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Dentistry, pain

Brain, stroke, TBI

Non-union fractures

Lateral epicondylitis

Tinnitus

Skin rejuvenation

Reduction of heart attack

Carpal tunnel syndrome

Arthritis

Laser acupuncture
Wound healing

Laser lipolysis

Hair regrowth

Mucositis

Achilles tendonitis

Muscle fatigue

Neck pain

Temporomandibular joint disorder



History

1967 - Prof. Mester - Budapest - discovers laser biostimulation
1983 - UK Physios first use low power laser for sports injuries treatment 
1998 - NASA conducted LED therapy wound healing study for space

1960 - Theodore “Ted”  Maiman built the first working laser 

1999 - US Military nerve regeneration research with THOR lasers

1916 - Einstein first proposed the phenomenon of stimulated emission

2003 - First FDA clearance for THOR 
2005 - Spinal cord regeneration
2006 - LLLT published in Nature and Pain

2008 - WHO Bone & Joint Task Force recommend on neck pain (Spine)
2009 - Lancet review neck pain
2010 - APTA recommends LLLT for Achilles Tendinopathies
2010 - BMJ “strong evidence” for LLLT on frozen shoulder
2010 - Intl Assoc for the Study of Pain, “strong evidence“ Chronic Myofascial Pain
2011 - ???

2007 - Clinical trial of 810-nm laser for Stroke



Low Level Laser Therapy (LLLT)
Published in the worlds top scientific journals

Over 200 (RCT) clinical trials
Over 2000 laboratory studies
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Basic mechanisms

Mitochondria are primary photoreceptors

Cytochrome c oxidase activity is increased

NO is dissociated from COX + heme proteins

ATP and cAMP increased

Reactive oxygen species are produced

Transcription factor induction

Growth, repair, survival, less inflammation



Biphasic dose response?
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Dose

Arndt-Schulz curve

Sommer AP, Pinheiro AL, Mester AR, 
Franke RP, Whelan HT.  (2001) 
Biostimulatory windows in low-intensity 
laser activation: lasers, scanners, and 
NASA's light-emitting diode array 
system. J Clin Laser Med Surg. 
Feb;19(1):29-33
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How is dose measured?
Power (W) x Time (sec) = Energy (Joules)

Power mW
= (irradiance) x time = fluence (J/cm2)

Beam Area cm2

Arguments have been made for total energy, fluence,
irradiance and illumination time to be most important 

parameters in measuring dose



Stimulation/Inhibition of Wound Healing in 
Mice 

635-nm Laser for 
wound healing in mice



Mark D. Skopin & Scott C. Molitor
Effects of near-infrared laser exposure in a cellular model of 
wound healing
Photodermatol Photoimmunol Photomed, 25, 75-80.(2009).

Wound healing in vitro  980-nm laser - scratch in fibroblast monolayer

Constant time - irradiance and fluence vary



3 J/cm2 30 J/cm2

5 mW/cm2 10 minutes 100 minutes

50 mW/cm2 1 minute  10 minutes

Hypothesis: length of illumination is more important than 
total fluence or irradiance in LLLT effect

810-nm laser for 
arthritis in rats



HeLa DNA synthesis
633nm
0.1J/cm2 
10 - 1000mW/cm2

• Dose response curve

increase power
reduce time

(same energy)

Karu TI, Kolyakov SF. (2005) Exact 
action spectra for cellular 
responses relevant to phototherapy. 
Photomed Laser Surg. 
Aug;23(4):355-61.
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Motility changes over time
with different irradiation times using 
104 x LED Cluster mixed 660nm & 850nm 
45mW/cm2

Irradiation times

Irradiation times

Motility changes over time
Fresh Semen

LED 45mW/cm2



Reduction of infarct size (heart attack) by low-energy laser

Oron U,  et al
Attenuation of infarct size in rats and dogs after 
myocardial infarction by low-energy laser 
irradiation. Lasers Surg Med.;28(3):204-11. 



1. Establish a fibroblast cell line (3T3 protocol) from 
NF-kB luciferase reporter mice (HLL)

2. Deliver different fluences of 810-nm light from a 
laser (or other light source)

3. Keep illumination time constant at 5 min (vary 
irradiance)

4. After various times assay for luciferase expression 
(NF-kB activation) and cellular ATP

Does LLLT activate NF-kB?
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NF-kB Activation induced by 0.3 J/cm2 810-
nm laser
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Laser Induced NF-kB Activation
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Mitochondrial ROS induces transcription factor NF-kB



What is mechanism of NF-kB activation?

Hypothesis is reactive oxygen species



Control 0.003J/cm^2 0.03J/cm^2

3J/cm^2 Antimycin A Rotenone

Paraquat

DCFDA
Sensitive to lipid hydroperoxides



Quantification of ROS induced by laser
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0 min Right after irradiation

30 min 60 min



laser
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Do mitochondrial inhibitors increase NF-kB activation?



Do antioxidants prevent NF-kB activation?



What is effect of mitochondrial inhibitors and antioxidants on ATP?



Do antioxidants abrogate laser induced ATP ?



