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Abstract

Ferraresi C, Bertucci D, Schiavinato J, Reiff R, Aradjo A, Panepucci R, Matheucci E, Cunha AF,
Arakelian VM, Hamblin MR, Parizotto N, Bagnato V: Effects of light-emitting diode therapy on
muscle hypertrophy, gene expression, performance, damage, and delayed-onset muscle soreness:
case-control study with a pair of identical twins.

Objective—The aim of this study was to verify how a pair of monozygotic twins would respond
to light-emitting diode therapy (LEDT) or placebo combined with a strength-training program
during 12 weeks.

Design—This case-control study enrolled a pair of male monozygotic twins, allocated randomly
to LEDT or placebo therapies. Light-emitting diode therapy or placebo was applied from a flexible
light-emitting diode array (A = 850 nm, total energy = 75 J, £= 15 seconds) to both quadriceps
femoris muscles of each twin immediately after each strength training session (3 times/wk for 12
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weeks) consisting of leg press and leg extension exercises with load of 80% and 50% of the 1-
repetition maximum test, respectively. Muscle biopsies, magnetic resonance imaging, maximal
load, and fatigue resistance tests were conducted before and after the training program to assess
gene expression, muscle hypertrophy and performance, respectively. Creatine kinase levels in
blood and visual analog scale assessed muscle damage and delayed-onset muscle soreness,
respectively, during the training program.

Results—Compared with placebo, LEDT increased the maximal load in exercise and reduced
fatigue, creatine kinase, and visual analog scale. Gene expression analyses showed decreases in
markers of inflammation (interleukin 1B) and muscle atrophy (myostatin) with LEDT. Protein
synthesis (mammalian target of rapamycin) and oxidative stress defense (SOD2 [mitochondrial
superoxide dismutase]) were up-regulated with LEDT, together with increases in thigh muscle
hypertrophy.

Conclusions—L.ight-emitting diode therapy can be useful to reduce muscle damage, pain, and
atrophy, as well as to increase muscle mass, recovery, and athletic performance in rehabilitation
programs and sports medicine.

Keywords
Biopsy; Creatine Kinase; Low-Level Laser Therapy; Photobiomodulation; Visual Analog Scale

Phototherapy using lasers and other light sources is commonly used in medicine for different
treatments.22 Since 1960s, low-level lasers (up to 500 mW)3 have provided a successful and
noninvasive therapy to manage pain® and inflammatory processes and accelerate tissue
healing.®

The mechanisms of action of phototherapy on biological tissues are related to light
absorption by chromophores in the cells, with cytochrome ¢ oxidase (Cox) proposed as the
main light-absorbing protein.6 The Cox enzyme, unit IV in the mitochondrial respiratory
chain, triggers a variety of secondary effects after light absorption. Among these effects, the
literature highlights increases in adenosine triphosphate (ATP) synthesis’:8 and modulations
in DNA and RNA synthesis rates, which in turn affect cell proliferation and gene expression
related to several cellular pathways such as mitosis, apoptosis, inflammation, and
mitochondrial energy metabolism.®-9

Recently, photobiomodulation in the form of low-level laser therapy and light-emitting diode
therapy (LEDT) has been applied over human skeletal muscles before or after bouts of
exercises in order to (i) accelerate muscle recovery, (ii) protect against muscle damage
induced by exercise, and (iii) improve performance, such as increasing muscle strength and
fatigue resistance.10-14 These effects are valuable in rehabilitation processes that involve
exercise programs to recover from muscle lesions and can mitigate the adverse effects of
orthopedic surgical procedures, such as muscle weakness and atrophy,!® and accelerate the
return to athletic sports or functional activity.

