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La fotobiomodulazione è un 
processo di attivazione di impor-
tanti meccanismi biologici. 

Il processo viene indotto dall’as-
sorbimento di lunghezze d’onda 
infrarosse atermiche frequen-
ziali. I meccanismi attivati sono re-
sponsabili del mantenimento delle 
funzioni ottimali dei tessuti. 

La lunghezza d’onda prodotta 
dalle sorgenti “emettitori” infraros-
se multichip del dispositivo medico 
TR LUX fisio -brevetto internazio-
nale Errevi Elettronica- è in gra-
do di oltrepassare la cute scen-
dendo a diverse profondità in 
relazione alla frequenza di emis-
sione.

L’applicazione della fotobiomodulazione comporta i seguenti, principali, incrementi:

• sintesi del DNA del fibroblasto,

• deposizione di collagene di tipo 1,

• calibro dei vasi sanguigni e linfatici,

• produzione di VEGF,

• produzione di ATP,

• produzione di ossido nitrico,

• turn-over cellulare.  

Oltre a:

• riduzione dell’attività delle metalloproteine che degradano il collagene,

• attivazione dello scambio ionico in tutti i processi metabolici,

• riorganizzazione della matrice extracellulare.
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TR LUX fisio 
Principali campi applicativi
Riabilitazione e fisioterapia - Preparazione sportiva - Terapia del dolore
L’utilizzo del dispositivo è consigliato per il trattamento delle comuni patologie, in ambito sportivo, geriatrico e pediatrico.

TESTA
Algie temporo mandibolari

CERVICALE
Cervicalgia
Nevralgia brachiale
Spondiloartrosi
Contrattura muscolare
Distorsione cervicale
Contusione

SPALLA
Nevralgia brachiale
Borsite
Tendinite
Sindrome da conflitto
Lussazione della spalla
Contrattura muscolare
Strappo muscolare
Stiramento
Contusione
Ematoma

GOMITO
Epicondilite
Epitrocleite
Contusione

MANO-POLSO
Artrite della mano
Distorsione del polso
Contusione
Ematoma

SCHIENA
Dorsalgia
Lombalgia
Sciatalgia
Spondiloartrosi
Artrosi lombosacrale
Contrattura muscolare
Stiramento
Contusione
 

ANCA
Coxalgia
Contrattura muscolare
Strappo muscolare
Stiramento
Contusione
Ematoma

GINOCCHIO
Tendinite rotulea e 
della zampa d’oca
Gonalgia
Distorsione del ginocchio
Contusione
Ematoma

CAVIGLIA-PIEDE
Tendinite achillea
Artrite del piede
Distorsione della caviglia
Contusione

La terapia TR LUX prevede un approccio globale 
alla patologia del paziente acuto e cronico. L’azio-
ne terapeutica di TR LUX fisio agisce sia su precisi 
punti della sintomatologia, sia sulla patologia 
stessa, utilizzando un approccio sistemico.
Viene stimolata così un’azione simultanea sulla tria-
de infiammazione-edema-dolore. 
La terapia TR LUX fisio è indicata per il trattamento 
di dolori e spasmi muscolari, dolore da artrosi, rigi-
dità articolare. 
La fotobiomodulazione TR LUX fisio migliora la 
circolazione sanguigna ed il rilassamento muscolare. 
É inoltre efficace anche per la cura di distorsioni, 
strappi, esiti di traumi, tendiniti, fasciti plantari, 
cervico-brachialgie, dolori cranio-facciali, dolori di 
spalla, borsiti, lombalgie, artriti, dolori articolari, 

Un approccio globale alle patologie
edemi, ematomi, piaghe, ulcere.
La terapia TR LUX fisio fotobiomodulazione ab-
batte significativamente i tempi di trattamento: 
ogni applicazione, infatti, dura mediamente tra i 10 
e i 20 minuti. L’efficacia si traduce anche in una ri-
duzione del numero di applicazioni necessarie: i 
benefici si manifestano fin dalla prima seduta e tra 
la quarta e la quinta il dolore regredisce di almeno il 
50%, a fronte di un consistente recupero della fun-
zionalità articolare. 

TR LUX fisio utilizza le più evolute tecnologie optoe-
lettroniche; i programmi terapeutici permettono all’o-
peratore, in seguito alla formazione, di poter struttu-
rare il percorso curativo più adatto ad ogni singolo 
paziente.



L’effetto della luce si attua principal-
mente a livello cellulare: la luce viene 
assorbita selettivamente da cromo-
fori, flavoproteine, micromolecole. 
L’energia luminosa viene trasforma-
ta in energia biochimica senza 
incrementare la temperatura dei 
tessuti. Uno dei risultati più interes-
santi della terapia TR LUX fisio è il 
miglioramento della produzione 
di energia da parte dei mitocon-
dri, i microscopici motori biologici che 
si trovano all’interno di ogni cellula. 

La ricerca nel campo delle sorgenti lu-
minose ha individuato nella fotobio-
modulazione di ultima generazione 
TR LUX fisio una soluzione ideale per 
stimolare i processi riparativi in 
qualsivoglia distretto irradiato. 
Ogni emettitore è in grado di produr-
re una lunghezza d’onda molto speci-
fica, mantenendosi entro limiti di tol-
leranza che si avvicinano a quelli delle 
sorgenti laser, senza raggiungere però 
il loro livello di potenza.

A differenza delle sorgenti laser e di 
quelle di luce policromatica ad alta 
intensità che sfruttano, in modo con-
trollato, l’azione foto-termica indotta 
dall’assorbimento della luce da parte 
dei tessuti, la fotobiomodulazio-
ne TR LUX fisio per ottenere i suoi 
effetti terapeutici  si avvale di una 

TR LUX fisio 
Comunicazione cellulare avanzata

I principali effetti fotobiologici nella terapia fotobiomodulativa sono:

Risposta di guarigione delle lesioni tissutali in risposta ad un
incremento del fattore di crescita attraverso:
 • Aumento ATP e sintesi proteica
 • Migliorata proliferazione cellulare
 • Variazione della permeabilità della membrana
  cellulare al calcio up-take

Antalgico attraverso:
 • Aumento rilascio endorfine
 • Aumento della serotonina
 • Soppressione di azione dei nocicettori

Supporto del sistema endocrino\immunitario attraverso:
 • Aumento dei livelli di attività linfocitaria
 • Stimolazione e rilascio di neuroormoni  di natura linfocitaria

La terapia FOTOBIOMODULATIVA rappresenta una modalità elettiva nelle 
discipline focalizzate sulla terapia fisica, per supportare e ottimizzare la 
riparazione dei tessuti molli e fornire sollievo dal dolore. In quest’ambito 
TrLUX è uno strumento incomparabile per il FISIOTERAPISTA  che necessita di 
protocolli per le più articolate condizioni cliniche di sua competenza; siano 
esse infiammatorie, degenerative in forma acuta, sub acuta e cronica, 
possono essere trattate con successo.
TRLUX è un dispositivo fisioterapico unico in grado di  trattare rapidamente 
e senza alcuna manipolazione o invasività qualsiasi distretto corporeo 
anche con presenza di protesi, piastre e perni ossei.

I tessuti guariti, trattati con TR LUX mostrano una migliorata qualità e 
resistenza alla trazione, minimizzando così aderenze e cicatrici.  I tessuti con 
cicatrici preesistenti hanno mostrato miglioramenti nelle caratteristiche 
meccaniche dopo la terapia con TR LUX.

Particolare interesse trova l’impiego di TR LUX  anche su trigger points nelle 
terapie muscolo scheletriche, fornendo sollievo antalgico non farmaco 
mediato in condizioni artritiche e di dolore nevralgico.

reazione foto-chimica, senza pro-
duzione di temperatura. 

