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Abstract
Introduction: Transcranial near-infrared photobiomodulation (NIR-PBM) is a new noninvasive 
procedure which transcranially applies a near-infrared wavelength to the scalp with a laser or a 
light-emitting diode (LED) source. Improvement in the neurological or psychological symptoms 
has been reported following light irradiation. However, to our knowledge, there is no study to 
investigate the effects of transcranial NIR-PBM on motor performance directly. Therefore, the 
objective of this study was to investigate the short-term effects of transcranial NIR-PBM on motor 
performance in healthy human subjects.
Methods: In this experimental single-blind randomized clinical trial study, 56 right-handed 
healthy participants, whose ages ranged from 18 to 30, were randomly assigned to (1) Real 
transcranial NIR-PBMC3 group (n=14), (2) Sham transcranial NIR-PBMC3 group (n=14), (3) Real 
transcranial NIR-PBMC4 group (n=14), and (4) Sham transcranial NIR-PBMC4 group (n=14). 
We applied the 808 nm laser with irradiation energy density of 60 J/cm2 and power density of 
200 mw/cm2 to the C3 or C4 points of the scalp. The number of finger taps as an indicator of 
motor performance was assessed by the finger-tapping test (FTT) before and after irradiation of 
transcranial NIR-PBM on the corresponding points of the scalp for 5 minutes.
Results: The results showed that the number of finger taps in both right and left hands following 
the use of transcranial NIR-PBM in the real transcranial NIR-PBMC3 group significantly 
increased (P < 0.05).
Conclusion: We concluded that using transcranial NIR-PBM with a laser source on C3 point of 
the motor cortex in right-handed healthy people can increase the number of finger taps in both 
hands as an indicator of motor performance improvement.
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Introduction
Transcranial near-infrared photobiomodulation (NIR-
PBM) consists of the wavelength of 600-1100 nm and is 
an innovative procedure in which red to near-infrared 
light irradiation is applied transcranially to the interesting 
area of the scalp.1 Lasers or light-emitting diodes (LEDs) 
are considered as two sources of light irradiation in PBM.2 
Light penetration into the brain tissue in this wavelength 
has been established in previous studies on cadaver as well 
as computerized models.3-6 One mechanism of PBM is 
associated with the potential for increasing cellular energy 
production by modulating mitochondrial cytochrome-c 
oxidase.7,8 It has also been suggested that PBM may be 
associated with an increase in the brain focal cerebral 

blood flow by releasing nitric oxide and modifying cell 
gene expression.1,3,9-13

Many studies investigated the effectiveness of 
the transcranial NIR-PBM in clinical and normal 
conditions.14-18 Improvement in the neurological or 
psychological symptoms has been reported after light 
irradiation in both animal and human models.3,19-24 The 
promotion of cognitive performance such as the reaction 
time has been observed in some cognitive studies assessed 
by the attentional tests or the psychomotor vigilance task 
(PVT).20,25,26 Moreover, some improvements in motor 
function, balance, coordination and muscle power in 
traumatic brain injury, stroke, and Parkinson diseases 
were reported as the accessory findings of the PBM 
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studies on animal models after modulating the frontal or 
pre-frontal regions.27-32 However, to our knowledge, none 
of these available studies targeted motor performance 
as the main purpose of the transcranial NIR-PBM. 
Needless to say, all these few studies with the implication 
of motor improvement have been performed on animal 
models. Since the previous studies approved the utility 
and safety of the transcranial NIR-PBM in humans with 
normal and clinical conditions, we decided to investigate 
the effects of this method on motor function by directly 
irradiating the primary motor cortex in human subjects. 
We hypothesized that transcranial light irradiation may 
improve motor performance in healthy subjects.

Methods
The procedure was performed at the Faculty of 
Rehabilitation, Tabriz University of Medical Sciences. 
Fifty-six right-handed healthy young adults, whose 
ages ranged from 18 to 30, were recruited. The Persian 
version of the Chapman questionnaire with the reliability 
score (0.92) was used in the present study to determine 
the participants’ handedness.33,34 The exclusion criteria 
were the history of orthopedic or neurologic disease of 
upper extremities, left- handedness, uncorrected visual 
impairment, sleep disorders, pregnancy, epilepsy, regular 
manual activity involving high dexterity (such as playing 
the piano), neurological or psychological disorders, 
medications that affect the neural system, and a high rate 
of errors in doing the task.25, 35-37 The participants were 
informed of the study purpose and the experimental 
procedure. 

