Chapter 19. Laser and Light Therapy

Light Therapy
· Also called  
· Application of light from a variety of devices for a variety of therapeutic purposes

· Devices include

· Used to treat

· Psychological problems

· Concerned only with

Laser Theory
· When absorbed, specific wavelengths of laser light cause specific physiological responses.

· Therapeutic value  
· Now using nonlaser devices

· Deliver light of specific wavelength to body

Confusion: Many Names

· Terms and acronyms used to describe light therapy

· Phototherapy 

·  LLLT =
·  LELT = 
·  LILAB = 
·  LPLI = 
·  LPLT = 
·  LIL =
· Monochromic infrared energy

· Eliminate confusion, use one of these terms:

Lasers and LEDs/SLDs

· Both deliver light of specific wavelength

· No consensus about relative merits of these two technologies

· So difficult to discuss their therapeutic value 

· Major problem is with  
· Hard to distinguish

· Not lasers vs. LEDs (some lasers use LEDs)

· Some use

· Laser and nonlaser light

· Coherent and noncoherent light

Characteristics

· Energy source 

· Mechanical structure 

· Lasing medium

· Gas, liquid, crystal, chemical, or semiconductors (such as LEDs)

· Different lasing medium result in differing

Laser Light vs. Normal Light

· Laser light
     

Normal light

·  Monophasic


Multiphasic

·  Monochromatic

Multichromatic

·  Coherent 


Incoherent

·  Nondivergent 

Divergent 

   (directional)

· Light from a common light bulb is composed of waves with   
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· An LED emits light with waves of the same _______________________ (monochromatic) but out of phase (_________________)
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· A laser emits light with waves of the same frequency (________________________) and in phase (__________________).
· Laser composed of particles of light with equal energy and of a single phase and color that move in step with each other
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Laser Light Terminology

· Light 

· Amplify

· Stimulate

· Emission

· Radiation

· Electromagnetic energy

· Characteristics change radically, depending on

· Rate of vibration of a force or wave

· Usually measured relative to local time

· Nondivergent 

· Incapable of separating or widening

· Contrast the light from a laser pointer (_____________________) with that coming from a flashlight (_________________).
[image: image4.jpg](b)





· Monochromatic 

· Coherent 

· Fixed phase 

Laser Devices

· Laser device 

· Machine or device that produces or generates and emits a laser beam

· Laser beam

· Laser light

· Laser energy

Dual Nature of Light

· Wave and particle

· Wave of oscillating  
· Particle when absorbed or emitted by  
· Packets of energy

· Photon

· The amount of energy in a photon is a function of  
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· Four components 
· External energy is applied to medium. 
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· Causes spontaneous release of photons, some of which reflect back and forth between the two mirrors 
· Leads to intense photon resonance, part of which is released as 
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Energy and Effects

· Effects determined by  
· Energy determines safety.

· Therapeutic lasers emit  
· Therefore  
Laser Classification

· Classified by lasing medium and safety

· Often referred to by color

· Imprecise

· Avoid this practice.

· Not classified by wavelength

· But must know wavelength because
Laser Classification by Medium

· Gas 

· Diode or semiconductor 

· Dye lasers 

· Solid state

· Excimer

· Gas 

· Helium and helium neon (HeNe) most common

· Diode or semiconductor 

· Either small and low powered or large and high powered

· Low power

· Laser pointers, laser printers, and compact disc players 

· Large industrial diode lasers can generate great amounts of heat

· Used for  
· Dye

· Uses large-molecule organic dyes in a liquid solution

· Can be tuned to produce broad range of wavelengths

· Solid state

· Uses various minerals

· Examples

· Ruby, neodymium:yttrium-aluminum-garnet (YAG) lasers

· Excimer 

· Uses dimer

· Pseudo-molecule created by electrically stimulating a mixture of reactive gases (chlorine or fluorine) with inert gases (argon, krypton, or xenon)
Type 
   
Medium 
 
Wavelength (nm)       
Safety 
Gas
  
 HeNe
   

633

      

I–IV


Gas
  
 CO2
       
   
10,600
      


IIIb–IV

Gas
   
Argon
   

488–514
     

IV


Diode* 
AlGaAs 
   
600–1000
      

IIIb 

Dye
   
Tunable dye  

577

      

IV


Solid state  
Ruby
   

694

      

IV


Solid state  
HdYag
   

1060
      


IV


Excimer
Dimer
   

351
      
      

IV


*Semiconductor

Laser Classification by Safety

· Safety determined by

· The greater the power, the greater the potential danger.

