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Seminar objectives

• Review the concussion and TBI pathophysiology 

• Explain the biophysics of laser light effects on 
neuroinflammation 

• Present an integrative model of chiropractic and 
laser therapy for neuroinflammation 

• Review the laser technologies suitable for brain 
tissue repair and functional improvement 

• Learn photonic treatment guidelines for 
neuroinflammation 
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Seminar: Virtual Neurology Summit

August 8 - 11, 2024
https://americanpostureinstitute.com/

3

Webinar: craniocervical junction & TMD
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Neuropathology of joint and spine pain

September 19 - 22, 2024
https://wichiro.org/
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 Automobile collision (24/02/2008)
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 Hospital evaluation on 24/02/2008

• Inferior orbit 
fracture 

• Hematoma 

• Unable to 
move left 
side of face
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Patient 4 days later (28/02/2008)

• Patient felt 
he is getting 
worse 

• Unable to 
move eyes 
laterally
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 Patient day after first laser treatment 
 06/03/2008

Patient 
received first 
superpulsed 
laser treatment 
9 days after 
the accident
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Dr. Mathesie, DC 
Lumix 2 - 250W

Five laser treatments in 15 days

5 laser treatments
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The TBI/concussion landscape

head injury

TBI

post-TBI 
protocol

concussion

TBI 
stable?

medical 
team

concussion 
protocol

•chiropractic support 
•no PBM

yes

no

modified

yes

no
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TBI statistics
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TBI: the presence of blood pool
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TBI common findings

• Medical: physical stamina, pain, headaches, 
seizures, bowel/bladder continence 

• Motor: paresis or spasticity, gross motor 
strength, fine-motor speed and dexterity, 
motor coordination and planning, spatial-
based movement, oculomotor, balance 

• Sensory-perceptual abilities 
• Attention 
• Receptive and expressive language
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TBI: initial assessments

• Glasgow Coma Scale (GCS) 
• Galveston Orientation and Ammesia Test
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TBI: initial assessments

https://my.clevelandclinic.org/health/diagnostics/24848-glasgow-coma-scale-gcs
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The Glasgow Coma Scale
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The Glasgow Coma Scale
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Post TBI
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TBI: where we can have an impact
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TBI: chiropractic interventions

• Secondary impairment risks 
• Joint integrity and mobility 
• Motor function (control and learning) 
• Postural control and balance 
• Gait and locomotion 
• Vestibular assessment and function 
• Pain management: chronic and neuropathic 
• Repair cellular energy failure: nutrition, laser
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What is a concussion: CDC

A concussion is a type of traumatic brain injury—or TBI—caused by a bump, blow, or jolt to the 
head or by a hit to the body that causes the head and brain to move rapidly back and forth. This 
sudden movement can cause the brain to bounce around or twist in the skull, creating chemical 
changes in the brain and sometimes stretching and damaging brain cells.

https://www.cdc.gov/headsup/basics/concussion_whatis.html
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Concussion: no structural damage

• Loss of consciousness is not necessary 
• No detectable brain injury in the acute phase
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TBI vs. concussion: blood pool
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Concussions are common
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Concussions are common
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Concussions are common
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Common concussion type
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Subtle and not so subtle symptoms

Typical symptoms (delayed hours or days):

- Headaches 
- Fatigue 
- Light/sound 

hypersensitivity 
- Dizziness or vertigo 

- Nausea or vomiting 
- Mental “fogginess” 
- Irritability 
- Depression
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Biomechanics of concussion

• The brain is subject to translational and rotational forces 
• Translational acceleration causes pressure 
• Rotational acceleration causes shear 
• Rotational acceleration is worse than translational
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Concussion pathophysiology research
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Concussion pathophysiology
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Multiple concussions: high risk flag

Medicolegal exposure!
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 High risk of dementia! 
JAMA Neurology - September 2018

Mild TBI means brain imaging without 
signs of tissue injury
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TBI leads to higher dementia risk

• Data on 350,000 veterans with and without TBI 
from 2001 to 2013 

• Veterans with mild TBI and without LOC 
experienced twice rate of dementia (4,698 cases) 

• Moderate to severe TBI experienced fourfold 
higher rate of dementia (10,835 cases) 

• Those with multiple episodes experienced a   
ten-fold rate of dementia
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Medical therapies for concussion

• No effective pharmacologic treatment has been 
shown to speed recovery from concussion or TBI 

