluation of muscle fatigue)
after an isometric endurance test and an increase in the muscle
endurance test in 10 patients with COPD (VEF1 50 ± 13% of

predicted) after the application of PBMT to the quadriceps
muscle.

Based on previous studies, we believe that the use of
PBMT may improve the performance of patients with
COPD during 6MST by minimizing muscle fatigue and in-
creasing exercise tolerance through its therapeutic effect on
vasodilation, improvement in collateral circulation, increases
in the level of oxygen content in the tissues, and increase in the
mitochondrial level of ATP [18, 27].

Therefore, the aim of this study was to evaluate the acute
effect of PBMTwith combined use of lasers, LEDs, and mag-
netic field on muscle performance, exercise tolerance, and
metabolic variables during the 6MST in patients with COPD.

Methods

Study design

We performed a crossover, randomized, and triple-blind (as-
sessors, therapists, and patients) clinical trial. The study was
conducted in the Laboratory of Phototherapy and Innovative
Technologies in Health.

Ethical aspects

All patients signed an informed consent form prior to enroll-
ment, and the study was approved by the research ethics com-
mittee of Nove de Julho University (process 2100805) and the
clinical trial was registered (NCT03639220).

Sample

The sample size (n = 21) was calculated assuming a type I error
of 0.05 and a type II error of 0.2, based on previous study [28].
Patients were consecutively recruited from the outpatient chronic
pulmonary diseases clinic at the Nove de Julho University. All
patients had a diagnosis of COPD according to the global initia-
tive for chronic obstructive lung disease (GOLD) criteria [1].
The patients were at a stable phase of the disease, indicated by
a lack of change in medical therapy (including oral steroids) or
an exacerbation of symptoms in the preceding 4 weeks. Patients
with other known severe chronic diseases, including cardiac,
neuromuscular, or orthopedic disorders, were excluded.

Randomization and blinding procedures

The order of treatments was randomized. We generated codes
through a (random.org) website to ensure that 50% of our
participants received the active treatment at session 1 and
50% received the active treatment at session 2, in order to
counterbalance participants between the treatments tested
(active and placebo) during the two sessions.
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Randomization was performed to determine whether the
active combination of super-pulsed lasers, LEDs, and magnet-
ic field comprising the PBMT/magnetic field or the placebo
would be given during the first session. During the second
session, participants received the opposite treatment compared
to their first session. Randomization labels were created accord-
ing the randomization procedure through the (random.org)
website, and a series of sealed, opaque, and numbered
envelopes were created to ensure confidentiality. A
participating researcher who programmed the PBMT/magnetic
field device (Multi Radiance Medical™, Solon, OH) based on
the randomization results performed the randomization. He was
instructed not to inform the participants or other researchers of
the PBMT/magnetic field dose (active or placebo). Thus, the
researcher who performed the PBMT/magnetic field was blinded
to the dose administered to the participants. To further maintain
blinding, participants used opaque goggles to prevent them from
seeing whether a light was being irradiated.

Protocol

Patients were administered either PBMT/magnetic field or
placebo treatments during two visits, 1 week apart. The pa-
tients had been assessed for the 6MST performance (absolute
and relative VO2 max, maximum heart rate, and time to ex-
haustion). A summary of the protocol is presented in Fig. 1.

Procedures

Spirometry Spirometry (CPFS/D USB, Medical Graphics, St.
Paul, Minnesota) was conducted as per American Thoracic
Society/European Respiratory Society criteria [29], FVC,
FEV1, and FEV1/FVC are expressed in absolute values and
percent of predicted [30].

Photobiomodulation therapy and magnetic field Active
PBMT/magnetic field combining super-pulsed lasers, LEDs,
andmagnetic field or a placebo was administered immediately
before the 6MST (3–5 min). PBMT was applied employing
MR4 Laser Therapy System outfitted with LaserShower 50 4-
D emitters (both manufactured by Multi Radiance Medical™,
Solon, OH, USA). We used a 12-diode cluster of super-pulsed
lasers, LEDs, and magnetic field. Each cluster consisted of 4
diodes of 905-nm super-pulsed laser with an average power of
0.3125 mW and a peak power of 12.5 W for each diode, 4
diodes of 875-nm infrared LEDs with an average power of
17.5 mW for each diode, 4 diodes of 640-nm red LEDs with
an average power of 15 mW for each diode, and a magnetic
field of 35 mT. Given the large area of irradiation, the use of
clusters was fundamental to the application of the therapy. We
applied the PBMT with the cluster in direct contact with the
skin at 9 sites on the knee extensormuscles (Fig. 2a), 6 sites on
the knee flexors, and 2 sites on the calf (Fig. 2b) [28, 31]. The
same procedures were performed to administer the placebo
but without effective irradiation.

