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Niels Ryberg Finsen (1860-1904)

“My disease (later found to be Niemann–Pick disease) has played 
a very great role for my whole development. 
The disease was responsible for my starting investigations on light: 
I suffered from anemia and tiredness, and since I 
lived in a house facing the north, I began to believe that
 I might be helped if I received more sun. 
I therefore spent as much time as possible in its rays.”

Nobel Lecture 1903



History of light therapy (1904-1910)



Electric light baths – John Harvey Kellog



Auguste Rollier & Heliotherapy 

Rollier regarded exposure to the sun at temperatures above 
18°C as a "hot-air bath" and not a “sunbath” 



Tumoricidal effect of laser energy on experimental and 
human malignant tumors.
McGuff PE, Deterling RA Jr, Gottlieb LS. N Engl J Med. 
1965 Aug 26;273(9):490-2.

" Developed an interest in laser research in 
1965 and obtained a ruby laser
" Attempted to repeat Paul McGuff’s anti-
tumor laser treatment
"  When this failed, tried to see if laser 
treatment could cause skin cancer in mice
" Observed increased hair growth and better 
wound healing (but no cancer)

In 1960 Ted Maiman built the first working laser
In 1963 Paul McGuff treated tumors with ruby laser



Photobiomodulation is new consensus term 

Low level laser therapy 
Low reactive-level laser therapy 
Low intensity laser therapy 
Low level light therapy 
Low energy laser irradiation 
Photobiostimulation 
Biomodulation 
Biostimulation 
Cold laser 
Soft laser 
Laser therapy 

What’s in a name?

It is called “LOW”
because a little light 
is better than a lot of 
light
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Glycolysis >>>>> Oxidative phosphorylation 



near	infrared	light extracellular	matrix	deposition	 
growth	factor	production 

cell	proliferation	&	motility	
anti-apoptosis	and	pro-survival 

Gene		
transcription signaling

Signaling based on mitochondrial stimulation 



Two major effects of mitochondrial switch 
Glycolysis >>>>> Oxidative phosphorylation 

1. Activation of stem cells 
Stem cells in hypoxic niche carry out glycolysis 
When mitochondria are activated they leave niche  
in search of oxygen and activate proliferation and  
differentiation programs 

2. Anti-inflammatory 
Macrophages with M1 phenotype are pro-inflammatory 
and carry out glycolysis 
When OXPHOS is activated they switch to M2 anti-
inflammatory  phenotype 
M2 macrophages/microglia can phagocytose (e.g. 
amyloid plaque)  



Signaling based on heat/light gated TRP ion channels 



PBM	may	decrease	viscosity	of	interfacial	water	allowing	
faster	rotation	of	ATP	synthase	



Science	News	from	research	organizations	
A	new	blood	component	revealed	
January	23,	2020	
INSERM	(Institut	national	de	la	santé	et	de	la	recherche	médicale)	
Summary:	
Does	the	blood	we	thought	to	know	so	well	contain	elements	that	had	been	undetectable	until	now?	The	answer	is	
yes,	according	to	a	team	of	researchers	which	has	revealed	the	presence	of	whole	functional	mitochondria	in	the	
blood	circulation.	The	discovery	may	deepen	our	knowledge	of	physiology	and	open	up	new	avenues	for	treatment.	
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Clinical trials of pharmacological and physical therapies for stroke/TBI

QuickTime™ and a
 decompressor

are needed to see this picture.

Antioxidants
Ebselen

NXY-059 a  nitrone  spin-trap agent
Tirilazad

Edaravone
Iron chelator

Traditional Chinese medicine

Anti-inflammatory
Anti- neutrophil adhesion molecule

Nitric oxide signal transduction 
down-regulator: lubeluzole

Corticosteroid
Interleukin-1 receptor antagonist

Circulation
Volume expansion

Flow enhancer
Vasodilator

Hemodilution
Blood pressure-related strategy

Oxygen
Hyperbaric oxygen

Oxygenated fluorocarbon 
Oxygen supplementation

Physical intervention
Hypothermia (brain cooling)

Hemicraniectomy
Osmotic agent

Excitotoxicity
Potassium channel opener
Sodium channel blocker

Calcium  chelator
Magnesium

GABA agonist
Glutamate/AMPA antagonist

NMDA receptor/polyamine blocker

Metabolism
Ganglioside , Astrocyte  modulator

Beta blocker,CNS stimulant
Phosphatidylcholine  precursor

Fibroblast growth factor
Opioid  antagonist
Prostanoid ,  Statin

Neurochemical
Serotonin antagonist

Serotonin receptor agonist
Serotonin uptake inhibitor

STROKE	
TBI	

Therapeutic approaches for stroke/TBI



Transcranial PBM may improve TBI 



Animal studies 



665-nm laser 

732nm	Laser

810-nm laser 980-nm laser 







A single laser Tx of 36 J/cm2 at 50 mW/cm2 pulsed at 10 Hz 
is better than CW or 100 Hz





