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· For 30 years light therapy has been without a foundation

· Goal is to make progress in this field

ROBERT K NAVIAUX, UCSD, USA

MITOCHONDRIAL RESPONSES TO CELLULAR INJURY
· Depolarization events can be associated with electromagnetic events

· Electrons are food for mitochondria

· Electrons are the fundamental food of the cell and can be used for work

· Cells produce a signal when they are fed

· This signal is a flickering trickle of H2O2 that lets the nucleus know the cytoplasm is well

· Mitochondrial DNA encodes 13 proteins, 22 tRNAs and 2rRNAs

· Classical 5 complexes of the Mitochondrial electron transport chain, pass to create water

· Mitochondria can’t re-supply their cell without a voltage change

· All cells can make energy 2 ways:

1. With oxygen and no injury: use atp + CO2 to make water

2. Without oxygen and no injury: mitochondrial oxidative phosphorlyation: atp +lactate creating glycolysis

· Mitochondrial energy production is a function of its membrane potential: this is measured with potentiometric dyes (TMRM etc)

· Glycolysis energy production is measured by the release of lactate

· Just measuring ATP, ADP, P and creatine phosphate do not tell you the source

· 4 housekeeping functions of mitochondria

1. Eating: electron consumption

2. Oxygen consumption: genoprotecting

3. Heat production

4. Reactive oxygen synthesis (can occur anaerobically)

· Primary superoxide

· Hydrogen peroxide

· Single oxygen

· Nitric oxide

· Secondary ROS

· Peroxynitrite

· Hydroxyl radical

· In the beginning oxygen was a poison

· Mitochondria 2.5 billion years ago earth was anaerobic and the mitochondria change oxygen into water with the release of energy

· Most metabolic pathways of the cell must pass through mitochondria

· Mitochondria are packed with about 1500 proteins

· The proteins are tissue-specific

· Mitochondria are connected to the cytoskeleton

· Mitochondrial networks are electrically coupled: there are low and high electrical energy groups

· Individual mitochondria flicker spontaneous then waves of potential sweep along the cell

· Near infrared window: cells are semi-transparent 600 to 1000 nm

· The complex absorption spectrum allow the chronophobes allow a wide spectrum of transparence, the strength/penetration may be the important variable

How is LLLT transduced to a cellular signal?

· The structure of mitochondria act as waveguides that capture, direct and transduce photons to chemical energy

What are the second messengers of photobiomodulation?

Candidates:

1. Electrons

2. Reactive oxygen species

3. Released membrane lipids—linoleate

4. Others?

Sources and Inhibitors of Reactive oxygen species:

· Enzyme coQ10 has a number of states

· H2O2 and other ROS are fundamental signaling molecules: dose determines the effect

· Low dose causes mitogenic proliferation

· Intermediate causes growth arrest

· High dose causes a choice: die or not

Redox-responsive targets

· Thiols/cysteines

· Metals

· H2O2 releases calcium and calcium stimulates nuclear import

Mitochondrial H2O2 has several effects:

· Stimulates Ca++ release

· Activates transcription factors

· Activates inflammatory mediators

· Activates adhesion molecules

· Changes in cell shape

After phagocytosis mitochondria surround the phagosome and produce H2O2

· Tensegrity=shows how mechanical stress, deforming a cell shape, can activate the mitochondria and nucleus directly

· Triggers mitochondrial H2O2 and NO (nitric oxide)

· Is a signal for the cell to relax

· H2L2 mobilizes Ca++ and changes the shape of platelets

· (Cell must have mitochondria, platelets have 1 to 3)

Mitochondria participate intimately in cell death

Six themes:

1. Cell make ATP (energy) in 2 ways

· Glycolysis—no oxygen

· Oxidative phosphorylation

2. Mitochondria are cell specific, have hundreds of functions and can be segmentally activated

3. Mitochondria never work alone

4. Electrons are food for the cells

5. ROS connect mitochondria to cyoplasmic and nuclear activating events

Naviaux’s new book will be out this Fall: Special Issue on Mitochondria in Medicine

How quick do mitochondria respond?

3 days

3 months

Are there mitochondria that do not respond to light? Yes, damaged mitochondria, but is specific to person and disease states.

Micro electrical fields do influence mitochondrial transmembrane potential and energy production.  Voltage too high can inhibit responses.  Dose is critical in producing desired effect.

The basic shape of mitochondria may influence the absorption of light.  The shape itself may be the photo absorber.

Healthy mitochondria have a diameter of a micron, can have longer tubule.

An animal cell cannot live without mitochondria: makes DNA and RNA

If you overexpose cells to light can you damage them—probably matters.

The shorter the wavelength, the higher the energy and the more potential for damage.

500 years the Japanese developed a red therapy to treat early smallpox, putting them in a room filled with sunlight, the walls covered with red silk.  It cured 50%, is said that Abraham Lincoln was treated by his German physician with this method after the Gettysburg address.

There are certain wavelengths of light that cancel each other.

Monochromatic light produces an effect different from polychromatic light.

Electrons are food—is a provocative statement—clarify.  When we break down food the carbon bonds release electrons.  Energy of electrons that are tightly constrained, not high-energy electrons.  Molecular digestion, c-c and c-n bonds.  They are a component of food, not the whole thing.  Electrons are a fundamental element of energy that cells need.

Cytochrome C absorbs well 800-830 nm.  What does it do after absorbing the light?  Maybe the refractile properties of the organelle itself determine the absorption?

Paul Gourley, Sandia National Laboratories, Albuquerque NM 87185

BIOPHTONIC PROPERTIES OF CELLS AND MITOCHONDRIA

INTRODUCTION

· Using molecular structures to make micromachines

· Tissue engineering

· Biosensors

· Microfluidics

· Microarrays

· Semi conducting materials for bio-micro-nano devices

Surface-emitting lasers:

· This is what he developed

· Grown layer by layer, spraying semiconductors in layers, some of the most reflective substances known to man

· In old lasers the laser comes out of the side of the layers

· These emit from the surface, can do wider wavelengths

· Market driven by fiberoptic communications

Most of the work he will discuss today is going to be 830-850 nm

Bio-cavity laser concept

· Abnormal cells contain more protein and larger nucleus

· Their additional density changes the speed of the light passing through them

Light transport and trapping in tissue

· Complex analysis

· There is a potential for light to stay within the cell, energy trapped within the cell, might be important in light therapy

· Light scattering mechanism in biological cells the largest effect is from the Mie scattering from large organelles, light scattering mostly from mitochondrial organelle.  Light goes straight through the nucleus, not a lot of scatter from the membrane.

· As mitochondria are smaller they scatter more light; the size of mitochondria can be quite important.  Human mitochondria 700 nm, mice 400 so mice; reflect more light

· Glass of water, drop of milk (fat), laser pointer transversely, digital camera from the top, shows more absorption from small particles than large

Strong light confinement in bio-cavity laser

· Use to create strong feedback to build up light within a cell

· Biocavity laser flow cytometer chip: can analyze spectra to separate normal from diseased cells: envision a smart scalpel for resecting tumors, as the cells go through can tell where the diseased tissue stops

· Used to detect anthrax etc.

· Mitochondria give a strong signal, almost as strong as a whole cell; can look at single signals

· If there is a way to inhibit the swelling of mitochondria, a component in Alzheimer’s and Parkinson’s, could help.  First must be able to identify; can do by wavelength shift

· 700 nm penetrates 1 cm

· Large diameter allows deeper penetration into the tissue

· Difference in normal and diseased mitochondria—more inhomogeneous

· Semiconductors enable new light sources for biophotonics

· Micro/nano systems probe cells and organelles

· Optical studies of cells/organelles can help elucidate light-tissue interactions

· Far field – light scattering: elucidate light tissue interaction

· Interior filled – cell modes

Progressive increase in second hand light as it penetrates tissue?

Scattering will alter the properties of the light, so the scattered light is different.

The bounced light has different properties.  The photon energy remains the same, the momentum stays the same, but the direction is changing.  When they get to a certain depth, 60-70% ends up being ejected out.  Diseased cells—penetrates much deeper.  May be why healthy people have a healthy sheen—have small mitochondrial.

The mitochondria exist in a lot of different sizes and shape in the cell, when removed from the cell they become spherical.

Have not studied peroxyzomes, needs to be done.

Clinically, the diseased cell responds better, elderly respond better.  Need to study the size of mitochondria as a function of age.

Diseased mitochondria are larger.  Cancer cell have larger and more numerous mitochondria.  Injury causes larger mitochondria.

LILACH GAVISH, Hebrew Univ. of Jerusalem

LOW LEVEL LASER IRRADIATION STIMULATES MITOCHONDRIAL MEMBRANE POTENTIAL AND DISPERSED SUBNUCLEAR PROMYELOCYYTIC LEUKEMIA PROTEIN

Photon energy through physical processes leads to chemical energy

Photon energy through a biological process leads to wound healing

LLL irradiation causes photon absorption by mitochondria resulting in cell changes, signal transcution affecting gene expression: proliferation, cytokines and matrix, all which lead to wound healing

The Mitochondrial Membrane potential:

· Mitochondrial transfer electrons, electric potential gradient created

Cytokine genes and wound healing:

· IL 1alpha: proliferation collagen synthesis

· LI 6

· KGF

· IL 1beta

Cell proliferation using PML as a marker:

· 4 stages of cell cycle: mitosis, 

· Check proteins control cycle, are called tumor suppressor

· PML in nucleus

Used TiSa Laser 780 nm, 200 mW output ($1,000,000), used mirror and diverging lenses,

Total energy density = 2 J/cm2

Differential Gene expression:

· The interleukins were affect 2 hours after treatment

· Redistribution of PML in the nucleus: disrupted from nuclear structures and later degraded

Kinetics of mitochondrial membrane potential

· % stimulation is compatible with literature: consistency of stimulation across different eukaryotic cells (human, wheat, mouse etc)

· stimulation followed by exponential decay: refractory period (is like an action potential); can define a refractory period as when mitochondrial membrane potential cannot be activated

· Cytokine gene expression: pro-proliferative genes were enhanced and pro-inflammatory genes were suppressed, down-regulated

· Redistribution of PML in the nucleus: LLLI leads cells to proliferate at less than 2 hours

Molecular events following LLLI:

1. Mitochondria

2. Cytokine

3. PML redistributes

In a chronic wound, the inflammation is chronic and we want to reduce it.  Inflammation is necessary for healing, but detrimental in the long run.

Other studies directly on cells have shown this dose to be inhibitory????

Cellular Phototropism Slides: (Karen Carroll)

· Dr. Guenter Albrecht-Buehler’s research

· 3T3 mouse fibroblast cells in the presence of pulsating, near-infrared light sources

· Look at his web site

· 800 nm pulsating source, pulse 1 sec on and 1 sec off

· Fibroblasts move towards the light, even if the nucleus is removed

· Occurs even one hour after mitosis, very early in its cell cycle

· Pulsating latex beads????

· Phagocytosis may be because latex particles

OTHER research: if light source on edge of neuron membrane, can change the direction of the neuron

SETTING UP A CLINIC: THE ETHICS

PAUL BRADLEY

· What do we teach the students

· What do we tell the patients?

· How do we set a budget?

· How do we set up research:

· What about drug therapy: 

· Do we deal with only one company?

· Is it too difficult?

· WHAT THEY DID:

· 6 appt for $550, would use any modality which worked

· Keep patient on their drug but try to wean them off

· Database of 100 patients treated so far

· Accept any type of head and neck pain and associated pain elsewhere: concept of “vulnerable neurochemistry”; meaning that if they are admitted to the clinic with head and neck pain, will treat other pain

· Staff comprises clinician, neurophysiologist and neurologist

· Emphasis on energy medicine in addition to conventional medication

· 3.5 cm penetration in homogenous muscle, 820 nM??; 200 nw can charge the laser as anode, patient holds cathode, can find the acupuncture point or the nerve (does not the nerve for neuropathic pain)

Forms of Energy Medicine

· Low intensity lasers

· Ultrasound 

· Etc

Many forms of laser

· Near infrared, usually takes 12 hours to get effect

· Visible red arrays, FDA has approved

· New ultrasonics, very effective for muscle, which give stiffness

· Acupuncture

· TENS

· Micro electrical current: up to a 5 fold increase in ATP synthesis

· Drugs

Research

· At an osteopathic college

· A beta (touch) fibers: nothing happened

· A delta (fast pain): 50% increase in threshold

· C fibers: 3 fold increase in pain threshold, C fibers have no myelin sheaths

· Japanese work shows this as dose dependent

· Increased latency after the laser

Future Research:

· Frequency governed lasers

· TMJ research: 30 patients with pain 6 months or more, resisting conventional TX, 820 nm 3 points on joint trigger points esp. back of joint with its more pain fibers, 2nd group 640 nm, 2 joules/cm2m, 3rd group 100 joules/cm 2, continuous wave 820 nm????? Each regimen took same time, 1.7 sec, McGill pain questionnaires, quality of life questionnaires

· Results; only significant improvement with high energy treatment

· May take 2 to 4 wks for maximum improvement

· Literature says LLT go up to 500 mW, but practically, over 300 mw will have a burning sensation

· Conventional therapy with LLT does not improved microcirculation, slight temp rise, and mild angiogenic response.

· If >100 joules/cm2, patient feels warm, then open the microcirculation

Myofascial pain can assure you can help—pretty easy.