• As a result, no standard approach exists 

• However, medications are used in treating the signs 
and symptoms of concussion
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Concussion evaluation: history

Symptom history: 
• Onset and duration 
• Quality and intensity 
• Some predictive value: 
- dizziness 
- headache 
- mental fogginess
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Concussion evaluation: physical

Physical exam: 
• Nystagmus 
• Saccades 
• Gaze stability 
• Balance testing
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Concussion evaluation: neurological

Neurocognitive testing - adjunctive tools: 
• ImPACT 
- www.impacttest.com 

• Headminder 
- www.headminder.com 

• Concussion vital signs 
- www.concussionvitalsigns.com
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Neurocognitive testing: why do it

• Baseline testing 
• High-risk patients, e.g., athletes 
• Patients who deny symptoms 
• Medicolegal support
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Seminar objectives

• Review the concussion and TBI pathophysiology 

• Explain the biophysics of laser light effects on 
neuroinflammation 

• Present an integrative model of chiropractic and 
laser therapy for neuroinflammation 

• Review the laser technologies suitable for brain 
tissue repair and functional improvement 

• Learn photonic treatment guidelines for 
neuroinflammation 
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Concussion causes neuroinflammation
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Inflammation damages mitochondria

43

And vice versa!
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Damaged mitochondria       inflammation

neuroinflammation

mitochondrial 
damage

inflammasome 
activation!
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Laser improves brain function
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Key finding: balance ATP and ROS
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The balance between ATP and ROS
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Brain cortex is about 2.5 cm thick
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Laser therapy promotes ATP synthesis

Muscle 
Cell

Mitochondrion

absorbs laser

ATP produced

50

The electron transport chain
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Cytochrome C promotes ATP production
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• ATP Synthesis (aerobic) 
• ATP Consumption (anaerobic or 

aerobic with uncoupling) 
• Redox Poise Homeostasis 
• Platelet Aggregation and Activation 
• Neutrophil Chemotaxis 
• Late Neutrophil Oxidative Burst 
• Macrophage Activation 
• T-Cell Activation 
• Sperm cell motility/fertilization 
• Angiogenesis 
• Lymphedema 
• Nitric Oxide Synthesis 
• Apoptosis/Caspase Activation 
• Prostaglandin Inactivation 
• Cholesterol Synthesis 

• Cortisol Synthesis 
• Mineralocorticoid Synthesis 
• Sex Steroid Synthesis  
• Vitamin D Metabolism 
• Cytoskeleton Architecture/ 

Mechanotransduction  
• Calcium Storage and Release 
• Iron Storage and Metabolism 
• DNA and RNA--De Novo Pyrimidine 

Synthesis (DHO-QO) 
• Lipids--Fatty Acid Oxidation 
• Proteins--Amino Acid Metabolism 
• Sugars--Carbohydrate Metabolism 

(Krebs Cycle) 
• Urea Cycle and NH3 Metabolism 
• Peripheral Benzodiazapine Receptor

Mitochondria functions
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Mitochondria functions
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Main purpose of laser therapy?

photonic energy

pos. & neg. factorslaser cell

laser must penetrate and reach target tissues 
in the correct absorbable energy density!

patient factors

laser factors

recharge the mitochondria! that’s it!

tissue depth
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The 3 key factors in laser therapy: 

1.Key: tissue penetration 

2.Key: correct laser dose at the target 

3.Key: target tissue absorption

Reach the target tissue with the correct dose 
of absorbable laser energy

The laser therapy foundation
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Must have tissue penetration & absorption
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no penetration 

or 

no absorption     
     

   

Must have tissue penetration & absorption

nothing 

happens! 
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NIH: The Visible Human Project

Laser must reach the target tissues

facet
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Laser therapy: factors to consider

Laser factors: 
- Wavelength(s) 
- Average power 
- Pulse or peak power 
- Pulse repetition rate 
- Spot size 
- Skin contact or not 

Patient factors: 
- Target tissue depth 
- Skin and hair color 
- Type of target tissue 
- Tissue layers in transit 
- Pain source(s) 
- Sensitized pain or no

• Laser therapy has many significant factors 
• No single treatment protocol could capture all factors

Tissue penetration is a factor of 
both laser and patient
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On laser dose and tissue penetration

30 June 2020

Dr. Lanzafame - Director 
World Association for Laser Therapy
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infrared 
photograph

