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Abstract

Objectives: The use low-level laser therapy (LLLT) is steadily increasing in diverse areas of medicine including wound healing,
relief from pain and inflammation, and treating neurodegenerative diseases. LLLT also appears to be beneficial for treating
traumatic brain injury, depression, and cognitive disorders. The objective of this pilot study was to assess the effects of LLLT on
brain activity in healthy volunteers.

Materials and Methods: Healthy male (n=5) and female (n=5) subjects, 22 to 28 years old were enrolled. A 20-minute
electroencephalogram (EEG) was obtained before and after exposure to LLLT. EEGs were recorded using 19 monopolar
derivations of the International 10-20 System with linked earlobes as reference. Using a hand-held probe, the entire skull of
each subject was exposed to red 635 nm laser light for 10 minutes. EEG data were assessed using quantitative EEG (QEEG)
and tomographic quantitative EEG (QEEGT) methods.

Results: Comparing EEG records before and after the application of LLLT revealed significant activation in several areas of the
brain. Brain maps for alpha and gamma absolute powers demonstrated clear increments in nine subjects. A decrement in alpha
and gamma absolute powers after LLLT stimulation only occurred in one subject. There were no reported adverse events.

Conclusion: Exposing the brain to 635 nm laser light for 10 minutes resulted in significant activation of several areas of the
brain. Further research should be done with a larger sample to create a larger body of normative data for comparing the effects
of LLLT for treating various neurological diseases.

Conflict of Interest Statement: Mr. Shanks is an employee of the company which manufactures the low-level laser device used
in this study. The remaining authors have stated explicitly that there are no conflicts of interest in connection with this article.

INTRODUCTION

In 1967, the Hungarian Endre Mester first proposed the use
of low-power laser to increase hair growth and stimulate
wound healing in mice1,2 and shortly afterwards, he began
using lasers to treat patients with non-healing skin ulcers.3
Since that time, the use low-level laser therapy (LLLT), also
known as nonthermal laser and photobiomodulation, its use
has steadily increased in diverse areas of medicine such as
wound healing, relief from pain and inflammation and
treating neurodegenerative diseases.4,5

Experimental transcranial photobiomodulation using LLLT
has been reported to stimulate, preserve and regenerate cells
and tissues in mice. The mechanism of action involves
photon absorption in the mitochondria (cytochrome-C

oxidase) and ion channels in cells leading to activation of
signaling pathways, up-regulation of transcription factors,
and increased expression of protective genes (possibly
mediated by light absorption by opsins).6 Mice have shown
an improvement improved memory and learning using
LLLT.7 Secondary effects of photon absorption include
increases in ATP, a brief burst of reactive oxygen species, an
increase in nitric oxide, and modulation of calcium levels.
Tertiary effects include activation of a wide range of
transcription factors leading to improved cell survival,
increased proliferation and migration, and new protein
synthesis.7-9

Xuan and colleagues have reported on the use of LLLT to
treat stroke and traumatic brain injury in experimental
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models. These authors demonstrated that mice could
significantly improve the neurological severity score,
decreasing the lesion volume, and reducing staining for
degenerating neurons. Moreover, they found some evidence
for neurogenesis in the region of the lesion.8

Influence of LLLT on the dynamic equilibrium between
lipid peroxidation and tension of the antioxidant defense
system in rat tissues (blood, brain, retina, cornea) was
evaluated in animals with circulatory cerebral hypoxia
induced by occlusion of the left carotid artery. These authors
found that their data of the experiment evidenced an
antioxidant effect of post-hypoxic LLLT therapy as it
reduces intensity of the free radical processes in plasma,
cerebral tissues and retina.10

Therefore, we present the preliminary results on the
assessment of brain activity by QEEG and QEEGt in normal
subjects, before and after the application of LLLT.

