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TRAUMATIC BRAIN INJURY

THE EFFECTS OF PHOTOBIOSTIMULATION  
IN BRAIN INJURY: 

A NEW CONSIDERATION FOR CLINICAL PRACTICE
Daniel J Bourassa, DC

CASE STUDY

Mild and moderate traumatic brain injury, including 
post concussion syndrome, (mTBI) have been a 
subject of increasing interest in medicine. It is now 
recognized that the severity of the initial physical 
trauma presentation may not indicate the extent of 
impact on neurons or the significance of both short 
and long term consequences of the injury. The initial 
injury and resulting cascade of neuronal responses to 
injury have consequences that can be manifested by 
overt symptoms such as chronic headaches, anxiety, 
depression, insomnia, social withdrawal, and 
seizures. Additionally, there often are more subtly 
manifested symptoms that may include impairment 
in working memory and information processing 
speed, dysautonomia, or other indications of CNS 
dysfunction. The unfortunate impact of unrecognized 
or undertreated mTBI is that it may lead to long term 
disability for the patient in the form of impaired ADL 
capacity or employability. There is also an additional 
concern of neurodegeneration in some subsets of 
mTBI patients.

Unfortunately, the National Institute of Neurological 
Disorders and Stroke has yet to adopt new recognition 
of the importance of more aggressive treatment 
in mTBI cases and recommends care focused on 
symptom relief and “brain rest”. To complicate the 
clinical picture, there are no effective alternatives 
in the pharmacological realm. Various anti-
inflammatory, anti-depressants, and anti- apoptotic 
modalities may help address symptoms but there 
are no specific pharmacological agents approved to 
prevent the progression of secondary brain damage 
that may occur.

It is important to remember that once the brain is 
injured, even a very short period of ischemia can 

cause significant physiological changes with chronic 
sequelae. This emphasizes the importance of early 
recognition and intervention with any degree of 
head trauma to minimize long term risk. Once 
indentified or suspected, early intervention with 
photobiostimulation (transcranial Low Level laser 
Therapy or tLLLT) can effectively address metabolic 
and biochemical variables to help stabilize, reduce the 
extent of neuronal damage, and stimulates a cascade 
of biochemical activity for repair and healing.

Before addressing the clinical benefits of tLLLT, it 
might be helpful to understand how the therapeutic 
use of near infrared laser light affects the cell. Let’s 
quickly review the mitochondrial biology affected by 
the mechanics of photobiostimulation. Cytochrome c 
oxidase (COX) is Complex IV and as the terminal 
enzyme of the electron transport chain, it plays a 
vital role in the bioenergetics of a cell.

COX is a multicomponent membrane protein that 
with metalloprotein sub units containing copper (Cu 
A, Cu B) and iron (heme a, heme a3) centers. The 
heme a3/Cub binuclear center is thought to facilitate 
the transfer of electrons from COX to oxygen. 
Generally speaking, COX can be in 3 states; fully 
oxidized, fully reduced, or the partially reduced 
enzyme, usually called mixed-valence one. The 
mixed valence has some metal centers in their higher 
oxidation state, and the remainder in their lower 
oxidation state.

Karu concluded that COX cannot be considered as 
a primary photoreceptor when it is fully oxidized or 
fully reduced, but only when it is in one of the mixed 
valence state.
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In the simplest terms, light is delivered in energy 
packets called photons. Photon energy is the ener-
gy carried by a single photon with a certain electro-
magnetic wavelength and frequency. Photons are 
absorbed by delocalized electron pi clouds of com-
plex aromatic molecules (i.e. heme) with matching 
wavelengths exciting them to a higher energy state. 
This energy is passed to the metalloprotein centers. 
When the energy excitement is high enough, the met-
al center releases an electron reducing the metal cen-
ter. This is the initialization of photobiostimulation.

The near infrared spectrum 600-1000+nm (NIR) 
is the photobiostimulation light spectrum for 
mitochondrial in hypoxic states. The mid 600nm and 
low 800nm spectra have been shown to have the most 
beneficial effects in recent research although some 
higher wavelengths have reported benefit in some 
studies. These spectrums correspond with Karu’s 
mixed valence description of the action spectra for 
near infrared light spectrum.

Karu’s key findings have been expanded on and we 
know that LLLT reverses both states of COX related 
mitochondrial dysfunction: excessive reduction 
and excessive oxidation of COX. When exposed 
to LLLT, COX becomes a new source of highly 
energized electrons. These newly released electrons 
can be accepted by NAD and FAD at Complexes I 
and II to re-energize the ETC in the hypoxic state of 
the injured cell’s mitochondria.

A “closed loop” forms as electrons are recirculated 
instead of attaching to O2 and disappearing. At the 
same time, Complexes I and III maintain the proton 
pump thereby restoring the production of needed ATP 
in stressed and injured cells. This is accomplished 
without the damaging effects of excess superoxide 
anion production (ROS) that would normally be 
expected from an up regulation of ATP production 
that is required by injured neurons.

