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Traumatic brain injury (TBI) is a common neurological disorder among athletes. Although
there are no widely accepted treatments for TBI, new investigational approaches, such
as photobiomodulation (PBM), are being tested. PBM is a light therapy that uses red to
near-infrared (NIR) light to stimulate, heal, and protect tissue that has been injured or is
at risk of dying. Benefits following transcranial PBM treatments in animal models of acute
TBIl and a small number of chronic TBI patients have been reported. However, the human
PBM TBI studies published to date have been based on behavioral assessments. This
report describes changes in behavioral and neuroimaging measures after 8 weeks of
PBM treatments. The subject was a 23-year professional hockey player with a history of
concussions, presumed to have caused his symptoms of headaches, mild anxiety, and
difficulty concentrating. He treated himself at home with commercially available, low-risk
PBM devices that used light-emitting diodes (LEDs) to emit 810-nm light pulsing at 10
or 40 Hz delivered by an intranasal and four transcranial modules that targeted nodes of
the default mode network (DMN) with a maximum power density of 100 mW/cm?. After
8 weeks of PBM treatments, increased brain volumes, improved functional connectivity,
and increased cerebral perfusion and improvements on neuropsychological test scores
were observed. Although this is a single, sport-related case with a history of concussions,
these positive findings encourage replication studies that could provide further validation
for this non-invasive, non-pharmacological modality as a viable treatment option for TBI.
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INTRODUCTION

Traumatic brain injury (TBI) is a common and devastating health problem: An estimated 1.6-3.8
million concussions occur annually, and up to 10% of athletes suffer a concussion in any given
sports season (1). There is presently no widely accepted treatment for TBI, although investigational
approaches are being tested (2). Photobiomodulation (PBM) is a form of light-based therapy that
exposes neural tissue to a low fluence of light (from <1 to >20 J/cm?), most commonly in the
red to near-infrared (NIR) wavelengths (3). Preclinical studies suggest that transcranial PBM has
beneficial effects in animal models of acute TBI (4-9). Cadaver studies show that transcranial
applications of NIR light can penetrate to a depth of about 40 mm in the brain (10). Thus, PBM
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FIGURE 2 | Functional connectivity maps from the pre-treatment (A) and post-treatment (B) scans showing regions functionally connected to the seed in the anterior
cingulate cortex. The numbers at the bottom right indicate the z coordinate (mm). The yellow circle denotes the seed in the anterior cingulate cortex. The color bar
indicates the beta weight of the functional connections. The maps were thresholded at > 0.4.
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measure CBF (51). In the present case, there was increased
perfusion in the frontal, temporal, and occipital lobes and the
hippocampus after 8 weeks of PBM treatments. These findings
are consistent with previous reports of PBM-related increases
in local CBF (52), oxygen consumption (53), total hemoglobin,
a proxy measure for regional CBF (54), regional CBF (13),
and increased oxygenated/decreased deoxygenated hemoglobin
concentrations (55).

RS-fMRI is the measure of spontaneous, correlated
fluctuations in the BOLD signal that occur between functionally
related brain regions when the brain is not engaged in a specific
task (56). RS-fMRI has been used to identify intrinsic neural
networks and to extract information about the connectivity
and functionality of specific brain networks (57, 58). Previous
RS-fMRI studies of mTBI patients have reported increases in
both the number and the strength of connections between
medial prefrontal regions (e.g., ACC) and other brain regions
relative to healthy controls (59-66). For this reason, we selected
the ACC as a seed region to investigate changes in functional
connectivity pre- and post-PBM treatment. Before treatment,
the subject’s ACC was functionally connected to multiple brain
regions in the frontal, parietal, temporal, and occipital cortex.
After 8 weeks of PBM treatments, there was a decrease in both
the number and the strength of the functional connections
with the ACC. In fact, only the anterior insula, part of salience
network (58), was functionally connected with the ACC. It
has been hypothesized that the enhancements in functional
connectivity seen in mTBI patients may reflect compensatory
neural processes (63, 64). In a mouse model of TBI, Xuan et al.
(44) found that neurological severity score, a measure of injury
severity, and cognitive performance in the TBI mice improved
over 4 weeks despite increases in the size of the TBI-induced
brain lesions over the same period of time. They suggested that
this occurred because the uninjured part of the mouse brain
was steadily taking over more of the functions of the injured
part of the brain. This evidence of neuroplasticity may be the
compensatory mechanism that enhances functional connectivity
in patients with mTBL. In the present case, the reduction in ACC
functional connectivity after 8 weeks of PBM treatments may
reflect a diminished need for compensatory processes after brain
function normalized with PBM.