MATERIAL AND METHODS

Subjects

Ten healthy male (n=5) and female (n=5) subjects, 22 to 28
years old, were studied in our laboratory with controlled
temperature of 24 to 26ºC, noise attenuation, and dimmed
lights. A physician and a trained technician were present
during each recording session. Subjects were instructed to
not drink alcohol, smoke or take any medication the day
before the test. Subjects arrived 30 minutes before the
session and the physician explained them in detail the test,
with a sign informed consent.

Procedure

EEG data were assessed using quantitative EEG (QEEG)
and tomographic quantitative EEG (QEEGt) methods. EEGs
were recorded using 19 monopolar derivations of the
International 10-20 System11 (FP1, FP2, F3,F4, C3, C4, P3,
P4, O1, O2, F7, F8, T3, T4, T5, T6, Fz, Cz, Pz) with linked
earlobes as a reference. Eye movement artifacts were
monitored by use of the electrooculogram (EOG) and all
data were recorded (MEDICID-07 System; Neuronic, SA,
Cuba). After visual editing to remove artifacts, 48 artifact-
free samples were selected, each 2.5 seconds long, for each
experimental condition, and were transformed using a fast
Fourier transform algorithm to the frequency domain,
yielding a power spectrum from 0.78 to 70 Hz with a
sampling frequency of 0.39 Hz (178 frequencies), with a 60
Hz notch filter. A detailed description of the QEEG and

QEEGt technique has been published elsewhere.12-16

LLLT stimulation was applied with a probe emitting red
light at a frequency/power of 635 nm/5mW (technically
identical to the Erchonia® EML Laser; Erchonia
Corporation, Melbourne, FL) which was continuously
moved around the whole skull. Twenty minutes of EEG
were recorded before and immediately after the application
of 10 minutes of LLT stimulation. After the treatment
session was completed, subjects were interviewed to
determine if they perceived any sensations during and after
exposure to LLLT.

Statistical analysis

A one-way repeated-measure ANOVA and appropriate post
hoc tests were used to compare the differences of EEG band
power before and after LLLT stimulation from 19 recording
locations in the whole EEG spectra passes. Two-tailed
paired t-test was applied to compare the difference of EEG
band power before and after LLLT stimulation. A p value <
0.05 was considered statistically significant. All the
statistical analysis was performed using the software
STATISTICA (StatSoft, Inc. data analysis software system,
version 10. www.statsoft.com).

Ethics

The protocol used in this study was approved by the Ethics
and Scientific Committees of the Institute of Neurology and
Neurosurgery, Havana, Cuba.

RESULTS

Subject 1

QEEG alpha absolute power is presented before and after
LLLT stimulation in Figure 1. The yellow color after LLLT
stimulation indicates EEG activation, mainly located in
posterior regions, lateralized to the left hemisphere, in the
alpha band. The 3-dimensional (3D) reconstruction of brain
maps makes it easier to visualize EEG changes and location.
The QEEG gamma absolute power changes are presented
before and after LLLT in Figure 2. Darker red and yellow
colors demonstrate EEG activation within the gamma band
in anterior regions, lateralized to the left hemisphere, after
LLLT stimulation. In Figure 3, QEEGt within the gamma
band shows a clear EEG activation after LLLT activation,
lateralized to the left hemisphere, in Subject 1. Note that
QEEGt is calculated over MRI slices, and the right side
corresponds to the left hemisphere. A 3D reconstruction of
QEEGt, shows a clear EEG activation in the left hemisphere
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after LLLT stimulation in Figure 4.

Figure 1

EEG alpha absolute power before (left) and after LLLT
stimulation (right) in Subject 1. The yellow color after LLLT
stimulation indicates EEG activation, mainly located in
posterior regions, lateralized to the left hemisphere, in the
alpha band.

Figure 2

QEEG gamma absolute power before (left) and after LLLT
stimulation (right) in Subject 1. Darker red and yellow colors
demonstrate EEG activation within the gamma band in
anterior regions

Figure 3

QEEGT within the gamma band (top) shows a clear EEG
activation after LLLT activation (bottom) in Subject 1.

