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Introduction: The use of High Power Laser (HPL) has recently been emphasized in
physiotherapy. Previous studies suggest that the prophylactic use of laser has ergogenic effects
on athletic performance by increasing the contractile function of skeletal muscles. Recently,
muscle function improvement is a new research idea in the field of laser therapy. Based on our
knowledge, there are only two studies on the effects of HPL on muscle performance although
with contradictory results. The purpose of this study was to investigate the effects of HPL on
quadriceps muscle performance in male football players.
Materials and Methods: Sixteen healthy male football players (Mean±SD age=18.53±7.2
years, Mean±SD body mass index=22.8±4.4 kg/m2) participated in a pretest-posttest study.
The subjects received one session of HPL (808 nm, 80 j, 2 w) on quadriceps muscles. The
Isometric Peak Torque (IPT), Single-Leg Hop Test (SLHT), and Y-balance Test (YBT) were
measured at baseline and immediately after HPL. For statistical analysis, we used the paired
sample t test.
Results: Immediately after HPL, the IPT (P=0.001), SLHT (P=0.02), and YBT scores
(P=0.001) significantly increased.
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Conclusion: The results of our study showed that immediate application of one session of
HPL can improve IPT as well as functional tests. Although the sessions of laser application and
assessment were limited and the sample size was small, it seems that HPL could improve muscle
performance. Therefore, further research is warranted with large sample size and follow-up.
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1. Introduction

uscle performance refers to the capacity
of skeletal muscle to produce force for
a specific physical activity or exercise
[1]. Achieving optimal performance is
the desire of all athletes at all levels of
sport [2]. Athlete’s performance depends on several factors, including the ability to produce and maintain a high
level of physical, technical, mental, and decision-making
skills during the competition [3].

Researchers have shown that phototherapy can activate
muscle bioenergy and therefore, can affect the mechanical
function of this tissue during exercise [4]. Previous studies have provided evidence for the application of laser to
increase blood circulation in the irradiated tissue, increasing tissue oxygenation. increasing circulation and oxygen, thereby improving the overall ability of the muscle
function. An increase in oxygen delivery to the activating
muscle will also lead to enhanced Adenosine Triphosphate (ATP) production via aerobic respiration [5, 6].
In recent decades, studies on animal [7-9] and human
models [1, 10-14] have suggested that phototherapy, especially low power laser therapy can improve muscle
performance before exercise [15-20].
The use of high power lasers has recently become common in rehabilitation. As an advantage, a High Power
Laser (HPL) has greater penetration depth than a Low
Power Laser (LPL) so that HPL can stimulate larger and
deeper surfaces in a shorter time [21]. Therefore, it can
be used for a short time before the match.
To the best of our knowledge, despite numerous studies
about the effect of low power laser therapy on muscle
performance [4, 22-26], only two studies about the effects of HPL on muscle performance in untrained participants were performed with contradictory results [2,
27]. Better performance has always been the focus of
athletes so that one-hundredth of a second can make a
difference between winning and losing [10]. Because of
the mentioned advantages for HPL, this study aimed to
investigate the effect of HPL on quadriceps muscle performance in male football players.