Neuropathic pain not so easy, have to work

DON PATTHOFF

· Paresthesia for 5+ years, cured if waved across the numb area

· Success with Bell’s palsy patients

Big multicentric study in Norway for Bell’s palsy

PhotoBioModulation = PBM

Use Lasers:

· Everyday period

· Post op surgery

· Pulpitis etc

· HA

· Sports injuries

· Traumatic injury, severe cuts

· Triggers points

Case: TMJ acute: 2 watts, 15 sec, 1 session, result no pain and can open mouth

Bradley: lasers will revolutionize dentistry, can treat kids 90% can have TX without pain

· Audience: can treat 2-3 times prior to implant, less pain and swelling, or pre-operative e.g. wisdom teeth, or cut with laser

· Priming the tissue before surgery will important

· Seattle is doing a study on stomatitis after radiotherapy; French have shown that if you treat before radiation it is very important

· Very effective to do pretreatment and after gum flap surgery

Jay Roberts MD, Physiatrist, private practice, now Pain Mgmt, Palm Springs

PAIN TREATMENT

· In California

· 7 months ago heard about lasers

· Tried 3companies, he selected the Thor laser

· Academic background, trained in England with Karen Carroll

· Share his experience for the past 7 months

· Today will talk about subacute and chronic pain, all wanted TX, not placebo, 124 patients

· Worried about FDA, everyone evaluated, not just using laser, signed release

· Thor laser Cluster 1watt 840nM

· Treated 3 x per wk, MWF

· Done for free, may donate $50

· Treated everyone till they got better plus one TX or they stop coming

· In Palm Springs

· Majority of pt. Geriatric

· 26 neck pains: 8 myofascial, bilateral: 2-2.5 min TX, all improved immediate; 6 myofascial without neuro, DDD, all benefited; 9 without DDD, all benefited; 2 myofascial pain s/p surgery both benefited, shorter for more recent surgery

· Thoracic spine: all myofascial, 2 s/p herpetic; 8 min TX all benefited, even with scoliosis one benefited and one did not

· Did not market, rapid word of mouth

· LBP: 4 sp surg (2-25 year duration) 2.5 – 3 min, all benefited from the first, up to 14 TX; with radiculopathy 2 min, 5-38 TX (39 yr duration) all benefited except one, 18 DDD + spinal stenosis: all benefited except 2

· OA of hand: 6 pt. 2-3 min x 3-6 all benefited, one with 23 TX

· Severe RA: 2 min 4 TX benefited 

· OA of hips: 4 pt 2-3 min, 2-25 TX all benefited

· OA of knee: 18 patients, 11 unilateral 2.5 min 2-17 TX all benefited, 8 from the first TX

· Peripheral sensory neuropathy: 14 patients 3 min, 41 TX max, all benefited from first TX

· Facial neuralgia: 4 pt. (one probe, limited application), post herpetic no help, ntg spray caused permanent neuralgia—no help, TMJ no help

· Hypersensitivity of abd keloid scar no help

· Easy to use

· No side effects

· Extremely beneficial though only one probe

· Physicians now refer pt. For lasers

· Know he needs different probes

· Building his own specialty rehab hospital, will have a wellness center

· Wants to do more research

· Believes the lasers are very safe

· Believes every pain practitioner should have 

· Used to run a spinal cord center

· Not constant that post-surgical pt were worse

· Never over 2 min total

· Benefit was significant reduction in pain, at least 60%, used his own tool sheet

· Patients want to extend the treatment time, is a big challenge

· Stay away from thyroid and pregnant women

· If you think they have cancer check with their oncologist

Questions:

· Can do intraoral probe for TMJ

· TMJ is not easy to treat

· De-afferent pain after root canal TX is common is easy to treat

· Atypical facial pain easier to treat

· Pulse the laser over the branch if central cause, 2-10 hz like acupuncture, speed at which to turn the needle

Natalie: NAALT business

New journal + membership $160, 6 issues a year

KAREN CAROOLL, D.O. N.D., Dip. Paed Ost. England

PHOTOMEDICINE FOR MUSCULOSKELETAL CONDITIONS
· Osteopath from UK

· First used on a friend with LBP, resistant to usual TX

· Involved with lasers 16 years, has been training people in UK and USA

· Does not do acupuncture

Clinical applications:

· Soft tissue injuries

· Joint conditions

· Fractures

· Uses along with her usual osteopathic treatment

· Hard to do research because she does not want to isolate the laser TX, but would not want to be treating acute injuries without her laser, the sooner you treat the better

· Scar tissue: 660 nM is the best for tissue repair however only goes a few mm deep, so for deeper have to do an infrared probe, better for musculoskeletal injuries

· Kevin Moore did research on scars

· Endothelial cells in culture wells respond best to 660 nM and low dosage, infrared and higher dose was inhibitory, but the opposite in vivo because had to reach the tissue

· No one has proven to her that any one infrared wavelength is better than another, even a mix is good (some mix infrared and red combination though Tiina Karu’s work questions this)

· Tends to be wary of inflammatory joint conditions, use lower dosage

· (Jay had a patient with acute gout who benefited fast)

· (Vet treats hot joints routinely)

· There is a little research that suggests laser helps collagen/cartilage: one patient report who was bone on bone who had resolution of sx

· Quite a lot of evidence on tendonitis and tenosynovitis—should use

· Chondromalacia patella, retropatellar pain

· SI joints—works well

· Fractures: small bones or nonunions, treat directly over rib fracture and around, improved pain relief then more mobile, less at risk

Chronic pain:

· Lumbar and cervical spondylosis

· Plantar fasciitis

· Metatarsalgia

· CTS, tarsal tunnel, have to look at cause

· TMJ syndrome

· Phantom limb pain

· Bells palsy

· Shin splints (boots, packs on back)

· Reflex sympathetic dystrophy?

· Trigeminal neuralgia

· Post herpetic neuralgia

· Frozen shoulder, do laser first then aggressive mobilization

· The stellate ganglion:

· Rationale for treating:

· Chronic pain may follow trauma (nerve/soft tissue)

· Persists after tissue repair complete

· Absence of nocioceptive input

· Sympathetically mediated

· Not limited to original area of injury

· Nervous system abnormalities: change in temperature, trophic changes

· Excruciating, immobilizing, burning

· Anterior to the lateral mass of C7, can be large and be anterior to C6 also

· With block will get a Horner’s syndrome, not with laser, not as high an increase in local temperature

· Do not need massive dose, just need to get some photons in there

Musculoskeletal treatment protocols:

Getting the best results:

Treatment Parameters:

· Acute musculoskeletal: treat daily is best, is ideal

· Resolving musculoskeletal: every 2-3 days

· Chronic musculoskeletal: weekly if just palliative but every 2-3 days with low grade inflammation (meaning trying to cure) because trying to recreate the inflammation; chronic see q 4 to 8 wks, including mobilization

· Acute wounds: daily

· Chronic wounds: 1-2 times weekly

· Infected ulcers: twice weekly until infection clears

Very interested in anatomy: think you have to be precise

Which probe?

· Pain trigger points: infra-red probe followed by cluster (combination of red and infrared), 

· Muscle tendon, ligaments: same

· Wounds+ skin conditions: 660 nm probe followed by cluster

Each probe has an effective “window”—this is her theory

How long do you use the probe?

· TAD = tissue activation dose

· Transmission through tissue

· Age of lesion

· Depth of lesion

· Sensitivity of patient

· When you want to vary your dose your do so by a “tad”

Therapeutic Window

· 100 mW IR probe 30 sec – 2 mint (3-12 J)

· Acute –chronic

· Superficial-deep-light-dark skin, adipose

· 5 mW IR probe 54-15 min, takes too long

· 30-50 mW IR probe 2-7 min (3-12 J)

· 20 mW IR probe: 15 sec – 1 min (3-12J)

· 100 mw IR probe 30 sec-s min

· Thor 19/46/69 104 cluster or Stimulaser 33 cluster or Omega 31/46 cluster: 1-4 min (very approx 1 J/min)

Dosimetry is a very unexplored field.  The Chinese use much higher dose; some of their best results are 150 joules.  It is the way that people have been measuring dose that is leading to different results—this is her assumption.

May start with cluster, then go to specific points that are symptomatic, due 20 sec, then test.  If using 200 mw up to one minute per point.

She likes to triangulate a point 3 dimensionally.

Which pulse?  Is not based on hard data, stolen from ideas of endorphin relief:

· Acute musculoskeletal: 2.5-20 Hz

· Chronic musculoskeletal 5-150 Hz

· Resolving musculoskeletal 20 Hz

· Chronic pain 2.5, 150 Hz

· Acute wounds 20 Hz

· Resolving wounds and ulcers 20 Hz

· Chronic wounds and ulcers if not responding to 20 Hz

Technique:

· Contact technique as long as not too painful

· Some pressure

· Be thorough, accurate and systematic

· Photo medicine before any heating modality (short wave diathermy, ultrasound etc increases local RBC population, these are potent photoaccepts, the therapeutic effect is therefore dissipate

· Photo medicine after ice, wait till tissues pink back up again

· When wounds that have to be treated through dressing, attenuate 15% through colloid dressing

Sites to stimulate 

· The wound

· Trigger points/ associated tender areas? and pain relief:

· Site of lesion

· Nerve roots and associated trunks

· Acupuncture points

Record Keeping:

· Which probe

· How many points/clusters treated

· How long per point

· Total treatment time

· Pulse repetition rate used

Russian study showing LLLT to thyroid resolved hypothyroidism

Don’t respond to acupuncture, have excess cytokinins, so break down endogenous opioids

Russians say when you irradiate the local arteries you affect the rheology of the blood: increase some healing chemicals

Vet: cannot laser a wound treated with iodine, betadine for a couple of days  (the iodine has a negative effect)

EVENING SESSION: LIGHT ACTIVATED TISSUE REPAIR AND REGENERATION USING EXOGENOUS CHROMOPHORES

PHOTOCHEMICAL MODULATION OF WOUND HEALING AND INHIBITION OF TISSUE DEGRADATION

Michael Hamblin, Harvard Medical School

· Wellman Center for Photomedicine, Mass General Hospital

· PDT=photodynamic therapy

· Need a nontoxic dye

· Light

· Together causes an excited state that interacts with oxygen and kills cells

· Started as a cancer therapy in 1905

· Dye which absorbs visible light

· Red light penetrates tissue better, so tend to use this wavelength

· Dual selectivity for target: selective accumulation of photosensitizer (PZ dye)

· Excited states of PS, singlet, double, triplet is longer lived can degrade as phosphorescence but is longer lasting and can interact with oxygen to cause a cytotoxic species, which can oxidize DNA, proteins, lipids

· Photosensitizers are usually natural pigments: tetrapyrroles, such as heme, chlorophyll, bacteriochlorophyll

· Why do we use PDT against microorganisms?

· For localized infections (not systemic)

· Photosensitizer is delivered locally to infection

· World-wide increase in multi-antibiotic resistant bacteria

· Systemic antibiotics cannot get into dead or damaged tissue

· Even if antibiotics work they take several days

· Antibiotic resistance

· 70% of bacteria that cause infections in hospitals are resistant to at least one antibiotic

· Food producing animals

· Given to pt more often than necessary

· Pt c\don’t complete the course

· What do we know about antimicrobial PDT?

· Gram + specials easily killed by usual PS + light

· Gram _ species need cationic PS or special means to increase bacterial permeability

· Choice of PS: chlorin E6 good absorption peak at 660 nM

· Bioluminescence imaging

· Genetically engineered bacteria which emit light, “glow in the dark”

· Can prove the efficacy of PDT treatment

· Test with Pseudomonas aeruginosa, causes systemic ds and death in 2-4 days, but PDT treatment stops the infection, and the wound infection healed better than treatment with silver nitrate

· PDT does not accelerate wound healing but contradicts later

· Silver nitrate does not accelerate or slow wounding healing

· PDT appears to destroy bacterial virulence factors that otherwise would slow wound healing

· Topical PDT with 665 nm light improves wound healing with some PS and delays wound healing with toluidine blue + 630 nm

· Low dose 630 nm light improves wound healing – not a big effect 10 J / cm2

· High dose 50J/cm2 630 nm light has no effect

· CONCLUSIONS:

· Stimulation of wound healing is complicated

· Light alone may have an effect

· Ps identity

· Ps dose

· Ps delivery route

· Time between PS and light

· Wavelength

· Fluence

· Fluence rate

· Questions: may be better lower dose, possibly 1-2 joules

· Comment: may be given a higher dose than they think

· Some of this research has been done by Mary Dyson

· This research are excisional wounds are mice

· Wounds all heal by contraction, the amount of granulation tissue is clearly different, a lot of granulation tissue slows healing

· Why hasn’t this caught on clinically?  Need a good PS, the FDA approved ones are not good for bacteria.  The only clinical application is in UK, toliduine blue and then red laser to sterilize a cavity in dental work.