Tissue penetration without damage

infrared laser beam
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Penetrate brain tissues without damage
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World Association for Laser Therapy
www.WALTPBM.org
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WALT on tissue penetration

The five factors affecting the laser depth of 
tissue penetration: 

1. The laser's wavelength 

2. Whether the laser is CW or superpulsed 

3. The average power output 

4. The treatment technique used 

5. The technical design of the apparatus
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NM and Tiina Karu, PhD
Dr. Karu discovered the 

role of cytochrome c     
in laser therapy

Dr. Karu discovered the role of Cyt C
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Dr. Karu on CW & superpulse lasers

• Cellular response to CW, CW pulsed and 
superpulse lasers differ 

• Dose needed for cellular biostimulation 
were orders of magnitude more for CW 
lasers as compared to doses of superpulse 

• WALT stated a 4-to-1 ratio (clinical basis)
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Brain tissue penetration research

T. Henderson and L Morries - 21 August 2015

• 810 nm delivered 2.9% of the surface power density 

• 980 nm delivered 1.2% of the surface power density 

• Higher pulse power would penetrate deeper and 
higher average power would increase heat
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Laser energy loss through the skin

“A systematic review of low level laser therapy with 
location-specific doses for pain from joint disorders” 

Bjordal JM, et al (2003), Australian Journal of Physiotherapy 
49:107-116

Energy loss due to the skin barrier for 
red laser (632 nm) is 90% 

and for 

superpulse (904 nm) laser is 50%
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We lose lots of laser light at the skin!

especially on dark skin!
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Bottom line: reach your target

• Correct amount is driven by average power 

• Tissue penetration is driven by pulse power 
and wavelength

    If you can’t reach it,
you can’t treat it!    .    

71

On tissue penetration and heat buildup

• power (watts)   = quantity of photons 

• energy (joules) = power X treatment time (s)

Example: 

power = 5 W 

treatment time = 10 seconds 

energy = 50 joules
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12 W

1 sec

6 W

NOTE: pulse power = 12 W; average power = 6 W
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er
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e 
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w
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continuous wave (CW) laserfrequency (2 Hz)

Average and pulse power
pulse power 

is 12 W
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1 sec

6 WAP =

frequency = 4 Hz

How to increase pulse power

12 WPP =
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24 W

1 sec

6 W

AP = pulse power X pulse duration X frequency

AP =

frequency = 4 Hz

How to increase pulse power

PP =
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The most important slide!

5W  = 10 watts x 0.5 second x 1 pulse per sec 
5W  = 10 W x 0.5 s x 1 Hz 
5W  = 100 W x (0.5 s)/10 x 1 Hz 
5W  = 10,000 W x (0.5 s)/1,000 x 1 Hz 
5W  = 10 kW x 0.0005 s x 1 Hz 
5W  = 10 kW x 0.0000005 s x 1,000 Hz 
5W  = 100 kW x 0.000000005 s x 10 kHz

AP = pulse power X pulse duration X frequency
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Factors affecting the average power
pulse power

pulse duration pulse rate

fixed 
average power

no free lunch!
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12 W

6 W

CW pulse train (4 Hz)

CW pulse and superpulse laser

1 sec

CW pulse 
power

CW 
average 
power

SP pulse 
power, 

e.g., 10,000W

SP average 
power, 

e.g., 6W
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WALT recommended laser doses
continuous wave lasers superpulse lasers

CW lasers require higher doses than SP lasers 
Typically, a 4-to-1 ratio
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Understanding lasers via animations

Continuos Wave - https://www.youtube.com/watch?v=lldDNuI2MaA

Superpulse - https://www.youtube.com/watch?v=_rnoXSV2Ic4

Dr. Jeff Aberle, BSc, DC
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Pulse rates over 30 kHz promote gene 
expression and tissue repair

Original Article

Effect of Low-Level Laser Irradiation
on Bisphosphonate-Induced Osteonecrosis

of the Jaws: Preliminary Results
of a Prospective Study

Matteo Scoletta, D.D.S.,1 Paolo G. Arduino, D.D.S., M.Sc.,2 Lucia Reggio, D.D.S.,1