Light Irradiation Procedure
The participants were assigned to 4 groups using a simple 
random allocation strategy and a random number list: (1) 

Real transcranial NIR-PBMC3 group (n = 14) in which 
the laser light with 60 J/cm2 energy density was irradiated 
on C3 point of the skull (located on the left primary 
motor cortex) according to the 10-20 system of the 
Electroencephalography (EEG), (2) Sham transcranial 
NIR-PBMC3 group (n = 14) in which the laser light was 
irradiated on C3 point of the skull using a filter between 
the laser applicator and the participants’ scalp to ensure 
that they received no laser energy, (3) Real transcranial 
NIR-PBMC4 group (n = 14) in which the laser light with 
60J/cm2 energy density was irradiated on C4 point of the 
skull (located on the right primary motor cortex), and 
(4) Sham transcranial NIR-PBMC4 group (n = 14) in 
which the laser light was irradiated on the C4 point of the 
skull using a filter between the laser applicator and the 
participants’ scalp to ensure that the participants received 
no laser dosage (Figure 1). All participants received laser 
irradiation for 5 minutes, which was calculated by a 
formula.

The Laser Lumix 3 Plus Ultra model (Italy, Fisioline) 
with an 808 nm wavelength, continuous waves, and 
a circular cross-section (3.14 cm2) was used for light 
irradiation. The laser machine was calibrated by an 
internal calibrator before starting the experiment. The 
amount of the power density in this study was 200 mw/
cm2 (628 mw/3.14 cm2 = 200 mw/cm2) and the energy 
density was 60 J/cm2, which were safe with no physical 
tissue damage, except allowable heat according to the 
previous studies. The treatment time was determined as 5 
minutes or 300 seconds (0.2 W/cm2*300s = 60 J/cm2).20, 38

Motor Task
Motor performance was assessed by the finger-tapping 
test (FTT) immediately before and after receiving the light 
irradiation. The finger tapping test is a neuropsychological 
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Figure 1. Flowchart of the Study Design.
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test that assesses motor speed, coordination, attention and 
alertness as motor control parameters and it can assess 
the integrity of the neuromuscular system too. In this test, 
the participants seated themselves comfortably on a chair 
with the forearms rested on a table in front of them. Both 
elbows were flexed at 90 ͦ. The right index finger was then 
placed on a key that was prepared on the flat board. After 
initial preparation and familiarization, the participants 
were asked to tap the key as quickly as possible by flexing 
and extending the metacarpophalangeal joint of the index 
finger. The participants performed 5 trials of the tapping 
task with the dominant hand (right hand). The procedure 
was then repeated with the non-dominant hand (left 
hand). Five 10-second trials were given for each hand 
except when the results were too variable from one trial to 
another. Specifically, the test procedure required that the 
five serial trials for each hand be within a 5-point range 
from the fastest to slowest tapping task. If one or more of 
the trials exceeded this range, additional trials were given 
and the scores of the unexpected trials were rejected. A 
maximum of 10 trials with each hand was allowed in 
order to prevent any possible fatigue effects with a rest 
period of 10 seconds between trials. The average number 
of finger tapping in five 10-second trials was taken as the 
mean of finger tapping score calculated for each hand and 
it was used for the statistical analysis.39,40

Statistical Analysis
Statistical analysis was performed using Statistical Package 
for the Social Sciences version 23.0 (SPSS, Chicago, IL, 
USA). Two different series of repeated measures ANOVA 
(RANOVA) were performed for within-group analysis 
in each group (NIR-PBMC3/NIR-PBMC4 irradiation). 
Condition (Real/Sham) and sex were considered as 
between-subject variables and time (pre/post) as a 
within-subject variable. As the sphericity assumption 
was violated, Greenhouse-Geisser values were reported. 
Interaction of time by condition was hypothesized as 
the effectiveness of the transcranial NIR-PBM. The 
Kolmogorov-Smirnov test was utilized to study the data 
distribution, and random allocation of participants was 
checked by multivariate ANOVA.
The significance level was set at 0.05. All analyses were 
based on the per-protocol approach. The participants 

fully accomplished the study and there were no missing 
data.

