


Anchored in Science
Smarter Technology. Smarter Choice.

Multi Radiance Super Pulsed Laser Technology has been validated In Vitro, In Vivo, in Controlled 
Laboratory Studied and in Human Clincial Trials.

The Comparative Pillars Paper: 
From Validation to Sepa ration

Multi Radiance Laser Technology is superior to Class 3B and Class 4 
Lasers in mitigating pain without unwanted muscle damage.

- In the past 24 months there have been 12 peer reviewed journal
articles published speci�c to Multi Radiance Medical and with 35
current clinical trials will double or triple that in the next 24 months.

- Multi Radiance Super Pulsed Lasers are Superior to Class 3B and
Class 4 Lasers in mitigating pain without associated muscle damage.

- Multi Radiance Laser Technology allows 5x the amount of light to
targeted tissue with 75% less energy at the surface.



- Reducing knee pain in clinical prac�ce.
- Tes�ng a treatment methodology - The Priority Principle.
- The importance of clinical significance for consistent outcomes.

- Biphasic dose response and valida�on. 
- Dose valida�on of inflammatory marker reduc�on.
- Dose valida�on for the modula�on of pain. 
- Power in athle�c performance.

In-Vitro and In-Vivo Experiments and 
the Mechanism of Action Pillar
- V alidating th e Photobiological response.
- Depth of penetra�on of light through skin . 
- Photobiomodulation and the Thermal Effect.

Discovering the Optimal Parameters: 
The Controlled Laboratory Studies Pillar

Validation of the Outcomes: 
The Clinical Trial Pillar
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Introduction:

and it can be utilized to repair damaged tissue, accelerate recovery from injuries, modulate pain and alter disease 
states. However, several factors still remain unclear such as optimal doses, ideal treatment parameters, and the 

-
diance Medical) synergistic combination of light, manufactured by Multi Radiance Medical.

Our proof of concept (POC) process began with basic mechanistic studies that involved both in-vivo and in-vi-
-

(molecules that serve to capture or detect light energy) to successfully detect that photobiological actions are 
occurring.  In-vivo studies were carried out in both animal and human subjects to optimize the parameters of 

limited and direct relationships were validated and discussed. Finally the outcome data from previous studies 
was translated into clinical practice by performing human clinical trials to validate protocols, doses and parame-

All experiments, trials and studies were supervised by the Laboratory of Phototherapy in Sports and Exercise 
-

the Multi Radiance Medical devices and identify the optimal doses, treatment parameters for the safe delivery of 
consistent, clinically relevant patient outcomes.

Validating Multi Radiance Laser Technology

Authors:
Ernesto Leal-Junior Ph.D, PT

Douglas S. Johnson, ATC, EES, CLS

About Multi Radiance Technology:

clinical sites around the world to create superior devices that reliably deliver the most reproducible and clinically 

-
dow, provide a greater depth of penetration and eliminate the thermal barrier. 
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Action Pillar

Validating the Photobiological Response
One of the basic mechanisms of photobiomodulation 
(PBM) is the acceleration of electron transfer by elec-
tromagnetic radiation in the visible and near infra-red 
region of the spectrum. 1,2 Modulation of cytochrome 
c-oxidase activity (CCO) has been suggested as a 
possible key mechanism for PBM. To produce a pho-

chromophore. Albuquerque-Pontes et al3 investigated 

wavelength was needed to stimulate the enhancement 

(660, 830 and 905 nm) were used to analyze CCO, an 
enzyme in muscle, brain, and other tissues that cata-
lyzes the transfer of a phosphate group from ATP to 
creatine, producing adenosine diphosphate (ADP) and 
phosphocreatine (PCr) expression by immunohisto-
chemistry. Data was analyzed at 5, 10, 30 minutes, and 

LLLT increased (p<0.05) CCO expression mainly with 
the following wavelengths and doses: 660nm with 1 J, 

Figure 2
2,2,6,6-tetramethyl piperidine-N-oxyl

830nm with 3 J and 905nm with 1 J at each time-point. 
Using a stable free radical (2,2,6,6-tetramethyl piperi-
dine-N-oxyl or TEMPO) which can readily accept an 
electron or react with an unstable free radical, is a very 
sensitive method for measuring electron transfer and 
free radical production by the observation of the decay 
of the EPR (electron paramagnetic resonance) signal of 
TEMPO. Eichler et al4 found that red-light illumination 
of cell samples during 5 minutes with an energy dose 
of 150 J/cm2 and an intensity of 500 mW/cm2 produced 
a reduction of about 20% in the TEMPO EPR signal. 