We chose the PBMT/magnetic field parameters based on
previous studies [32, 33] using the same device. A full de-
scription of the PBMT/magnetic field parameters is provided
in Table 1. The sounds emitted by the device were identical
regardless of whether irradiation was present. A single re-
searcher without knowledge of the randomization performed
PBMT/magnetic field.

Six-minute stepper test A blinded researcher was in charge to
carry out the 6MST. The 6MST aims to measure the number
of steps performed on a stepper in 6 min using a protocol, that
is, equivalent to the 6MWT protocol [34]. A step was defined

Fig. 1 Flowchart of study procedures
Fig. 2 a Treatment points in knee extensor muscles. bTreatment points in
knee flexor and ankle plantar flexor muscles
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as a single complete movement of raising one foot and putting
it down. The stepper (Carci®, São Paulo, SP, Brazil) was
placed on the ground facing a wall to allow patients to main-
tain their balance by placing their fingers on the wall. The step
height was set at 20 cm. Patients received standardized in-
structions adapted from the 6MWTATS instructions [35] ad-
vising them to take the most number of steps they could in
6 min. The number of steps performed in 6 min was recorded.

Monitoring of heart rate and SpO2 by a pulse oximeter
(Oxymontre 3100; Nonin) was performed each minute. A
researcher was behind the patient throughout the test for
safety.

During the 6MST, the rates of oxygen consumption (VO2)
and the production of carbon dioxide (CO2) were measured
using a gas analyzer (VO2000, Inbrasport®, Brazil), number
of steps and heart rate (measured using a digital electrocardio-
graph (Medical Graphs Ergomet®, Brazil) were also
monitored.

These data were used in the evaluation of the performance
of the subjects for the exercise protocol, and it is currently
widely used in the literature for this purpose [36]. The entire
test was accompanied by electrocardiogram and blood pres-
sure measurements. If any abnormal change in heart rate,
blood pressure, or a complaint by the participant occurred,
the test was stopped and the participant data deleted.

Before and after the exercise protocol, the perceived exer-
tion (dyspnea and fatigue in the lower limbs) was assessed
using a modified Borg scale [37].

Statistical analysis

The intention-to-treat analysis was followed a priori. The re-
searcher that performed statistical analysis was blinded to ran-
domization and allocation of volunteers in experimental
groups. The Shapiro-Wilk test was used to verify the normal
distribution of data. Parametric data were expressed as means
and standard deviations. Non-parametric data were expressed
as medians and interquartile intervals. Differences in the Borg
scale before and after exercise comparing PBMT/magnetic
field and placebo were evaluated first using the Friedman
and secondarily the Wilcoxon test.

We used paired, two-sided t tests to compare the variables
of exercise capacity, cardiorespiratory responses to exercise,
and muscular function variables between PBMT/magnetic
field and placebo, p < 0.05 was considered indicative of sta-
tistical significance.

Results

Despite intention-to-treat analysis was followed a priori in this
study, there were no dropouts. Baseline characteristics of the
21 patients (100% adherence to protocol, 10 female, 11 male)
are shown in Table 2. According to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria, most of
the patients (n = 14) had severe obstruction, and the remaining
patients (n = 7) had moderate obstruction.

Table 3 shows the main variables evaluated during the
6MST. The PBMT/magnetic field group had a statistically
significant lower score for the perception of breathlessness
(3.0 [1.0–7.0] vs 4.0 [2.0–8.0], p = 0.000) and lower limb

Table 1 PBMT/magnetic field parameters

Number of lasers 4 super-pulsed
infrared

Wavelength (nm) 905 (± 1)

Frequency (Hz) 250

Peak power (W),
each

12.5

Average mean optical output (mW), each 0.3125

Power density (mW/cm2), each 0.71

Energy density (J/cm2), each 0.162

Dose (J), each 0.07125

Spot size of laser (cm2), each 0.44

Number of red LEDs 4 red

Wavelength of red LEDs (nm) 640 (± 10)