Few studies have evaluated the chronic effects (=8 weeks) of applying phototherapy to
muscles that are under metabolic and/ or mechanical stress, as seen in exercise training-
programs used in humans to increase performance.1113 Moreover, there has been no study
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reporting the chronic effects of phototherapy on muscle performance (including maximal
load tests and fatigue resistance), hypertrophy, muscle damage, delayed-onset muscle
soreness (DOMS), and molecular responses (gene expression) in humans. In addition, it is
also important to establish the safety of this treatment applied in a chronic manner, because
this therapy produces effects on muscle tissue lasting 24 to 48 hours,8:16:17 suggesting
possible cumulative effects if applied repetitively. Finally, no published study has controlled
the genetic aspects of the subjects, because it is known that genetic differences between
individual subjects can promote different adaptations to exercise.18

With these perspectives in mind, our case-control study investigated whether an intense
strength training program combined with the chronic use of LEDT could increase muscle
recovery, performance (strength and fatigue resistance), and muscle hypertrophy (volume);
modulate gene expression; and also decrease the score for DOMS in a pair of identical
twins. This study enrolled a pair of identical twins because of their genetic identity? in
order to exclude or drastically minimize the effects of genetic disparities between the
subjects, because it is known that muscle performance and recovery can depend on intrinsic
genetic responses to exercise®20:21 and moreover that phototherapy promotes modulation in
gene expression.59

METHODS

Subjects

Two 19-year-old male identical (monozygotic) twins, 1.72 m, 70 kg, college soccer players,
living together and having the same habits and diet, were enrolled in this study approved by
the human ethics committee of the Federal University of Sdo Carlos, Brazil (opinion n°
205/2012) and conducted in this university in compliance with the Declaration of Helsinki
(1964) and its later amendments.

After signing an informed consent form, the subjects were subjected to (i) genomic analysis
to confirm their identity as monozygotic twins?; (ii) an intense strength training program
using a leg press and leg extension fitness machine combined with LEDT or placebo; (iii)
assessments of muscle performance, score of DOMS by visual analog scale (VAS), and a
biochemical marker of muscle damage (creatine kinase [CK]; (iv) magnetic resonance
imaging (MRYI) analysis to calculate thigh muscle volume?2:23; and (v) muscle biopsies of
the vastus lateralis?4 to quantify gene expression modulation by quantitative real-time
polymerase chain reaction (QPCR). Figure 1 shows a flowchart of the study.

Genomic Analysis

Sixteen loci with short tandem repeats were investigated to determine whether both brothers
were monozygotic twins. DNA samples were obtained from cells of the oral mucosa using a
swab, and DNA was extracted using Qiamp DNA Mini Kit (Qiagen, Valencia, CA).
Coamplifications of the loci D3S1358, VWA, D16S539, D8S1179, D21S11, D18S51, THO1,
FGA, D5S818, D13S317, D7S820, TPOX, CSF1PO, penta D, penta E, and amelogenin were
performed by PCR using Human ID kit (QGene, S&o Carlos, Brazil). Reactions for
multiplex PCR were prepared according to the manufacturer's guidelines. Briefly, these
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reactions used 15 ng of genomic DNA, 1 U of Taq DNA polymerase, buffer (1x), primers
and water to complete 15 pL of reaction volume. All loci were amplified in a Veriti 96-Well
Thermal Cycler (Applied Biosystems, Waltham, MA) following the program: step 1: 1x
(95°C, 7 minutes); step 2: 10x (94°C, 1 minute; 60°C, 1 minute; 70°C, 1.5 minutes); step 3:
22x (90°C, 1 minute; 60°C, 1 minute; 70°C, 1.5 minutes); step 4: 1x (60°C, 30 minutes);
step 5: keep at 4°C. Amplified products were detected and separated by capillary
electrophoresis using a MegaBACE 1000 (GE Healthcare Bio-Sciences Corp., Pittshurgh,
PA). Results were analyzed, and allele designations were set automatically using Fragment
Profiler software, version 1.2 (GE).

Magnetic Resonance Imaging and Muscle Hypertrophy (Volume)

These analyses quantified the muscle volume after the training program, because strength
exercises are known to promote muscle hypertrophy.2> A MAGNETOM C! 0.35-T
(Siemens, Minchen, Deutschland) scanner was used to acquire axial images from thigh
muscles. T1-weighted spin echo with a 430-millisecond repetition time, 26-millisecond echo
time in matrix of 256 x 256 pixels was used to acquire MRI data using 10-mm-thick
sections similarly to previous studies.?2:23 Subjects did not eat or drink for 8 hours before
their scans in the supine position.22 Slices from the proximal border of the patella to the
anterior superior iliac spine were used to quantify the volume of the thigh muscles,
subtracting bone and fat tissues. Cross-sectional areas were measured every each 4
consecutive slices (3-cm gap between slices)?2 using Weasis software (version 1.1.2).
Muscle volume (in cm3) of the slices was calculated by multiplying the tissue area (in cm?2)
by slice thickness (10 mm). Volume of all gaps was calculated using truncated pyramids?2:23
as follows:

N N
V=Y Ait+h/3) {Ai—1+Ai+ (Ai—lAi)]
=1 i—2

where Vis the total thigh volume, A is the muscle cross-sectional area, ¢is slice thickness, /
is the distance (gap) between every 4 consecutive slices, and N is the number of slices used
to calculations. Total volume was calculated as the summation of volume of the slices and
gaps of the left thigh. The same number of slices (12) was used before and after the training
program for both twins. Magnetic resonance imaging was carried out at baseline (prior
baseline biopsy) and final (24 hours after second biopsy). Cross-sectional area of each slice
was quantified by evaluator 1, who was blinded to the therapy (LEDT or placebo) and
training program.

Muscle Biospy

Muscle biopsies were performed to acquire muscle samples for gene expression analyses to
identify molecular responses resulting from the training program combined with
phototherapy. Both twins were instructed to not perform any kind of training or exercise for
7 days prior to the first muscle biopsy (baseline). The fragment of the vastus lateralis was
obtained from the half distance between an imaginary line beginning at the greater
trochanter to the superior border of the patella.2* The skin was cleansed, and local anesthesia
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was applied using 2% lidocaine without vasoconstrictor. Afterward, a small incision using
scalpel no. 11 was made in the skin (approximately 0.5 cm), through subcutaneous tissue
and fascia.24 Thereafter, a biopsy needle of 4.5 mm was inserted to collect the muscle
fragment. Immediately after withdrawal, the muscle fragment was deposited in a cryotube
free of DNase and RNAse, frozen in liquid nitrogen and stored at —80°C until analysis of
gene expression. The final biopsy was conducted exactly 24 hours after the last training
session.

Muscle Performance

Muscle performance assessments were performed to measure (i) muscle fatigue resistance
and (ii) the maximal muscle strength. Three weeks after the first muscle biopsy, both twins
were evaluated for muscle fatigue using the fatigue index in an isokinetic dynamometer
(Multi-Joint System 3; Biodex, New York, NY), and the load of 1-repetition maximum
(1RM) test using the leg press as previously described!1:13 for baseline. One-repetition
maximum test in leg extension fitness machine was conducted for each leg with the range of
motion (ROM) from 90 to 15 degrees of knee flexion. This ROM was chosen (i) based on
scientific evidence reporting the peak of the torque of the knee extensor muscles occurring
near 60 to 70 degrees of knee flexion?6-28; (ii) to keep the same ROM used in the isokinetic
test!®: and (iii) to make it possible for both volunteers to extend their knee joint to a
comfortable position,2? reducing the possibility of resistance occurring via stretching of
hamstring muscles.30 The final evaluations of muscle performance were performed at the
35th training session. Both twins performed all these evaluations individually and were
blinded to the results. In addition, all tests were performed by evaluator 2, who was blinded
to therapy (LEDT or placebo) and MRI analyses.

Training Program

The intense strength training program using leg press and leg extension was based on
literature protocols to obtain the maximum muscle strength and volume increase.2> Two
days after baseline evaluations for muscle performance, both monozygotic twins started the
training program for 12 consecutive weeks, with a relatively high frequency (3 days a week:
Monday, Wednesday, Friday) in blinded mode; that is, each twin did not see the training of
his brother. The intensity of each training session was 80% and 50% of the load determined
by the 1RM test in the leg press and leg extension fitness machine, respectively!! (Fig. 2).
Each training session comprised 40 repetitions of leg press (4 sets of 10) plus 30 repetitions
of leg extension (3 sets of 10) or until exhaustion understood as an incapacity of the subjects
to lift the weights (leg press or leg extension exercises). If a set was not completed, the
number of repetitions was recorded, and immediately a rest interval was started consisting of
2 minutes between sets.! For leg extension, the rest interval started immediately after both
legs performed each set of exercises. Retests of 1RM by the leg press and leg extension
machine were carried out at the 12th and 24th training session, replacing these sessions.
Evaluator 2 supervised all training sessions.