Friedmann et al5 repeated this experiment with the 
Multi Radiance Medical TQ Solo to study the com-

transfer chain. Friedmann found that the combination 
of laser, and light emitting diodes enhanced ATP pro-
duction, cell proliferation, and reduced pain via neu-
tralization of Reactive Oxygen Species (ROS). It accom-
plished this but only required 1/10 the average energy 
dose from the Eichler et al experiment while producing 

-
ation of the electron transport chain by light plays an 
antioxidant role, which neutralizes the ROS.6

Depth of Penetration and 
Penetration of Light through Skin:

depth of penetration by testing various wavelengths to 
determine which are better suited for deeper or super-

has demonstrated that depth of penetration is directly 
related to the wavelength. Actual measurements of the 
skin penetration of light over time are necessary to 
understand how light enters the body.

-
strated by Sangkwan and Jong-In7 -

the deepest penetration when compared with other 
wavelengths like 655 nm, 980 nm and 1064 nm. While 
increasing the available power will deliver a net greater 
energy to the tissue, it does not improve the penetra-
tion characteristics of the wavelength. Hudson et al8 
found 808 nm, 1 mW/cm2 was achieved at 3.4 cm, but 
for 980 nm, 1 mW/cm2 was achieved at only 2.2 cm 
depth of tissue. It was determined that 808 nm of light 
penetrates as much as 54% deeper than 980 nm light in 
bovine tissue.  

(CW) laser operation. It has been suggested in the liter-
ature that other modes, such as super pulsing, may have 

9 
found the super pulsed mode of operation better able 

in dark-skinned patients. Joensen et al10 evaluated a 
super pulsed 904 nm LLLT and found the light energy 
penetrated 2-3 easier through the rat skin barrier than 
810 
increase in penetrating energy from 38% (SEM±1.4) 
to 58% (SEM±3.5) during 150 sec of exposure during 
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Figure 3
Comparison of Actual versus Expected Percentage 
of Energy Penetrating through the Skin.

Figure 4

occurs at the 904/905 nm wavelengths and that the ab-

skin, but in deeper layers as well.

-
tration with multiple wavelengths of 640nm Red LED, 
875nm IRED and 905nm SPL to establish how various 
wavelengths and light sources interact when applied 
concurrently through the skin. Using the Multi Radi-

-
nior reproduced the protocol established by Joensen 

-
lengths of the MR4 SE25 emitter impacted overall pen-
etration of the light through the skin. One other major 

In the original study (Joensen et al.), skin was taken 
from the gastrocnemius while in the latest study, it was 
taken from the dorsum which can be nearly double the 

pattern of linearly increasing penetration of the light 
sources with time as the previous study, but interest-
ingly when the combined wavelengths were compared 
to the predicted measurement (summated total of each 
individual measured light source) the actual penetra-
tion of the combined sources was nearly 100% greater 
at all of the time points.  

wavelengths creates a “synergism” that enhances each 
individual wavelength’s ability to penetrate the skin.  

-
ed by multiple wavelengths allows greater amounts of 
light energy to penetrate sub dermal with lower average 

Leal-Junior et al replicated this study utilizing the Multi 
Radiance MR4 LaserShower (LS50: 640 nm, 875nm 
and 905nm) emitter with a set frequency of 250 Hz to 

of energy being transformed into heat, where heat can 

dangerous rise in tissue temperature.

Key Note: When multiple wavelengths are combined, 
there is a 100% increase in the available light below the 

-

on photochemical changes and not the result of ther-
mal changes in tissue.11 12 However, most continuous 
wave lasers/LEDs and all high powered Class 4 lasers 
produce a considerable amount of heat as a byproduct. 
Super pulsing has been suggested as a means to prevent 
the absorption of photons from being converted to heat 

13 Joensen et 
al14  mW, 810 nm laser and 
a 60 mW mean output of power (20 W peak power) 

are used, a super pulsed 904nm laser with a constant 

in dark than in light skin and the continuous wave 
200 mW 810nm laser induced three to six times more 
heat in dark skin than in the other skin color groups. 
Eight of thirteen participants with dark skin asked for 
LLLT to be stopped because of uncomfortable heating. Actual

Expected
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Figure 5
Depiction of the biphasic dose-response or Arndt-Schulz curve

deliver a placebo, 10 J, 30 J and 50 J to sixty healthy 
adult volunteers divided by gender, age, and skin color 

-
ceed the thermal pain threshold for humans with dark 
skin color.