La lunghezza d’onda 880 nm è assorbi-
ta dalla citocromo ossidasi (complesso 
IV), che è considerata un fotoaccetto-
re primario nelle cellule di mammife-
ro. É noto che l’attivazione di questo 
enzima mitocondriale, in seguito ad 
assorbimento di lunghezza d’onda nel 
vicino infrarosso, favorisce la produzio-
ne di ATP. Un significativo aumento di 
ATP è stato osservato in cellule nervose 
esposte a lunghezza d’onda 880 nm. 

Inoltre, in seguito ad esperimenti con-
dotti utilizzando la fotobiomodula-
zione sul danno muscolare da trauma, 
dopo il trattamento è stato os-
servato un significativo aumento 
dell’attività dei complessi I, II, III, 
IV della catena respiratoria e della suc-
cinato deidrogenasi. 
Le emissioni di TR LUX fisio favori-
scono la produzione di ATP, agendo a 
livelli diversi sulle vie biochimiche del 
metabolismo energetico cellulare. 

Le caratteristiche sopra descritte rap-
presentano una chiara indicazione 
all’applicazione di TR LUX fisio nel 
trattamento dei tessuti per favorir-
ne il trofismo e l’omeostasi. Infatti, è 
ben noto quanto siano importanti gli 
aspetti metabolici nel muscolo, data 
l’elevata spesa energetica richiesta 
dalla contrazione. 

I risultati di uno studio su mioblasti 
trattati con fotobiomodulazione han-
no evidenziato nelle cellule un aumen-
to di actina e tropomiosina (entrambe 
coinvolte nella contrazione muscolare) 
e un ancor più significativo aumento di 
protein-phosphatase-1 (PP1). 
Questa proteina è coinvolta in molti 
importanti processi, tra cui la regola-
zione del metabolismo del glicogeno 
a seconda della necessità del tessuto 
(riserva/consumo del glicogeno), della 
modulazione del rilassamento/contra-
zione nel muscolo, del ciclo cellulare, 
della forma della cellula e della dina-
mica del citoscheletro. 

Inoltre, l’inibizione dell’attività fo-
sfatasica blocca la miogenesi. PP1, le 
cui funzioni sono oggetto di intense 
ricerche, ha anche il ruolo di riportare 
le cellule al loro stato basale ed è chia-
mata per questo “cell reset button”.

Fotobiomodulazione: il principio 



Is It Time to Consider Photobiomodulation
As a Drug Equivalent?

Tiina Karu, PhD, DrSci

The question of whether photobiomodulation should
be used as a drug equivalent arose in my mind after

listening to presentations at the recent conference of the World
Association for Laser Therapy (WALT)-2012 (Gold Cost
City, Australia), and later at home when searching MEDLINE�

for the years 2009–2012. Photobiomodulation (earlier terms: low
level laser therapy, LLLT, laser biostimulation) has been used in
clinical practice for >40years bynow, and its actionmechanisms
on cellular and molecular levels have been studied for > 30
years. Enthusiastic medical specialists successfully used pho-
tobiomodulation in treating healing-resistant wounds and
ulcers (e.g., chronic diabetic ulcers), in pain management, and
in spinal cord and nervous system injuries when other meth-
ods had had limited success.1 However, photobiomodulation
is still not a part of mainstream medicine. The goal of the
present Editorial is to highlight some important recent devel-
opments in clinical applications and in studies of cellular and
molecular mechanisms behind the clinical findings.

One of the impressive and perspective challenges for
photobiomodulation is its use in cases of Parkinson’s disease.
Research in recent years evidenced that neuroprotective
treatment with red and near infrared radiation (NIR) pre-
vented mitochondrial dysfunction and dopamine loss in
Parkinson’s disease patients.2 In another set of experiments,
NIR normalized mitochondrial movement and axon trans-
port, as well as stimulating respiration in cytoplasmic hybrid
(‘‘cybrid’’) neurons.3,4 It is important to recall that reduced
axonal transport contributes substantially to the degenera-
tion of neuronal processes in Parkinson’s disease.

Another development in recent years is the successful
stimulation of stem cells with red and NIR radiation. One
example is the treatment of myocardial infarction. The heart
has been considered a post-mitotic organ lacking the capac-
ity for self-renewal after injury. Surprisingly enough, human
cardiac stem cells, in combination with bone marrow mes-
enchymal stem cells, were found to reduce infarct size and
restore cardiac functions after myocardial infarction.5 This
positive effect can even be increased by irradiation of stem
cells. Mesenchymal stem cells were derived from bone
marrow and adipose tissue, and stimulated by irradiation at
k = 810 nm. Implantation of irradiated cells into the infarcted
rat heart resulted in an *50% decrease in cardiac infarct
size.6 An increase in proliferation rates and membrane po-
tential was established after 532 nm irradiation of adipose

tissue-derived stem cells.7 A recent review8 summarized data
about enhancement of the proliferation of various cultured
cell lines, including stem cells, as well as cell lines used for
the production of viral vaccines and hybrid cell lines. The
review8 underlined that photobiomodulation improves the
proliferation of cells without causing any cytotoxic effects.
One has to emphasize that laser therapy shares none of the
risks associated with stem cell therapy, requires no anes-
thesia, and is painless.9 The optimal light parameters in this
review8 were found to be as follows: doses were 0.5–4.0 J/
cm2 and wavelengths ranged from 600 to 700 nm. It is
important to recall that, in this particular wavelength
range, two peaks in absorption and action spectra con-
nected with activation of cytochrome c oxidase (the pri-
mary photoacceptor for photobiomodulation effects) are
situated.10 The peak at 620 nm belongs to reduced CuA, and
that at 680 nm, to oxidized CuB atoms in cytochrome c
oxidase molecule.11

The treatment of vitiligo (a depigmentary disorder) re-
mains a challenge for clinical dermatologists. He-Ne laser
irradiation was found to stimulate melanocyte prolifera-
tion.12 The expression of phosphorylated cyclic-adenosine
monophosphate (AMP) response element-binding protein,
an important regulator of melanocyte growth, was upregu-
lated by He-Ne laser treatment. He-Ne laser irradiation im-
parted a growth stimulatory effect on functional melanocytes
via mitochondria-related pathways.12

Irradiation with red light caused gene and noncoding
RNA regulation for photoacceptor protection in the retina.
This finding may open a new challenge for photo-
biomodulation.13

One of the major dose-limiting effects of chemotherapy
drugs is oral mucositis of treated patients. Oral mucositis can
affect up to 100% of patients undergoing high-dose chemo-
therapy and hematopoietic stem cell transplantation. Photo-
biomodulation can improve tissue repair and immune
response in these patients.14

Photobiomodulation has been shown to improve func-
tional outcome after surgical intervention to repair injured
nerves. LED irradiation at 810 nm accelerated functional re-
covery and improved the quality of nerve regeneration after
autograft repair of severely injured peripheral nerves.15

