
What is photobiomodulation (PBM)?
• Irradiation of tissues of relatively low-powered lasers or LED 

arrays, generally applied to sites of injury in order to accelerate 
cellular processes that augment tissue healing, decrease 
inflammation & abolish pain.1

Clinical & Biomedical Applications of PBM
• PBM has been reported as a noninvasive, noncarcinogenic, 

nontraumatic procedure that can provide a therapeutic benefit to 
many diseases & medical conditions and that has been reported to 
have few (if any) negative side effects.

• In addition, PBM is used to improve human wellness with aesthetic 
& cosmetic applications, improvements in sports performance & 
has diverse veterinary applications.2

Molecular Mechanisms
• Cytochrome c oxidase
o Involved in electron transport chain; primary photoacceptor that 

absorbs red & near-infrared (NIR). 3

• Retrograde mitochondrial signaling
o Interaction between CCO & photon increased mitochondrial 

membrane potential = increase in synthesis of ATP. 4

• Adenosine triphosphate (ATP)
o Increased ATP synthesis due to increased activity of CCO when 

activated by light.5

• Reactive oxygen species (ROS)
o PBM can produce mitochondrial ROS, leading to activation of 

NF-κB, which can act as a redox sensor.2

• Nitric oxide (NO)
o PBM leads to increased levels of NO that leads to vasodilation & 

normalized circulation and blood pressure.6

• Others
o Research has demonstrated that PBM seems to be beneficial to the 

following: Nuclear factor kappa B (NF-κB), RANKL, transforming 
growth factor (TGF-β), brain-derived neurotrophic factor (BDNF), 
vascular endothelial factor (VEGF), heat shock proteins & more.2
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How does it work?
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Cellular Mechanisms
• Inflammation
o Anti-inflammatory effects by inhibiting PGE2 production 

and COX-1 & COX-2 mRNA expression.7

• Protein Synthesis
o Enhanced collagen I expression by fibroblasts8

o Enhanced expression of proteoglycans (via osteoblasts) 9

• Stem Cell Activity
o Increased stem cell migration, differentiation, 

proliferation, viability & activation of protein expression.10

Tissue Mechanisms
• Muscles
o Increased creatine kinase activity & rapid ATP synthesis.11

• Brain & Nerves
o Neuroprotective effects via NIR light, such as improved  

mitochondrial function, anti-inflammatory & improved 
neuronal repair.2

• Hair
o Stimulate telogen hair follicles to enter anagen phase, as 

well as prolonging the duration of the anagen phase.2

• Skin
o Decreased inflammation & increased production of pro-

collagen, collagen & basic fibroblast growth factor.12, 13

• Fat
o PBM induces micropores in adipocytes that facilitates 

release of triglycerides & intracellular lipids.14

Why Is Sunlight Not Enough?
• For some superficial indications requiring PBM, sunlight is in fact 

beneficial, but because the peak emission is in the green 
wavelengths (500 nm), the light does not penetrate well.

• Also, considerer that sunlight contains a fair amount of harmful 
UVB radiation, so if one exposed oneself for a long enough time 
to get sufficient photons of the correct wavelength to the target 
tissue, the result would include a nasty sunburn.2
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