Frequency (Hz) 2

Average optical output (mW), each 15

Power density (mW/cm2), each 16.66

Energy density (J/cm2), each 3.8

Dose (J), each 3.42

Spot size of red LED (cm2), each 0.9

Number of infrared LEDs 4 infrared

Wavelength of infrared LEDs (nm) 875 (± 10)

Frequency (Hz) 16

Average optical output (mW), each 17.5

Power density (mW/cm2), each 19.44

Energy density (J/cm2), each 4.43

Dose (J), each 3.99

Spot size of LED (cm2), each 0.9

Number of magnets 1

Shape Ring

Area (cm2) 20

Width (cm) 0.5

Thick (cm) 2

Magnetic field (mT) 35

Irradiation time per site (sec) 228

Total dose per site (J) 30

Total dose applied per lower limb (J) 510

Aperture of device (cm2) 20

Application mode Cluster probe held
stationary in skin
contact with a
90° angle and
slight pressure
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fatigue (2.0 [0.0–5.0] vs 4.0 [0.0–7.0], p = 0.001) respectively
compared with the placebo group.

The number of steps during the 6MSTwas greater with the
application of PBMT/magnetic field prior to the test (129.8 ±
10.6) compared with that using placebo (116.1 ± 11.5, p =
0.000; Fig. 3).

Discussion

To our knowledge, this study is the first to assess the applica-
bility of PBMT/magnetic field, using a combination of super-
pulsed lasers, LEDs, and magnetic field, prior to a functional
capacity test (6MST) in patients with COPD. The main find-
ing of this study was that, the greatest number of climbs and

descents during the 6MST, as well as the lowest perceived
exertion for both dyspnea and lower limb fatigue using the
modified Borg scale, occurred when PBMT was performed
prior to the 6MST.

Peripheral muscle dysfunction in patients with COPD is
characterized by macro- and microstructural changes in the
peripheral muscles. From a macrostructural point of view,
there is a reduction of muscle strength and endurance, as well
as a reduction of muscle mass. The microstructural changes
are characterized by the redistribution of the types of fibers (a
reduction in the proportion of oxidative fibers and an increase
in the proportion of glycolytic fibers), change in bioenergetics
(attenuation of mitochondrial enzyme activity), and
decapillarization (loss of capillary density) [38, 39].
Therefore, the use of PBMT in the rehabilitation of these pa-
tients is biologically supported.

PBMT is a promising and non-invasive procedure, that is,
currently in wide use for reversal of muscle fatigue and recov-
ery from musculoskeletal injuries [40]. A recent systematic
review with meta-analysis [41] found positive results using a
combination of lasers and LEDs, with a wavelength range of
655 to 950 nm, and an energy dose of 20 to 60 J for small
muscle groups, and 60 to 300 J for large muscle groups. This
review established a window for the parameters of PBMT for
young and healthy individuals for the very first time. As no
PBMT parameters have been established for diseases, the re-
sults of the present study can be used to corroborate this ther-
apeutic window [41]. In addition, several studies have shown
beneficial effects of PBMT, the removal of blood lactate [42],
decrease in inflammatory processes [24, 25], stimulation of
arteriolar vasodilation, and improvement of peripheral micro-
circulation [18, 27], with consequent increases in muscle ox-
ygen supply and mitochondrial ATP [19].

Table 2 Participants characteristics

Variable Mean ± SD

Age, year 64.1 ± 9.9

FEV1, L (% predicted) 1.11 ± 0.3 (46.3 ± 10.5)

FVC1, L (% predicted) 2.23 ± 0.8 (66.0 ± 14.7)

FEV1/FCV, % 59.8 ± 12.3

Body mass indexa 26.5 ± 5.9

Heart rate, beats per minute 80.3 ± 16.3

Systolic blood pressure, mmHg 117.5 ± 9.2

Diastolic blood pressure, mmHg 94.9 ± 3.6

Oxygen saturation, % 94.9 ± 3.6

Borg scale score—dyspnea 0.5 (0.0–4.0)

Borg scale score—lower limb fatigue 0.0 (0.0–2.0)

a Calculated as Kg/m2 . Values are in mean and standard deviation and
median

Table 3 Data at the peak of
exercise Treatment

Variable Placebo Combination of super-pulsed laser,
light-emitting diodes, and
photobiomodulation therapy

95% CI

Metabolic rate (mean ± SD)