Results
Based on the pilot study (n = 7) and the test of the two 
independent groups, the sample size was calculated by 
G*Power freeware. The effect size was 1.18 (pre/post 
mean difference for real = 2.4 ± 1.9 and sham = 0.11±1.9 
conditions) in the right hand after C3 irradiation. Given 
α = 0.05 and β = 0.2, the total size was determined to be 56 
participants (14 participants for each group). Descriptive 
statistics of the participants’ characteristics are presented 
in Table 1. The K-S test revealed normal distribution of 
data in 4 groups (P > 0.05). The multivariate ANOVA 
could not show a significant difference between pre-PBM 
hand performance in all participants, which justifies the 
random allocation of participants [Pillai’s F(6,104) = 0.45, 
P = 0.84]. The main effect of the hand was significant in 
favor of the right hand (P > 0.05).

There was a significant interaction between condition 
and time [F(1, 26) = 6.09, p = 0.02, eta = 0.19] in the 
real transcranial NIR-PBMC3 group. In other words, 
the number of finger taps in this group following laser 
irradiation significantly increased from 57.63 to 60.34 
and 52.13 to 53.74 in the right hand and the left hand 
respectively (P < 0.05). However, there was no statistically 
significant increase in the number of finger taps in both 
hands in the sham transcranial NIR-PBMC3 group 
(Figure 2). The interactions of condition × time × hand 
and condition × time × sex× hand were not significant 
(P > 0.05).

In transcranial NIR-PBMC4 groups, none of the 
interactions were significant (P > 0.05). In other words, 
the number of finger taps in these groups following 
laser irradiation was similar in real and sham conditions 
(Figure 3). Percentage improvement in the number of 
finger taps of the study participants in all study groups is 
shown in Table 2.

Discussion
This study was the first study which investigated the 
effectiveness of the transcranial NIR-PBM with a laser 
source (808 nm, 60 J/cm2, and 200 mw/cm2) in motor 
performance by direct applications to the motor region of 

Table 1. Descriptive Statistics (Mean ± SD) of the Participants’ Characteristics in Real Transcranial NIR-PBMC3, Sham Transcranial NIR-PBMC3, Real 
Transcranial NIR-PBMC4, and Sham Transcranial NIR-PBMC4 Groups

Characteristics
Real Transcranial

NIR-PBMC3 
Sham Transcranial

NIR-PBMC3
Real Transcranial

NIR-PBMC4 
Sham Transcranial

NIR-PBMC4
P Value

Sex (male, %) 22.8 22.8 28.5 25.7 0.8

Age (y) 21.2±3.1 19.9±1.7 20.6±1.3 21.6±3.3 0.2

Height (cm) 170.9±9.2 173.4±12.0 171.5±8.7 170.4±10.7 0.8

Weight (kg) 66.6±11.0 64.8±14.2 64.2±11.4 68.6±11.2 0.6

BMI (kg/m2) 22.1±2.7 20.8±2.4 21.2±2.8 23.2±2.5 0.05

Abbreviation: BMI, body mass index
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the human’s cortex. The findings showed that increasing 
the number of finger taps in FTT may serve as an indicator 
of motor control and motor performance, which could 
result from improving the neuronal function of the motor 
region and modulating neural cells after the use of the 
NIR-PBM. In other words, motor speed is one of the 
motor control and motor performance parameters which 
can be assessed via FTT.39, 40 Therefore, any increase in the 
number of taps or speed might be associated with motor 
performance and modulation of neural cells. 

Similar to our study, some previous studies reported 
improvement of motor control and performance after 
the use of the transcranial NIR-PBM in healthy and 
neurological conditions. They showed that transcranial 
light irradiation could improve balance, coordination 
and motor function in animal studies after using the 
transcranial NIR-PBM on cognitive regions of the brain. 
They also reported that light therapy could promote 
muscle power after its applying to pre-frontal and 
frontal regions. According to these studies, a decrease 
in brain lesion size and active clot dose and an increase 
in neuroprotective factors after light therapy were the 
main causes of functional improvement as an objective 
result. On the basis of these studies, the effect of PBM 
mechanism on brain function seems to be associated with 
the special biochemical changes in neural cells.27-32 The 
light therapy could increase the adenosine triphosphate 
(ATP) and nitric oxide by activating the cytochrome-c 
oxidase. These changes lead to an increase in metabolic 
capacity, energy production, and cerebral blood flow.1, 3, 

7-12, 18, 23, 24 Therefore, it may imply that improving motor 
performance in FTT in our study could be the result of 
the similar biochemical changes in neural cells of motor 
cortex after the use of the transcranial NIR-PBM. 