Figure 4

A 3-dimensional reconstruction of QEEGt (left), shows clear
EEG activation in the left hemisphere after LLLT
stimulation (right) in Subject 1.

Subject 2

QEEG alpha absolute power shows an EEG activation in the
right hemisphere, mainly in the temporal lobe, in Figure 5.
QEEG within the gamma band shows a clear EEG activation
in the right hemisphere, mainly in the temporal region, in
Figure 6. QEEGt within the gamma band also shows a clear
EEG activation in the right hemisphere, mainly in temporal
lobe in Figure 7 although the activation extends up to the
frontal and parietal-occipital lobes. Note that QEEGt is
calculated over MRI slices, and the left side corresponds to
the right hemisphere. In Figure 8, a 3D reconstruction of
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QEEGt within the gamma band shows a clear EEG
activation in the right hemisphere, mainly in the temporal
lobe.

After reviewing the first two subjects, we became aware of
the need to focus on the analysis of alpha and gamma bands,
before and after LLLT stimulation. The brain maps for alpha
and gamma absolute powers (AP) demonstrated clear
increments in nine subjects (Figures 9-16). A decrement in
alpha and gamma AP after LLLT stimulation only occurred
in one subject (Figure 11). It was interesting to note the very
similar patterns of activation for the alpha and gamma bands
in one subject (Figure 13).

Figure 5

QEEG alpha absolute power before (left) and after LLLT
stimulation (right) in Subject 2. EEG activation occurred in
the right hemisphere, mainly in the temporal lobe.

Figure 6

QEEG gamma absolute power before (left) and after LLLT
stimulation (right) in Subject 2. EEG activation occurred in
the right hemisphere, mainly in the temporal lobe.

Figure 7

QEEGT within the gamma band (top) shows a clear EEG
activation after LLLT activation (bottom) in Subject 2.
Activation extends up to the frontal and parietal-occipital
lobes.
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Figure 8

A 3-dimensional reconstruction of QEEGt (left), shows clear
EEG activation in the right hemisphere, mainly in the
temporal lobe after LLLT stimulation (right) in Subject 1.

Figure 9

The brain map for alpha and gamma absolute powers (top)
demonstrated clear increments after LLLT stimulation
(bottom) in this subject.
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Figure 10

The brain map for alpha and gamma absolute powers (top)
demonstrated clear increments after LLLT stimulation
(bottom) in this subject.

Figure 11

A decrement in alpha and gamma absolute powers (top)
occurred after LLLT stimulation occurred in this subject
(bottom) after LLLT stimulation
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Figure 12

The brain map for alpha and gamma absolute powers (top)
demonstrated clear increments after LLLT stimulation
(bottom) in this subject.

Figure 13

The brain map for alpha and gamma absolute powers (top)
demonstrated clear increments after LLLT stimulation
(bottom) in this subject. It was interesting to note the very
similar patterns of activation for the alpha and gamma bands
in this subject
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Figure 14

The brain map for alpha and gamma absolute powers (top)
demonstrated clear increments after LLLT stimulation
(bottom)in this subject.

DISCUSSION

Several clinical trials have affirmed that LLLT has important
relevance in neurological diseases, such as stroke, traumatic
brain injury, degenerative brain disease, spinal cord injury,
and peripheral nerve regeneration; however, several studies
have reported negative results leading to controversy
regarding the efficacy of LLLT for treating neurologic
diseases. Numerous technical factors have been proposed for
these non-satisfactory results, such as wavelength, fluence,
irradiance, treatment duration, dose pulsing and polarization.
Moreover, most of these clinical trials have been developed
using clinical scales, and not objective ancillary test to assess
brain function.17 To date, few studies have assessed the
effect of LLLT on brain function in normal subjects.18