-
crease temperature by 22.3°C in any of the test subjects.  

-

-
enced by photothermal reactions and therefore must 

the ultra-short pulse structure related to the frequency 
of the super pulsed laser and pulsing of the LEDs and 
IREDs as compared to the devices in the previous study 
(Joensen et al.) which utilized a continuous wave laser 
and a super pulsed laser that utilizes “constant” pulse 
trains.

found in any skin pigmentation types, therefore, the 
application of the LS50 at all doses was safe and no 
concerns about excessive heating are warranted.  Ad-

-

photothermal tissue changes that may be dangerous to 
patients.

Discovering the Optimal Parameters: 

A previous trials by Santos et al15 evaluated the ef-

on muscle performance, fatigue, and skeletal muscle 
-

ent laser doses (1, 3, and 10 J) were applied with three 

tetanic contractions induced by electrical stimulation. 
Blood and muscle samples were taken immediately 

morphology revealed lesser tissue damage in most 
LLLT-treated groups, with doses of 1–3 J/660 nm and 
1, 3, and 10 J/905 nm providing the best results. Opti-

-
ment of skeletal muscle fatigue and protected skeletal 
muscle tissue against damage.  All doses with wave-

lengths of 905 nm but only the dose of 1 J with 660 nm 
wavelength decreased creatine kinase (CK) activity 
(p < -

the same time can represent a therapeutic advantage in 
clinical settings.

A controlled study by Leal-Junior et al16 was conducted 
-

cle performance and post-exercise recovery to biphasic 

light sources (laser and LEDs of the MR4 LS50). Forty 
healthy untrained male volunteers were recruited and 
randomly assigned to one of the four groups (placebo, 

had one of four doses applied prior to six sites of the 
quadriceps muscle prior to executing an isokinetic 
eccentric exercise fatigue protocol. Measurements of 
creatine kinase (CK) activity, visual analogue scale and 
strength of maximum voluntary contraction measure-
ments were recorded.

Biphasic Dose Response and Validation

in LLLT has been shown both in-vitro studies and in 
animal experiments.17 Since laser, like ultrasound, at 
low levels can stimulate and extreme levels become 
destructive,18 it is necessary to understand the values of 
this biphasic dose curve to stimulate biological process-
es or inhibit them. Due to selection of inappropriate 
dosimetric parameters that led to negative studies19, 
this information becomes imperative when looking to 
regulate the photobiological response.  

To measure the biphasic dose response, CK levels were 
drawn as well as Visual Analogue Scale (VAS) mea-
surements taken on each subject at several time points 
(before, 1 minute, 1, 24, 48, 72 and 96 hours).
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Figure 6

was the most consistent across all time points.   

Figure 7
Visual Analogue Scale (VAS) measurements based upon delivered dose over time. 

Powering Athletic Performance and Optimizing 
Recovery
Fatigue has been found to play a big role in limiting 
performance in just about every individual and in 
every sport. Muscle fatigue, or physical fatigue, is the 
decline in ability of a muscle to generate force as a 

to generate a sustained signal (neural fatigue) and the 
-

abolic fatigue). Leal Junior measured a maximum 
voluntary contraction (MVC) of the quadriceps of each 
subject in the four groups during the eccentric exer-
cise protocol to utilize as a measure of performance 

in performance (placebo group), however each of the 
active groups had a positive and immediate impact on 
the performance data. A single dose (any) was able to 
maintain MVC (p<0.05) or diminish fatigue as com-

Marker Reduction via CK Activity
A stimulatory dose is regarded as one that typically will 

-
sitis) or serious muscle damage20

results indicated that considerable muscle damage 
occurred as a result of the study protocol. Typically 
CK is greatest at 48 hours post exercise and the results 
showed all active groups experienced a delay in mus-

-
mized the delayed onset muscle soreness (DOMS) and 

hours.

that represented the most stable measurement across 

did provide some protection, however at the peak of 
CK of 48 hours these doses did not perform as well as 

-
tory portion of the biphasic dose-response or Arndt-

stimulated the biological processes and as the dose was 
increased (30 J dose) even more favorable stimulatory 
results were noted. However once the larger dose (50 

Inhibition: Dose Validation for the Modulation 
of Pain and VAS Values
Pain relief is typically achieved when larger doses of 
energy are applied to the tissue creating a photobio-

various etiologies.21 Of the three doses, the 50 J dose 

hours – exhibiting the inhibitory aspect of the biphasic 

J dose was able to return to baseline.  As time pro-
gressed all doses were able to reduce VAS, however the 
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Figure 9
Maximum voluntary contraction (MVC) measurements based upon delivered 

points and during the exercise.

pared to placebo immediately following the application 
of the Multi Radiance MR4 LS50. Power was not only 
maintained during the fatigue session, but it improved 
above baseline at 48 hours and continued to improve at 

possibly impact injury rates.