USE OF PHOTOACTIVATED CROSSLINKING AGENTS FOR VASCULAR REPAIR AND LOCAL DRUG DELIVERY

KAIA LOSTER, USD School of Medicine, USA

· South Dakota, Avera Research Institute, PhotoBioMed Corp
· This is a photoactive compound
· Group 4-amino-1, 8-naphthalimides
· Fluorescent

· Peaks can shift
· Light activation causes a cleavage at the amine position, resulting in two activated particles
· Activated with blue light: argon laser 457 nm or high pressure mercury arc lamp with filters producing 400-500 nm range, predominantly 450 ng
· Not associated with excessive heat or protein denaturation
· Approx 240 J/cm2
· Families of compounds: crosslinkers, extenders, tethers (for pharmaceutical agents to go to a specific tissue substrate)
· Crosslinkers bond two substrates after photo activation
· Extenders allow a much greater gap to be spanned, less dependent on light and compression

· Tethers photo activated by blue light forms a covalent bond with a tissue substrate
· Example: CAD
· Balloon angioplasty: restenosis in 30-50%
· Coronary stents: rest3enosis rates 10-30%, still have elastic recoil and cellular damage
· Drug-eluting stints: promise of eliminating restenosis, concerns regarding late adverse reaction
· Concept of the endogenous stent: expand with balloon but crosslink arterial proteins in the dilated state, tether heparin etc
· NIH grant
· In vitro immersion of arterial segments: can do
· Tissue bonding: can bone atherosclerotic tissue
· Repair of intimal dissections: often find where plaque is torn away, suggestions that are gluing down those intimal flaps
· Intraluminal delivery of heparin does work
· Summary
· Can deliver drugs to the arterial wall
· Can do tissue bonding
· Retention of luminal gains
· Potential repair of intimal and medial dissections
· Tethering of re-antistenotic agents
· Future
· How long wills it last?
· Need a multifunctional catheter
· Need to do animal studies
· Additional potential applications: now using gel like compounds:
· Vascular repair: can repair large holes
· Vascular grafting: without sutures can withstand
· Can provide scaffolding for cartilaginous repair
· Plastic surgery
· Cross linked collagen potential less degradation, would not have to repeat as often
PHOTODYNAMIC TISSUE REPAIR AND HEALING

Michael Hamblin, Harvard

· Problems with conventional suturing/staples: labor intensive, gap too big, sensitive tissues such as the eyes

· Tissue glues:

· Cycanocrylates: relatively toxic

· Fibrin sealants: $, from blood, not that strong

· Gelatin-resorcinol-formol glues: toxic

· Light activated adhesives and bonding technologies

· Hydrogels: polymerize into solid in the presence of light

· Dye activated protein solders: non-covalent bonds in the tissue

· Photochemical tissue bonding: dye rose Bengal without exogenous proteins forms direct covalent bonds but must get edges together

· PLATG

· Very soluble to allow viscous formulation

· Glue remain in place

· Protein molecules very close

· Need light

· Need oxygen

· Prior work:

· Riboflavin 6 P fibrinogen + argon laser: not so good

· Chlorin (e6) BSA + argon laser: strong bonds

· Research Chlorin (36) + albumin and Janus green

· Is possible to get as strong as native tissue

· Glues are biodegradable and temporary

· Low radiance and low heat

· Good for filling in gaps

· Fairly strong

· Fibrin glue not easily obtained, can pass viral infection

· Gives you more control if you have photoactivation

PDT MODULATES WOUND HEALING IN KELOID TUMORS

Brian Wong, Beckman Laser Institute, USA

· Irvine, CA
· Associate Professor, Facial Plastic Surgery, ENT, UC Irvine
· PDT was developed as magic bullet for tumors
· His emphasis is on the nose
· Many off label uses for photodynamic TX of sun damaged skin
· Clinical problem: aberrant wound healing
· Keloids: excessive collagen deposition extending beyond the borders of the injury
· Hypertrophic scars stay within the boundaries of the injury
· Current keloid TX options
· Steroid injections
· Surgical excision
· Cryosurgery
· Local chemotherapy
· Radiation
· Regrowth/recurrence 50%
· Don’t know why keloids form
· Steroid injections are hit and miss (perhaps due to penetration)
· Can photodynamic therapy (PDT) be used in combination with surgery?
· Motivation:
· Early studies of PDT for tumors didn’t work to cure the malignancies but resulted in reduced scar formation
· PDT already used to treat benign disorder
· Advantages
· Photosensitizers localize
· Drug activation specific
· Leave scaffolding for wound healing
· Research
· No animal models exist
· Use tissue engineered “keloids”—have been developing
· Keloid derived fibroblasts in culture behave differently than normal
· Keloid is a collagen tumor

· Estimating collagen density

· Collagen density increases more than normal in keloids after wounding

· What can PDT do?

· ALA

· Diode laser, 635 nm, 5, 10, 20 Jcm2

· Conclusions:

· Allows study of fibroblasts

· Allow serial measurement of same specimen over time

· PDT can be used to reduce contraction and collagen production without overt reduction in tissue viability

Tuesday August 24, 2004

MODERN OPTICAL BIOMETROLOGY: THE SCIENCE OF MEASUREMENT AND DATA VALIDATION

Ilko Ilev, FDA, USA

· Biophotonic system: laser, sensor, tissue

Modern Fiber-optic-based laser delivery techniques:

· Ultra short pulse lasers

· Femosecond pulses deposit laser energy before thermal diffusion can occur

· Puts a smaller amount of energy into the tissue, so the energy deposed in the tissue is significantly reduces

· Lower values of bubble and shock-wave parameters

· Heat affected zones are significantly reduced, energy loss into the bulk tissue is minimized

· Ophthalmologic: Lasik

· Laser induced x-ray generation

· All-solid-state laser concept

· Compact and reliable

· Broad spectrum

· New fiberoptic materials

· Optic fiber lasers:

· Rare earth doped fiber lasers

· Photonic crystal fiber lasers

· Fiber raman lasers: tunable, have the chance to scan the tissues, double-pass fiber, can get 10+ watts

· Flexible and compact 

· Not toxic

· Relatively inexpensive

· Aluminum oxide is a good system

· Photonic crystal fiber lasers: high efficiency

· Multiple wavelengths: instead of lense use an uncoated hollow optical taper = hollow-taper-based, can delivery to a small area

· Broadband all-optical-waveguide laser delivery systems

· Example Low power laser irradiation

Photonic Biosensors

· Fiber optic sensors

· Smart photonic structures

· Can control the laser very well

· Breath gas analysis: detect 200+ biomarkers in the breath, to analyze for disease

· Photonics nanobiosensors

Optical imaging and microscopy remain the most widespread imaging techniques with important public health impact on various biomedical areas including biometrology

· Optical imaging: high resolution MRI sub-mm, US 150 um, x-ray 0.1-1 mm

· Non-ionizing radiation

· Minimally invasive imaging

· Disadvantages low penetration depth and contrast due to scattered light

· Optical diffraction limit

Advanced biomedical photonic imaging techniques

· Can use confocal microscopy to overcome the theoretical diffraction limit

Idea is to move to smaller and smarter

Good to measure precisely, time-correlated

Can get a tunable laser, up to 10 watts, broad spectral range

NOVEL FIBER-OPTIC BIOSENSORS

Richard Claus, Virginia Tech

Nanotechnology + Optical Fiber Sensors

· Design and synthesize self-assembly precursors

· Review of the electrostatic self-assembly process = layer by layer assembly

· Take substrate and cleaned, then has a net charge, usually negative, dipped into an aqueous solutions containing cationic polymers with positively charged molecular segments, which form a monolayer of the substrate surface, self-limiting in thickness, can keep repeating, can add nanosized clusters between layers (e.g. metals etc)

· Proof that it works: water contact angle (surface energy) remains the same, spectroscopy shows linear buildup, can do layers or segments that have different characteristics

METRONOMIC PHOTODYNAMIC THERAPY: PRINCIPLE TO PRACTICE

Stuart Bisland, University of Toronto

· Novel, alternate strategy aimed at maximizing PDT induced apaptotic cell death in brain tumor

· Debulk tumor with high dose

· Then mPDT may provide better targeting of microfoci distant from the primary lesion

· Are delivering a lower dose: so is oxygen-conserving which determines the inflammatory response and outcome

Research on Gliomas

· 3% of cancer mortality

· 6th most common cause of cancer death over age 20

· Do not metastasize outside CNS

· Surgeon has to take out more than 90% of tumor but highly invasive, difficult to see the margins

· ALA-PDT: have to use low dose or cause necrosis in normal tissue

· Passive diffusion through blood brain barrier (BBB)

· Crosses BBB better in tumor, tumor takes up a little better

· ALA transformed to PpIX

· Nicotinamide enhances results

· Metronomic dosing for PDT entails the concomitant administration of low dose photosensitizing agent and excitation light over prolonged periods of time

· Not getting all the cells with the current TX—can they ever kill enough cells?

· Single treatment after resections doesn’t help much

· But can improve outcomes with ALA mediated fluorescent guided resection: 3 fold improvement in survival

· Future of PDT

· Surgical resection of bulk tumor

· Unresectable macroscopic tumor: acute high dose PDT plus mPDT

· Technology not there yet for delivering the light

· Conclusions

· ALA is good candidate of mPDT in brain

· MPDT favors apoptosis in the brains

· Adjuvants may help

· Metronomic light delivery is a challenge

· Acute PDT can debulk the tumor

· MPDT addresses the true clinical dilemma of oxygen depletion

· Have to debulk >90% to see any improvement in survival

· Improved dosimetry is needed

Questions: 5ALA used for tiny skin tumors, Bowen’s ds—need to find balance between amount of drug and amount of light

Treatment enhances angiogenesis, activates endothelial growth factor

Biostimulation + PDT, protoporphyrin 9 stimulated within the mitochondria, has not yet been tried

THE SIGNIFICANCE OF PULSING IN THE STIMULATION OF TISSUE REPAIR AND REGENERATION BY LIGHT

Mary Dyson, University of London

· Taught med students at Guys Hospital for 34 years

· There is a big black hole in the literature, partially filled in by other forms of pulsed energy

· Why pulse?

· Evidence that pulsed LILT can stimulate tissue repair and regeneration

· Pulses stimulate cell activity: some evidence that better than continuous, but if too fast the cell will think it is continuous

· Can regulate biological rhythms or cycles

· Because we can!

· Examples

· 2hz nerve regeneration

· 7 hz bone growth

· 10 hz ligament repair

· 15, 20, 72 hz granulation tissue growth

· From tissue growth @topica.com?

· From Baxter’s book:

· Light is electromagnetic energy (EME)

· LILT is EME

· EME is the full spectrum of EMR and EMFs (electromagnetic fields)

· EMR and EMF’s interact

· These interactions affect the metabolism of organisms, including regenerative and reparative activities

· Pulsed EMR and EMRs

· Pulsed light, IR microwaves, radio waves and EMF’s are stimuli, i.e. environmental changes that organisms respond to

· Earth’s surface and the ionosphere form and electrodynamic resonating cavity

· This produces ELF (extremely low freq) micro pulsations of 0.1-25 Hz, most of the energy being at 10 HZ

· Organisms respond to these pulsations by metabolic changes

· All living organisms have evolved in an environment where they are exposed to pulsed EMR from the sun and to gravity

· They can detect many wavelengths of EMR and also gravitational changes

· Changing the pulsing can act as a stimulus

· Biological cycles or rhythms

· Yearly: solar, bird migrations

· Monthly: lunar, menses

· Circadian: pulsed light for synchrony

· Much shorter duration, e.g. milliseconds

· Theses have 3 domains:

1. Input pathways that transmit environmental signals to oscillators (e.g. EMR and or EMF variation)

2. Generation of timing signals in the oscillators

3. Output pathways that transmit rhythmic signals to the processes controlled by the oscillators

· Pulsed electromagnetic fields (PEMFs)

· ARE MORE BIOLOGICALLY ACTIVE THAN CONTINUOUS

· LOW FREQ OSICILLATING FIELDS <1.6 X QO4 HX) ARE MORE EFFECTIVE

· EMFMs in human brain

· AC fields in nerve detect3ed routinely in EEG

· DC fields in perineural system detected by magneto=encephalography using superconducting quantum interferometric devices

· DC fields, which stabilize nerve conduction, are affected by PEMFs

· PEMF variation mechanism

· An external oscillating field causes forced vibration of charged particles on the surface of cell membranes

· Membrane permeability changes occur via electrosensitivity

· Ca++ channels affects

· Cell changes

· Reversible membrane permeability change is the common factor by which electrotherapies: e.g. LILT activate cells after injury

· There are specific ion/ligand binding pathways are affected by PEMFs e.g. CA++ binding to calmodulin which produces CA-dependent signally to enzyme systems

· The kinetics of an EMF target pathway can be used to estimate the frequency range

· 10 HZ variations in the earth’s magnetic field affect biological cycles

· Do 10HZ PEMFs resynchronize cycles for body temperature, BP, sleep/activity etc?

· Could 10HZ LILT resonate with the body best?

· Can pulsing be dangerous?

· The body expects lunar, circadian and low energy gravitational changes of 0.1 to 35 HZ

· ELF of 35 to 100 HZ predicted to be damaging to immune systems by Becker 1985—thinks it causes stress

· (She has published stress and healing)

· Higher frequencies could be undetected unless of high energy and for prolonged times—if too fast body may think continuous

· There is nothing new about using light as a therapeutic EMR stimulus, often in pulsed mode

· E.g. circadian daylight, dark at night

· >4000 years sunlight used in Egypt

· Still used to treat Seasonal affective disorder

· Mammalian cells respond differently to red and blue 100 years ago, has been used to treat psychiatric conditions

· LASER became available in1960’s

· Red light can be used to destroy tissue, with stimulation of healing at the edge

· Constructive Laser LILT

· Mw power level

· Single or cluster probes

· Can be pulsed or continuous

· Have to do statistically analysis

· Monochromatic

· Collimated

· Coherent

· Red or infrared

· Light can be produced by LEDs, semiconductor P-N junctions that produce EMR (range 180nm-1mm) primarily by spontaneous emission

· GaAIA lasers: semiconductor, 780-890 nm, pulsed of continuous, typically 30-100 mw

· Biological LEDs have been in existence for millions of years

· Could be characteristic of living organisms

· E.g. matrix of bone

· P-N semiconductor diodes doped with metal ions, e.g. protein/crystal aggregates such as the collagen (n)/apatite (p) matrix of bone

· E.g. neuroepidermal junctions

· E.g. protein aggregates such as tendon, ligaments, myofibrils

· Fluoresce

· Help produce bioelectric currents using light and other forms of energy

· Help control biological activity e.g. wound healing via these biocurrents

· But what if the light they receive is pulsed?