2. Materials and Methods
Study design
The study was conducted on healthy male football
players with a single-group, pretest-posttest design. This
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study was in accordance with the principles of the Declaration of Helsinki, and the Ethics Committee of Tehran
University of Medical Sciences approved the study protocol. All participants signed a consent form before entering the study. The flowchart of selecting participants
for the current study was shown in Figure 1.
Study participants
Sixteen football players, aged 18-55 years, participated in this study. All participants were referred from the
Tehran Resistance Football Club in April 2020. Healthy
male semi-professional and professional football players were included in this study. The exclusion criteria
included a history of musculoskeletal injury to the lower
extremity in the last 6 months before entering the study,
the inability of performing the study protocol, and the
incidence of any injury during this study. All steps of the
current study were performed in the biomechanics laboratory of Tehran University of Medical Sciences.
High power laser
A near-infrared GaAlAs laser with a wavelength of 800
nm (Novin Medical Engineering, Tehran, Iran) was used
immediately after baseline assessment with the probe
held at 90° angle and noncontact and continuous mode.
The HPL parameters used were as follows: 2 W radiant
power; 5 s application time in each point; 10 J radiant
energy per point; 1 cm2 spot size; 8 points of the quadriceps muscle (4 points on rectus femoris; 2 points on
vastus lateralis; 2 points on vast medialis). Thus the total
application time was 40 s and the total energy applied
was 80 J. The participants and the examiner used opaque
goggles for protection (Figure 2).
Outcome measures
The outcome measures were Isometric Peak Torque
(IPT), Single Leg Hop Test (SLHT), and Y-balance test.
All measurements were assessed at baseline (before
HPL) and immediately after the intervention.
Isometric peak torque
The IPT (Newton-meters, Nm) of the quadriceps muscle was determined at one session in the mentioned order using an isokinetic dynamometer (Series 3, Biodex,
USA) measure and the computer software program version 3.29 and 3.30. The dominant leg was tested. Before each test, the participants became familiar with the
procedures and warmed up by performing four isometric
contractions. During the test, the examiner guided the
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Figure 1. Flowchart of the participants’ recruitment
IPT: Isometric Peak Torque; HPL: High Power Laser; SLHT: Single Leg Hop Test; YBT: Y-Balance Test

participant with standardized instructions and encouraged maximal muscle performance by verbal input.
The participants sat on the seat of the isokinetic dynamometer while the angle between trunk and hip was
100°. To prevent lateral movements, the hands of the
participant were placed on two handles of the dynamometer that were installed on both sides and the subject’s body was fixed using two straps transversely. The
dominant leg was placed at 60° knee flexion adjusted
by device and the thigh was fixed using the strap on it.
The dynamometer axis was aligned with the axis of the
knee which was anatomically placed 2.5 cm above the
head of the fibula. After that, the participant was asked
to perform a Maximum Voluntary Isometric Contraction
(MVIC) of the quadriceps muscle to extend the knee.
The MVIC was measured at 60° knee flexion.
Three trials with 5 s isometric contraction of the quadriceps muscle were recorded with a 30-s rest between
each trial; then, the average of them was calculated for
the analysis. To avoid sub-maximal performance or outliers, the test was redone or data discarded if the coefficient of variation exceeded 10% for knee [28].

Y- balance test
The Y-balance Test (YBT) is a reliable method to assess
dynamic balance in healthy people [30]. The participant
was asked to stand on the dominant leg while reaching out
in 3 different directions with the other lower extremity as
far as possible. They are anterior, posteromedial, and posterolateral. The YBT was repeated three times in each direction then the maximum distance was recorded in centimeters. the average maximum distance in three directions
was recorded as the total score for further analysis [31].
Statistical analysis
The obtained data were analyzed in SPSS, v. 16. The
Kolmogorov- Smirnov (K-S) test of normality was used
to assess the homogeneity of the variables. The data of this
study were presented as Mean±SD. Paired samples t test
was used to compare data before and after the intervention. The level of significance was considered at P<0.05.

Single leg hop test
Single Leg Hop Test (SLHT) is used to evaluate the
functional performance of the lower extremity that its
reliability was reported by Bloqla et al. [29]. At first, the
participant stood on the dominant leg with his toes behind a line marked on the floor. Then the participant hops
forward as far as possible. After that, the distance from
the starting point to the back of the heel was measured
in centimeters [29]. The test was repeated 3 times with
9 s rest between each trial. The maximum distance was
recorded for further analysis.

Figure 2. Application of high power laser (A) and sites of
laser irradiation on quadriceps for the participants (B)
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Table 1. Descriptive statistics for all outcome measures (n=16)

Outcome Measures
IPT (Nm)

SLHT (cm)

YBT (cm)

Mean±SD

Before HPL

11.99±2.43

Immediately after HPL

13.48±2.02

Before HPL

139.88±19.69

Immediately after HPL

146.75±22.12

Before HPL

99.33±6.72

Immediately after HPL

107.94±7.09

P
0.001*

0.02*

0.001*

IPT: Isometric Peak Torque; Nm: Newton Meter; CM: Centimeter; HPL: High Power Laser; SLHT: Single-Leg Hop Test; YBT:
Y-Balance Test
* Statistically significant: (P<0.05).