How does PBM promote brain recovery from TBI? Research
has shown that PBM produces short-term increases in
adenosine triphosphate (ATP) (67-70), blood (13, 54, 55),
and lymphatic flow (71, 72); upregulates anti-apoptotic proteins
(73-75), neurotrophins (43, 44, 76, 77), neurogenesis (44, 78),
and synaptogenesis (44); and reduces edema (72, 79, 80),
inflammation (81-84), and excitotoxicity (85). The best-studied
mechanism of PBM centers on its effects in the mitochondria
(86): In hypoxic or injured cells, the mitochondrias ability
to produce ATP is reduced, likely because nitric oxide (NO),
also produced in the mitochondria, can bind to cytochrome C
oxidase (CCO), which inhibits respiration and displaces oxygen
(87). When photons of light delivered during PBM are absorbed
by CCO (88), NO is dissociated from CCO and mitochondrial
inhibition is reversed (89). Photons of light delivered during
PBM can also alter mitochondrial membrane permeability and

ion flux, which can result in a brief increase in the production
of reactive oxygen species (ROS) that shift the overall cell
redox potential in the direction of greater oxidation, decreasing
reactive nitrogen species (90) and increasing mitochondrial
membrane potential. When this occurs, there is an increase in
oxygen consumption, glucose metabolism, and ATP production
(86). The brief increase in ROS can also change the activity
of redox-sensitive transcription factors such as activator
protein-1 and NF-kB (91), which, in turn, can activate signaling
pathways and transcription factors that cause changes in protein
expression (86).

This report has several limitations that should be
acknowledged:  First, the improvements observed on
neuropsychological test scores after 8 weeks of PBM may
have been, at least in part, influenced by practice and potentially
a placebo effect. Second, effort was not formally tested. However,
examination of certain CVLT-II measures suggests that the
subject’s effort on neuropsychological testing may have been
uneven, possibly because of his difficulty maintaining attention
and concentration. In the search for the most effective PBM
regime, there were non-systematic changes in the PBM device
and the combination of devices that the subject used. Because
the subject’s motivation for trying PBM was to improve mental
acuity, Vielight initially recommended the Neuro Gamma
device (pulsing NIR at 40 Hz) based on another report of the
Neuro Gammas ability to improve cognition (19). However,
the subject developed mild headaches after 1 week, which
resolved after he switched to the Neuro Alpha device (pulsing
NIR at 10Hz). In this regard, it is noteworthy that PBM at
10Hz has precedent of helping to alleviate TBI symptoms
(9) and pulsing PBM has been shown to modulate brain
oscillations in frequency-specific ways that could influence
brain functions (66). Other limitations include monitoring
the subject’s adherence to the PBM treatment solely through
self-reports, not controlling for physical activity or diet during
the treatment period, and not having measures of the variance
of the imaging outcomes in healthy controls. The changes that
we observed after 8 weeks in this single case may be subject
to observational error. Finally, this report would have been
strengthened had we tested other biomarkers that might support
our hypothesis of neuroplasticity as etiology of neuroimaging
changes. These limitations notwithstanding, the present case
report, along with other published studies (11), suggest that
it is possible for individuals with histories of concussion or
TBI to self-administer PBM therapy at home. Together with
previous reports of the beneficial effects of PBM in chronic
TBI patients (11-14) and in preclinical studies of acute TBI
(4-9), this single, sports-related concussion case suggests
that larger, controlled trials of PBM for TBI and additional
research on the optimal PBM treatment parameters for TBI
are warranted.
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