Paola Dalmasso, M.Sc.,3 and Marco Mozzati, M.D., D.D.S.1

Abstract

Objective: The aim of this study was to detail the clinical efficacy of low-level laser therapy (LLLT) for the
management of bisphosphonate-induced osteonecrosis of the jaws (ONJ-BP). Background: ONJ-BP is the correct
term, recently emerged, to describe a significant complication in a subset of patients receiving drugs such as
zoledronic acid, pamidronate, and alendronate. No definitive standard of care has been set for ONJ-BP and no
definitively agreed guidelines have been provided. There is currently no consensus on the correct approach to
the issue. Materials and Methods: The investigators studied a prospective cohort of 20 patients affected by ONJ-
BP, who received biostimulation with a pulsed diode laser (GaAs). Patients were exposed to a 904-nm infrared
laser (50 kHz, 28.4 J=cm2 energy density, 40% duty cycle, spot size 0.8 cm). Outcome variables were the size of
lesions, edema, visual analogue score of pain, presence of pus, fistulas, and halitosis. Preoperative results were
compared with the postoperative outcome and statistically evaluated. Results: Four weeks after LLLT, a sta-
tistically significant difference was observed for reported pain ( p¼ 0.0001), clinical size ( p¼ 0.0034), edema
( p¼ 0.0005), and presence of pus and fistulas ( p¼ 0.0078 and p¼ 0.03, respectively). Conclusion: This study
suggests that LLLT would appear to be a promising modality of treatment for patients with ONJ-BP, providing
that clinical efficacy is safe and well tolerated, especially by those patients who require conservative treatment.
Of course, this needs to be addressed further in larger and randomly controlled studies in different clinical
settings.

Introduction

Low-level laser therapy (LLLT) is an innovative ap-
proach, increasingly used in medicine, which has been

shown to have several different effects, including pain relief,
wound healing, and nerve regeneration. It has potential an-
timicrobial and biostimulating effects when applied to oral
tissues by improving wound healing,1,2 enhancing epitheli-
zation after periodontal surgery,3,4 minimizing oedema after
third molar surgery,5 and preventing induced oral mucositis.6

It has been proven that LLLT stimulates the proliferation of
cells7 and the formation of new lymphatic and blood vessels.8

Bisphosphonate-induced osteonecrosis of the jaws (ONJ-
BP) is the correct term, recently emerged, to describe a sig-
nificant complication in a subset of patients receiving a class

of agents used to treat osteoporosis and malignant bone
metastases.9–11 The main pathogenesis of ONJ-BP still re-
mains to be completely elucidated; apparently, the ability of
bisphosphonates to inhibit vascular endothelial growth fac-
tor and formation of new capillaries may be accentuated in
the jaw bones with high vascularity and bone turnover.12

It has been reported that LLLT can improve bone miner-
alization.13–15 The effect of LLLT on bone regeneration has
been the focus of more recent research, including within
dentistry. Studies have investigated the ability of low-level
laser irradiation to stimulate both bone production and bone-
implant interaction.14 For these reasons, it can be postulated
that laser biostimulation may be helpful in treating ONJ-BP.16

The aim of this study was to estimate the effects and the
efficacy of LLLT on the outcome of ONJ-BP.

1Oral Surgery Unit, Dentistry Section, Department of Clinical Physiopathology, University of Turin, Turin, Italy.
2Oral Medicine Unit, Dentistry Section, Department of Clinical Physiopathology, University of Turin, Turin, Italy.
3Medical Statistics Unit, Department of Public Health and Microbiology, University of Turin, Turin, Italy

Photomedicine and Laser Surgery
Volume 00, Number 00, 2009
ª Mary Ann Liebert, Inc.
Pp. 1–6
DOI: 10.1089=pho.2009.2501
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Laser at >30 kHz promotes gene 
expression and tissue repair

ORIGINAL ARTICLE

Effects of high-frequency near-infrared diode laser irradiation
on the proliferation and migration of mouse calvarial osteoblasts

Ryo Kunimatsu1 & Hidemi Gunji1 & Yuji Tsuka1 & Yuki Yoshimi1 & Tetsuya Awada1 & Keisuke Sumi1 & Kengo Nakajima1 &

Aya Kimura1 & Tomoka Hiraki1 & Takaharu Abe1 & Hirose Naoto1 & Makoto Yanoshita1 & Kotaro Tanimoto1

Received: 26 June 2017 /Accepted: 20 December 2017
# Springer-Verlag London Ltd., part of Springer Nature 2018