It is no secret, in order to improve performance, ath-
letes must train intensely. Exercise is a stressor and 

body’s reaction to adapt and replenish tissues at a 
higher level than that existing before exercising. Real-
izing full recovery is a function of time and failure to 

systematic review with meta-analyses performed by Le-
al-Junior et al has shown positive results of photother-
apy applied before exercise to not only enhance athletic 
performance but also accelerate the recovery process.22 
All subjects in the active group demonstrated an accel-
erated full recovery to baseline at 48 hours compared 
to the placebo group that required a full 96 hours to 

300% increase in recovery rate!  

muscles which minimized damage to exercising mus-

on the utilization post injury to accelerate healing, 

the use of phototherapy for the prevention of injuries/

diseases and the performance enhancing drug free 
improvement of athletic performance.  

Key Note: Pre-exercise phototherapy with combination 
of low-level laser and LEDs, mainly with 30 J dose, sig-

and improves biochemical markers related to skeletal 
muscle damage.

Validation of the Outcomes: 

Reducing Knee Pain in Clinical Practice with the 
Combined Use of Super Pulsed Laser and LEDs
Phototherapy has arisen as an interesting alternative to 
drugs in treatment of musculoskeletal disorders. How-

-
loskeletal disorders. Leal-Junior and Johnson, et al23 
conducted a randomized, placebo-controlled, double- 
blinded clinical trial of eighty-six patients to evaluate 

Patients of the active group received 12 treatments with 
active phototherapy (with 905nm super pulsed laser, 
640nm and 875nm LEDs) and conventional treatment 
(physical therapy or chiropractic care), patients of the 
placebo group were treated the same way but with a 
placebo phototherapy device. Pain assessments (VAS) 
and quality of life assessments (SF-36®) were performed 

-
pletion of treatments and at one month follow-up visit 
to determine success. 

 
Testing a Treatment Methodology, 
the Priority Principle™ 

feasibility work was performed. Selection was based 
upon several criterion; including surface area, how 
best to mechanically remove blood from the area via 
compression, and how to ensure the aperture was in 
direct contact with the skin to minimize photon loss 

where the treatment area was larger, since the emitter 
covered 20 cm2

aperture was required to make sure that direct contact 
with the knee was necessary, especially surrounding the 



© 2015 Laser Therapy University

Figure 10
Protocol for the study, highlighting the Priority Principle. Methods included were 
local pain and tissue repair, systemic pain relief and tissue repair and reduction of 
swelling.  Note the change in protocol frequency selection at the local site of pain 

Figure 12
-

cant improvement in physical functioning at treatments twelve and at the one 
month follow-up visits.

Figure 13
Percentage of improvement from baseline at treatments twelve and at the one 

Active Laser group.

targets (SE25) and systemic targets (LS50) highlighting 
the methods of the Priority Principle. Approximately 
40% of the total energy was delivered directly to the 
knee while the remaining 60% was divided between 3 
other selected systemic “targets.”

Outcomes
It has been suggested that a 33% decrease in pain 
represents a reasonable standard for determining that a 
change in pain is meaningful from the patient’s per-
spective.24

in reported VAS scores in the active treatment group 

and the thirty day follow-up increasing outcomes by 

-
cance was not reached. Overall the active group result-
ed in a 50% improvement (15% greater than the place-
bo group) or one standard deviation improvement over 

analyses of the SF-36® data demonstrated an increasing 
trend in physical component score (PCS), and demon-

-
cal functioning at the conclusion of both the treatment 
and follow-up phases. No adverse events or reactions 

that although other therapies (i.e. physical therapy or 

the addition of phototherapy enhances clinical out-
comes in regards to pain and physical functioning.

acute and chronic pain (statistically and clinically) 
while improving the quality of life in patients who suf-

Figure 11
All active groups demonstrated an accelerated recovery to baseline at 48 hrs com-
pared to the placebo group that required a full 96 hrs. 
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Conclusion:

Multi Radiance Medical was evaluated in a variety of in-vitro, human and animal in-vivo laboratory controlled 

noted in any of the trials; and since skin temperatures did not exceed the thermal threshold for skin tolerance, 
-

production by optimizing the absorption spectrum of CCO stimulation, provide greater depth of penetration than 
-

proven to produce consistent, positive patient outcomes.

industrial product designs, to become an innovative leader in discovering new clinical applications and move 
light-based medicine forward into the future and toward mainstream acceptance.