· Cellular effects of LILT relevant to healing

· Mechanisms producing these effects

· Which pulsing regimes work?

· Why do we need to improve tissue repair?

· Delayed healing

· Hypertrophic or keloid scars

· How do wounds heal?

· Acute inflammation: increased macrophages

· Swelling is the only bad guy, beside pain

· Necessary step, acceleration is preferable to inhibition, need the growth factors that are mitogenic and angiogenic

· Chronic inflammation is bad, inhibit with drugs

· LILT accelerates resolution of acute inflammation, but will only help those with delayed healing

· Her study: He-Ne 632 ngm 6.5 mW/cm2 continuous

· 904 nm 200 ns pulses 700 Hz or 1200 Hz

· 15 min for 5 days

· All effective physical methods assist the body to heal itself.  Help by reducing inflammation

· Proliferation: granulation tissue

· See lots of fibroblasts

· 700 hz stimulated contraction by 3 days, just speeded up, pulsing

· 1200 hz did not work, was inhibitory

· Less elastic scar tissue

· LILT treated wounds are stronger and have more collagen

· LILT can stimulate growth factor release from fibroblasts

· Remodeling: scar

· Light coherence not important

· Right light works on everything

· Mast cell sensitivity varies, injured cells more sensitive

· In injured skin 660 and 820 Hz work

Mechanisms+

· The same wavelengths that stimulated growth factors

· 4 joules/cm2 most effective dose

· 16Hz?

· Causes membrane permeability which stimulates tissue repair

· Tertiary, systemic effects exist, from photons etc, via growth and nerve factors

· Red light affects mitochondria

· Infrared absorbed by mitochondria and membranes, creates NO

· Reduces edema

To get chronic wounds to heal, make them into acute wounds (debrided) then accelerate the resolutions of acute inflammation e.g. LILT

What LILT research needs:

· More double blind clinical trials

· Optimization of pulsing regime and other treatment parameters

· Noninvasive assessment of efficacy by digital photography and ultrasound biomicroscopy

· Measure the effectiveness, e.g. reducing edema

· Wound healing assessment using 20 MHz ultrasound lets you be objective, 62 microns resolution

· =High frequency ultrasound (HFUS)

· =High resolution ultrasound (HRUS)

· Use for acute evaluation

· Have to define healing: re-epitheliazation?

The Body Electric Beck, Rbt, 1985

Laser Therapy 2002 turner and Hode

Colchrane Review says there is no effect from LLLT on healing

· Trouble is they used some rubbish papers

· In the early days didn’t know what they were doing

· Need NAALT to help people design new studies

Smith’s book Electromagnetic Man

Maybe we think beyond pulses and frequency

NEURONAL RESPONSE TO INJURY

Rosemary Borke, USUHS, USA

· Overview of peripheral and central nerve injury

Peripheral nerve

· Intact neuron of a peripheral nerve

· Cell body, axon covered by Schwann cells which are separated from each other by node of Ranvier, covered by basal lamina, whole thing covered by endoneurium, end in synapse on skeletal muscle, autonomic ganglion

· Cytoplasm around nerve cell cytoplasm has Nissl substance, is the synthetic machinery for neuro transmission, see endoplasmic reticulum in Nissle substance

· Peripheral nerve injury:

· Nerve cell body and proximal axon injury: the cell changes, nucleus eccentric, cytoplasm converts to chromotolysis, which is a change from neural transmission to rebuilding

· Distal axon undergoes Wallerian degeneration = one phase that is usually efficient and fast (not the same in central nerve injury).  Schwann cells produce proteases, axon degenerated.  Macrophages gobble up the degenerated product.  (This process is not as rapid or efficient in central nerve injury.)  The macs induce the first wave of proliferation of the Schwann cells, which make a tub which will guide the growing axon.  Growth: axon sprouts; this causes the second wave of growth of Schwann cell.  The Schwann cell is the hero; it attracts, it sticks, it nurtures.  If some of the sprouts get caught between basal lamina and .., get blocked, turn into neuromas and die.  

· You never go back to pre-injury levels, depends on injury and environment.

· Factors affecting the outcome:

· Location:

· Brainstem

· The closer to the neuronal cell body, the poorer the prognosis for regeneration, re-innervation, functional recovery and neuronal survival

· Close to the target site of the nerve fibers: better results

· Age of patient:

· The younger the rat the worse the outcome, lose the neurons

· After development: better chance for neuronal survival, better than adult

· Schwann cell reaction to postnatal axotomy: study of rats: 10 day old immature vs. 21 day mature

· In the 10 day old immature rat: had increased apoptosis just distal to the injury and proximal to bifurcation of nerve to two branches, 50% of neurons died

· 21 day old rat: over 95% of neurons lived: only had rate apoptosis

· Types of injury:

· Crush: connective tissue sheath intact, better prognosis

· Transection: better if ends can be re-aligned

· Nerve resection: poorer outcome

· Studies: rats facial nerve

· Crushed for 90 sec, treated with laser daily for 5 days

· Different wavelengths: 632 or 633 nm was optimal for regeneration—increased the rate of nerve regeneration

· Nerve transection: laser saved 2/3 of neurons

· Also improved rate of regeneration

· CGRP enzyme good for predicting regeneration: peaks at less than a day and then at 8 days in 21 day old rats, no peak in 10 day old

· With laser therapy CGRP mRNA increases at 11 days post-transection

Laser photostimulation 633 nm

· Upregulates

· ?

· ?

CNS injury

· =Disruptions of the long fiber tracts that originate and end in the CNS

· Types:

· Spinal cord injury: 11,000 per year, most otherwise healthy

· Brain trauma: MVA, war, family violence, all ages, any health status

· Brain tumor: incidental damage due to growth, most are glial except some neuronal in young children

· CVA: mid to older age person

· Why does central regeneration fail?

· We know axonal sprouting is less effective

· Chief culprits:

· Local environment: nonneuronal cells that respond to CNS injury that form physical and molecular barriers

· Oligodendroglia (CNS equivalent of Schwann cells) express inhibitory molecules which arrest the elongation of sprouts, the opposite of Schwann cells

· Microglia and macrophages release cytokines: causes chronic inflammation

· Induce scar formation = astrocytes, glial progenitors etc, trying to maintain blood-brain barrier

· Oligodendroglia do not form scaffolding or tube to guide the growth

· Long tracts end on another axon

· Peripheral nerve injury has limited variable chromotolylsis of nerve cell

· Not as good degeneration of distal axon, and when growing axon runs into these degenerating components, they are arrested

· Astrocytes cause scar formation, the scar forms a physical barrier

· Glial progenitor cells release inhibitory chemicals

· Strategies for CNS regeneration:

· Because problems are multifactorial, combined strategies have value

· Manipulate growth-inhibitors

· Genetic engineering

· Neurotrophic factors

· Antibodies to growth inhibitory molecules

· Low power laser

· Activate growth promoter

· Schwann cell transplants 

· Electrical stimulation

· ?

· ?

· Much has been done in the past decade, looking much more positive

· The research is 10 years ago, they are now doing something different

STRATEGIES FOR IMPROVING PERIPHERAL NERVE REGENERATION AFTER SEVERE LESIONS: THE POTENTIAL ROLE OF LOW-LEVEL LASER THERAPY

Stefano Geuna, University of Torino, Italy

· Laboratory research

Why?

· Nerve fibers are subject to trauma

· CNS injuries 11,000; peripheral nerve injuries greater than 50,000

· Peripheral nerves (PNS) regenerate (can) spontaneously

· White matter fascicles (CNS) do not regenerate spontaneously

· His thesis

· PNS regenerate more but almost never completely

· CNS regenerate less, but almost never nothing at all

· Because of this, both situations warrant rehabilitation

Peripheral Nerves

· Mild lesions do not require surgical repair

· Severe lesions require surgical repair

Surgical repair to re-establish nerve continuity

· No substance loss: suture, quite good but not lined up

· Substance loss: more complex, 

· Nerve graft (usually sacrifice a totally sensory nerve, like the sural nerve)

· Stabilization: biological tube which allows the fibers to grow

· Most severe: no more cell bodies, still have the distal nerve, or have the nerve cell but no distal nerve: can graft onto another nerve

Postsurgical rehabilitation

· Drugs

· Hormones

· Immunosuppresants

· Gangliosides

· Ca channel blockers

· Neurotrophins

· PT

· Exercise 

· US

· Electrostim

· Magnetic fields

· Hyperbaric oxygen

· Laser

· Others: stem cell transplants

Critical analysis of the literature on experimental studies for post-traumatic or other peripheral nerve injuries:

· Ten studies

· Rabbit studies more similar to humans, rats regenerate better than both: 80% rat, 20% rabbit, 70% mild nerve lesion

· Laser: more recently using semiconductors, 83l8-904 nm, -.31 to 162 J/cm, 90% continuous, 10% pulsed

· Treatment protocol: begin on first posttraumatic/operative day, 5-28 daily applications transcutaneously

· Outcome measures: functional evaluation, electro physiology, morphology

· RESULTS

· 90% laser increased nerve repair process

· 10% no detectable effect, but study limitations

· 7 labs around the world

His study: worst lesion: transection requiring surgery, then laser after surgery, used rats, complete transection of left median nerve, repair by end-to side neurrorhaphy on the ulnar nerve, measured by grasping (only nerve that does)

· 3 times a week for 3 wks

· Continuous emission InGa(Ai)As laser 80 nm, 29 J cm/w

· Pulsed emission 905 nm, 40 J/cm2 Incas laser

· 4 groups: sham, continuous laser-TX, pulsed laser-TX, continuous pulsed combined laser TX

· The best results were with the combination of continuous and pulsed laser, next best with continuous, only a little improvement with pulsed, took 16 weeks—functional results combined gave 50% of normal function

· Muscle weight with the combined treatment was the same as control, as normal, the untreated lost 50% of mass

· The nerve fiber was 50% of normal size in the combo treated group

· SUMMARY:

· Faster myelinization

· Faster recovery of muscle trophism

· Faster recovery of lesioned function

· What does LLLT do?

· Stimulation of CA++ release and ATP synthesis

· Neuroprotection, up regulation of TGF-beta 1, CGRP

· Promotion of Schwann cell proliferation

· Activation of the sprouting program distributed along the axon length (usually repressed)

· Early post-operative laser therapy should be regarded as a very promising rehabilitation tool for improving nerve regeneration after surgically repaired severe nerve lesions in patients.

FURTHER DEVELOPMENT IN THE TECHNOLOGIES OF RECONSTRUCTION AND CELL TISSUE ENGINEERING FOR THE TREATMENT OF PERIPHERAL NERVE AND SPINAL CORD INJURY

Shimon Rochkind, Tel Aviv University, Israel

· 600000 new peripheral nerve injuries per year in USA and Europe

· 632 nm and 780 nm low power laser irradiation for nerve tissue regeneration and repair-have found these to be best

· Direct laser irradiation on the injured nerve showed immediate increase in electrophysiologic activity

· Doing intra-operative clinical use of laser after nerve repair, microsurgical TX, showed laser TX caused immediate positive effect electrophysiologically, the laser was protective

· EMG recordings before and after laser treatment

· Laser irradiation decreases or prevents scar tissue formation at the site of injury, must do immediately, one week too late

· Increase in axonal growth, total number of axons and large diameter axons (marker for quality of regeneration)

· Intact muscle versus denervated muscle, temporarily protective effect of the laser, creative kinase activity higher n irradiated

· Earlier return of choline acetyltransferase fluorescence

Movement and sensation are both important

Clinical trial: 780 nm laser TX for long term (>6 months) incomplete peripheral nerve and brachial plexus injuries

· 780 nm laser 5 hours per day, 3 hours on peripheral nerve and 2 hours are associated spinal cord, daily for 21 days

· MCR score for mean motor function, 5 normal

· Placebo approx 2

· Laser 3.5 functional activity

· Statistically significant

· Improvement motor unit recruitment: mean of all examined muscles

· Conclusion shows enhanced recover of patients with long term incomplete PNS injury

Complete PNS injury: results in total paralysis, need nerve graft reconstruction

· Defect larger than 1.5 cm needs a graft

· May need up to 20 cm graft (sciatic nerve)

· Types of injury: stab, 

· Longer grafts, poorer results

· Results: 0-2 cm 80% recover muscle power > 4 

· 2-5 cm 78%

· 5010 cm 62%

· >10 cm 25%

· Problem is nerve plasticity

· Therefore, interfascicular nerve grafts reconstruction can progressively improve nerve function in PNS, leading to significant functional recovery, which depends on the length of the graft.

Using biodegradable composite co-polymer guiding neurotube for the TX of complete PNS injury

· Found that laser increased growth of blood vessels into the site of injury

· Tissue engineered tube, plus gel with anti-oxidants, neurotrophic and neuroprotective factors plus cultured Schwann cells

· US observation 2 months after surgery: can see tissue in the tube

· EMG: improved plantar flexion but not dorsiflexion

· Conclusion: viscous gel plus Schwann cells promoted nerve regrowth, early results of a composite neurotube.  The regenerative process is not enough; they are still working on this.

What is the role of lasers?

· Add laser to the above experiment

· 3 months later, 55% of irradiated vs. 10% non-irradiated rates has + somato-sensory evoked response

· More axons in irradiated group

Animal experiments show that transplants of embryonic nerve cells or stem cells produced axonal regrowth and some functional improvement in adult mammals.