Another effect of tLLLT on COX is reduction of 
post traumatic respiration inhibition by nitric oxide 
(NO.) In ischemic conditions such as seen in mTBI, 
mitochondrial nitric oxide synthase (NOS) releases 
NO. One of the results is reversible NO binding to 
COX oxygen binding sites and slowing of cellular 
respiration. Nitric oxide bound to COX is released by 
tLLLT allowing resumption of cellular respiration.

In effect this is mitochondrial resuscitation and it 
allows neuronal mitochondria to break the “vicious 
cycle” of dysfunction and start the process of recovery 
through a cascade of beneficial cellular activity. The 
effect on neuronal mitochondria include increased 
ATP synthesis, stimulation mRNA, improved oxygen 
consumption, increased mitochondrial membrane 
potential, synthesis of NADHn and reduced 
apoptosis. Through these mechanisms post brain 
injury changes to hemodynamics, inflammation, and 
the resulting hypoxia, decreased ATP production, 
post traumatic neuronal loss are addressed in the 
stressed and injured neurons.

Photobiostimulation reach a minimum energy thresh-
old to trigger its beneficial effects. This is very close 
to the optimum therapeutic irradiance of 1.0 -1.2 J/
cm2 irradiance of the target tissue. However, some 
therapeutic response can be achieved up to about 10 
J/cm2. From a clinical treatment standpoint, it is im-
portant to point out that irradiance of normal tissues 
has no adverse effects. Also over irradiance of injured 
tissue does not result in a worse outcome than if pho-
tobiostimulation was not performed at all. Therefore, 
photobiostimulation is a very safe modality and can 
be employed early in acute phase treatment, even be-
fore the full extent of the injury is known.

Once the brain is injured, the resulting acute state of 
hypoxia can lead to complex and vicious cycles in-
volving various regions of the brain. These include 
a breakdown of the blood-brain barrier, glial cell 
priming, neuroinflammation, Tau protein formation, 
dysautonomia, immunological and metabolic imbal-
ances, and even GI Dysregulation via vagal influence.

Of particular interest are the Tau proteins that 
are associated with neurodegeneration disease. 
Tau’s primary role within neurons is thought to 
be the regulation and stabilization of microtubule 
dynamics. Tau proteins disengage from the 
microtubules and rapidly begin to form aggregates 
of hyperphosphorylated tau protein oligomers 
after neuronal injury and death as a result of 
aforementioned mitochondrial stress. They have 
been shown to be toxic to surrounding neurons and 
gial cells. Tau oligomers initiate the spread of Tau 
pathology in the brain.

Tau oligomers precede the formation of (NFT) and 
contribute to learning and memory deficits and 
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even neuronal cell death. Tauproteinopathies can be 
induced by single or repetitive mTBI and often leads 
to progressive neurodegeneration. This pathology is 
common to other neurodegenerative diseases which 
may lead to failure to recognize a mTBI history as a 
primary contributing factor their development.

Photobiostimulation can have powerful mitigating 
influence on the formation of tau proteins associated 
with traumatic encephalopathy and progressive neu-
rodegeneration. It has been shown to reverse deposi-
tion in some instances especially in early or immature 
tau protein deposits. Photobiostimulation increases 
OX/PHOS energy production and a cascade of ben-
eficial cellular responses in post-traumatic hypoxic 
tissue without a corresponding increase in mitochon-
drial reactive oxygen species (ROS). The result is 
prevention of additional or secondary loss of stressed 
and injured neurons thereby limiting area of lesion, as 
well as activating brain repair pathways. This points 
to early therapeutic application of photobiostimula-
tion to positively impact clinical outcomes.

From a neurobiological perspective the cascade of 
beneficial cellular activity includes increased mito-
chondrial membrane potential, nitric oxide release, 
increase in SOD levels, and modulation of intracel-
lular calcium. Signaling pathways and transcription 
factors are activated, leading to production of an-
ti-apoptotic, pro-proliferation, antioxidant, anti-in-
flammatory and proangiogenic factors.

Brain repair is directly affected by the expression 
of genes related to cell proliferation and indirectly 
through regulation of the expression of genes related 
to cell migration and remodeling, DNA synthesis 
and repair, ion channel and membrane potential, cell 
metabolism, and suppression of apoptosis.

A reduction in cognitive deficits is a reported benefit 
of photobiostimulation. Cognitive function benefits 
by stimulation of these brain repair pathways and 
the reduction NFT. Regeneration of neurons through 
neurogenesis and synaptogenesis aids in restoration 
and maintenance of cognitive function and supports 
neuroplasticity during the recovery process.

Neuroplasticity is supported by an increase in brain-de-
rived neurotrophic factor (BDNF) and synapsin-1 that 
encourages synaptogenesis and is significantly up-
regulated by photobiostimulation. This should be of 

tremendous benefit for both synaptic and non-synap-
tic neuroplastic change which has significant impli-
cations for post traumatic learning, memory, and re-
covery from brain damage. Considering these effects 
photobiostimulation may have wider applications in 
neurodegenerative and psychiatric disorders.

From a clinical standpoint, photobiostimulation offers 
a readily available and effective therapeutic tool that 
begins to address a gap in the therapeutic management 
of TBI and post-concussion syndrome injuries.
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