Light-Emitting Diode Therapy or Placebo

Light-emitting diode therapy was chosen as the phototherapy of this study because of its
ease of application. Evaluator 3 randomized the twins by a simple draw at the beginning of
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the study to receive LEDT or placebo. Each therapy was applied over the quadriceps femoris
muscles of each leg for 15 seconds immediately after each training session: right leg first
and left leg second, with the order of application alternating each time. Both twins were
blinded to these therapies, and in addition, evaluator 3 was blinded to muscle performance,
CK, and muscle soreness assessments during the study.

Light-emitting diode therapy used a flexible array of 34 x 18 cm (612 cm?) containing 50 in-
frared LEDs (850 nm) specially built for research by the University of Sdo Paulo and
Federal University of Sdo Carlos, Brazil (Fig. 3). This device (prototype) was designed to
cover the quadriceps femoris muscles at each session of irradiation, making the therapy
sessions faster and standardized when compared with using multiple points of irradiation by
single probes or circular clusters. Each LED had a spot area of 0.2 cm? and an optical power
of 100 mW, delivering 1.5 J during 15 seconds. The total power was 5000 mW, and total
energy delivered was 75 J at each application. Light-emitting diode parameters were
measured and calibrated using an optical energy meter PM100D Thorlabs (Newton, NJ)
fitted with a sensor model S130C. All LEDT parameters are given in Table 1.

A hidden button in the LED device was switched on by evaluator 3 during placebo therapy,
causing the device to emit no light (0 mW and 0 J). Because of the invisible nature of 850-
nm light, neither twin could distinguish placebo therapy from LEDT. There was no sensation
of heat when the device was applied to the skin.

Biochemical Marker of Muscle Damage and Score of DOMS Assessments

Creatine kinase, a muscle enzyme related to muscle damage that can be measured in the
bloodstream,3! was analyzed using 30 KL of blood collected from the earlobe 5 minutes
before and 24 hours after the 1st, 13th, 25th, and 36th training sessions. Creatine kinase was
measured by Reflotron Plus biochemical analyzer (Roche, Mannheim, DE)3! following the
manufacturer_s guidelines. Briefly, the CK strip (Roche) was filled with 30 uL of blood and
after exactly 15 seconds was read on the Reflotron Plus. A VAS with 10 cm was used to
measure the DOMS* 24 hours after the 1st, 13th, 25th, and 36th training sessions, because it
is known that strength training exercise promotes microdamage in the muscles and an
inflammatory process that induces pain with peaks between 24 and 72 hours.32 Muscle pain
was elicited through a maximum voluntary isometric contraction at 0 degrees of knee flexion
and without load. These analyses were carried out by evaluator 2.

Gene Expression Analyses

Gene expression analyses aimed to assess the effects of the training program combined with
phototherapy on genes known to be related to oxidative stress defenses (mitochondrial
superoxide dismutase [SOD2]), protein synthesis and muscle hypertrophy (mammalian
target of rapamycin [mTORY]), inflammation (interleukin 1p [IL-1B]), and muscle weakness
and atrophy (myostatin [MSTN]).33-3% Gene expression of SOD2, mTOR, IL-1B, and
MSTN was compared with RPS13 (ribosomal protein S13). RPS13 was chosen as the most
stable reference gene36 when compared with other reference genes, such as GAPDH
(glyceraldehyde-3-phosphate dehydrogenase), HPRT1 (hypoxanthine
phosphoribosyltransferase), and RPS29 (ribosomal protein S29). Messenger RNA from

Am J Phys Med Rehabil. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ferraresi et al.

RESULTS

Page 7

muscle samples was extracted using TRIzol (Life Technologies, Waltham, MA) and reverse
transcribed using High-Capacity cDNA Reverse Transcription kit (Applied Biosystems,
Waltham, MA). Quantitative real-time PCR reactions used GoTag gPCR Master Mix kit
(Applied Biosystems, Waltham, MA) with thermal cycles of 50°C (1 x 2 minutes), 95°C (1
x 10 minutes), 95°C (40 x 15 seconds), 60°C (40 x 1 minute), 95°C (1 x 15 seconds), 60°C
(1 x 30 seconds), 95°C (1 x 15 seconds). Fold change (FC) of gene expression was
calculated using comparative cycle threshold (2724¢t),37 All pairs of primers used are given
in Table 2.