Forehead treatments with NIR reversed major depression
and anxiety.16 Transcranial NIR laser therapy was investigated
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Effect of near-infrared light-emitting diodes on nerve regeneration
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Abstract
Background. Photobiomodulation by red to near-infrared 
light-emitting diodes (LEDs) has been reported to accelerate 
wound healing, attenuate degeneration of an injured optic 
nerve, and promote tissue growth. The purpose of this 
study was to investigate the effect of LEDs on nerve regenera-
tion. A histological study as well as a measurement of antioxi-
dation levels in the nerve regeneration chamber fl uid was 
performed.
Methods. For the histological study, the bilateral sciatic 
nerves were transected, and the left proximal stump and the 
right distal stump were inserted into the opposite ends of a 
silicone chamber, leaving a 10-mm gap. Light from an LED 
device (660 nm, 7.5 mW/cm2) was irradiated for 1 h per day. 
At 3 weeks after surgery, regenerated tissue was fi xed and 
examined by light microscopy. For the antioxidation assay of 
chamber fl uid, the left sciatic nerve and a 2-mm piece of nerve 
from the proximal stump were transected and inserted into 
opposite sides of a silicone chamber leaving a 10-mm gap. 
LEDs were irradiated using the same parameters as those 
described in the histological study. At 1, 3, and 7 days after 
surgery, antioxidation of the chamber fl uid was measured 
using an OXY absorbent test.
Results. Nerve regeneration was promoted in the LED group. 
Antioxidation of the chamber fl uid signifi cantly decreased 
from 3 days to 7 days in the control group. In the LED group, 
antioxidation levels did not decrease until 7 days.
Conclusions. Chamber fl uid is produced from nerve stumps 
after nerve injury. This fl uid contains neurotrophic factors 
that may accelerate axonal growth. Red to near-infrared 
LEDs have been shown to promote mitochondrial oxidative 
metabolism. In this study, LED irradiation improved nerve 
regeneration and increased antioxidation levels in the chamber 
fl uid. Therefore, we propose that antioxidation induced by 
LEDs may be conducive to nerve regeneration.

Introduction

Light-emitting diodes (LEDs), originally used for 
National Aeronautics and Space Administration 
(NASA) plant growth experiments in space, have been 
shown in animal and human studies to have biological 
effects. LEDs offer an effective alternative to lasers 
based on safety, superior portability, and low cost. 
The pinpoint beam of laser light can damage the eye 
and can limit the irradiation area. Lasers are unsuitable 
for large or moving targets. The heat production from 
the laser light can damage tissue and needs to be 
cooled. Consequently, lasers are not portable devices.1,2 
A variety of studies have determined that light in 
the red to near-infrared range (630–1000 nm) provides 
the optimal conditions for biostimulation. Previous 
reports indicate that low-power laser therapy is effec-
tive for wound healing3 and enhancing peripheral nerve 
repair.4 LED therapy can be effective in wound repair 
in vivo and increased cell growth in vitro.1,2 Previous 
reports also indicate that LEDs prevent oral mucositis 
in pediatric bone marrow transplant patients5 and 
radiation-induced dermatitis in breast cancer.6 In 
addition to these studies, it has also been shown 
that LEDs attenuate degeneration of injured optic 
nerves.7–10 However, this study is the fi rst, to our knowl-
edge, to investigate the effect of photobiomodulation 
by LEDs on peripheral nerve regeneration. Using a 
silicone chamber, we analyzed the histological effects 
of LEDs on nerve regeneration in rats and measured 
the antioxidation of the nerve regeneration chamber 
fl uid.

Materials and methods

The study protocol was approved by the institutional 
review board, and all procedures were performed 
according to the guidelines outlined by the Institute for 
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________________________________________________________________________________________________________ 
Abstract: This review article summarizes the work of our research team. We are engaged in efforts to evaluate the effect of 
visible and near-IR light on various biologic tissues.  Much of our work has dealt with the antimicrobial effect of light.  Those 
examples are discussed in the paper.  We are also engaged in examining the use of light to positively address deficits associated 
with peripheral neuropathies and musculoskeletal injuries.  This review article is not intended as a comprehensive treatment of 
low level light therapy, but rather is intended to summarize our research agenda.  We hope this summary can serve as a part of the 
basic science foundation that will lead to effective use of light energies as an alternative, if not adjunctive, therapy to inhibit the 
growth of microorganisms that threaten human health and to assist in the management of pain and inflammation associated with 
soft tissue injury and peripheral neuropathy.  
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1. Background / Introduction 

 “The investigation of novel non-antibiotic 
approaches for the prevention of and protection against 
infectious diseases should be encouraged, and such 
approaches must be high-priority research and development 
projects [1].”  Non-pharmaceutical approaches to preventing 
and treating infection have formed the basis of a research 
agenda that we have pursued since 2006.  Our primary focus 
has been to examine the degree to which visible and near 
infrared (near-IR) light energies could modulate the growth 
and replication of microorganisms in vitro.  Our hope has 
been to lay a basic research foundation that might eventually 
lead to the development of clinical protocols to assist in the 
care of cutaneous ulcers. 
 After our research agenda related to microbial 
inhibition was established, we began examining the degree 
to which light energies might affect outcomes of patients 

with various orthopedic and neurologic conditions.  Whether 
in reference to microorganisms or human subjects with 
orthopedic / neurologic conditions, our purpose is to 
document photobiomodulation.  We are interested in how 
biologic tissues respond to focused applications of visible 
and near-IR energies. The review that follows summarizes 
this work. 
 
2. Antimicrobial Effect 
 Nussbaum et al. piqued our interest in the potential 
for light as treatment of microbial infections when their two 
works were published in 2002 and 2003 suggesting that 
near-IR wavelengths could inhibit Staphylococcus aureus 
and Pseudomonas aeruginosa [2, 3]. Menendez et al. 
demonstrated a related application for light in 2004 when 
they showed improved healing of wounded tissue following 
irradiation with red and near-IR wavelengths [4].  Gantz et 
al., in 2005, reported that Helicobacter pylori could be 
inhibited by light [5].  These observations stimulated our 
interest and led to our first two publications [6, 7].  We were 

Guest Editorial

Mitochondrial Mechanisms of Photobiomodulation
in Context of New Data About Multiple Roles of ATP

Tiina Karu, Dr. Sci., Ph.D.

Various cellular responses to visible and IR-A radia-
tion have been studied for decades in the context of

molecular mechanisms of laser phototherapy [also called
photobiomodulation, low-level light therapy (LLLT)]. LLLT
uses monochromatic and quasimonochromatic light in the
optical region of *600–1,000 nm to treat in a nondestructive
and nonthermal fashion various soft-tissue and neurologic
conditions.1 This modality also was recently used to reverse
toxic effects of neurotoxins, to treat strokes and acute myo-
cardial infarction, and to stimulate stem cell proliferation.2

This multiplicity of conditions treated with photo-
biomodulation has persuaded many unbelievers of the value
of such an universal method.3

It is generally accepted that the mitochondria are the ini-
tial site of light action in cells, and cytochrome c oxidase (the
terminal enzyme of the mitochondrial respiratory chain) is
the responsible molecule.2–8 Mixed-valence copper compo-
nents of cytochrome c oxidase, CuA and CuB, are believed to
be the photoacceptors.5,9,10 The same photoacceptor mole-
cule for different cellular responses can explain, at least
partly, the versatility of low-power laser effects.