· But big difference between rats and humans, rats can survive with only a few fibers etc

· Experiment: transplant embryonal spinal cord nerve cells followed by irradiation, traumatic paraplegia in rats

· Found axonal sprouting

· Had some partial return of function

· Then tried a new composite implant in which the spinal cord defect is significant: cells + gel + scaffold

· Tried neuronal stems cells from adult human nasal olfactory mucosa, implanted into resected spinal cord

· Also did a group where they transplanted a neural tube, and another group with a membrane

· After implant of olfactory nerve cells: some had partial movement and MRI showed parts of spinal cord with nerve regrowth

· Conclusion: innovative spinal cord implant being developed

Role of 780 nm laser therapy in spinal cord reconstruction:

· Only 4 minutes of irradiation had pronounced effect on nerve cell

· Scarring is perhaps the most important impediment to recovery

810 NM LIGHT THERAPY IMPROVES AXONAL REGENERATION AND FUNCTIONAL RECOVERY FOLLOWING ACUTE SPINAL CORD INJURY

Kimberly Byrnes, Georgetown University, USA

· 11,000 new cases year

· 55% between 16-20 y/o

· 46% in the thoracic or lumbar region

· Her interest is in the secondary injury

· Demyelination

· Axonal degeneration

· Neuronal death

· Cavitation

· l\glial scarring

· Inflammation

· Cytokines

· Cell invasion: neutrophils, macrophages and activated microglia

· All of which exceed the injured area

Treatments

· Current

· Anti-inflammatories: methylprednisolone

· Removal of inhibitory factors

· Growth factors 

· Transplantation

· Light therapy in low doses can have stimulatory effects

· Increases DNA< RNA and protein synthesis

· Improves axonal 

· High dose > 10 J/cm2 can have the reverse, negative effect

Hypothesis: transcutaneous application of light promotes axonal regeneration and functional reenervation of spinal cord neurons following transection in rats

· Can light penetrate the spinal cord?

· 810 nm, 150 mW laser, measure penetration: got 50% transmission through tissues, except higher in blood

· Got 9 mw to spinal cord

· In vivo measurements showed a peak of wavelength for deep penetration at 800-810 nm

· Conclusion 810 nm light optimal to penetrate to spinal cord

· Transected rat spinal cords

· 810 nm 150 mW, 29 minutes, 57 seconds, 14 days = 1589 J/cm2 per day

· Through a fiberoptic fiber that gave a homogeneous beam

· Found increased axons distal to the lesion 5 wks post injury

· Laser treated had 9 mm of growth past the lesion, control had 3 mm???

· 10% actual axonal regeneration in laser treated group

Spinal cord injury and function

· Laser treated were able to cross a ladder faster, but had the same number of “foot falls”

· Conclusion: laser improved some locomotor abilities

Most recent work: determine optimal parameters for light therapy:

· Number of days: no difference between 14 and 2

· Improved if did 7 days of TX after the injury over the injury and then moved it distally

· 24 hour delay in TX after injury does not seem to make a difference

· Laser affects over 200 genes involved in spinal regeneration

Summary

· 6 hours post injury: neutrophils invade, cytokines?

· 48 hr-14 days: macrophages and activated microglia invade + astrocytic activation leading to scar

· Light alters gene expression after injury

· Cytokines decrease

· No decrease in neutrophil invasions

· But significant decrease in macrophage and microglia invasion

· Decreased inflammation and scarring

· So improved axonal regeneration and functional recovery

LELI FOR ACUTE STROKE

Jackson Streeter, PhotoThera, Inc. USA

· One stroke every 45 sec in NA

· 1.8 million new strokes per year in industrialized

· One FDA approved TX is TPa

Strokes:

· 85% ischemia

· 15% hemorrhagic: 50 % die within 3 hours

· Time is the critical element of stroke TX

· Tpa can only be used w/I 3 hours or make worse

Technology

· Laser through skull to cortex, 

· Absorbed by mitochondria, (not removing clot) which increases mitochondrial viability and activity, 

· Stimulates over 100 metabolic reactions (increase ATP, neurotransmitters, decrease apaptosis

· Results in neuroprotection

Human studies

STAIR (stroke therapy academic and industry roundtable) Criteria

· Appropriate animal models

· Functional tests more important than imaging

· External lab validation

· “Exposure”

· Time window

Their additional criteria:

· Effective in human neurons in vitro

· Able to deliver required amount of energy in man

· Work in a clot model (rabbit clot model)

Rabbit MCA Occlusion: filament threaded to block MCA, inducing and infarct

· Can delay TX up to 24 hours and still show efficacy

· 808 nm, 10 mW/cm 2, 1.2 joules

· See efficacy at 2, 3, 4 wks after a single treatment, significant at p<0.0001

Questions:

· Hemorrhagic stroke? Have shown benefit in 6 animals

Need 150 joules to get warming and increased blood flow.

EFFECT OF LOW POWER 655 AND 830 nm DIODE LASER IRRADIATION ON THE NEUROMUSCULAR JUNCTIONS OF THE MOUSE DIAPHRAGM

Renata A. Nicolau, Rovira I Virgili University, Spain
· Studies neurotransmitter release in neuromuscular junction of mouse diaphragm

· 4 and 12 J/cm2

· Intracellular end plate potentials measured

· Conclusion: red irradiation in these doses has no detectable physiological effect on the motor end-plate neurotransmitter release in mice

· But it did induce a reduction of evoked Ach released, which may explain the muscle relaxation effect

VETERNARY APPLICATIONS

Melyni Worth, NAALT, Thor Laser, Waynesboro, VA

· OCD osteochondritis dessicans 2 w laser cluster probes, 5 beams, return to work in 6 months

· Laceration of shoulder deltoid mm, used LED cluster, did not get the expected excessive granulation tissue (proud flesh), which is the normal problem in young thoroughbreds.  Initial dx was that she would never be used again, after this at 28 days went back to training.

· Heel injuries common in horses, back foot walks on front—laser is tremendous for this injury

· Laser on acupuncture points; horses more sensitive to acupuncture than even to laser

· Vets don’t use lasers as much as owners do, legal for nonveternarian to use about ten on market for veterinary TX, all the large barns have

· Dogs: hip dysplasia and cruciates, also post-surgery, laser to stop dogs from licking sutures

· Mastitis in cows, cuts from milking machines

POSTHERPETIC NEURALGIA AND POST-OPERATIVE PAIN

James Carroll

· He runs Thor lasers, is a physicist

· Kevin C. Moore MD, Laser Therapy Clinic, The Royal Oldham Hospital has done two studies

· Subjects: duration > 6 months, little or no response to conventional TX, random allocation

· 830 nm, 60mW continuous, triggers 8 seconds 0.48 joules, 3W/cm2

· Did a grid over the painful region, 2 cm apart spots single point laser so the treatment took 20 to 30 minutes

· 4 treatments, groups got both but in different order

· Used pain intensity comparison VAS

· To get rid of pain takes up to 3 months

· But significant reduction in pain after 4 TX

· Mechanism?

· Don’t know?

· Nerve conduction

· Decrease in bradykinin

· Body surface temperature increased measured

· Summary: decreased cost 28%

· Discussion: easier in more acute, Japanese say the ones are the trunk are easier than on the head and neck

· Discussion: others also treat the nerve root, others do the stellate ganglion, Karen teaches to do local first then nerve root then progress to stellate ganglion if no response

· Kevin now retired, Paul Cook runs the department

· Another laser cluster paper

Postoperative pain:

· Problems with analgesics: side effects etc

· 20 patients, cholecystectomy (open)

· Randomly allocated

· Single laser TX in recovery room

· 830 nm, 60 mW continuous wave, 8 sec, 3 W/cm 2, 24 J/cm, 0,48 J, 1cm grid, 6-8 min TX

· At 12 hours 25% less pain

· At 48 hours 75% less pain

· Conclusions: pain decreased 50%

· Mechanism?

· Reduction of inflammation

· Less swelling and stress on the stitches

· Japanese showed in cell culture, high energy reduces ATPase, can increase threshold for C fibers

BONE HEALING

Karen Carroll

· Single case study

· Rib fracture: most common just anterior to the rib angle which is the weakest point

· 4th to 9th fracture the most common

· Typically heal in 4 to 6 weeks

· Elderly at risk of complications

· TX of 41 y/o female with 6 month non-union of clavicle (5 mm separation), minimal displacement

· 3 months of laser therapy resulted in callus formation

· Daily TX for 2 wks then 2 times weekly for 10 wks, then weekly

· 200 mW IR probe, 45 sec per point on continuous along line of fracture, firm contact, angled towards the fracture.  Use rotation of the arm to ensure good exposure

· 9 J per point, approx 10-12 points

· Warn to expect some discomfort over the fracture site, if too painful then reduce treatment time

· Observed effects:

· Increased osteoblast formation

· Increased chrondrocyte activity

· Earlier deposition of calcium salts

· Increased angiogenesis around fracture site

· Increased calcium, phosphate and hydroxyproline in irradiate bone callus

· Increased debridement of necrotic tissue by fibroblasts

Discussion: laser helps bone remodeling and integration of ceramic chips in dentistry

Discussion: in horses can suppress callus formation if treat in 24 hours, when trying to for nonwhite bearing bone

Discussion: post-hip replacement hardware loosening???? No one commented that they had tried

EXPERIENCE WITH TREATING DIABETES AND CHRONIC WOUNDS

Dick Kolt

· Entrepreneur, not a health care provider, background in physics

· Recuperating from numerous sports and other injuries

· Tucson, Dr. Lenny Rudman?  Chiropractor who only does LLT, treated 3 times for frozen shoulder with complete resolution of symptoms

· Showed him results from 18 month old with 3rd degree burns on hands from curling iron, complete resolution

· Treated a child who fell in a fire pit with a polar fleece jacket, 3rd degree burns from neck to wrists

· First treatment allowed him to sleep through the night for the first time

· Resolved claw hands and stooped posture within the first week and resolved pain

· Treated burn patients in Mexico for many months

· Treated diabetics, treating 30 to 100 patients a week, treats 3 times a week, initially but now does once a week

· Went to Finland, Dr. Anu Makalah?, good results treated 2 or 3 times a month, also showed him treatment of Alzheimer’s, she also makes acupuncture lasers

· Doesn’t think there is a difference between laser and LED light and that light will heal if it gets into the body

· Healed gangrenous lesion by 25% in 3 months, duration 25 years

· Creosote plant in the desert, “sugi” made from this, also using to treat the ulcers

· Has treated psychotics successfully with laser acupuncture on head points

· Points treated on diabetics: pancreas, kidneys and liver or if too obese, treat on leg

· Parkinson’s disease, treat on brainstem

· Stretch mark, scars

· Now is building LED’s to sell for removal of stretch marks

· He does not use laser but LED

· 635 nm to 820 nm infrared, he is going to change to 660 nm

WOUND HEALING

Anita Saltmarche

· Pressure ulcers and wounds are common, costly, painful and have multiple negative consequences 

· Clinical nurse specialist, geriatric previously

· Now with MedX of Canada

· Wound care study she participated in

· Purpose of evaluation: to assess the effectiveness and feasibility of incorporating phototherapy for wound healing into a standardized wound care program

· Extendacare has facilities in Canada, Europe, and 246 in U.S.

· Canadian results:

· 9 week study

· Randomized controlled not feasible, enrolled if met criteria:

· Informed consent

· Physician order

· Wound: pressure, venous insufficiency or diabetic ulcers

· Stages 1-4

· Infected wounds, excluded gross infection (phototherapy can increase the proliferation of some organisms and decrease that of others)

· Pregnancy

· Residents classified as palliative care were generally excluded

· Staff education:

· Pre-requisite wound care course (must have good wound management in addition to this TX)

· Formal 2 hour classroom education program

· Weekly on-site update meetings

· Photo therapy equipment

· MedX 100 console: 2 16 laser diode clusters (785 nm each diode 5mW = 80 mW)

· A laser probe 83 nm 50 mW

· Did not alter resident’s scheduled dressing changes

· Phototherapy protocol:

· Week 1: daily x 5 days

· Week 2-9 wk: 3 times per week

· Post closure: 2 times per weeks x 2 wks

· Preventative: weekly

· Primary outcome measures:

· PUSH tool 3.0 score: length, width, amount of exudates and tissue type, done weekly

· EZ graph tracing every 2 wks

· Photographs every 2 wks

· Secondary outcome measures:

· Staff perception of effectiveness

· Survey: impressions of effectiveness and “do ability”

· All nursing staff pre (after education) and post (end of study)

· Effectiveness of educational programs

· Results:

· 16 residents, 23 open wounds and 4 closed wounds which the staff considered at risk (though not part of protocol)

· 9 wounds

· Number and duration of wounds: recent to greater than 2 years

· 57% chronic wound (>3 months?)

· 82% open wounds

· Predominantly pressure ulcers

· Push Scores based on EZ graphs and wound assessment, directly correlated with wound closure rates except in 2 wounds with higher exudates

· Results
50% resolved?

· Staff impression overall usefulness 85%(very)

· Battery operated would have been useful

· Overall 61.8% of 21 wounds had >50% closure

· 42.8% achieved complete closure

· None of the wounds got any worse

· 23% no change

· 2 venous insufficiency ulcers had no change: did compression bandaging after project done, did compression + phototherapy and healed, duration of these wounds were > 6 years

· 4 “at risk” lesions never opened

· Similar healing rates with acute and chronic wounds

· Learnings:

· Can very effectively treat black eschar on the heel in the younger, but when you treat the eschar becomes boggy and then easily removed, easier debrided, don’t know how deep the wound is.  Sometimes these wounds are deeper than you want to deal with.  Was appropriate in younger, more viable patients.