Multi Radiance Medical is currently investing into Research and Development at a faster pace than anyone else in 
the industry.
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-
ting diodes phototherapy with 905, 875 and 640 nm wavelengths on human 
skin – Laboratory setup.

emitting diodes phototherapy with 905, 875 and 640 nm wavelengths in a Rat Model –  
Laboratory setup.
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-
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-
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and light emitting diodes phototherapy with 905, 875 and 640 nm wavelengths in a rat model.

b)    In-Vivo (Animal)

c)    In-Vivo (Human)
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Adenosine Triphosphate (ATP)
Adenosine triphosphate (ATP) is a molecule that transports 
chemical energy within cells for metabolism.

Constant Pulse Train
Mode of super pulsed laser operation where the mean output of 

of power is constant

Constant Pulse Width
Mode of super pulsed laser operation where the mean output 
of power is related to the frequency or number of impulses per 

Continuous Wave (CW)
An uninterrupted beam of laser light (as opposed to a pulsed 
beam)

Creatine Kinase (CK)
Elevation of CK in the blood is an indication of damage to muscle.

Cytochrome C Oxidase (CCO)

transmembrane protein complex found in mitochondrion that 
synthesize ATP.  CCO proteins are chromophores which mean 
they absorb light, which can increase the production of ATP.

Delayed Onset Muscle Soreness (DOMS)

Electron Paramagnetic Resonance (EPR)
Electron paramagnetic resonance (EPR) is a technique for 
studying materials with unpaired electrons for the detection and 

Gallium Arsenide ( GaAs)
A light emitting semiconductor diode that contains gallium and 
arsenide.  GaAs has been used to produce (near-infrared) laser 
diodes since 1962

In Vitro
Studies that are in vitro are performed with cells or biological 
molecules studied outside their normal biological context; for 

culture medium.

In Vivo

biological entities are tested on whole, living organisms usually 
animals including humans, and plants as opposed to a partial or 
dead organism, or those done in vitro.

Light Emitting Diodes (LED)
Optoelectronic semiconductor devices which are emitting broad-

an electrically driven p-n junction and an optical waveguide, but 
lack optical feedback, so that no laser action can occur.

Photobiomodulation with low energy lasers to achieve therapeutic 

Glossary for Pillars Paper Maximum Voluntary Contraction (MVS)

Nanometer (nm)
Unit of measurement of energy delivered referring to wavelength

Performance Enhancing Drugs (PED)
Performance-enhancing drugs (also known as PED) are substanc-
es used by athletes to improve their performances.

Photobiomodulation (PBM)
Photostimulation or photobiomodulation, is the process where a 
chain of chemical reactions is triggered by exposure to light.  Pho-
tonic energy is absorbed by the cellular mitochondria, generating 

responses, resulting in the restoration of normal cell function

Physical Component Score (PCS)
A composite score and measurement of physical ability as seen 

physical functioning, role-physical, bodily pain, and general 
health.

Priority Principle
A dynamic methodology used for integrating photobiomodula-
tion methods (dose/rate and techniques) into clinical practice by 
prioritizing the current physiological and functional needs of the 
patient and then applying the appropriate sequence of treatment 
methods to maximize the phototherapeutic responses and patient 
outcomes

Proof of Concept (POC)
A proof of concept (POC) or a proof of principle to verify that a 
concept or theory has the potential of being used. 

Quality of Life Assessment (SF-36)

well-being scores as well as psychometrically-based physical and 
mental health summary measures and a preference-based health 
utility index.

Reactive Oxygen Species (ROS)
Reactive oxygen species (ROS) are chemically reactive molecules 
containing oxygen and a natural byproduct of the normal metab-
olism of oxygen and have important roles in cell signaling and 
homeostasis.

Super Pulsed Laser (SPL)
Super Pulsed Laser produces a high peak impulse of intense light 

2,2,6,6,Tetramethyl piperidine-N-Oxyl (TEMPO)
TEMPO is widely used as a radical trap, as a structural probe for 
biological systems in conjunction with electron spin resonance 
spectroscopy.

Visual Analogue Scale (VAS)

and a measurement instrument for subjective characteristics or 
attitudes that cannot be directly measured
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