The excitation of the photoacceptor molecule sets in mo-
tion cellular metabolism through cascades of reactions called
cellular signaling2,3 or retrograde mitochondrial signaling.11

At least two reactions are starting points for monitoring
cellular-signaling reactions after light action on the cyto-
chrome c oxidase molecule. One of them is dissociation of
NO from the catalytic center of cytochrome c oxidase.12,13

Spectroscopic studies of irradiated cellular monolayer
show that two charge-transfer channels putatively to
CuAred

and CuBoxid
, as well as two reaction channels puta-

tively connected with d-d transition in CuBred
and CuAoxid

chromophores, are reorganized dependent on NO presence
or absence.9 It has been suggested that the dissociation of NO
(a physiologic regulator of cytochrome c oxidase activity)
rearranges downstream signaling effects.14

Another signaling pathway starting from the mitochon-
dria is connected with ATP. The ATP extrasynthesis in iso-
lated mitochondria and intact cells of various types, under
irradiation with light of different wavelengths, is well
documented.2 ATP is a universal fuel inside living cells that
drives all biologic reactions. It is known that even small
changes in the ATP level can significantly alter cellular me-
tabolism. Increasing the amount of this energy may improve

the cellular metabolism, especially in suppressed or other-
wise ill cells.7,8

In connection with the versatility of LLLT effects, I draw
the readers’ attention to a comparatively new aspect of the
ATP molecule. A long series of discoveries has demonstrated
that ATP is not only an energy currency inside cells, but it is
also a critical signaling molecule that allows cells and tissues
throughout the body to communicate with one another.15

This new aspect of ATP as an intercellular signaling molecule
allows broadening the understanding of universality phe-
nomenon of LLLT as well. It is known now that neurons
release ATP into muscle, gut, and bladder tissue as a mes-
senger molecule. The specific receptors for ATP as the sig-
naling molecule (P2 family) and for its final breakdown
product, adenosine (P1 family), were found and identi-
fied.15,16

ATP activation of P2 receptors (subtypes P2X and P2Y)
can produce different cellular effects. A recent article by
Anders et al.17 demonstrated that P2Y2 and P2Y11 receptors
were expressed in the irradiated at l¼ 810-nm normal
human neural progenitor cells in vitro. It appeared that the
irradiation could be used as a replacement for growth fac-
tors. This line of research opens a new understanding of the
complicated mechanisms of LLLT. From the point of view of
the topic of the present article, the role of ATP as a signaling
molecule provides a new basis for explaining the versatility
of LLLT effects.

The second important point in connection with multiple
functions of ATP and P2X and P2Y receptors is the following.
When bound by ATP, P2X receptors form a channel that
allows sodium and calcium ions to enter the cells. ATP
binding to the extracellular surface of P2Y receptors starts a
cascade of molecular interactions inside cells, with those re-
sulting in intracellular calcium stores being released.16 The
increase in intracellular Ca2þ ions ([Ca2þ]i) due to the irra-
diation has been measured by many authors,2 but the
mechanism of the phenomenon of [Ca2þ]i increase in the ir-
radiated cells has not been explained. Ca2þ is a global posi-
tive effector of mitochondrial function, and thus, any
perturbation in mitochondrial or cytosolic Ca2þ homeostasis
will have implications on mitochondrial functions. This
concerns the regulation of [Ca2þ]i from outside by binding
ATP to P2X receptors. It is important to remember that both
Ca2þ uptake and efflux from mitochondria consume DCm
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Applicazioni mediche di diodi che emettono luce. Dallo spazio profondo al mare profondo

Aumento della crescita cellulare tramite LED
Studi sulle cellule sottoposte a microgravità e ipergravità indicano che le cellula umane necessitano di 

gravità per stimolare la crescita. Le funzioni delle cellule seguono in modo lineare l’aumento o la 
diminuzione della forza gravitazionale. Questo pone grossi rischi di salute per gli astronauti impegnati in 
lunghi viaggi spaziali. Le applicazioni della terapia della luce con l’uso di NASA LED aumenteranno 
significativamente la cura medica che è disponibile per gli astronauti delle missioni spaziali a lungo termine. 
NASA LED stimola i processi basilari dell’energia nei mitocondri (scomparti di energia) di ogni cellula, 
specialmente quando la luce con lunghezza d’onda vicino all’infrarosso viene usata per attivare all’interno le 
sostanze chimiche sensibili al colore (cromofori, sistemi di citocromi). Le lunghezze d’onda ottimali per 
LED sono 680, 730 e 880 nm e il nostro laboratorio ha migliorato la guarigione di ferite in animali da 
laboratorio usando sia la luce del NASA LED sia l’ossigeno iperbarico. Inoltre la sintesi del DNA nei 
fibroblasti e nelle cellule muscolari è quintuplicata con l’uso della sola luce del NASA LED, in 
un’applicazione singola che combina 680, 730 e 880 nm ognuna a 4 Joules per centimetro quadrato. 

L’atrofia muscolare e ossea sono documentate negli astronauti, e sono stati riportati molti altri disturbi 
minori avvenuti nello spazio che non si possono curare fino all’atterraggio sulla Terra. Un sistema di 
copertura LED può essere usato per la prevenzione dell’atrofia muscolare e ossea negli astronauti. La 
profondità di penetrazione della luce vicino all’infrarosso nei tessuti umani è stata misurata tramite 
spettroscopio. Gli spettri presi dal polso e dal polpaccio dimostrano che la maggior parte dei fotoni della luce 
con lunghezza d’onda compresa tra i 630 e gli 800 nm viaggiano 23 cm attraverso il tessuto superficiale e il 
muscolo tra l’ingresso e l’uscita del rivelatore di fotoni. La luce viene assorbita dai mitocondri dove stimola 
il metabolismo dell’energia nei muscoli e nelle ossa, così come nella pelle e nei tessuti sottocutanei. 

Un viaggio spaziale lungo, con i suoi rischi, aumenta anche la possibilità che gli astronauti vengano feriti 
mentre svolgono il loro lavoro. Il fatto che il normale processo di guarigione venga affetto negativamente 
dalla microgravità richiede un approccio nuovo per aumentare la possibilità di guarigione e la crescita dei 
tessuti nello spazio. Schiere di NASA LED hanno già volato in missioni dello Shuttle per studi sulla crescita 
delle piante e la U.S Food and Drug Administration (FDA) ha approvato gli esperimenti sull’uomo. L’uso 
della terapia con LED può aiutare a prevenire l’atrofia ossea e muscolare, così come può diminuire il tempo 
di guarigione delle ferite in ambiente con microgravità, riducendo sia il rischio di ferite, sia il rischio che le 
missioni diventino catastrofi. 

I voli spaziali hanno fornito un laboratorio per lo studio dei problemi di guarigione delle ferite dovuti 
alla microgravità, che simula i problemi di guarigione delle ferite traumatiche qui sulla Terra. L’aumento 
nella guarigione delle ferite può avere varie applicazioni che portano beneficio alla cura di civili, alle 
situazioni militari e ai voli lunghi. La luce laser e l’ossigeno iperbarico sono state ampiamente acclamate nel 
velocizzare la guarigione di problemi ischemici e anossiemici. Una rivisitazione eccellente di una recente 
esperienza umana con terapia alla luce vicina all’infrarosso nella guarigione di ferite è stata pubblicata da 
Conlan. I laser portano una stimolazione di energia minore nei tessuti che porta a un aumento dell’attività 
cellulare durante la guarigione, includendo l’aumento della proliferazione dei fibroblasti, la crescita del 
fattore di sintesi, la produzione di collagene e la nascita di vasi sanguigni. I laser, inoltre, hanno 
caratteristiche proprie che rendono il loro uso in un ambiente clinico problematico, così come limitazioni 
nella capacità di lunghezza d’onda e larghezza del fascio. L’insieme delle lunghezze d’onda ottimali per la 
cura non può essere prodotto in modo efficiente, e la dimensione della ferita che può essere trattata dal laser 
è limitata. Diodi che emettono luce (LED) offrono un’alternativa effettiva al laser. Questi diodi possono 
essere fatti per produrre più lunghezze d’onda contemporaneamente, e possono essere combinati in schiere 
larghe in modo da permettere il trattamento di ferite di dimensione estesa. I benefici potenziali per la NASA, 
per la popolazione militare e civile includono il trattamento di gravi ustioni, ferite da incidenti, fratture 
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The use of low levels of visible or near-infrared (NIR) light for reducing 
pain, inflammation and edema, promoting healing of wounds, deeper 
tissues and nerves, and preventing tissue damage has been known for 
almost forty years since the invention of lasers. Originally thought to be 
a peculiar property of laser light (soft or cold lasers), the subject has now 
broadened to include photobiomodulation and photobiostimulation using 
non-coherent light. Despite many reports of positive findings from 
experiments conducted in vitro, in animal models and in randomized 
controlled clinical trials, LLLT remains controversial. This likely is due to 
two main reasons; firstly, the biochemical mechanisms underlying the 
positive effects are incompletely understood, and secondly, the 
complexity of rationally choosing amongst a large number of illumination 
parameters such as wavelength, fluence, power density, pulse structure 
and treatment timing has led to the publication of a number of negative 
studies as well as many positive ones. In particular, a biphasic dose 
response has been frequently observed where low levels of light have a 
much better effect than higher levels.  
 