VO2 (mL/kg/min) 8.8 ± 1.6 12.2 ± 2.9 − 2.34, 9.06
VCO2 (mL/kg/min) 10.9 ± 2.7 13.7 ± 1.5 − 2.70, 8.33
VE (L/min) 26.5 ± 9.2 29.8 ± 7.3 − 10.08, 16.63
Borg scale score, median

(interquartile range)

Dyspnea 4.0 (2.0–8.0) 3.0 (1.0–7.0)* 2.75, 4.85

Lower limb fatigue 4.0 (0.0–7.0) 2.0 (0.0–5.0)* 1.85, 3.97

6MST, number of steps 116.1 ± 11.5 129.8 ± 10.6* 7.37, 20.19

Data is expressed in average and standard deviation (±)

VO2, oxygen uptake; VCO2, carbon dioxide production; VE, pulmonary ventilation; 6MST, 6-minute stepper test

*Statistically significant difference between groups (p < 0.05)
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A previous study using PBMT/magnetic field to improve
muscle performance in 13 patients with COPD observed that
the combination of lasers, LEDs, and magnetic field could
increase the peak torque by 20.2% and the total work by
12%, when evaluated with an isokinetic dynamometer [33].
We observed in our study an increase of approximately 10.6% in
the number of steps after a single application of PBMT/magnetic
field in 21 patients with COPD. Despite the beneficial effect of
PBMT/magnetic field, we believe that the 6MST is more fatigu-
ing for COPD patients, due to the use of several lower limb
muscle groups and greater time required for the test, when com-
pared with a strength test using an isokinetic dynamometer.

Furthermore, a significant increase in the number of steps
on the 6MST (from 488 to 570) was observed not only after
outpatient PR [15], but also after home PR in a population of
patients with idiopathic pulmonary fibrosis [43], unselected
patients with more severe chronic lung disease (80% on the
long-term oxygen therapy and/or non-invasive ventilation),
and COPD patients [16, 17]. This is the first study to evaluate
the effect of PBMT in patients with COPD during the 6MST.
When evaluating the 6MST after a long period of PR, the
authors found an average increase of 82 steps. Our study ob-
served an increase of 13 steps after a single application of
PBMT/magnetic field. Therefore, we believe that the use of
PBMT/magnetic field effectively increases performance dur-
ing exercise in this population when applied acutely.

Pinto et al. [44] evaluated the effects of PBMT/magnetic
field with the combination of lasers, LEDs, and magnetic field
on performance and recovery in 12 rugby athletes during an
anaerobic field test (Bangsbo Sprint test, BST) and observed a
decrease in both blood lactate levels and perceived exertion.
Despite differences in the population studied and tests
employed, both the report by Pinto et al. [44] and the present

study found positive results with the use of PBMT/magnetic
field comprising the combination of lasers, LEDs, and mag-
netic field prior to exercises. Regardless of the patients stud-
ied, the physiological effects [28, 32, 33, 44] of PBMT/
magnetic field (with the combination of lasers, LEDs, and
magnetic field) are effective in enhancing performance during
functional testing.

Corroborating our findings, the combination of super-
pulsed lasers, LEDs, and magnetic field when compared to
placebo was also able to decrease the dyspnea score (3.0
[0.5–9.0] vs 4.0 [0.0–9.0], p = 0.001) in 20 healthy partici-
pants during a treadmill cardiopulmonary test [28] in a previ-
ous study. The present study found a significant decrease in
the dyspnea score in patients with COPD (4.0 [2.0–8.0] vs 3.0
[1.0–7.0], p = 0.000), corroborating with previous findings
where the combination of super-pulsed lasers, LEDs, and
magnetic was used.

Miranda et al. [26] also observed a reduced dyspnea score
in 10 patients with COPD during a single application of
PBMT (combination of red and infrared LEDs) prior to an
isometric endurance exercise test, the dyspnea score for en-
durance time was lower with PBMT in comparison with pla-
cebo (0.3 ± 0.2 vs. 0.8 ± 0.4 respectively, p = 0.008). Our re-
sults are in agreement with previous studies showing a de-
crease in the dyspnea score in patients with COPD (4.0
[2.0–8.0] vs 3.0 [1.0–7.0], p = 0.000); therefore, we believe
that a lower score on the dyspnea score after application of
PBMTcan be a good indicator of improvement in the physical
capacity of individuals with COPD.