Abstract
Laser irradiation activates a range of cellular processes and can promote tissue repair. Here, we examined the effects of
high-frequency near-infrared (NIR) diode laser irradiation on the proliferation and migration of mouse calvarial osteo-
blastic cells (MC3T3-E1). MC3T3-E1 cells were cultured and exposed to high-frequency (30 kHz) 910-nm diode laser
irradiation at a dose of 0, 1.42, 2.85, 5.7, or 17.1 J/cm2. Cell proliferation was evaluated with BrdU and ATP concen-
tration assays. Cell migration was analyzed by quantitative assessment of wound healing using the Incucyt® ZOOM
system. In addition, phosphorylation of mitogen-activated protein kinase (MAPK) family members including p38
mitogen-activated protein kinase (p38), stress-activated protein kinase/Jun-amino-terminal kinase (SAPK/JNK), and
extracellular signal-regulated protein kinase (ERK)1/2) after laser irradiation was examined with western blotting.
Compared to the control, cell proliferation was significantly increased by laser irradiation at a dose of 2.85, 5.7, or
17.1 J/cm2. Laser irradiation at a dose of 2.85 J/cm2 induced MC3T3-E1 cells to migrate more rapidly than non-
irradiated control cells. Irradiation with the high-frequency 910-nm diode laser at a dose of 2.85 J/cm2 induced phos-
phorylation of MAPK/ERK1/2 15 and 30 min later. However, phosphorylation of p38 MAPK and SAPK/JNK was not
changed by NIR diode laser irradiation at a dose of 2.85 J/cm2. Irradiation with a high-frequency NIR diode laser
increased cell division and migration of MT3T3-E1 cells, possibly via MAPK/ERK signaling. These observations may
be important for enhancing proliferation and migration of osteoblasts to improve regeneration of bone tissues.

Keywords Lasers . Cell proliferation . LLLT .MAPK/ERK signaling

Introduction

Repair of an injury to the bone such as that occurring with a
fracture, bone graft, or skeletal disease requires regeneration
of bone. Increasing the rate of bone remodeling is a current
goal of tissue engineering [1, 2]. Bone healing and osteogen-
esis can be accelerated by various interventions including
physical stimulation (e.g., thermal or ultrasound), chemical
treatment (e.g., cytokines, growth factors, or other proteins),
and photo-stimulation (e.g., laser/light treatment) [3–9].

In 1969, Mester et al. first reported the acceleration of
wound healing using low-level lasers as a type of photothera-
py [10]. High-power diode lasers are used during surgery to
improve blood clotting, dissection, and eradication of unwant-
ed structures [9, 11]. On the other hand, low-energy-level
lasers can reinvigorate cells via a process called photo-bio-
modulation [11, 12]. Laser treatment modalities for photo-
bio-modulation are referred to as low-level laser therapy
(LLLT) [13]. The effects of LLLT, which uses visible light
in the wavelength spectrum of 400–700 nm, include acceler-
ation of wound healing [14, 15], cell proliferation [16, 17],
pain relief [18], and promotion of bone formation [19]. Also,
near-infrared (NIR) lasers with a wavelength of 700–1000 nm
have been invented.

The effects of light on cells are mainly due to the
wavelength, which determines the extent of penetration
and absorption [20]. NIR lasers are highly penetrant and
are minimally absorbed by water and hemoglobin [11, 20,

* Ryo Kunimatsu
ryoukunimatu@hiroshima-u.ac.jp

1 Department of Orthodontics and Craniofacial Developmental
Biology, Hiroshima University Graduate School of Biomedical
Sciences, 1-2-3 Kasumi, Minami-ku, Hiroshima 734-8553, Japan

Lasers in Medical Science
https://doi.org/10.1007/s10103-017-2426-0
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CNS repair research in the armed forces

Juanita Anders, PhD 
Uniformed Services University of the Health Sciences
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Human brain sulci act as waveguides

Juanita Anders, PhD 
Uniformed Services University of the Health Sciences
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Juanita Anders, PhD 
Uniformed Services University of the Health Sciences
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810 nm CW laser produces heat buildup

810 nm  
CW laser
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Laser therapy protocol guidelines

To compensate for tissue depth 
use the 50% rule

• Laser dosage brain tissue: 5 J/cm2 at target 

• Treat local tissues - brain injury sites 

• Treat supporting structures and functions 

• Blood irradiation for systemic oxygenation
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• 77 years old 

• 17 years in pain  

• From neck down to ankles, worse in legs 
and buttocks 

• History Rx: Amiltiptyline, Notriptyline, 
Lorazepam, Klonipin, Depakote, Buspar, 
Baklogen, Fentanyl patch, Zoloft, 
Prozac, Propranolol, Valium, Abilify, 
Tramadol, Cymbalta, and Shock therapy