This introductory review will cover some of the proposed cellular 
chromophores responsible for the effect of visible light on mammalian 
cells, including cytochrome c oxidase (with absorption peaks in the NIR), 
and photoactive porphyrins. Mitochondria are thought to be a likely site 
for the initial effects of light, leading to increased ATP production, 
modulation of reactive oxygen species, and induction of transcription 
factors. These effects in turn lead to increased cell proliferation and 
migration (particularly by fibroblasts), modulation in levels of cytokines, 
growth factors and inflammatory mediators, and increased tissue 
oxygenation. The results of these biochemical and cellular changes in 
animals and patients include such benefits as increased healing of 
chronic wounds, improvements in sports injuries and carpal tunnel 
syndrome, pain reduction in arthritis and neuropathies, and amelioration 
of damage after heart attacks, stroke, nerve injury, and retinal toxicity.  
 
1. HISTORY  
 
In 1967, a few years after the first working laser was invented, Endre 
Mester in Semmelweis University, Budapest, Hungary wanted to test if 
laser radiation might cause cancer in mice [1]. He shaved the dorsal hair, 
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Photobiomodulation – T. Karu 

(PHOTOBIOMODULATION) 

1. What is photobiomodulation (low-power laser therapy?) 

More than 30 year ago the first publications about low-power laser therapy or photobiomodulation 
(at that time called laser biostimulation) appeared. Since then approximately 2000 studies have 
been published on this topic (analysis of these publications can be found in [1]). Medical 
treatment with coherent light sources (lasers) or noncoherent light (Light Emitting Diodes, LED's) 
has passed through its childhood and early maturity. Photobiomodulation is being used by 
physiotherapists (to treat a wide variety of acute and chronic muscosceletal aches and pains), 
dentists (to treat inflamed oral tissues, and to heal diverse ulcerations), dermatologists (to treat 
oedema, indolent ulcers, burns, dermatitis), rheumatologists (relief of pain, treatment of chronic 
inflammations and autoimmune diseases), and by other specialists (e.g., for treatment of middle 
and inner ear diseases, nerve regeneration). Photobiomodulation is also used in veterinary 
medicine (especially in racehorse training centers) and in sports medicine and rehabilitation 
clinics (to reduce swelling and hematoma, relief of pain and improvement of mobility and for 
treatment of acute soft tissue injuries). Lasers and LED's are applied directly to respective areas 
(e.g., wounds, sites of injuries) or to various points on the body (acupuncture points, muscle 
trigger points). For details of clinical applications and techniques used, the books [ 1-3] are 
recommended. 

2. What light sources (lasers, LED's) can be used? 

The field of photobiomodulation is characterized by variety of methodologies and use of various 
light sources (lasers, LED's) with different parameters (wavelength, output power, continuous 
wave or pulsed operation modes, pulse parameters). These parameters are usually given in 
manufacturers manuals. 

The GaAlAs diodes are used both in diode lasers and LED's, the difference is whether the device 
contains the resonator (as the laser does) or not (LED). In latter years, longer wavelengths (-800-
900 nm) and higher output powers (to 100 mW) are preferred in therapeutic devices. 

Should a medical doctor use a laser or a diode? The answer is - it depends on what one 
irradiates, in other words, how deep tissue layers must be irradiated. By light interaction with a 
biotissue, coherent properties of laser light are not manifested at the molecular level. The 
absorption of low-intensity laser light by biological systems is of a purely noncoherent (i.e., 
photobiological) nature. On the cellular level, the biological responses are determined by 
absorption of light with photoacceptor molecules (see the section 3 below). Coherent properties 
of laser light are not important when cellular monolayers, thin layers of cell suspension as well as 
thin layers of tissue surface are irradiated (Fig. 1). In these cases, the coherent and noncoherent 
light (i.e., both lasers and LED's) with the same wavelength, intensity and dose provides the 
same biological response. Some additional (therapeutical) effects from the coherent and 
polarized radiation (lasers) can occur in deeper layers of bulk tissue only and they are connected 
with random interference of light waves. An interested reader is guided to the ref. [4] for more 
details. Here we illustrate this situation by Fig. 1. Large volumes of tissue can be irradiated by 
laser sources only because the length of longitudinal coherence Lcoh is too small for noncoherent 
radiation sources [4]. 

3. Enhancement of cellular metabolism via activation of respiratory chain: a universal 
photobiological action mechanism 

A photobiological reaction involves the absorption of a specific wavelength of light by the 
functioning photoacceptor molecule. The photobiological nature of photobiomodulation means 
that some molecule (photoacceptor) must first absorb the light used for the irradiation. After 
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Medical Policy Manual   

Topic: Low-Level Laser Treatment of Neuromuscular Pain 
Disorders and Other Miscellaneous Conditions 

Date of Origin: January 2003 
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IMPORTANT REMINDER 

Medical Policies are developed to provide guidance for members and providers regarding coverage in 
accordance with contract terms. Benefit determinations are based in all cases on the applicable contract 
language. To the extent there may be any conflict between the Medical Policy and contract language, the 
contract language takes precedence. 

PLEASE NOTE: Contracts exclude from coverage, among other things, services or procedures that are 
considered investigational or cosmetic. Providers may bill members for services or procedures that are 
considered investigational or cosmetic. Providers are encouraged to inform members before rendering 
such services that the members are likely to be financially responsible for the cost of these services. 
 
DESCRIPTION
 
Low-level laser therapy (LLLT), also called photobiomodulation, refers to the use of red-beam or near-
infrared lasers with a wavelength between 600 and 1000 nm and Watts from 5 to 500 milliwatts. This is 
in contrast to surgical lasers that typically use 300 Watts. Low-level laser energy that is applied to 
acupuncture points on the body may be referred to as “laser acupuncture.”  
 
When applied to the skin, low level lasers produce no sensation and do not burn the skin. Because of the 
low absorption by human skin, it is hypothesized that the laser light can penetrate deeply into the tissues 
where it has a photobiostimulative effect. The exact mechanism of its effect is unknown; hypotheses 
have included improved cellular repair and stimulation of the immune, lymphatic, and vascular systems.  
 
LLLT has been proposed as a treatment of carpal tunnel syndrome, painful musculoskeletal disorders 
such as temporomandibular joint disfunction and low back pain, soft tissue injuries, tendinopathies, and 
osteoarthritis. LLLT has been used outside the US to treat oral mucositis associated with radiation and 
chemotherapy, stimulate healing of chronic wounds, treat nerve injuries, and as an adjunct to 
antituberculosis drug treatment. 
 