Genomic Analysis

All 16 loci tested confirmed that both brothers were monozygotic twins (Fig. 4).

Muscle Performance

Light-emitting diode therapy increased the 1RM load in leg press (+53%, from 320 to 490
kg) and in leg extension machine (+37%, from 60 to 82.5 kg) but basically did not change
muscle fatigue in the isokinetic dynamometer (-=3%, from 59% to 56%). On the other hand,
placebo therapy increased muscle fatigue (+15%, from 57% to 66%) and produced smaller
increments in 1RM load in leg press (+28%, from 320 to 410 kg) and leg extension (+20%,
from 62.5 to 75 kg) (Fig. 5).

Muscle Damage and DOMS

Light-emitting diode therapy produced smaller increases in CK at 1st (+26%, from 225 to
284 UL), 13th (+36%, from 191 to 260 UL), 25th (+1%, from 225 to 229 UL), and 36th
(+7%, from 204 to 220 UL) training sessions compared with placebo at 1st (+45%, from 259
to 376 UL), 13th (+59%, from 153 to 244 UL), 25th (+24%, from 158 to 196 UL), and 36th
(+23%, from 146 to 181 UL) (Fig. 6). Light-emitting diode therapy decreased pain score on
VAS compared with placebo at 1st (5.5 vs 8.2), 13th (1.4 vs 3.2), 25th (0.4 vs 1.8), and 36th
(0.3 vs 1.0) training sessions (Fig. 7).

Muscle Hypertrophy (Volume)

There was an increase in the volume in thigh muscles measured by MRI when LEDT was
combined with the training program (+20%, from 2937 to 3523 cm?3), whereas placebo
therapy gave a smaller increase in muscle volume (+5%, from 3152 to 3316 cm?3) (Fig. 8).

Gene Expression

Expressions of IL-1p and MSTN were decreased with LEDT (FC = -11.5 and -4.0,
respectively) compared with placebo (FC = +2.3 and —1.4). Moreover, mTOR and SOD2
expression were increased with LEDT (FC = +1.4 and +1.4, respectively) compared with
placebo (FC = +1.1 and +1.0) (Table 3). Figure 9 illustrates possible cell signaling
mechanisms in human skeletal muscle mediated by phototherapy.
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DISCUSSION

The present study shows for the first time the beneficial effects of phototherapy by LEDT on
skeletal muscles of genetically identical humans (monozygotic twins) subjected to a strength
training program. Light-emitting diode therapy compared with placebo therapy promoted a
resistance to muscle fatigue, reduced a biochemical marker of muscle damage (CK),
lessened the score of delayed onset muscle soreness (VAS), and reduced expression of genes
related to inflammation (IL-1A) and atrophy (MSTN). Moreover, LEDT increased the
maximal load achievable in exercise, the expression of genes related to oxidative stress
defense (SOD2), and protein synthesis (mTOR) and produced thigh muscle hypertrophy
shown by MRI.

The results regarding gene expression of IL-1p, a known gene marker of inflammation,
strongly suggest that LEDT produced an anti-inflammatory effect, as reported by previous
studies.6:38:39 ikewise, gene expression of MSTN, a gene marker of muscle wasting and
weakness, 33 was also decreased with LEDT applied after the training program, suggesting
an important reduction in the signaling seen in muscle atrophy.2%-21 Genes related to a
marker of cell proliferation and protein synthesis (NTOR)34 and oxidative stress defense
(SOD2)3> were also increased by LEDT, confirming the molecular effects of phototherapy3°
in humans. To our best knowledge, there is no previous study reporting these effects of
phototherapy on gene expression in human skeletal muscles.

The effects of phototherapy on RNA synthesis in conjunction with the greater increase in
muscle volume (MRI analysis) and performance (load in 1RM tests and fatigue resistance),
combined with reduction of muscle damage (CK levels) and DOMS (pain assessed by VAS
score), strongly suggest that several signaling pathways involved in cell proliferation and
protein synthesis, energy metabolism, cytoprotection, inflammation, and oxidative stress3°
were modulated by phototherapy resulting in macroscopic and functional benefits for human
skeletal muscles.