Our results showed the improvement of motor 

performance in both right and left hands of the 
participants after applying the transcranial NIR-PBMC3 
to the left primary motor cortex. Also, we expected that 
the modulation of right motor cortex or C4 could improve 
the motor function in the contralateral (left) hand, but the 
result was not statistically significant. So, it demonstrates 
that only cellular biochemical changes cannot explain 
these findings. To complete our discussion, we can 
refer to the human’s cerebral hemispheric lateralization 
theory. According to this theory, right-handed people 
have a more excitable corticospinal system in the left 
hemisphere than in the right side.41-44 In addition, the 
left hemisphere is generally dominant for language and 
skilled movements.41, 42, 45, 46 and has a bilateral effect on 
motor control of both hands in both left- and right-
handed individuals.47 In our study on right-handed 
individuals, accidentally, the excitable hemisphere and 
the dominance hemisphere for skilled movements were 
the same. So, the activation of the left hemisphere by 
using the transcranial NIR-PBM in right-handed people 
promoted motor function bilaterally through FTT as it 
was observed in this study.

To investigate that which parameter is more important 
(activating the excitable hemisphere or just activating the 
left hemisphere as a dominance hemisphere for skilled 
movements), we need another research with a similar 
design in left-handed individuals.

The most important limitation in this field of studies 
is the choice of effective laser irradiation dosage for 
penetrating and modulating primary motor cortex. 
There is not solidarity on specific effective dose in 
transcranial NIR-PBM studies. We just used the safe 
and penetrable laser dosage according to the previous 
studies. Since the FTT is a compound task and it can 
assess the motor and cognitive (like attention) aspects,39,40 

Figure 2. The Mean Number of Finger Taps in Real Transcranial 
NIR-PBMC3 and Sham Transcranial NIR-PBMC3 Groups for Left 
and Right Hands. * P < 0.05.

Figure 3. The Mean Number of Finger Taps in Real Transcranial 
NIR-PBMC4 and Sham Transcranial NIR-PBMC4 Groups for Left 
and Right Hands. 

Table 2. Percentage Improvement in the Number of Finger Taps of the Study Participants in Real Transcranial NIR-PBMC3, Sham Transcranial NIR-PBMC3, Real 
Transcranial NIR-PBMC4, and Sham Transcranial NIR-PBMC4 Groups After Irradiation

Condition
Real Transcranial

NIR-PBMC3 
Sham Transcranial

NIR-PBMC3
Real Transcranial

NIR-PBMC4 
Sham Transcranial

NIR-PBMC4

Number of finger taps improvement (%, Right hand) 4.69* 1.62 1.53 2.30

Number of finger taps improvement (%, Left hand) 3.08* 0.12 3.15 0.04

* P < 0.05
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thus another limitation was separation and the direct 
measuring of motor cortex excitability after transcranial 
light therapy which could be assessed by transcranial 
magnetic stimulation, functional magnetic resonance 
imaging, electroencephalogram (EEG) or other imaging 
instruments and it can be a complementary item for 
future studies. We need to mention that there was a report 
of superficial heating sense in many participants in real 
transcranial NIR-PBM groups as well as some degree of 
headache in two participants.

According to the results of this study, our hypothesis 
that transcranial light irradiation may improve the 
motor performance in healthy subjects is generally 
true. Therefore, we specifically concluded that using the 
transcranial NIR-PBM with a laser source on the left 
side of the primary motor cortex in right-handed healthy 
people can increase the number of finger taps in bilateral 
upper extremities as an indicator of motor control and 
motor performance improvement. Trying a similar set-up 
in left-handed people is recommended. We also suggest 
investigating the long-term effects of the transcranial 
NIR-PBM on human motor performance by following up 
the participants or repeating the transcranial NIR-PBM 
for several sessions. Coordination is another important 
parameter to assess motor performance and control. 
Future studies can deal with this topic by changing or 
modifying the motor task.
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