Regulatory Status 
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Transcranial near-infrared laser therapy applied to promote
clinical recovery in acute and chronic neurodegenerative
diseases

Paul A Lapchak
Cedars-Sinai Medical Center, Department of Neurology, 110 North George Burns Road, D-2091,
Los Angeles, CA 90048, USA, Tel.: +1 310 248 8188, Fax: +1 310 248 7568,
paul.lapchak@cshs.org

Abstract
One of the most promising methods to treat neurodegeneration is noninvasive transcranial near-
infrared laser therapy (NILT), which appears to promote acute neuroprotection by stimulating
mitochondrial function, thereby increasing cellular energy production. NILT may also promote
chronic neuronal function restoration via trophic factor-mediated plasticity changes or possibly
neurogenesis. Clearly, NILT is a treatment that confers neuroprotection or neurorestoration using
pleiotropic mechanisms. The most advanced application of NILT is for acute ischemic stroke
based upon extensive preclinical and clinical studies. In laboratory settings, NILT is also being
developed to treat traumatic brain injury, Alzheimer’s disease and Parkinson’s disease. There is
some intriguing data in the literature that suggests that NILT may be a method to promote clinical
improvement in neurodegenerative diseases where there is a common mechanistic component,
mitochondrial dysfunction and energy impairment. This article will analyze and review data
supporting the continued development of NILT to treat neurodegenerative diseases.

Keywords
acute ischemic stroke; Alzheimer’s disease; LLLT; mitochondria; neuroprotection; NILT;
Parkinson’s disease; photobiomodulation; photobiostimulation; TLT; traumatic brain injury

Photobiostimulation or photobiomodulation is a novel noninvasive method used to promote
neuroprotection and repair of injured neuronal pathways by activating endogenous
mechanisms that are involved in both processes. Currently, we hypothesize that near-
infrared laser therapy (NILT) efficacy requires at least a two-step process, an acute phase
response followed by a chronic phase response that requires activation of survival and
plasticity elements [1]. The wavelength-specific two-step process, which is not thermal
based [2–4], appears to be effective when near-infrared (NIR) irradiation with 808 nm
infrared light is used [5–13], but lower wavelengths of approximately 630 nm have also
been shown to have therapeutic efficacy [14]. Photobiostimulation directly affects cellular
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Laser therapy for the treatment of arthritic knees: a clinical study 
F. Kahna, R. Liboroa and F. Saraga*a

aMeditech Laser Rehabilitation Centre, 415 Horner Ave, Toronto, ON, Canada, M8W4W3 

ABSTRACT

In a follow-up clinical study to our previously published 2006 SPIE conference proceeding, we analyzed a cross-section 
of patients treated for a variety of knee problems that present at our Meditech Laser Rehabilitation Clinics on a daily 
basis. Of the 98 patients with knee pathologies included in this study, 63% presented with degenerative osteoarthritis. On 
average 11 treatments, each 30-45 minutes in duration, were administered for the individual patient resulting in a 
significant improvement rate in excess of 92%.  Laser Therapy is active at both the cellular and systemic levels 
activating a variety of mechanisms including cartilage regeneration, DNA synthesis, improved microcirculation and an 
analgesic and anti-inflammatory effect.    

Keywords: Osteoarthritis, Low Intensity Laser Therapy, Chronic Knee Condition

1. INTRODUCTION
Arthritis results in the deterioration of the joint through the process of chronic inflammation. The most common form is 
degenerative osteoarthritis.  This type of joint disease affects approximately 80% of the population by the age of 65. 
Osteoarthritis most commonly affects the hands, feet, spine and the large weight bearing joints such as the hips and 
knees. According to the Center for Disease Control, the lifetime risk of developing osteoarthritis of the knee has been 
estimated at 46%.  

Low Intensity Laser Therapy (LILT), also known as photobiomodulation or laser biostimulation, has been used 
successfully as a therapeutic approach to treat an extensive range of acute and chronic musculoskeletal conditions.  Over 
the past 50 years, LILT research using wavelengths in the red to infrared range (600 – 900 nm) has been applied to in
vitro cellular studies and in vivo animal and human studies.  In particular, LILT for the treatment of degenerative 
osteoarthritis of the knees has been a topic of interest both in animal research and human, placebo-controlled, double-
blind clinical trials. 

A number of animal studies have measured the beneficial effect of LILT on cartilage formation [1], cartilaginous erosion 
[2], production of superoxide dismutase [2], stress protein levels [3] and chondrocyte proliferation [4].  These studies 
induce an osteoarthritic state in the knees of rats or rabbits by means of chemical injections into the intracapsular space.  
LILT has been found to decelerate the arthritic process [1], regenerate articular cartilage [2], increase the levels of stress 
proteins, thereby improving the repair of cartilaginous erosion [3], and significantly increase the number of chondrocytes 
and the thickness of the articular cartilage [4]. 

Placebo-controlled clinical trials using LILT for the treatment of osteoarthritic knees have also reported the beneficial 
effect of Laser Therapy.  A relatively recent meta-analysis of 36 randomized placebo-controlled trials found that LILT 
administered within optimal dosage levels, in an intensive 2-4 week treatment regimen, offered clinically relevant pain 
relief compared to placebo controls [5].  Another more recent clinical trial measured a significant decrease in pain, 
reduction of knee circumference, pressure sensitivity, extension, flexion and microcirculation as compared to the placebo 
group which was treated with a sham laser [6].   

A recent study has shown that patients with osteoarthritic knees are unlikely to benefit from arthroscopic surgery [7].  
Patients who received only conservative treatment (no surgery) did just as well as those who underwent arthroscopic 
surgery at the two year follow-up assessment [7].  On the other hand, clinical trials have indicated that Laser Therapy for 
osteoarthritis of the knees alleviates pain to a significant degree, along with the restoration of normal function and  
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Near-Infrared Light Therapy to Attenuate Strength Loss
After Strenuous Resistance Exercise

Kelly A. Larkin-Kaiser, PhD, CAT(C)*; Evangelos Christou, PhD†; Mark Tillman,
PhD‡; Steven George, PhD, PT§; Paul A. Borsa, PhD, ATC, FACSM†

*Human Performance Laboratory, University of Calgary, Alberta, Canada; †Center for Exercise Science and
§Department of Physical Therapy, University of Florida, Gainesville; ‡Department of Kinesiology & Health Promotion,
Troy University, Montgomery, AL

Context: Near-infrared (NIR) light therapy is purported to
act as an ergogenic aid by enhancing the contractile function of
skeletal muscle. Improving muscle function is a new avenue for
research in the area of laser therapy; however, very few
researchers have examined the ergogenic effects of (NIR) light
therapy and the influence it may have on the recovery process
during rehabilitation.
Objective: To evaluate the ergogenic effect of (NIR) light

therapy on skeletal muscle function.
Design: Crossover study.
Setting: Controlled laboratory.
Patients or Other Participants: Thirty-nine healthymen (n¼

21) and women (n¼18; age¼20.06 0.2 years, height¼1696 2
cm, mass¼ 68.4 6 1.8 kg, body mass index¼ 23.86 0.4 kg/m2).
Intervention(s): Each participant received active and sham

treatments on the biceps brachii muscle on 2 separate days.
The order of treatment was randomized. A class 4 laser with a
cumulative dose of 360 J was used for the active treatment.
After receiving the treatment on each day, participants complet-
ed an elbow-flexion resistance-exercise protocol.

Main Outcome Measure(s): The dependent variables were
elbow range of motion, muscle point tenderness, and strength
(peak torque). Analysis of variance with repeated measures was
used to assess changes in these measures between treatments
at baseline and at follow-up, 48 hours postexercise. Additionally,
immediate strength loss postexercise was compared between
treatments using a paired t test.

Results: Preexercise to postexercise strength loss for the
active laser treatment, although small, was less than with the
sham treatment (P ¼ .05).

Conclusions: Applied to skeletal muscle before resistance
exercise, (NIR) light therapy effectively attenuated strength loss.
Therefore, NIR light therapy may be a beneficial, noninvasive
modality for improving muscle function during rehabilitation after
musculoskeletal injury. However, future studies using higher
treatment doses are warranted.