Previous clinical trials11:13.14.16 a5 well as in vitro8 and preclinical animal studies’-4? have
shown decreased levels of CK (muscle damage) and DOMS, an increased load, resistance to
muscle fatigue, more muscle ATP and glycogen synthesis, better oxidative stress defense,
improved mitochondrial activity (Cox), and proliferation of muscle cells with the use of
phototherapy that has generally been applied after exercises. Moreover, increases in ATP
content in muscle cells and tissue, fatigue resistance, strength, oxidative stress defense,
prevention of muscle damage, and improvement of the kinetics of oxygen
consumption’8:10.12,17.41-43 can also be elicited when phototherapy is applied to muscles
before a single bout of exercise (muscular preconditioning). However, it seems there is an
optimum time to apply phototherapy when used in a muscular preconditioning regimen as
judged by increases in ATP synthesis in muscles, mitochondrial metabolism, and fatigue
resistance that are maximal at some hours after light application.8:17

The results reported in the present study can give better direction for the use of phototherapy
in clinical practice in the sports medicine and rehabilitation fields. Regarding sports
medicine, athletes and sportsmen could be benefited by phototherapy with a fast muscle
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recovery, a better gain in hyper-trophy (muscle mass), and improvement of muscle
performance, without the use of any forbidden performance-enhancing drugs.** Moreover,
there would be the added benefit of reduction in muscle damage and atrophy and less
inflammation and pain.# On the other hand, patients suffering from inflammation, pain, loss
of muscle mass and strength, and muscle atrophy as result of orthopedic surgical
procedures,1® for example, could possibly be benefited with the use of phototherapy
combined with exercise training programs during their rehabilitation. Therefore, the return
of the subjects to sports or functional activities could be accelerated.

It is important to note that LEDT parameters used in this study were based on previous
studies, 1113 applying a small energy per LED (1.5 J) and a total of 75 J distributed over the
entire area of the quadriceps femoris muscles, and there were no adverse cumulative effects
of the light. Previous studies have already reported that phototherapy can produce effects for
24 hours (in vitro and in vivo)817 and possibly as long as 48 hours in human skeletal
muscles.2® It could be envisaged that cumulative exposure or excessive light doses could
produce an inhibition or a lack of positive effects on human skeletal muscles based on the
biphasic dose response? typical of phototherapy as previously reported in the literature, but
no evidence of this adverse effect was found in the present study.

There are several mechanisms of action that have been proposed to account for the effects of
phototherapy on cells.32 All of these mechanisms are based on the light absorption by
chromophores in the cells, especially by Cox inside the mitochondria, triggering
improvements in muscle recovery and performance.12 The absorption of the light (from low-
level lasers and LEDs) by Cox promotes modulations in cell metabolism altering the
energetic state of the cells via increased mitochondrial membrane potential and increased
synthesis of ATP and cyclic adenosine monophosphate,®-9:39 which in turn possibly
modulate the synthesis rate of DNA and RNA via mitochondrial retrograde signaling.3°

Although this study enrolled a pair of identical twins, living together and having the same
diet and habits, to remove any genetic bias related to intrinsic individual responses to the
exercises and/or the LEDT, future studies should enroll more volunteers to deeply
investigate the molecular responses of muscles to exercise combined with phototherapy. In
summary, the present study should encourage physical therapists to use LEDT as an
adjuvant therapy in rehabilitation programs involving treatment of damaged skeletal
muscles, as well as an adjuvant therapy for training programs to improve strength, fatigue
resistance, and muscle mass.
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FIGURE 1.
Flowchart of the study.
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FIGURE 2.
A, Exercise in leg press. B, Exercise in leg extension fitness machine.
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FIGURE 3.
A, Array of LEDs used to LEDT. B, Light-emitting diode therapy or placebo applied

immediately on quadriceps femoris muscles after each training session.
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FIGURE 4.
Genomic analysis of the 16 loci with short tandem repeats (STRs): amelogenin, D3S1358,

D5S818, vWA, THO1, D13S317, D8S1179, D21S11, D7S820, TPOX, D16S539, D18S51,
CSF1PO, FGA, penta E, penta D. Note that for both twins (twins 1 and 2) all loci have the
same position and peaks, attesting their condition of identical twins (monozygotic).