Modulation in mitochondrial activity is a key mechanism
in PBMT [45, 46]. A recent experimental study showed that
the use of PBMT with different wavelengths (660, 830, and
905 nm) and doses (1 and 3 J) increased the expression of

Fig. 3 Number of steps
performed
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cytochrome c oxidase in different time windows ranging from
5 min to 24 h after PBMT irradiation [47]. This factor contrib-
utes to the understanding of how PBMT can improve perfor-
mance and protect muscles against the development of fatigue
and tissue damage [48].

The beneficial effects of PBMT/magnetic field with the
combination of super-pulsed lasers, LEDs, and magnetic field
have been described recently in the literature [28, 32, 33, 44].
Researchers have shown that a combination of different light
sources and magnetic field enhances muscular performance
[32, 33], decreases pain [49, 50], decreases fatigue develop-
ment [32, 51], and protects muscles against gradually worsen-
ing damage [32, 51].

Regarding mechanisms, recently, Albuquerque-Pontes
et al. [47] showed that PBMT with different wavelengths
(660, 830, or 905 nm) was able to increase the expression of
cytochrome c oxidase in the intact skeletal muscle tissue in
different time windows (5 min to 24 h after irradiation), which
means that the muscle metabolism can be improved through
the action of PBMT. These findings help us to explain the
increase in performance observed by the use of pre-exercise
PBMTobserved in the current study and provide the rationale
for the concurrent use of different wavelengths at the same
time, which can represent a therapeutic advantage in various
clinical situations.

Our findings do not elucidate if the contention of a mag-
netic field in the cluster device is a differential component for
performance enhancement. Moreover, it was not possible to
have any perception regarding the action of the magnetic field
in this study. However, a previous study showed that the com-
bination of PBMT (super-pulsed infrared laser, red LED, and
infrared LED) and static magnetic field demonstrated remark-
able synergy, leading to enhanced electron transfer and con-
sequent activation of mitochondrial respiratory chain and ATP
production [23]. Thus, the impact of the inclusion of magnetic
field in the composition of this device should be a prominent
topic for further clinical investigation.

Conclusion

This study showed that the combination of PBMT and mag-
netic field increased the number of steps during the 6MSTand
decreased the sensation of dyspnea and lower limb fatigue in
patients with COPD.

Funding This study was supported by research grants 2010/52404-0
from São Paulo Research Foundation, FAPESP (Professor Ernesto
Cesar Pinto Leal-Junior), 310281/2017-2 from Brazilian Council of
Science and Technology Development, CNPq (Professor Ernesto Cesar
Pinto Leal-Junior). FAPESP and CNPq had no role in the planning of this
study; they had no influence on study design, data collection and analysis,
decision to publish, or preparation of the article.

Compliance with ethical standards

Competing interests Professor Ernesto Cesar Pinto Leal-Junior receives
research support from Multi-Radiance Medical (Solon, OH, USA), a
phototherapy/photobiomodulation device manufacturer. The remaining
authors declare that they have no conflict of interests.

Ethical approval All experimental procedures were submitted and ap-
proved by the Research Ethics Committee of Nove de Julho University
(process number 2100805) and registered at Clinical Trials.gov
(NCT03639220).

Statement of informed consent All patients signed an informed consent
form prior to enrollment.

References

1. Global Initiative for Chronic Obstructive Lung Disease (2003)
Global strategy of the diagnosis, management and prevention of
chronic obstructive pulmonary disease updated. National
Institutes of Health and National Heart, Lung and Blood Institute.
Eur Respir J 22:1–95

2. Berton E, Antonucci R, Palange P (2001) Skeletal muscle dysfunc-
tion in chronic obstructive pulmonary disease. Monaldi Arch Chest
Dis 56(5):418–422

3. Merriam Webster’s Collegiate Dictionary: An encyclopaedia
Britannica Company (2003). 11th edn. Merriam-Webster Inc,
Springfield

4. Pitta F, Troosters T, Spruit MA, Probst VS, Decramer M, Gosselink
R (2005) Characteristics of physical activities in daily life in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 171(9):
972–977

5. Belman MJ (1986) Exercise in chonic obstructive pulmonary dis-
ease. Clin Chest Med 7(4):585–597

6. Gosselink R, Troosters T, Decramer M (1996) Peripheral muscle
weakness contributes to exercise limitation in COPD. Am J Respir
Crit Care Med 153(3):976–980

7. Serres I, Gautier V, Varray A, Préfaut C (1998) Impaired skeletal
muscle endurance related to physical inactivity and altered lung
function in COPD patients. Chest 113(4):900–905