Clinical case - neuroinflammation
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• Lumix 4 laser at 110 W  pulse power and 40 kHz rate 
• 0.5 W average power 
• 10 minutes treatment time 
• Twice weekly

Clinical case - neuroinflammation
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Supporting staructure: the basal ganglia

90

Supporting structure: the frontal lobe

depth: 
about 3 cm
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Frontal lobe treatment
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Centralized pain and motor issues
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Blood irradiation:  
putting photons in blood flow
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Blood irradiation: can use subclavian vein
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Temporal lobe treatment

Lumix 2 - 250W 
Dr. T. Lahue, DC
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Supporting structure: Stellate ganglion

C7-T1
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Stellate ganglion projections
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Treat C1 to T1 dorsal root ganglia

DRG
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great 
auricular

greater 
occipital

Migraines in TBI and concussions

lesser 
occipital

trigeminal 
ganglion

supra orbital

trigeminal 
subnucleus caudalis
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Trigeminal & pterygopalatine ganglia

pterygopalatine 
ganglion

trigeminal 
ganglion
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Line of sight to trigeminal ganglion
trigeminal ganglion
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Targeting the CN V subnucleus caudalis

access point access point
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Adjunct therapy: auriculotherapy

104



Adjunct therapy: scalp acupuncture

NM & Toshio Yamamoto, MD, PhD

Excellent adjunct therapy 
for migraines
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Adjunct therapy: scalp acupuncture
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Taking it back to the clinic

• Therapeutic lasers can be used for the reduction 
of inflammation in concussions 

• Proper mitochondrial function is critical to treat 
neurodegeneration and for long-term tissue repair 

• Concussions, in the chronic phase, are much more 
difficult to treat successfully 

• Laser pulse rates of at least 30 kHz promote gene 
expression for tissue repair
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Taking it back to the clinic

• Most lasers recharge cellular mitochondria 

• Reaching brain tissues without heating are crucial 
for effective treatment of TBI and concussions 

• Tissue penetration is driven by high laser pulse 
power and appropriate wavelengths 

• Blood irradiation is more than oxygenation - it 
recharges free-flowing mitochondria
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Taking it back to the clinic

• Some therapeutic lasers are able to safely 
penetrate tissues with low risk of thermal damage 

• Some wavelengths produce higher thermal 
buildup than others 

• Visible lasers are poor tissue penetrators 

• Average power = amount of energy per second 

• Energy = (average power) X (treatment time) 

• Energy is what can damage tissues, not power!
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Lumix 2, 3, 4 & 5

Lumix 2, 3 & 4

➡ 2 to 5 wavelengths from: 650, 810, 910, 980, 
or 1064 nm (tissue affinities) 

➡ Pulse rate: 1 kHz to 100 kHz (gene expression) 
➡ Average power: 0.5W to 35W (effective dose) 
➡ Pulse power: 45W to 660W (tissue depth)

Lumix lasers can be used for 
neuroinflammation and tissue repair
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depth: 
about 3 cm

Brain: low thermal, high penetration!
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• Wavelengths: 650 and 1064 nm 
• Pulse rate: 1 kHz to 100 kHz 
• Average power: 0.5 W to 20 W 
• Pulse power: 1,000 W to 132,000 W

Laser with 132,000 W of pulse power 
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Recommended resources

• Laser Biotech webinars and online seminars 

‣ www.LaserBiotech.com 

• World Association for Laser Therapy 

‣ www.WALTPBM.org

Seminar: Mastering Photonic Therapies 
Wisconsin Chiropractic Association 
Wisconsin Dells, September 19-21
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Recommended resources
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Webinar: craniocervical junction & TMD
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Seminar: Virtual Neurology Summit

August 8 - 11, 2024 
https://americanpostureinstitute.com/
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NM and Tiina Karu, PhD
Dr. Karu discovered the 
role of cytochrome in 

laser therapy

Dr. Karu: best laser researcher
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NM and Lars Hode, PhD

Recommended resources
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Recommended resources
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Recommended resources
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Soft-Wired = brain plasticity

121

Nelson Marquina, MSc, PhD, DC 
Laser Biotech International 

Richmond, Virginia 
www.LaserBiotech.com
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 Traumatic brain injury and concussions: 
laser therapy treatment guidelines

Thank You!
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