Am J Phys Med Rehabil. Author manuscript; available in PMC 2017 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ferraresi et al. Page 16
Muscle Performance

3 Placebo
B LEDT

i H,I Hl

& & W

Changes (%)
= N W H OO O
O O O ©O © O

o

-
o
L

FIGURE 5.
Muscle performance assessing muscle fatigue resistance; 1RM test in leg press (LP) and in

leg extension fitness machine (LE). Values are given in percentage (%).
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FIGURE 6.

Muscle damage assessed by CK at the 1st, 13th, 25th, and 36th training sessions. Values are
given in percentage (%).
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FIGURE 7.

Delayed-onset muscle soreness assessed by VAS at the 1st, 13th, 25th, and 36th training
sessions. Values are given in centimeters.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2017 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ferraresi et al. Page 19

Baseline

+5%

|

-1
1

slices and

gaps (#1-12) +20%

LEDT

FIGURE 8.
Magnetic resonance imaging of thigh muscles before (baseline) and after (final) the training

program. Twelve slices and gaps were used to calculate muscle volume. Images from level 5
(slice 5) for both twins are representing the whole difference between therapies, taking into
account all 12 slices and gaps. Results are presented in percentage.
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FIGURE 9.
Supposed effect of phototherapy by LEDT and low-level laser therapy (LLLT) in human

skeletal muscle cell signaling. Colored genes were modulated with LEDT. ETC indicates
mitochondrial electron transport chain.
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TABLE 1
Parameters of LEDT
No. LEDs: 50 infrared Power density per LED: 500 mW/cm?
Wavelength: 850 (+/- 20) nm Power density of array: 8.1 mW/cm?
LED spot size: 0.2 cm? Treatment time: 15 s
LED array size: 612 cm? Total energy per application: 75 J
Pulse frequency: continuous Energy density per LED: 7.5 J/cm?

Optical output power of each LED: 100 mW  Energy density of array: 0.122 J/cm?

Optical output power of array: 5,000 mW Application mode: in contact with the skin
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TABLE 2

Designed pairs of primers used in qPCR

GeneNM

GenePrimer Sequence

RPS29 (NM_001032)

RPS13 (NM_001017)

RPS29 RT_F 5’
RPS29 RT R &'
RPS13 RT F 5’
RPS13_RT_ R 5

GAPDH (NM_002046) GAPDH RT F 5’

GAPDH_RT_R 5" TGTAGTTGAGGTCAATGAAGGG 3’

HPRT1 (NM_000194) HPRT1_RT F 5’

SOD2 (NM_000636)

mTOR (NM_004958)

IL-18 (NM_000576)

MSTN (NM_005259)

HPRTI_RT R 5
SOD2RT F 5
SOD2RT R 5
MTORRT F 5
MTOR_RT R 5
IL-18_RT_F 5
IL-1B.RTR 5
MST_RT_F 5
MST_RT R 5

GCACTGCTGAGAGCAAGATG 3’
ATAGGCAGTGCCAAGGAAGA 3’
TCTCCTTTCGTTGCCTGATC 3’
AATCTGCTCCTTCACGTCG 3’
ACATCGCTCAGACACCATG 3’

TGCTGAGGATTTGGAAAGGG 3’
ACAGAGGGCTACAATGTGATG 3’
CCTGGAACCTCACATCAACG 3’
GCTATCTGGGCTGTAACATCTC 3’
CTGAACTGGAGGCTGATGG 3’
TGGTCCCCGTTTTCTTATGG 3’
GGTACATCAGCACCTCTCAAG 3’
CACATTCAGCACAGGACTCTC 3’
TGATCTTGCTGTAACCTTCCC 3’
TCGTGATTCTGTTGAGTGCTC 3’
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TABLE 3

Fold change of gene expression following placebo or LEDT

Gene Placebo LEDT

IL-1B 23 -115
MSTN -14 -4.0
mTOR 11 14
SOD2 1.0 14
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