NFκB activation by Lasers



NF-kB

Anti-apoptotic
c-IAP1, c-IAP2, survivin,

Bcl-2, Bcl-xL, Bcl-xS, Bfl-1/A1, 
XIAP,  c-FLIP, E2F3A, NR13,

IEX-1, GADD45β, TRAF1, 
TRAF2

Anti-oxidant
Mn-SOD, heme oxygenase 1, 

Glutathione peroxidase
Ferritin heavy chain, NQO1

γ-glutamylcysteine synthetase

Cytokines & chemokines
IL1, IL2, IL6, IL2-R, IL8, IL9, 

IL11, GRO, IP10, MIP1, MCP, 
RANTES, 

eotaxin

Pro-inflammatory
iNOS, TNF-α, COX2, LTA,
LTB,  phospholipase A,

Pro-proliferation
MCSF, GCSF, GMCSF, 

c-myc, VEGF-C, PDGFB, 
BMP2, c-myb, cyclin (D1, E)

Adhesion molecules
E-selectin, ICAM1, VCAM1

ELAM, MADCAM1

Adaptive immunity
MHC-I, MHC-II, IgG k light 

chain, IGHG3, 
CD3γ, CD105, 
TAP1, CD69, 

Acute phase response
C reactive protein, 

serum amyloid A, angiotensin,
tissue factor, MMPs,
complement (B, C4)

NF-kB target genes



Study mechanisms of 810-nm laser 
in mouse cultured primary cortical neurons

Test biphasic dose response for parameters 
affected in short term (minutes) by laser

Mitochondrial reactive oxygen species
Intracellular nitric oxide

Mitochondrial membrane potential
Intracellular calcium

ATP



Intracellular ROS post 810nm laser
Triphasic dose response 

control 3 J/cm2



NO levels post 810‐nm laser
Triphasic dose response? 

control 0.3 J/cm2



Intracellular calcium post 810‐nm laser
Biphasic dose response 

control 3 J/cm2



Mitochondrial membrane potential post 810‐nm laser
Biphasic dose response 

control 3 J/cm2



ATP levels post 810 nm laser.
Biphasic dose response 



• Summary
– In vitro dose response effects can be 

divided into 2 groups
– Group 1 (MMP, Ca2+, ATP) reflects 

stimulation of mitochondrial function that is 
biphasic with a maximum around 3J/cm2

– Group 2 reflects “Janus” signaling 
mediators ROS and NO – these are 
triphasic and show 2 peaks - at 3 J/cm2

corresponding to cell stimulation and at 30 
J/cm2 presumably corresponding to 
cytotoxicity



What is the mechanism for biphasic 
dose response?

ROS have been shown many times to stimulate at low doses but to be 
harmful at high doses

NO (and peroxynitrite) may also have biphasic response: stimulate at 
low dose and inhibit at high dose

Protective transcription factors may be induced at low dose (NF-kB) and 
additional different harmful pathways activated at high dose



Mechanisms of LLLT

AP-1

Red 
near infrared 

light

ATP



Transcranial laser (light) therapy 
for traumatic brain injury

1,400,000?
Total

1,111,000
Emergency Room Visits

235,000
Hospitalizations

50,000
Deaths

80,000
Disabilities

Civilian
Trauma, MVAs, sports, assaults

Military
US: 2003-2007 43,779 cases

28% of patients at Walter-Reed
>$100,000,000

Explosive blast injury, 
Overpressure,

Penetrating injury, 
Diffuse axonal injury





665-nm laser

810-nm laser

980-nm laser

Four different wavelength lasers

735-nm laser



Transcranial LLLT for TBI in mouse model
(IACUC approved)

closed head weight drop method based on impact 
acceleration model of Marmarou (1994)



Neurological Severity Score(NSS) for Brain-Injured 
Mice

Presence of mono- or hemiparesis 1
Inability  to walk on a 3-cm-wide beam 1
Inability  to walk on a 2-cm-wide beam 1
Inability  to walk on a 1-cm-wide beam 1
Inability  to balance on a 1-cm-wide beam 1
Inability  to balance on a  round  stick  (0.5 cm 
wide) 

1

Failure  to exit a 30-cm-diameter circle  (for 2 
min) 

1

Inability  to walk  straight 1
Loss of  startle behavior 1
Loss of  seeking behavior 1
Maximum  total 10

One point is awarded for failure to perform a task.

Neurological performance testing



Transcranial LLLT for TBI in mouse model

Mice were performance tested 1 hour post-TBI
Mice received a single exposure to laser 

on top of head at 4 hours post-TBI
Fluence was 36 J/cm2 delivered at 150 mW/cm2

over 4 min with spot size 1-cm diameter
Estimated light penetration to dura is 3%

Subsequent performance testing for 4 weeks



Transcranial LLLT for TBI in closed 
head model



Both 665-nm and 810-nm work but not 730-nm or 980-nm





A single laser Tx of 36 J/cm2 at 50 mW/cm2 at 4 
hour is best 



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



A single Tx is better than 14 daily Tx



Conclusions

Mitochondrial mediators show a biphasic dose response
“Janus” mediators show a triphasic dose response
In vivo wound healing shows biphasic dose response
Transcranial laser for TBI shows biphasic dose response
for:

irradiance
treatment repetition
pulse structure



LLLT for Depression and PTSD
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