Key Words: lasers, photobiomodulation, ergogenic aids,
contractile function, biceps brachii muscle

Key Points

� Near-infrared light therapy administered before resistance exercise enhanced the contractile function of skeletal
muscle by attenuating strength loss.

� Disuse atrophy and pain can be significant impediments to recovery after musculoskeletal injury. Therefore, the
ability to enhance muscle function during rehabilitation is of great benefit to patients

V
arious forms of light therapies have been used over
the past 4 decades. Light therapy involves the
application of light to a tissue to promote healing

and functional recovery.1 Near-infrared (NIR) light has
shown promise as a therapeutic modality for treating acute
and chronic musculoskeletal injuries.1,2 Near-infrared light
modalities emit photons in a narrow bandwidth with
wavelengths ranging from 700 to 1000 nm. Examples of
NIR light modalities include class 3 and class 4 lasers as
well as light-emitting diodes. Light-emitting diodes emit
light in the red to infrared range at intensities that fall
within the range of class 3 lasers. Positive therapeutic
effects of light therapy are attributed to its ability to
transmit photons through the skin to penetrate deeper into
soft tissues, where the photons are absorbed by cellular and
blood-bound proteins known as chromophores.1 Photon
absorption by endogenous chromophores stimulates bio-

chemical reactions in tissues that translate to improvements
in cellular growth, repair, and function.1 This process has
been referred to as photobiomodulation.1,3

The majority of research conducted on NIR light therapy
has focused on the ability of photostimulation to improve
soft tissue healing. Investigators4–7 have begun to explore
the ergogenic effects of NIR light therapy in reducing
skeletal muscle fatigue and attenuating strength loss during
and after resistance exercise. Previous authors8–10 have
provided evidence for the ability of light therapy to enhance
blood circulation, resulting in an increase in tissue
oxygenation. Increasing circulation in the irradiated tissue
can lead to enhanced oxygen and substrate delivery,
thereby improving the overall ability of the muscle to
perform work. An increase in oxygen delivery to the
working muscle will also lead to increased adenosine
triphosphate (ATP) production via aerobic respiration. With
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ABSTRACT 
The purpose of this review article is to provide the current information about the 
safety, effectiveness and usage of Low Level Laser Therapy (LLLT) for the treatment 
of musculoskeletal conditions. Low Level Laser Therapy (LLLT) is also known as 
Low Intensity Light Therapy (LILT), cold laser, phototherapy, light therapy, low-
energy laser therapy, photobio modulation among other terms. Laser is an acronym for 
“Light Amplification by Stimulated Emission of Radiation”. Laser therapy, in general, 
is safe and can be often used where other physical modalities are contraindicated such 
as with pacemakers or metal implants. Laser phototherapy can be of value in the 
mitigation and elimination of many painful conditions. Laser phototherapy is easily 
applied to patients and has relatively short treatment times, depending on the power 
output of the device, the wavelengths used and the size of the area to be treated. There 
are no known permanent or serious side effects from laser therapy. 
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Effect of IR laser on myoblasts: a proteomic study

Monica Monici,a Francesca Cialdai,a Francesco Ranaldi,b Paolo Paoli,b

Francesca Boscaro,c Gloriano Monetic and Anna Caselliwb

Laser therapy is used in physical medicine and rehabilitation to accelerate muscle recovery and in sports

medicine to prevent damages produced by metabolic disturbances and inflammatory reactions after

heavy exercise. The aim of this research was to get insight into possible benefits deriving from the

application of an advanced IR laser system to counteract deficits of muscle energy metabolism and

stimulate the recovery of hypotrophic tissue. We studied the effect of IR laser treatment on

proliferation, differentiation, cytoskeleton organization and global protein expression in C2C12

myoblasts. We found that laser treatment induced a decrease in the cell proliferation rate without

affecting cell viability, while leading to cytoskeletal rearrangement and expression of the early

differentiation marker MyoD. The differential proteome analysis revealed the up-regulation and/or

modulation of many proteins known to be involved in cell cycle regulation, cytoskeleton organization

and differentiation.

Introduction

Since the seventies laser therapy has been widely used in sports
medicine, physiatry and rehabilitation to treat muscle diseases
of different origins: myalgias, contusions, sprains, lacerations
and damage due to heavy exercise.1–3 These diseases have in
common the painful symptomatology, the inflammatory component
and, in the case of injuries, the need to repair the tissue portion in
which the muscle fibers have suffered damage. The application of
laser therapy, either alone or combined with other treatments,
both pharmacological and instrumental, has its rationale in the
therapeutic effects that are attributed to laser radiation: analgesic,
anti-inflammatory, anti-oedema and ability to promote wound
healing and tissue repair. A large amount of literature shows that
laser radiation can affect the cell energy metabolism and ATP
production,4,5 the response of immune cells to injury,6

the production of inflammation mediators,7–9 the behavior of
fibroblasts10–12 and endothelial cells.13,14 Moreover, laser radiation
can improve microcirculation15 and relieve pain both indirectly
through the effects mentioned above, and directly, by acting on
receptors and nerve endings.16–19

Although many clinical studies give evidence for the effective-
ness of IR laser therapy in the treatment of muscular disorders,

thus justifying the wide application of laser treatments in
clinical rehabilitation and sports medicine, in the literature
there are conflicting results1,20–27 most likely caused by differences
in the laser sources and treatment parameters that have been used.

In the last few years significant progress has been made in
understanding the mechanisms by which the IR laser therapy
promotes the healing process and recovery of muscle tissue.
Recent studies, carried out both in animal models and human
subjects, demonstrated that pre-exercise treatment with IR
laser can significantly delay muscle fatigue and accelerate
post-exercise recovery.3,28 In rats, it has been found that laser
treatment reduces the inflammatory response caused by experi-
mentally induced muscle trauma and is able to block the effects of
reactive oxygen species (ROS) release and the activation of NF-kB.29

Laser-induced changes in inflammatory biomarkers and signifi-
cant muscle recovery have been observed also in a rat model of
myopathy.30 Other authors found that, in traumatized muscle
tissues, laser therapy induces an increase in activity of the com-
plexes I, II, III and VI of the respiratory chain that may lead to an
increase in ATP synthesis and faster muscle recovery.5 A study
aimed at evaluating the effectiveness of IR laser radiation in
promoting the recovery of atrophied skeletal muscles demon-
strated that the laser treatment favours tissue repair through
activation of satellite cells and induction of neoangiogenesis.31

However, despite the fact that over the past decade numer-
ous studies have significantly improved our knowledge, in
many respects the effects of radiation emitted by different laser
sources on muscle tissue and its repair mechanisms are far to
be completely understood.
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ABSTRAcT
in this paper we present a case report 
that refers to a female patient, aged 54, 
who suffered from post-traumatic knee 
pain. The clinical case described was part 
of a clinical trial whose purpose was to 
investigate the therapeutic effects of Nir 
laser therapy on knee pain. 
The laser source was a Multiwave locked 
System (M6 device) provided by aSa 
s.r.l. (arcugnano, Vicenza, italy). The 
instrument consisted of two assembled 
laser diodes with synchronized emissions 
at 808 and 905 nm, respectively. The 
patient was treated 3 times weekly, for a 
total of 10 treatments. The patient's pain, 
both before and after each session, was 
measured by using VaS scale, in order to 
evaluate the effect of the laser therapy. 
The data obtained show that, during the 
treatment, the patient had a progressive 
improvement in pain relief. at 60 days 
follow-up, it was observed that the effect 
of laser therapy persisted. The results 
we obtained in this study indicate that, 
with the chosen laser source (MlS) and 
treatment parameters, Nir laser therapy 
had beneficial effects on knee pain.