8. Redelmeier DA, Bayoumi AM, Goldstein RS, Guyatt GH (1997)
Interpreting small differences in functional status: the six minute
walk test in chronic lung disease patients. Am J Respir Crit Care
Med 155(4):1278–1282

9. Puhan MA, Mador MJ, Held U, Goldstein R, Guyatt GH,
Schünemann HJ (2008) Interpretation of treatment changes in 6-
minute walk distance in patients with COPD. Eur Respir J 32(3):
637–643

10. HollandAE, Hill CJ, Rasekaba T, Lee A, NaughtonMT,McDonald
CF (2010) Updating the minimal important difference for six-
minute walk distance in patients with chronic obstructive pulmo-
nary disease. Arch Phys Med Rehabil 91(2):221–225

11. Puhan MA, Chandra D, Mosenifar Z, Ries A, Make B, Hansel NN,
Wise RA, Sciurba F (2011) National Emphysema Treatment Trial
(NETT) research group. The minimal important difference of exer-
cise tests in severe COPD. Eur Respir J 37(4):784–790

12. ATS Committee on Proficiency Standards for Clinical Pulmonary
Function Laboratories (2002) ATS statement: guidelines for the six-
minute walk test. Am J Respir Crit Care Med 166(1):111–117

13. HollandAE, Rasekaba T, Fiore JF, BurgeAT, Lee AL (2015) The 6-
minute walk distance cannot be accurately assessed at home in
people with COPD. Disabil Rehabil 37(12):1102–1106

Lasers Med Sci (2019) 34:711–719 717

http://trials.gov


14. Borel B, Fabre C, Saison S, Bart F, Grosbois J-M (2010) An orig-
inal field evaluation test for chronic obstructive pulmonary disease
population: the six-minute stepper test. Clin Rehabil 24(1):82–93

15. Coquart JB, Lemaître F, Castres I, Saison S, Bart F, Grosbois J-M
(2015) Reproducibility and sensitivity of the 6-minute stepper test
in patients with COPD. COPD 12(5):533–538

16. Grosbois J-M, Le Rouzic O, Monge E, Bart F, Wallaert B (2013)
Comparison of home-based and outpatient, hospital-based, pulmo-
nary rehabilitation in patients with chronic respiratory diseases. Rev
Pneumol Clin 69(1):10–17

17. Grosbois JM, Gicquello A, Langlois C, Le Rouzic O, Bart F,
Wallaert B, Chenivesse C (2015) Long term evaluation of home-
based pulmonary rehabilitation in patients with chronic obstructive
pulmonary disease. Int J Chron Obstruct Pulmon Dis 10:2037–
2044

18. Ihsan FR (2005) Low-level laser therapy accelerates collateral cir-
culation and enhances microcirculation. Photomed Laser Surg
23(3):289–294

19. Oron U, Ilic S, De Taboada L, Streeter J (2007) Ga-As (808 nm)
laser irradiation enhances ATP production in human neuronal cells
in culture. Photomed Laser Surg 25(3):180–182

20. Passarella S (1989) He-Ne laser irradiation of isolated mitochon-
dria. J Photochem Photobiol B 3(4):642–643

21. Coballase-Urrutia E, Navarro L, Ortiz JL, Verdugo-Díaz L,
Gallardo JM, Hernández ME, Estrada-Rojo F (2018) Static mag-
netic fields modulate the response of different oxidative stress
markers in a restraint stress model animal. Biomed Res Int 2018:
3960408

22. Wang D, Wang Z, Zhang L, Li Z, Tian X, Fang J, Lu Q, Zhang X
(2018) Cellular ATP levels are affected by moderate and strong
static magnetic fields. Bioelectromagnetics 39(5):352–360

23. Friedmann H, Lipovsky A, Nitzan Y, Lubart R (2009) Combined
magnetic and pulsed laser fields produce synergistic acceleration of
cellular electron transfer. Laser Ther 18(3):137–134

24. de Oliveira AR, Vanin AA, Tomazoni SS, Miranda EF,
Albuquerque-Pontes GM, De Marchi T, Dos Santos Grandinetti
V, de Paiva PRV, Imperatori TBG, de Carvalho PTC, Bjordal JM,
Leal-Junior ECP (2017) Pre-exercise infrared photobiomodulation
therapy (810 nm) in skeletal muscle performance and postexercise
recovery in humans: what is the optimal power output? Photomed
Laser Surg 35(11):595–603