Morris water maze for spatial navigation, 
learning and memory 



Probe test: memory, learning



7 days 
Sham      TBI   

1X PBM  3X PBM 1X PBM  3X PBM 

28 days 
Sham      TBI   

BrdU-NeuN double staining in dentate gyrus 





Brain derived neurotrophic factor (BDNF) in SVZ and DG



Synapsin-1 in perilesional cortex and SVZ











Wide 
Platform WP 

Sleep 
Deprived SD 

810 nm, 10 Hz,  
8 J/cm2 to brain surface  
1X day for 3 days 



Barnes maze task 

What-Where-Which task 

Oxidative stress in Hippocampus 





Object recognition   Barnes maze  





Oedema
Anti-inflammation

Anti-apoptosis

PBM or LLLT

Survivin
SOD (anti-oxidants)

Increased blood flow
Cerebral oxygenation

Lymphatic drainage 

Angiogenesis

Cell migration

Neuron	

Multiple mechanisms for PBM in brain 



Clinical studies 





Aspen	
THOR	laser/LED	

Light	Force	

Light	Cure	 Multiradiance	K	Laser	

Laser	Therapy	devices	for	Photobiomodulation	



Whole	body	photobiomodulation	

Novo-THOR	 Rejuvalight	

JOOVV	maxi	

Planet	fitness	

ARRC	LED	



	Home	use	LED	devices	for	photobiomodulation	



MedX LED cluster
870-nm & 633-nm

Case1. 59 yo F, 7 yr. post-MVA after 8 weekly 
Tx.’s, ability to do computer work had improved 
10-fold, obtained home unit and has used daily for 
5 years.

Case 2. 52 yo F, multiple concussions and PTSD, 
Tx.’d daily with home unit, memory and 
“executive function” tests improved >2 SD, after 9 
months. Off “Medical Disability” status after 4 
months of home treatments; returned to full-time 
work.











Vielight Neuro Combined  Transcranial And  
Intranasal Therapy

Small clinical trial for Alzheimer’s disease in 
Toronto, Canada











PBM for Depression and PTSD 







Devices for transcranial PBM (published) 



SRT = Simple Reaction Time Task  
CF Task = Category Fluency Task 
Flanker = Erikson flanker test 

Congruent  Incongruent 
>> >>  > >> >>  >> >> < >> >> 
<< << < << <<  << << > << << 
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A real (or sham) single PBM session (810 nm, CW LED, 8 min, 
28.8 J/cm2, 144 J) was administered to the forehead in the 
experimental (or control) group. Before and after the stimulation, 
all participants performed an n-back task with 0- and 3-back 
conditions, and their hemodynamic responses during the tasks 
were measured using NIRS. 

Photoneuromodulation makes a difficult cognitive task less 
arduous

Agnes S. Chan1,2, Tsz Lok Lee1 & Michael R. Hamblin3,4





Only minor changes in memory performance 



Significantly lower blood flow 



Photoneuromodulation Improves Memory, Mental State and 
Functional Abilities in Amnesic Mild Cognitive Impairment: Three 
Case Reports 
Agnes S. Chan, Ph.D.,*1,2 , Sophia Sze, Ph.D.,1,2 , Tsz Lok Lee, 
Ph.D.,1 , Michael R. Hamblin, Ph.D. 3,4,5 

Three patients (mean age = 62) received 18-sessions of PNM 
stimulation, twice per week for nine weeks. PNM (810 nm, CW LED, 
8 min, 28.8 J/cm2, 144 J) was delivered using a device placed across 
the forehead of the patients.  

Visual memory Verbal memory



Neuroinflammation

Oxidative Stress Impaired Neurogenesis

Impaired Synaptogenesis

Excitotoxicity

Mitochondrial Dysfunction

Low BDNF Alzheimer’s

Depression

Post traumatic 
stress disorder

Bipolar Disorder

Common pathways in neurodegenerative and psychiatric disease

Parkinson’s

Neuronal Apoptosis Cortical Shrinkage

Hippocampal Shrinkage



Neurodegenerative diseases
Alzheimer’s disease
Parkinson’s disease
Amyotrophic lateral sclerosis
Frontotemporal dementia
Vascular dementia
Lewy body dementia
Primary progressive aphasia
Chronic traumatic 
encephalopathy
Creutzfeldt−Jakob disease
Huntington's disease

Traumatic brain disorders
Acute stroke
Chronic stroke
Acute traumatic brain injury
Chronic traumatic brain injury
Global ischaemia (heart attack)
Birth trauma
Coma (vegetative state)

Psychiatric diseases
Major depressive disorder
Suicidal ideation
Major anxiety
Post traumatic stress disorder
Addiction
Insomnia

Neurodevelopmental disorders
Autism (autism spectrum disorder)
Attention deficit hyperactivity disorder (ADHD)



Conclusions 
•  Photobiomodulation has a history of over 100 years 

•  Mechanisms of PBM are becoming understood 

•  Animal studies of TBI  

•  Clinical studies – acute & chronic TBI, Alzheimer’s disease, 
 depression, opioid addiction 

•  Clinical studies - cognitive enhancement 
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