EEG is a well-known non-invasive technique which remains
one of the main methods in clinical and cognitive
neuroscience providing an objective measure of brain
function.18-21 Both conventional EEG and QEEG provide
the necessary time resolution to detect early changes in brain

function after the application of any stimuli.12-14 EEG
activity can be affected by different stimulation modalities,
including visual, auditory, and somatosensory stimulation. It
has been proposed that adequate and effective EEG activity
is related to cognitive changes in normal subjects and in
disease.12 Moreover, QEEGt allows a reformulation of
QEEG techniques in a 3D anatomic framework. Current
QEEGt methods permit the calculation of source derivations
on magnetic resonance imaging slices. Therefore, the
limitations of conventional EEG or topographic QEEG for
localizing brain lesions (spatial resolution) have been
overcome by the introduction of QEEGT. This is an
extension of topographic QEEG, based on maps that
correspond to a realistic anatomy.15,16

After careful review of the subjects in our study, we found
activation in both the alpha and gamma bands after LLLT.
Alpha reactivity is one of the main signs of change in EEG
modulation which has been known since the discovery of
EEG in humans. In normal, awake, relaxed adults with
closed eyes, the dominant brain waves are alpha rhythms
distributed mainly in the posterior head region. Alpha
rhythms are attenuated by visual attention and mental
efforts. It has been proposed that adequate and effective
EEG activity is related to cognitive changes in normal
subjects and in disease.12 The typical EEG changes during
drowsiness in normal adults are gradual or brisk dropout of
alpha rhythms, appearance of desynchronized low-voltage
slow waves (2-7 Hz) and emergence of vertex sharp
waves.22-24

In contrast, several reports have demonstrated activation of
the alpha band during hyperarousal states in normal subjects.
During hyperarousal, alpha (10-12.5 Hz), and beta
(13-30 Hz) signals were significantly increased compared
with those during the control phases.18 Other authors have
noted that sport practice produces an activation of alpha
oscillations, which is associated with improved golf putting
performance.25 It has been also reported that unconstrained
music listening is associated with increased power in all
examined frequency bands (including alpha band), as a
neural indicator of a mental state that can best be described
as a mind-wandering state during which the subjects are
"drawn into" the music.26 We recently reported an alpha
activation in persistent vegetative state (PVS) patients after
zolpidem administration, which is considered a paradoxical
arousing effect in these patients, since zolpidem is a known
hypnotic. We suggested that this drug effect might be useful
in the neuro-rehabilitation of these cases.27-29
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Activation within the gamma band in our subjects was also
very interesting. Gamma- band oscillations are a ubiquitous
phenomenon in the nervous system and have been
implicated in multiple aspects of cognition. In particular, the
strength of gamma oscillations at the time a stimulus is
encoded predicts its subsequent retrieval, suggesting that
gamma activation may reflect enhanced mnemonic
processing.30,31 Llinas and co-workers proposed that
gamma binding is strongly related to human perception and
emotion. From this perspective, gamma-band activity is
viewed as serving a broad temporal binding function, where
single-cell oscillators and the conduction time of the
intervening pathways support large multicellular thalamo-
cortical resonance that is closely linked with cognition and
subjective experience. Hence, temporal binding is
considered as a key influence for cognitive operations by
means of fast (gamma band) phase synchrony, reinforcing a
unified cognitive-mental space.32

CONCLUSION

The results of this pilot study demonstrate LLLT stimulation
produces EEG activation in both alpha and gamma bands in
normal subjects. These results may represent an explanation
for its reported effects in neuro-rehabilitation and cognition
in neurological diseases. In normal subjects, LLLT may be
used to support mental training in learning, sport training,
and other daily life activities. Further research should be
done with a larger sample of cases to build up a normative
data, for comparison with the application of LLLT on the
treatment of different neurological diseases, and neuro-
rehabilitation. Similar studies should be performed using
other neurophysiological techniques, such as evoked
potentials, event related potentials, and heart rate variability.
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