25. Leal Junior EC, Lopes-Martins RA, Frigo L, De Marchi T, Rossi
RP, de Godoi V, Tomazoni SS, Silva DP, Basso M, Filho PL, de
Valls Corsetti F, Iversen VV, Bjordal JM (2010) Effects of low-level
laser therapy (LLLT) in the development of exercise-induced skel-
etal muscle fatigue and changes in biochemical markers related to
postexercise recovery. J Orthop Sports Phys Ther 40(8):524–532

26. Miranda EF, Leal-Junior EC, Marchetti PH, Dal Corso S (2014)
Acute effects of light emitting diodes therapy (LEDT) in muscle
function during isometric exercise in patients with chronic obstruc-
tive pulmonary disease: preliminary results of a randomized con-
trolled trial. Lasers Med Sci 29(1):359–365

27. Tullberg M, Alstergren PJ, Ernberg MM (2003) Effects of low-
power laser exposure on masseter muscle pain and microcircula-
tion. Pain 105(1–2):89–96

28. Miranda EF, VaninAA, Tomazoni SS, Grandinetti Vdos S, de Paiva
PR, Machado Cdos S, Monteiro KK, Casalechi HL, de Tarso P, de
Carvalho C, Leal-Junior EC (2016) Using pre-exercise
photobiomodulation therapy combining super-pulsed lasers and
light-emitting diodes to improve performance in progressive cardio-
pulmonary exercise tests. J Athl Train 51(2):129–135

29. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi
R, Coates A, van der Grinten CP, Gustafsson P, Hankinson J, Jensen
R, Johnson DC, MacIntyre N, McKay R, Miller MR, Navajas D,
Pedersen OF, Wanger J (2005) Interpretative strategies for lung
function tests. Eur Respir J 26(5):948–968

30. Pereira CAC, Barreto SP, Simões JG (1992) Valores de referência
para espirometria em uma amostra da população brasileira adulta. J
Pneumol 18:10–22

31. De Marchi T, Leal Junior EC, Bortoli C, Tomazoni SS, Lopes-
Martins RA, Salvador M (2012) Low-level laser therapy (LLLT)
in human progressive-intensity running: effects on exercise perfor-
mance, skeletal muscle status and oxidative stress. Lasers Med Sci
27(1):231–236

32. Antonialli FC, De Marchi T, Tomazoni SS, Vanin AA, Dos Santos
Grandinetti V, de Peaiva PR, Pinto HD, Miranda EF, de Tarso
Camillo de Carvalho P, Leal-Junior EC (2014) Phototherapy in
skeletal muscle performance and recovery after exercise: effect of
combination of super-pulsed laser and light-emitting diodes. Lasers
Med Sci 29(6):1967–1976

33. Miranda EF, de Oliveira LV, Antonialli FC, Vanin AA, de Carvalho
PD, Leal-Junior EC (2015) Phototherapy with combination of
super-pulsed laser and light-emitting diodes is beneficial in im-
provement of muscular performance (strength and muscular endur-
ance), dyspnea, and fatigue sensation in patients with chronic ob-
structive pulmonary disease. Lasers Med Sci 30(1):437–443

34. Grosbois JM, Riquier C, Chehere B, Coquart J, Béhal H, Bart F,
Wallaert B, Chenivesse C (2016) Six-minute stepper test: a valid
clinical exercise tolerance test for COPD patients. Int J Chron
Obstruct Pulmon Dis 11:657–663

35. American Thoracic Society; American College of Chest Physicians
(2003) ATS/ACCP statement on cardiopulmonary exercise testing.
Am J Respir Crit Care Med 167(2):211–277

36. Powers SK, Howley ET (2015) Exercise physiology: theory and
application to fitness and performance, 9th edn. McGraw-Hill, New
York

37. Borg G (1990) Psychophysical scaling with applications in physical
work and the perception of exertion. Scand J Work Environ Health
16(Suppl 1):55–58

38. Kim HC, Mofarrahi M, Hussain SN (2008) Skeletal muscle dys-
function in patients with chronic obstructive pulmonary disease. Int
J Chron Obstruct Pulmon Dis 3(4):637–658

39. Miranda EF, Malaguti C, Corso SD (2011) Peripheral muscle dys-
function in COPD: lower limbs versus upper limbs. J Bras Pneumol
37(3):380–388