· Should ask, “What is the goal of treatment?”

· If nurses do the treatment it is per diem care, but additional fee if a therapist does

· If patients developed an infection, they stopped, debrided put on antibiotics

· In the US did the same study with infrared laser with the same results

· Now would teach a infrared laser rather than visible red and treat around the wound

· Continuous, no pulsing

· Now she believes that a phototherapy holiday is a good idea, back off and watch what happens, holiday of at least a couple of weeks, and if continuing to heal, continue the holiday

· Dose for “at risk” was 2 to 4

· Look in the Journal for which germs are affected positively and negatively

TREATMENT OF NEUROPATHIC PAIN IN THE HEAD AND NECK REGION

Paul Bradley MD DDS ENT, Nova Southeastern University, Fort Lauderdale

· Oral ulcerations

· Problem can be devastating in bone marrow transplants etc

· LILT therapy

· 820 nm 200 MW and 660 NM 15 MW

· Acute aphthous ulcers, nasty variant giant aphthous ulcer, 2 joules, resolves in 1-2 treatments

· Chronic dermatosis around the mouth, one minute per point, home laser, uses every 3 months

· Lip fissures, common in Down’s syndrome

· Pemphigus vulgaris: now controlled with prednisone and azothioprine but oral ulcers: used combination of red and infrared, resolved in 8 TX in 3 wks, 2 joules per point

· Crohn’s disease with mouth ulcers: probe in mouth with a sheath (660 nm 5 mW to treat at home, if treated before she broke down, like cold sores, when she started to tingle)

· Home laser 66- nm 5 MW for ulcers, pain

· Lichen planus, erosive, unresponsive to steroids, can resolve after about 8 TX

· Angioedema secondary to labial ulcer: treated the ulcer and the lymph nodes, virtually healed the next day

· Glossitis post radiotherapy with good resolution, also resolved submental edema

· DM post extraction osteitis

· 20 cases of persistent painful oral ulceration unresponsive to conventional TX: 

· 19 healed completely after max 5 TX

· Usually pain relief after 1-2 TX

· 820nm 200 ms 4 J per point 32 J/cm2 continuous wave

Study of in vitro tissue penetration

· 200 mW 820 probe spreads laterally to 5.5 cm diameter, though highest energy within 1.5 cm

· Bathe the whole area in healing 

Now a group in Seattle looking at oral ulcers

Looking at whether can treat radiation stomatitis with the mouth closed

NEUROPATHIC PAIN:

· The pain is in the nervous system itself

· Peripheral sensitization

· Central sensitization

· Clinically see hyperalgesia or 

· Allodynia (nonpainful stimulus causes pain)

· Spontaneous pain: burning/lancinating

· Phantom limb pain: more than 60% have

· Treat over the stump

· Left with the feeling of an aberrant position of the missing limb, but could remove with a TENS unit for 8 hours

· Common to have pain after prolonged dental treatment, especially after nerve removed, local anesthetic does not relieve because the pain is in the brain = de-aferentation neuropathic pain,

· Most commonly a dull aching pain

· Nonspecific MRI findings

· Responds well to LILT

· Trigeminal neuralgia commonly has trigger points

· Treat well with LILT

· Herpes zoster

· More difficult to treat on head and neck

· Acute treatment is more successful

· Radical neck dissection

· Some with resulting terrible local pain

· ? Reflex sympathetic dystrophy or regional pain syndrome

· Fibromyalgia can occur in the head and neck

· Associated with abnormalities in serotonin, can’t make 5HT from precursors

· Can help with LILT

· Did double blind study of magnetic beds

Neuropathic pain

· Patrick Wall from UK, was a leader in this field

· Gate theory of pain 1965

· Gate does not want to be opened too much, the brain wants it rationed

· Inhibitory tracts to diminish pain

· The gate for spinal pain is in the dorsal horn

· The gate for head and neck is in the CN 5 cell 

· Once NMDA receptor is activated there is a 25 times amplification of the pain signal

· Modifying action of a-beta fibers: this is why rubbing oneself diminishes pain

· Can the laser do something with this?

· Through action on ATPase can act on B and C fibers

· Can partially block acupuncture with naloxone? 5HT also there

· Irradiation of blood helps pain ?by modulating serotonin

Nocioceptive System:

· Downregulation: 

· Beta endorphin production

· Inhibitory tracts: serotonin, noradrenergic, gabanergic 

· Placebo response

Inappropriate Pain

· Enhapses

· Demyelination, or any abnormal myelination

· Circuit overload

· Amputation phenomena (neuromas etc)

· Retrograde sympathetic input

· Memory loops

· Sensate focusing

· Failure to disconnect

· MS: demyelination

· Idiopathic oralfacial pain:

· 805 of pt also have chronic neck/low back pain, migraine, pruritis, IBS or DUB

· Have a vulnerable neurochemistry: reduced urinary excretion of conjugated tyrine sulphate demonstrated

· Lower pressure point thresholds

· Vulnerable people

· Do very well with lasers

· Drugs

· Naiads resolve 25% of pain

· Neurontin

Lasers

· Standard mode: continuous wave

· Acupuncture mode: pulsed

· His theory: over painful focus use continuous wave, 2J per trigger point, no more often than once a week or will make worse.  Can use cathode, find nerve output, and pulse over nerve outputs.  Can we train the brain?

· Acupuncture 2-10 Hz for manual stimulation

· The only way to attract CNS is with pulsing – this is his opinion

· Entrainment of frequencies in the brain

· Trigeminal neuralgia: trigger point, pt. holds cathode

· Treated 30 patients

· Unresponsive to meds, not eligible for surgery

· 80% show clear improvement

· Able to reduce carbamazepine to 100 mg qd to bid, 2 able to dc

· Need for retreatment at 6-12 week intervals

· Better results with atypical facial pain 

· Shingles: 

· 1st division of 5th cranial nerve most difficult to treat

· 70% reduction in pain with TX

· Has a neurometer to check the C fibers: 

· Changes in sodium potassium Atlases: low energies stimulated, in pain need more than 4 Joules to treat pain

· See handout for treatment protocols
· Discussion: not sure whether more frequent treatment with lower strength home lasers is the same

NEW STEPS TOWARS AN UNDERSTANDING OF THE MECHANISMS BEHIND PHOTOBIOMODULATION

Lars Hoed

· Physicist from Sweden

· History from 1967

· Sunlight contains photons of all energy levels from ultraviolet up to far infrared

· If the sun is not an efficient TX modality how com e we have clear biostimulative effects from so many different types f light

· Lasers of many types

· Light emitting diodes

· Polarized broad bank light

· Every radio waves

· Example of non ablative skin rejuvenating 532 nm green

We are not looking for one mechanism but many mechanisms!

· “The Handbook of Laser Therapy: his and JanTuners later

· lars@hode.com
Are the biostimulative effects laser specific?

· All forms of light affect the living organisms

· Laser is characterized by its very narrow band and much more coherent than light from any other source

· Laser speckles: is a form of optical noise, can be real or virtual

· Real speckles manifest in a patient’s tissue during irradiation with laser light, it arises as a result of interference between different beams with a random direction, amplitude and phase

· Possible primary mechanisms: relate to the interaction between photons and molecules in the tissue

· Secondary mechanisms relate to the effect of the chemical actions brought about by the above

· Polarization effects: most lasers do not have polarizing filters, but often diode laser by their nature are polarized—has effect on wounds, burns, etc

· Light in laser speckles is polarized

· Accepting that laser light gives rise to areas of polarized light in tissue, what is in the body that reacts to this?

· Some tissue makes singlet oxygen

· As result of speckles, points of light power which can be between 5 and 10 times the average strength

· The effect of heat development in the tissue

· How important is this?

· Macroscopic heating: heat lamp has output of 50-100 watts

· Therapeutic laser often has output of 5-100 milliwatts

· The microscopic heat effect by lasers: the speckled light distribution causes local temperature differences, in other works when tissue is irradiated with laser, a microcirculation will be initiated.  A temperature difference across a cell membrane can cause a gradient which causes changes in physical properties e.g. lasers can be used as tweezers to move particles

· Rubinov’s research showed that he could cause self-organization of particles, including lymphocytes, erythrocytes???

Laser light penetrates skin or mucosa causing diffuse scattering in tissue gives

1. Polarized light

2. Speckle has small volumes of light with high power density

3. Speckle pattern has neighboring parts with very low-density energy?? Intensity—high difference in light intensity levels

· All these primary effects are laser specific because they are caused by interference, which in turn depends on coherence.  He is completing research, which shows a helium-? Laser can be used at lower power than a diode laser for the same result.

· Photon absorption is important too

Tiina Kuru has put forth 5 hypotheses

· It is likely that more all of them take place at the same time

· Doses make a difference?

Non-coherent sources:

· LED instead of laser: easier to power electrically and mount mechanically, and cheaper

· At least some of the biostimulative effects in vivo are laser specific

· He has not found even on single study indicating that noncoherent light is as efficient as coherent light

· Studies do not indicate that LED therapy for suitable indications and with sufficient energy density is inefficient

· Whenever compared, coherent light has come out on top

We will probably never known all the mechanisms

10% of humans and animals are resistant to laser therapy---don’t know why?

What are the mechanisms for the systemic effects?

How come that CO2 laser works when it penetrates less than 1 mm?

Discussion:

· 100 mW laser, what is the power of the speckle? —No one can say.  Depends on the coherence, if good He-Ne laser with good coherence, can have 100x peaks, but then also depends on the tissue irradiated

· Fiberoptics: most fibers reduce the length of coherence, but still better than diode lasers that have less coherence

· Can illuminate visible laser light on wall and see if you have speckles

· There is a lot of interest in the DC current present in the human body

· Moving the laser over the surface may decrease the gradients caused by speckles.  Many of the reactions we are looking at take place very quickly.  It is impossible to keep the tissue still.  Within the speckles there are standing waves.  The speckles can be in and outside the cell and across cell membranes.  The movement compared to the size of the speckles is large

· With coherent light it is possible to take two laser beams and illuminate tissue, there will be a random scattering immediately, so lose the pattern you would see without tissue, Rubinov has done this

· When the laser beam goes into the tissue, it does not become incoherent, but it does shorten the coherent length

· Speckles prove that the light is coherent

EFFECTS OF LOWER POWER IRRADIATION ON CARTILAGE TISSUE

Brian Wong MD, PhD., Beckman Laser Institute
· Division of Facial Plastic Surgery, ENT

· Work at UC Irvine

· His focus is cartilage

Cartilage

· Both soft and hard

· Structural support

· Shock absorber

Cartilage regeneration

· Other literature using heat to re-form cartilage

· Hot interactions 308 nm, 2.12 um-2.98 um

· Reshaping 1.34 um

· Regeneration

Thermal cartilage surgery in orthopedics

· He has no affiliation with any companies

· Laser and radiofrequencies

· Heat is still controversial in clinical orthopedics

His interest is in rhinoplasty, changing the shape of cartilage, which is less invasive than current TX modalities.

· Early study used a laser to cause ablation craters, which showed increased proliferating chondrocytes at the edge of these lesions

· French: erbium- gas laser: heat deep cartilage in the ear, creating an injury, animal studies, showed proliferating chondrocytes 6 wks later.  It is not clear what kind of cartilage is being formed, but appears to be stable cartilage.

· Laser tissue stimulation: tissue growth, regeneration, collagen synthesis

· Photothermal tissue effect, demonstrated in soft tissues

· These have been primarily in vitro experiments

Questions:

· Can heat alone generate this proliferative response?

· Is a laser needed?

“Growing cartilage with light”

· Lack of adequate cartilage

· Need to revitalize cartilage

· Cost of growth factors and difficulties clinically

Cell cycle:

Hyaline cartilage (human nose, rabbit nose, pig nose)

Research:

· Nd:YAG laser: optimal penetration in cartilage

· Also CO2 laser

· Different doses

· Try to remove any other heating: Tissue irradiated on a bed of needles

· Central intense heating causing necrosis, outer no thermal effect and between causes proliferation – wanted to define

· Find a ring of photothermal stimulation

· Laser spot size was 5 mm, but appears to be a heat conduction effect with prolonged irradiation times

· Results indicate the presence of a dividing population of cells located peripherally around the region of laser irradiation, agrees with previous research

· Laser irradiation heats the tissue but also alters the matrix which leads to changes in mechanical properties

· If you can get chondrocytes to activate, even old (in the elderly) chondrocytes will create new matrix

· Compared with pure heat: heated metal rod

· Compared with mechanical effects: crushing and scoring

· With these other effects, do see some chondrocytes reacting but may be a response to removing the tissue from the animal

Currently looking at gene expression for collagen I and II generation

Time, age, wear and tear lead to cartilage degeneration

· Possibility of doing laser spots in damaged cartilage to elicit a reparative response

· Fractional laser irradiation has been done on skin: 75 u? Spots, results in rejuvenation of skin

· May have applications in RA, OA, torn menisci etc

Discussion:

· Unknown the interaction between dead cells or apoptotic cells or cells with disrupted membranes

· The hot rod: no cell response; probably don’t need cell death to get response

· The problem is emulating an optical temperature distribution with a non-optical method

· Ideally with decrease the laser dose, lose the effect, at the lowest level with response you do get some cell death

· There is some research that shows that altering the matrix around a chondrocyte will activate it, getting it “out of its sleeping bag”

· Is being used on athletes already

THE IMPOSSIBLE DOSE – HOW CAN SOMETHING SIMPLE BE SO COMPLEX?