INTRODucTION
Gonalgia, or knee pain, is a common 
problem, which requires medical 
examinations and treatments, both in 
sportsman and in non-sportsman [1]. it 
is a symptom that can be due to many 
different causes: it can occur in young 
persons hurting after a distortive trauma 
(with related joints or menisci lesions), in 
elderly persons suffering for knee arthrosis, 
in athletes with an inflamed rotular tendon 
(jumper knee), in teenagers  feeling pain 
at the tibial apophysis (osgood - Schlatter 
disease). More specifically, according to 
their etiology, the patellofemoral disorders 
are distinguished with the classification of 
Merchant [2].
obviously symptoms can be more or 
less acute, depending on their gravity, 
on which structure of the knee has been 
affected, on the type of pathology which 
caused gonalgia. in general it is possible 
to distinguish between acute pain, 
usually as a consequence of a trauma, 
and chronic pain. 
The difficulties in diagnostic classification 
of knee pain and subsequent treatment are 
related to the nonspecificity of subjective 

and objective symptoms [3].
Since many years, laser therapy has 
been widely used to control pain in 
different musculoskeletal conditions. 
Despite its widespread use, the results 
of the experimental and clinical studies 
are conflicting. in particular, relatively 
few controlled clinical studies on laser 
therapy applied for the treatment of 
knee pathologies have been reported and 
the findings from these studies are also 
contradictory [4, 5]. The results obtained 
from the trial of Stelian et al. suggest that 
laser treatment may be useful in reducing 
the pain and disability associated with 
knee osteoarthritis [4]. in contrast, in a 
double blind, placebo controlled study 
on the efficacy of lllT on knee pain, no 
difference between the actively and the 
placebo treated groups was detected [5]. 
Since the results following the application 
of laser therapy show a significant 
variability, also according to the laser 
source and the treatment parameters 
used, we evaluated the effect of the MlS 
laser on knee pain. Here, we report the 
particular case of a female patient, 54 
years old, who suffered from severe post-
traumatic knee pain.
 
mATERIALS E mETHODS
The patient, a cook, aged 54 years, 
female, belonged to a group of several 
patients, males and females of different 
ages, that were recruited for the trial 
from our outpatients aid physiotherapy. 
Patients presented a generalized pain of 
the knee. inclusion criteria was based on 
pathology, pain symptoms reported and 
treatability with laser therapy. exclusion 
criteria were: other physical instrumental 
therapies, except for electrical stimulation 
for muscle reinforcement o strengthening 
of the district considered (ex. femoral 
quadriceps in pathologies of the knee), as 
this physical therapy has not analgesic and 
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Abstract: Parkinson’s disease is a movement disorder with cardinal signs of resting tremor, 

akinesia, and rigidity. These manifest after a progressive death of many dopaminergic neurons 

of the midbrain. Unfortunately, the progression of this neuronal death has proved difficult to 

slow and impossible to reverse despite an intense search for the specific causes and for treat-

ments that address the causes. There is a corresponding need to develop approaches that regulate 

the self-repair mechanisms of neurons, independent of the specific causes of the damage that 

leads to their death. Red to infrared light therapy (λ=600–1,070 nm) is emerging as an effec-

tive, repair-oriented therapy that is capable of stabilizing dying neurons. Initially a space-age 

anecdote, light therapy has become a treatment for tissue stressed by the known causes of 

age-related diseases: hypoxia, toxic environments, and mitochondrial dysfunction. Here we 

focus on several issues relating to the use of light therapy for Parkinson’s disease: 1) What is 

the evidence that it is neuroprotective? We consider the basic science and clinical evidence; 2) 

What are the mechanisms of neuroprotection? We suggest a primary mechanism acting directly 

on the neuron’s mitochondria (direct effect) as well as a secondary, supportive mechanism act-

ing indirectly through systemic systems (indirect effect); 3) Could this be effective in humans? 

We discuss the pros and cons of this treatment in humans, including the development of a new 

surgical method of delivery; and 4) What are the advantages of using light therapy? We explore 

the features that make this therapy a promising potential treatment. In summary, early evidence 

indicates that light regulates specific neuronal functions and is neuroprotective in animal models 

of Parkinson’s disease. The stage is set for detailed and rigorous explorations into its use on 

Parkinson’s disease patients, in particular, whether light slows the disease progression rather 

than simply mitigating signs.

Keywords: infrared, near infrared, neuroprotection, photobiomodulation, substantia nigra

Introduction
The current “gold standard” treatments for Parkinson’s disease are very effective at 

attenuating the motor signs, at least initially. However, they do not reliably slow the 

progression of the disease; neurons continue to die during the course of treatment. 

The discovery of new therapeutic approaches that offer neuroprotection against 

parkinsonian insult is therefore paramount. In this context, several recent studies in 

animal models of Parkinson’s disease, as well as other models of disease (eg, retinal 

degeneration, stroke, multiple sclerosis, Alzheimer’s disease), have reported that red 

to infrared light therapy (λ=600–1,070 nm; referred to forthwith as light therapy) can 

be neuroprotective. There is real potential for the development of light therapy as a 

treatment option for Parkinson’s disease patients – one that slows the ongoing neuronal 

death and progression of the disease.
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Abstract Recently, low-level laser (light) therapy (LLLT) has been used 
to improve muscle performance. This study aimed to evaluate the 
effectiveness of near-infrared light-emitting diode therapy (LEDT) and its 
mechanisms of action to improve muscle performance in an elite athlete. 
The kinetics of oxygen uptake (VO2), blood and urine markers of muscle 
damage (creatine kinase - CK and alanine) and fatigue (lactate) were 
analyzed. Additionally, some metabolic parameters were assessed in urine 
using proton nuclear magnetic resonance spectroscopy ((1)H NMR). A LED 
cluster with 50 LEDs (λ = 850 nm; 50 mW 15 s; 37.5 J) was applied on legs, arms 
and trunk muscles of a single runner athlete 5 min before a high-intense 
constant workload running exercise on treadmill. The athlete received 
either Placebo-1-LEDT; Placebo-2-LEDT; or Effective-LEDT in a randomized 
double-blind placebo-controlled trial with washout period of 7 d between 
each test. LEDT improved the speed of the muscular VO2 adaptation (λ-9 s), 
decreased O2 deficit (λ-10 L), increased the VO2 from the slow component 
phase (λ+348 ml min(-1)) and increased the time limit of exercise (λ+589 s). 
LEDT decreased blood and urine markers of muscle damage and fatigue 
(CK, alanine and lactate levels). The results suggest that a muscular pre-
conditioning regimen using LEDT before intense exercises could modulate 
metabolic and renal function to achieve better performance.
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irradiato per rilasciare il 50% del calore accumulato e l'erogazione di impulsi di durata minore 
rispetto al TRT bersaglio azzerare il danno termico.
Le strumentazioni a LED differiscono dai laser "caldi" per:

L'uscita dell'alimentazione: l'uscita del LED è misurata in mWatt, mentre quella dei laser 
"caldi" è misurata in Watt.

Il ciclo di dovere: i dispositivi del LED hanno un ciclo di dovere molto più lungo di quello dei 
laser
Il raggio di luce emesso dal LED NON è puntuale e può essere assorbito da una più vasta 
area cutanea
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Tipo emettitori

Lunghezza d’onda

Pulsazioni

Gestione firmware e software

Supporto emettitore

Attivazione tramite pulsante

Raffreddamento ad aria ambiente

Dimensioni

Peso

Alimentazione

Potenza assorbita

L. E. D.

880 nm - non visibile

da 32 a 1024 hz

Proprietaria

Sonde a 1-3-6 L.E.D.

ON / OFF

- 20° / + 50°

cm 42 x 40 x 21

Kg. 10

220 Volt c.a.

17 Watt
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