3. Results
Sixteen healthy male football players with a Mean±SD
age of 18.53±7.2 years and a mean Body Mass Index
(BMI) of 22.8±4.4 kg/m2 completed the current study.
All variables were normally distributed based on the results of the K-S test (P>0.05). The descriptive data for all
variables are shown in Table 1. Immediately after HPL,
the mean values of IPT (P=0.001), SLHT (P=0.02), and
total score of YBT (P=0.001) significantly increased.

4. Discussion
The objective of the current study was to evaluate the
effects of HPL on the quadriceps muscle performance
of healthy male football players. Based on our results
immediately after HPL (808 nm, 2 W, 80 J), IPT of the
quadriceps muscle, SLHT, and YBT scores significantly
increased. Based on our knowledge, there are only two
studies on the effects of HPL on muscle performance
[27, 32]. Tiago et al. compared the effects of HPL (./5 w/
cm 2,980 nm,) and LPLT (200 mW, 810 nm) on maximum voluntary contraction, delayed-onset muscle soreness, and creatine kinase activity of quadriceps muscle in
40 healthy untrained male participants. They found that
LPL has better results in all outcome measures than HPL
that is conflicting with our results [32].
Several explanations may clarify our results. The method of HPL applying such as dose and radiation points
may affect the results. In the present study, HPL was used
as a pulse and non-contact, also the irradiation time at
each point was 5 s to prevent the thermal effect of HPL.
While Tiago et al. used a scanning method for HPL radia-
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tion and they reported a thermal effect. The hyperthermia
due to the thermal effect of HPL lasts for several minutes
that significant thermal damage may occur in biological
tissues and it may have happened in Tiago et al. study.
The irradiated points in our study are more than the irradiated points of the mentioned study. Also in our study,
the participants were athletes while the participants of
the mentioned study were untrained people. It seems
that the effects of laser irradiation are different in athletes
compared to untrained subjects. Besides, there was no
fatigue or exercise protocol in the present study but the
eccentric contraction protocol was used in the mentioned
study. Fatigue can attenuate the positive effects of HPL
on muscle performance. Therefore, it seems that the ineffectiveness of HPL on muscle strength is probably due
to thermal effects, fatigue, and the small number of areas
in which it was applied.
In another study, Larkin et al. investigated the effects
of HPL on biceps brachii (1.5 W, double wavelength of
800 and 970 nm) after strenuous resistance exercise in
healthy subjects [27]. In line with our findings, they reported that HPL effectively attenuated strength loss after
exercise although these changes were small.
Other studies mostly have focused on the effects of
HPL on pain and they indicate the positive effect of HPL
on pain relief [21, 33-37].
The potential mechanism by which HPL improves
muscle performance is not obvious yet. Evidence has
shown that laser therapy has positive effects on the biochemical activity of muscle cells. Some of these effects
are increased mitochondrial activity and synthesis of
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ATP, as well as accelerating the inflammatory process
and exertion of waste product in the muscle [38, 39]. To
adequately assess the effects of laser therapy on muscle
performance, future researchers should focus on the
analysis of biochemical markers of muscle and fatigue.
Because studies about the effects of HPL on muscle
performance are limited, more studies are needed to determine the appropriate laser parameter.
The current study has some limitations. One limitation
is the lack of a control group. Also, only the immediate
effects of laser therapy were investigated. So, further research is needed on the medium and long-term effects of
laser therapy in other sports.

5. Conclusion
The results of the current study showed that immediate application of one session of the HPL on quadriceps
muscle in healthy football players can significantly improve IPT, SLHT, and YBT scores. It seems that HPL
can enhance muscle performance while confirming our
results need more studies with larger sample size and
longer follow-up.
Clinical implication
The results of this study provide that HPL has positive
effects on the immediate improvement of muscle performance in healthy athletes.
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