L. Hode, Swedish Laser-Medical Society
The dose is the most important parameter in photobiomodulations

A two dimensional per distribution on the skin will cause a 3 dimensional tissue response

· Are we using the same terms?

· E.g. injury 2 cm under the surface

· Calculate the dose need the total energy emitted and the area that this energy is distributed over

· 50mW flowing during 15 seconds means an energy of 750 mJ = 0.75 J have been emitted

· Aperture of 1 mm diameter equals 0.781 mm2

· Depending on how we define dose we can have different opinions

· There is a distribution of power in the tissue, the scattering sends beyond the aperture border

· Can calculate the average dose in a surrounding circle with the area of 1cm2 (a circle with a diameter of 1.13 cm)

· If the aperture is rather small, we can say the dose is 0.75 J per point, this is especially true if the treated points are more than a dm apart

· Will we have the same biological effect if we treat 0.1 cm2 with 10J/cm2 as if we treated 1 cm2 with 1J/cm2 evenly distributed?

· You will never achieve an even light distribution over a skin surface???

· You always get systemic effects e.g. from treating rbc’s

· The most important thing is to describe the physical situation as accurately as possible so that it will be possible to repeat the experiment

· To treat the surface can use different treatments: dots, lines, serpentine etc.

· Distance of laser from the surface causes different effects: laser above the skin, in contact with the skin, or pushed down into the skin

· If you press it down you force away the rbc’s

· Arndt-Schulz law for an open ulcer: doses between 001 and 10 J/cm2 are stimulatory and higher are inhibitory

How long time should I treat?

· T = D x A (1+d)

·          P

· The dose distribution in when for different exposure times when the laser power is kept constant and the probe is held still, we see that the area involved expands

· Diode laser: not very homogenous

· A laser beam does not have to be straight and parallel, but a diode laser is never so

Example of horse with contusion: laser treatment decreases tissue temperature quickly

Questions:

· Is it reasonable to define a probe dependent and probe independent dose?

· Doses have been discussed for 30 years without agreement

· If you know your laser well and want to treat the surface, then can figure the dose, but difficult if you want to go deeper

· Can calculate the strength of the beam, but difficult to calculate/understand once it hits tissue.  Absorption, scattering, diffraction will all matter; very difficult to calculate because depends on tissue, person etc.

· Ilev: simple formula for dose calculations, need experiments on how laser is transmitted through different types of tissues, need to have standards

· Can describe the dose but need simple definitions

FIVE THINGS YOU NEVER KNEW ABOUT LASER BEAMS

James Carroll, Thor Lasers
· Wavelength

· Not always the wavelength claimed, + - 20 nm

· The narrower the range, the more expensive

· Wavelength shifts with temperature, typically 03 nm per degree C

· If you believe that wavelength is critical to your research: have your laser wavelength tested preferably at operating temperature

· Power

· The power can diminish with the minutes that the equipment is turned on, within 3 minutes, esp. LED cluster probes

· Beam Area Measurement

· Laser beams are rarely round

· Often not of uniform intensity

· Can have “flat top” or Gaussian distribution

· How far out do you measure the end of the light distribution

· Diode lasers are not always elliptical or Gaussian

· How do manufacturers work out the area of their beam? Most often don’t have the equipment to measure.  Expect inconsistency

· Irradiance

· If you believe that intensity (irradiance) and energy density (dosage J/cm2) is critical

· Have you laser beam area measured with professional beam measurement equipment

· Use 1/e2 point

· Publish the method you used

· Not relevant to clinical practice

· Dosage calculations

· 500 mw x 10 sec = 5 J

· 10 mw x 500 sec = 5 J

· Though the same dosage, previous studies have shown different results

· J/cm2 is the same

· Have your parameters professionally measured at operating temperatures

· He is abandoning J/cm2

Truth claims in energy medicine

Paul Bradley MD DDS MS

· Teihard Chardin’s THE FUTURE OF MAN

· Iris Murdoch’s book

· How do you derive a moral code?

· If we could see the puppet master we would all be puppets

· Do we accept what is going on or do you look at the whole process, this is the human dilemma

· Electromagnetic wavelength 10 x 12 Hz, is resonance of the cell

Forms of energy medicine

· Oschman’s book on ENERGY MEDICINE

· The sun has been fundamental to how people feel about life, in all religions

His field was head and neck malignancy

Plato: “all western philosophy is footnotes to Plato”

· The archetypal rationalist: within the mind we have the ability to work it out

· Reason alone can provide answers

Aristotle: didn’t believe in absolutes

· The archetypal empiricist: must experience

· A good man is a happy man

Empiricism vs. rationalism

Hypocrites:

· Apollo, the god of light

· Dionysus, the god of instinct

Immanuel Kant 1724-1804

· Moral imperative

· Brought together rationalisms and empiricism

· Behave with full duty

· His opinion is that as health professionals we should choose Kant

· “Those who have been given much have a great duty”

Jacques Derrida, French, deconstuctionalism, super radical skepticism about human communication

Bertrand Russell: benevolence with enough knowledge to deliver

BRAIN-WISE: STUDIES IN NEUROPHILOSOPHY Patricia Churchland

Religions of the world:

SQUID

Thalamus: conductor of the nervous system, set frequencies for the brain, en-trains the rest

Stimulating the temporal lobe can give a sensation of being one with the universe, an “experience of God”

Certain brain areas stimulated when you give a placebo.

4 virtues of Buddhism”

· Benevolence

· Compassion

· Joy in the joy of others

· Equanimity

We need texts

“If we practice without books we sail on uncharted seas, but if we practice medicine from books alone we never go to sea.” Ostler

LASER THERAPY Hode and Turner

Acupuncturists were rationalists: was intuitive in the beginning

LOW LEVEL LASER REDUCES THE SEVERITY OF RADIOTHERAPY INDUCED ORAL MUCOSITIS AND XEROSTOMIA

Ana Ortega Lopez MD, Univ. of Hawaii Pathology Residency Program, originally from Spain
· Studies directed by Dr. Josepha Rigau

· Mucositis and xerostomia are common reasons to have to halt radiotherapy or decrease the dose

· Many topical drugs, oral drugs have been tried

· Soft laser therapy (InGaAIP laser) 685 nm, 50 mW, output power mw, application size 2J/cm2

· 3 application points on jaw, 2 buccal mucosa each side, 3 pharynx, 4 on tongue

· No application points over the tumor, did not want to activate

· 60 patients

· Radiotherapy daily 1.8-2.0 Gy, total dose 45-72 GY

· Many received cisplatinum weekly therapy

· Done in Brazil, randomized

· Most had squamous cell cancer

· Used a grading o oral mucositis, done weekly (NCI scores)

· 0=none

· 4=life-threatening

· Used a pain score, 1-10

· Salivary flow rate was measures at day 1 (basal, day 15, at end of treatment, and 15 and 30 days after TX was completed

· Statistical analysis

Results:

· NCI scores: baseline approx 0.3, without laser was 2, and less than one with laser

· Pain scores 2 without laser, 07-0.9 with laser throughout the treatment

· Salivation: without laser had significant decreased saliva production, treated with laser maintained their salivary flow rate

· Stimulated salivary flow rate: same results

Pathology slides: 

· See more atrophy of salivary gland cells and larger loss of acini if no laser therapy is given

· Radiotherapy alone: pathology shows more chronic inflammation than those who received laser treatment

· Less fibrosis, more serous cells with laser

One-year follow-up: 

· Radiotherapy alone: loss of salivary flow has been permanent

· With laser therapy: have been able to maintain their salivary flow

· Plan to follow these patients for six years

Conclusions:

· The incidence of xerostomia is significantly reduced in patients treated with radiotherapy with laser

· The use of laser in combination with radiotherapy decreases the severity of oral mucositis

· The pain associated the oral mucositis is also reduced significantly in patients treated with radiotherapy with laser

Discussion:

· Did you try to treat the cancer? No, because clinical experience suggests that the laser activates the cancer.

· Work in rats: can use ankophorin (sp?) to restore salivation knocked out by radiotherapy

· How did you choose the target spots?  Followed the same pattern of previous studies.  It is the idea of the vascular areas that supply the glands.

· Would this work after the radiotherapy is complete?  Harry Wayland has not a similar study with children, use a light box externally on the outside of the cheek, use in pt. with any kind of cancer but who develop xerostomia after radiation, they have had very good results

· Paul Bradley: many groups are working on this, but this study shows treating the salivary glands directly.  The French have treated the patient before the radiotherapy begins and have found a protective effect.  In this study the principal investigator is a radiotherapist so he does not see them before.

· Paul Bradley: Russian Skibelkin has done animal studies: laser can treat cancer.  Mikilov: cancer of esophagus: radiotherapy, no TX, LLLT; the LLLT group did the best but were creative in watching and treating the immune system, would irradiate the spleen etc.

EFFECT OF 655 nm DIODE LASER ON DOG SPERM MOTILITY

Dr. Josepha Rigau, Spain
· Sperm motility depends on energy consumption

· Laser increases sperm energy

· 655 nm continuous wave diode laser, output power 20-200 mW????

· Changed the J/cm2 from 4 to 6 to 10

· Research: four 6 y/o Beagle dogs

· 7 parameters measured for motility

· Also evaluating with hypposmotic swelling test (measure of sperm quality)

· L-Lactate metabolic capacity

Results:

· Difference between control and all the laser groups; laser improved all the parameters

· The changes were not significant statistically

Changes depended on the maturation stage and differentiation, and species

Conclusions:

· Laser with 655

· Improved motility, lasted 45 minutes

· Increased the energy level of the sperm

TREATING LYMPHEDEMA WITH LOW LEVEL LASER THERAPY

Bren Gannon, South Australia, Flinder University
· Neil Piller is the team leader, surgical oncology, school of medicine

· Review of capillary fluid balance: 

· Fluid leakage at arterial end of capillary via many small and a few large pores

· Fluids resorption at venous end of capillary

· Despite large efflux and influx, Nett transcapillary fluid leakage is small

· Edema occurs if the volume in > out

· Hypoproteinemia: nephrotic syndrome, protein losing enteropathy, plasmapheresis, starvation

· Capillary injury: burns, sepsis, toxins, allergy,

· Lymphatic block/insufficiency: filariasis, Milroys’ ds, etc

· Lymphedema = edema due to lymphatic malfunction

· Excess fluid extravasation or

· Diminished fluid removal

· Sx: heavy, painful, hot, itchy, infection-prone, disfiguring

· Appoximately 67% of initial lymph fluid is resorbed to plasma in lymph nodes

· Volume is about 12 liters a day

· Efferent lymphatic 4 L/day via thoracic duct

· Is there any resorption from interstitial fluid to plasma?  Unknown

· Clinical causes
surgical dissection, esp. post-mastectomy

· Radiotherapy

Treatment for post-mastectomy lymphedema:

· Massage, compre3ssion garments

· LLLT

Study of LLLT:

· 904 nm pulsed 5 kHZ, 200 nsec cycle 0.1%

· Average power 5mW

· Inclusion criteria: PML, > 200 cc difference in arm volume

· Exclusion: trauma, infection, unable to measure, co-morbidities

· Funded by Australian government

· Double blind, placebo controlled, single cross over design

· One machine did not work (placebo)

· Active group received

· 17 points, 2 cm space grid in axilla

· Treatment time 17 minutes

· Measures: volume of limb (perometry), tissue hardness, ROM, extracellular fluid, quality of life

· 64 participants

· Twice weekly for 3 weeks

Results:

· One course of laser: volume reduced after rx, 1 mo and 2 mon

· Two courses of laser: continuing decreasing volume CFR: 

· Bio-impedance (Imbody from SEoul) laser showed improvement

· Tonometry for tissue resistance: significant improvements with 2 x laser TX in 1-3 months in upper arm but not forearm

· Significant improvement in subjective assessment

· Conclusions
decreased volume and ECF content of affected arm and adjacent trunk

Mechanism of action:

· Rubinov's paper optical sweep of interfering AR 514 laser beams: moves large particles but not small ones

· Rouleaux-busting with 514 laser

· Am J Oncology Review 3:255-60

· Cancer 98:1114-22

A PILOT STUDY OF THE EFFECTS OF 830 nm LASER ON CULTRUED RAT DORSAL ROOT GANGLIA: IMPLICATIONS FOR THE ANALGESIC EFFECTS OF LASER

Dr. Roberta Chow, Sydney, Australia

· General practitioner who has worked with lasers since 1988, practice 90% pain, now working on her PhD, working with a rheumatologist

· Funds her own research

· Professor Patricia Armati, Dept. of Biological Sciences, Neuroscience, University of Sydney

· Patients with chronic pain who have areas of tenderness in the region of pain, often report a temporary numbness, reduction of tenderness and decreased pain afte3r laser TX

· Clinical study: significant pain relief following TX with 830 nm laser

· Supportive evidence for effect of 830 nm laser on nerve conduction and nocioception in animal and human studies:

· Increases conduction latencies in human median nerve in vivo

· Abates neuronal responses to nocioceptive stimulation in rats

· Inhibits multiple unit discharges within the peripheral nerve induced by noxious stimuli in rabbits

· What is the mechanism of action on the peripheral nerve?