40. Leal-Junior EC, Vanin AA, Miranda EF, de Carvalho Pde T, Dal
Corso S, Bjordal JM (2015) Effect of phototherapy (low-level ther-
apy and light-emitting diode therapy) on exercise performance and
markers of exercise recovery: systematic review with meta-analy-
sis. Lasers Med Sci 30(2):925–939

41. Vanin AA, Verhagen E, Barboza SD, Costa LOP, Leal-Junior ECP
(2018) Photobiomodulation therapy for the improvement of mus-
cular performance and reduction of muscular fatigue associated
with exercise in healthy people: a systematic review and meta-anal-
ysis. Lasers Med Sci 33(1):181–214

42. Leal-Junior EC, Lopes-Martins RA, Rossi RP, DeMarchi T, Baroni
BM, de Godoi V, Marcos RL, Ramos L, Bjordal JM (2009) Effect
of cluster multi-diode light emitting diode therapy (LEDT) on
exercise-induced skeletal muscle fatigue and skeletal muscle recov-
ery in humans. Lasers Surg Med 41(8):572–577

43. Rammaert B, Leroy S, Cavestri B, Wallaert B, Grosbois J-M (2011)
Home-based pulmonary rehabilitation in idiopathic pulmonary fi-
brosis. Rev Mal Respir 28(7):e52–e57

44. Pinto HD, Vanin AA, Miranda EF, Tomazoni SS, Johnson DS,
Albuquerque-Pontes GM, Junior AIO, Grandinetti VD, Casalechi
HL, de Carvalho PT, Leal-Junior EC (2016) Photobiomodulation
therapy improves performance and accelerates recovery of high-
level rugby players in field test: a randomized, crossover, double-
blind, placebo-controlled clinical study. J Strength Cond Res
30(12):3329–3338

718 Lasers Med Sci (2019) 34:711–719



45. Karu TI (2008) Mitochondrial signaling in mammalian cells acti-
vated by red and near-IR radiation. Photochem Photobiol 84(5):
1091–1099

46. Silveira PC, Silva LA, Fraga DB, Freitas TP, Streck EL, Pinho R
(2009) Evaluation of mitochondrial respiratory chain activity in
muscle healing by low-level laser therapy. J Photochem Photobiol
B 95(2):89–92

47. Albuquerque-Pontes GM, Vieira RP, Tomazoni SS, Caires CO,
Nemeth V, Vanin AA, Santos LA, Pinto HD, Marcos RL, Bjordal
JM, de Carvalho Pde T, Leal-Junior EC (2015) Effect of pre- irra-
diation with different doses, wavelengths, and application intervals
of low-level laser therapy on cytochrome c oxidase activity in intact
skeletal muscle of rats. Lasers Med Sci 30(1):59–66

48. Leal-Junior EC (2015) Photobiomodulation therapy in skeletal
muscle: from exercise performance to muscular dystrophies.
Photomed Laser Surg 33(2):53–54

49. Leal-Junior EC, Johnson DS, Saltmarche A, Demchak T (2014)
Adjunctive use of combination of super-pulsed laser and light-
emitting diodes phototherapy on nonspecific knee pain: double-
blinded randomized placebo-controlled trial. Lasers Med Sci
29(6):1839–1847

50. de Paula Gomes CAF, Leal-Junior ECP, Dibai-Filho AV, de
Oliveira AR, Bley AS, Biasotto-Gonzalez DA, de Tarso Camillo
de Carvalho P (2018) Incorporation of photobiomodulation therapy
into a therapeutic exercise program for knee osteoarthritis: a place-
bo-controlled, randomized, clinical trial. Lasers Surg Med 50(8):
819–828

51. de Paiva PR, Tomazoni SS, Johnson DS, Vanin AA, Albuquerque-
Pontes GM, Machado CD, Casalechi HL, de Carvalho PT, Leal-
Junior EC (2016 Dec) Photobiomodulation therapy (PBMT) and/or
cryotherapy in skeletal muscle restitution, what is better? A ran-
domized, double-blinded, placebo-controlled clinical trial. Lasers
Med Sci 31(9):1925–1933

Lasers Med Sci (2019) 34:711–719 719


	Acute...
	Abstract
	Introduction
	Methods
	Study design
	Ethical aspects
	Sample
	Randomization and blinding procedures
	Protocol
	Procedures
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