· To address this question: culture model of rat dorsal root ganglion neurons

· 4 day culture, exposed to 830 nm laser at doses equivalent to using 400mW laser placed 4.5 cm above the cultures

· Laser strength was validated

· Hypothesis: 830 nm laser disrupts neuronal morphology

· Replicate cultures exposed to laser for 5 to 120 sec at doses of 1.8 to 45 J/cm2, 400mW output

· Controls not irradiated

· Stained cultures for beta tubulin—which maintains axonal structure and is necessary for axonal transport and therefore normal neuronal function

· Irradiation showed beading, representing a disruption in microtubular arrays along the length of the axon

· Appears that laser affects the small unmyelinated fibers more, i.e. C fibers

· The disruption persists and becomes more developed at 4 hours

· 2nd experiment hypothesis laser decreases mitochondrial membrane potential (MMP) –evidence of neuronal disruption

· Cultures cells incubated with JC-1, a flurometric dye

· 830 laser for 30 seconds, measure every 5 minutes for 30 minutes

· Results: laser caused a decrease in the number of high energy level mitochondria with a concomitant increase in low energy level mitochondria, cell body and axons

· Implied reduction in ATP providing a mechanism by which the microtubules are disrupted

· Implications:

· 830nm low power laser at the appropriate dose may cause reversible, non-invasive neuronal blockade which can induce long term pain reduction in patients with chronic pain

· This effect may be mediated by mechanisms proposed by Patrick Wall in which he suggests that novel techniques for blockade of axonal transport be sought for pain relief and that experimental evidence already exists in which peripheral afferent blockade may induce prolonged periods of relief of chronic pain (New Horizons-An Essay in Neural Blockade in Clinical Anesthesia and Management of Pain, Ed Cousins MJ, Bricenbaugh PO)

Discussion:

· Usually in cultures call “neuritis” rather than dendrites or axons, because can’t tell?

· Can’t tell from this study whether dendrites vs. axons, would be important to know

· Normally have been looking for biostimulatory effects, not so many have looked for inhibitory effects, maybe we should be doing more of this research

· Ye-Yag laser is quite strong, pulsed with high peaks

· C fibers may have as much as a 3-fold increase in threshold, what is happening with ATPase?

· Israeli’s: have not found what works on dorsal nerve ganglia?  Use different lasers for peripheral nerves?

· Hode: it is not just the dose that matters, power-density matters also

· In peripheral nerves, cells body are a great distant from the peripheral nerve

· Roberta Chow: one study where they irradiated the peripheral nerve (i.e. axon) and got the same results

CLINICAL ASPECTS OF LIGHT THERAPY ON LYMPHEDEMA

Lynette Barnet, Australia
· Lymphedema = edema due to lymphatic malfunction 

· Due to excess fluid extravasation overwhelms lymphatic reserve capacity OR

· Reduced interstitial fluid removal due to reduced lymphatic function

· Maybe both

· Greater than 20% incidence after surgical dissection the axilla, groin, and radiotherapy increases risk (appox. 70%)

· 150,000,000 affected world-wide (many have filiariasis)

· Often a trigger brings on: infection, long flight, burn, bite etc

· Conventional TX: massage, compression garments, pumps, skin care

Low-level laser treatment:

· LTU 904 LLLT

· Placebo controlled, double blind

· 904 nm pulsed

· Treat week 4 to 7, and 15 to 18, placebo group had placebo instead of the first treatment course

· Total energy 5.1 joules, dose 1.5 J/cm2

· Results:

· Arm volume decreased after the second course of treatment

· ECF-bioimpedance measure limb volume: significant improvements after two courses of laser treatment: in affected arm, trunk and unaffected arm.  But the affected arm bioimpedance was better after 2 courses

· Tonometry: tissue resistance: significant improvements with two courses of treatment in the upper arm but not the forearm, and also in the posterior thorax

· Subjective improvements: pain, tightness, heaviness, cramp, limb temp, size, pins and needles

· No significant difference in quality of life and ADL

· Two courses of 3 week treatment (3x/wk)

· Reduces volume and ECF content

· Increases drainage?

· Or reduces fluid inflow into the affected arm?

PATIENT TREATMENT:

· She is P.T. who specializes in lymphedema

· Explain to patient requirement for ongoing treatment

· Case presentation: s/p mastectomy: lymphedema in both arms, large pouches under both arms, sensitive raised scarring, distended abdomen, malnutrition

· Did PT: Vodder MLD technique

· Treatment twice week for 2 wks

· Then weekly for 4 wks, then q 2 wks

· Now just treat with laser, and PT every 3 months

· Results: reduction in edema, softening of congested areas, muscles relaxation and cording control, pain reduction

· Laser 40 seconds per spot, max 1 min

· Use of probe shield

· Treatment time approximately 25 minutes

· Laser: 8 positions in both axillas, plus scar areas, plus areas of muscle cording

· Can use for pregnancy induced LE lymphedema

· Discussion: very short pulses, very high peaks, very high milliwatts average, this laser type is very different, though dose sounds low, probably isn’t

· Treats from proximal to distal

LASER ACUPUNCTURE

Peter Whittaker, PhD., Dept. of Emergency Medicine, University of Massachusetts, Worcester, MA

· Trained in physics, Korean Univ. of Oriental Medicine

Acupuncture:

· Earliest texts 2200 years ago in China, archeological evidence for 3000 year

· Mummy in alps: tattoos at acupuncture points to treat observed arthritis and intestinal parasites, 5000 years old (Lancet 1999; 354: 1023-25)

· Acupuncture has always been technology driven: finger pressure, bones, needles and now lasers

· Energy (Qi) flows through the body along defined subsurface paths

· Good health requires that such flow is in balance

· Any disturbance in flow results in imbalance and hence disease

· Acupuncture regulates and restores balance by stimulating points

· 361 points along 14 main paths

· Other points have been identified over time, double the number of points

· Location determined by anatomical landmarks and a system of length measurement

· All points have empirically-determined indications

· Usually several points used at a time

· Treatment:

· History and physical

· Points selected

· Needles inserted and manipulated

· The nature, intensity and duration of manipulation determined by the specific condition

Laser Acupuncture = stimulation of traditional acupuncture with low-intensity, non-thermal laser irradiation

· Why? Decreased pain, especially useful in pediatrics, decreased risk of complications

· Have used since 1970’s

· Recent study functional MRI (Neurosci Letts 2002; 327: 53-6, Siedentopf): stimulated BL 67 point with 670 nm 10 mW: produced activation in the visual cortex, sham treatment did not

Laser acupuncture studies:

· Primarily clinical studies

· Point selection adds another variable

· Often “soft” endpoints, no necessarily quantifiable, relatively subjective

· “Dosage” of treatment never considered

· Mechanisms seldom addressed (assumed the same as needle acupuncture)

· Many variables

· Laser: wavelength, power, beam size and profile

· Acupuncture: different diseases, point selection, number of points, treatment times

· Skin properties: age, pigmentation etc.

· (J Invest Dermatol 1981 77:13-9)

· Skin surface irradiance reduced by 90% related to wavelength, visible red does not get through the skin

· Insertion of needles in acupuncture is not to a consistent depth

· Try to optically remove the skin barrier: can do by topical glycerol treatment: increase light transmission by as much as 2 times at 690 nm, can increase transmission

Current studies:

· Wide range of diseases have been studied

· Many had improper blinding and no sham groups

· Number of negative studies just about equals the number of positive studies

· Difficult to draw conclusions

Tried to step back to prove the use of laser acupuncture:

· Find an animal test model

· Single treatment point

· Quantifiable endpoints

· Examine mechanisms

Their study:

· Rats: tail flick meter an measure of analgesia, heat source

· Baseline measurement, 2 hour waiting

· 690 nm, 130 mW, 2 minutes—used this because wanted sufficient penetration

· Used SP 6 and ST 36 for laser acupuncture, and also irradiated the tail in general is a different group

· Ten minutes later tail-flick time was measured

· Next day ip naloxone given, one hour later laser acupuncture and tail-flick time measures: one of the purported mechanisms of acupuncture is the release of endorphins, blocked by naloxone

· RESULTS:

· Tail-flick time significantly increased with laser acupuncture of either SP 6 or ST 36, so increase analgesia and the response blocked by naloxone

· Irradiation of the tail did nothing

CONCLUSIONS:

· Increasing application

· Laser acupuncture has yet to be adequately evaluated

· More than just a pointing a laser at an acupuncture point: depth, penetration

· Further investigation is necessary

Discussion:

· More data to use LI 4 for analgesia

· More realistic to do a number of points at a time

· Areas rather than specific points have been proposed in England, Felix Mann etc.

· Has been suggested that laser acupuncture is a placebo effect

SPORTS INJURY

Karen Carroll, D.O.

· What is different about a sports injury?

· Typically healthy individuals

· Typically high velocity

· Have to go back to performing their sports—how quickly can we get them back—risk of going back before healing

· Usually acute, but can be repetitive

· Force of injury

· Mechanism of injury

· Younger, looking on effect on growing bones

Acute sports injuries

· 65% sprains and strains

· 5% fracture

· A single knee injury may increase OA risk 5 times, hip injury triple the risk

· High intensity sport may get OA sx from age 30-40y/o

· Progressive: prostaglandin sensitize nerve endings etc

· Avoid harm: heat, alcohol, running, massage

· Photomedicine avoids harm, supports “rice”

Laser treatment:

· Biostimulation of enzymes, mitochondrial ATP, edema etc

· Increased collagen synthesis, improved matrix formation, etc.

· Pain reduced by decreased edema, endogenous opioids, increased nerve conduction latency, reduced activity in C fibers, affect neurotransmitters and inflammatory peptides: serotonin, sodium potassium ATP-as

· Progressive reaction collagen influence: reduced scar formation

· Restores tissue to as near normal as possible? Maximal activity level

· Promotes already occurring tissue response

· Anecdotal evidences shows using as close to the time of injury as possible

· Relatively poor evidence base for acute musculoskeletal pain and injuries

· Soriano, LT 1996 (8) pp 149-154+ showed pain relief and decreased recurrence

· Laakso, Laser Therapy 1994

· SG Leichiliter: acute an chronic neck pain, 83 nm showed pain reduction, unpublished, PhotTherap web site

· Kevin Moore: post-op pain, 830 nm 60 mW, 45 points around postop site reduced pain 50%

· LT 197 (9) pp 7-86, Lodgberg-anersson: pain

· Physical Therapy Reviews 2001 Bjordal: tendinopathy, 32% improvement

· J Clin Laser Med Surg 1998 Jun: 16(33): relief of pain in Chondromalacia

Applications in Sports Injuries:

· Acute back/neck including disc strains

· Anecdotally effective: speed, quality tensile strength of repair, manage inflammation, pain relief

· Well tolerated by patients

· No side effects

· Easy to use

Discussion

· Australia: stopped using in sport 10 years ago

· Do you think there are any problems in reducing acute edema?  Since edema is probably a physiologic response meant to inhibit movement

· Will elevated the affected area during treatment

· May increase the pain, but tends to be a shorter period of time

· Australia: recommend alternating ice and heat

· Comment: women who have increase in pain during menses, is effective to treat one week before the menses

· Another: treats menstrual edema successfully with laser, but evidence that too much estrogen, so tests and treats

CONTRAINDICATIONS TO LASERS

Karen Carroll 
· Expert opinion:

· NAALT:

· Absolute:

· Carcinoma:

· Worry is metastasis: increase mitosis of cell, increased angiogenesis

· Eyes: direct irradiation

· Patients on photosensitizers

· Relative

· Pregnant uterus

· Recent steroid injections

· Thyroid glands

· Tuner/Hoede

· Absolute

· Carcinoma

· Eyes – direct irradiation

· Thyroid gland

· Relative

· Pregnant uterus

· Thor

· Absolute

· Carcinoma

· Eyes-direct irradiation

· Thyroid gland

· Pregnant uterus

· Immune suppressant Rx

· Relative

· Recent steroid injections

· Photosensitivity reactions

· Anti-coagulants

· NSAID and steroidal A.I.

· Epilepsy

· TRT reactions

Discussion:

· How do we really know that cancer cells are gone?

· How important are protective goggles?

· Teach: practitioner and patient use goggles, even if treating their back

· Wear goggles for legal reasons

· Hoede: scared of laser in the eye for no reason, are doing many studies with laser directly into the eye.  There are no reports of any deleterious effects of use of laser anywhere.  If you want to treat the eye, then treat through the closed eyelid, then does not focus through the lens.

· Are we as practitioners more prone to cataracts: this is a problem with any infrared light used chronically

· Risk of LLLT vs. the intense pulsed light (IPL) for hair removal, not a laser, a flash lamp with a band pass filter, the risk of eye injury is much worse hurt a larger area of the retina

· LED’s can injury retina/optic nerves in rabbits

· Reflected light is absolutely not a problem

· One of the weapons of the future will be laser, can blind the enemy

· Relative low risk of not wearing goggles when you treat

· Andy: Kodak: annual laser safety course, stray beam can cause damage don’t know why and when, corneal lens focuses, can be a reflection, what about internal shutter mechanisms?  It wouldn’t take much to sweep across the face.  Our power laser levels are dangerous, above 5 mW.  There is documented evidence that this is dangerous.

· Hoede completely disagrees: the risk is over-estimated.  You can burn a spot in your eye and never notice.  When you treat diabetic retinopathy with laser, create many points of destruction; the patient does not notice any loss of visions.

· All un-collimated beams, unfocused except one manufacturer, and it is the focused beam which is much more dangerous

Other issues:

· Children growth plates

· Pregnant women pubic symphysis, dystocia?

· Tattoos: have found patients to have more pain directly over the tattoo

· Discomfort around the hairline

· During radiotherapy

WRAP-UP

· Have the slides

· Invites written papers

· Will be available to the public

· Samueli would like to do a publication for their supporters, can do videos

· Can the proceedings be published?

· NAALT will be held next year in Toronto

· Do data validation

· On-line discussion group would be helpful

Page 60 of 60, 10/25/2004