Class 

Power (mW) 
  
Visible  

Safety Concerns
   I
 
<0.5
  

Either*   

None

  II

<1 
  

Visible   

Safe for momentary viewing;

IIIa

<5
  

Either    

Photochemical effect

IIIb

<500
  

Either    

Photobiomodulation, 




      




no photothermal effect,





      



no harm to skin or clothing, 



      




potential damage to eye

 IV

>500
  

Either    

Photothermal effect,    








harmful to skin, eyes, and








clothing, use with extreme 








caution

Tissue Penetration of Various Wavelengths
Wavelength (nm) 

Color Range    

Penetration (mm)

 150–380


UV



<0.1

  390–470


Violet to deep blue

~0.3

  475–545


Blue to green


~0.3–0.5

  545–600


Yellow to orange

~0.5–1.0

  600–650   


Red



~1.0–2.0

  650–1,000  


Deep red to IR
2

0–3.0

 1,000–1,350  


Near to mid-IR3

0–5.0

 1,350–12,000 

IR



<0.1

LEDs and SLDs

· LED

· Special type of semiconductor diode that emits visible light when electric current passes through it

· SLD

· A brighter LED

· p–n junction

· Semiconductor doped (impregnated) with impurities

· Turns electrical insulators into electrical conductors

· Two pieces doped with different impurities, thus one positive (p) and one negative (n)
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· Generates light as electricity passes through it

· Gives off photons of energy of specific wavelengths

· Wavelength determined by doping material.

· Can control emitted energy

· Thus similar to laser

· However, light is _____________________ and not __________________
· More scattered than 
· Less energy imparted to  
Lasers in Medicine

· Surgery

· Diagnosis 

· Imaging 

· Physical medicine and rehabilitation

· Power is 
· Maximal output =  _______ mW
· Light therapy for rehabilitation

· Not approved by FDA

· Specific machines cleared for specific therapeutic uses

Effects 

· Wavelength specific

· Skin tone

· Some absorb light, thus less penetrates to target tissue
Effects: Photobiomodulation

· Act of modifying biological processes with light

· One, or a combination, of effects on molecules

· Excite atoms to  
· Rotate atoms in molecule, thus  
· Proposed mechanism of action

· Primary reaction

· Changes in the photoreception’s  
· Alters molecular  
· Called  
· Following occur in tissue cultures (not confirmed by clinical trials)

· Photobiomodulation of cellular events

· Stimulated/optimized  
· Pain relief

Effects: Tissue Healing

· Research inconclusive

· Evidence for and against

· Enhanced contraction of  
· Healing of skin  
· Peripheral  
· Various skin injuries in animals\
Effects: Pain

· Research inconclusive

· Evidence for and against various types of pain

· Much of the debate centers on 

· Optimal  
· Elusive mechanism by which  
Treatment Parameters: Delivery Technique
· Probe type

· Single

· Original

· Cluster

· Gaining popularity

· Best for treating  
· Proximity

· Best if in contact with  
· Hold 1 cm off healing  
· Use sterile transparent film

Treatment Parameters: Dosage and Duration

· Depend on three factors

· Dosage =  
· Dosage (J/cm2) 
· Average power =  
· Tx time =  
· Tx area =  
· Because power output is fixed, formula becomes

· Tx time = (Dosage × Tx area) ÷ Power

· Use table to get desired dosage.
Condition


Dosage




Superficial wounds

0.5–4.0 J/cm2



Trigger points


8 J/cm2


Nerve root


8–24 J/cm2


Tendinitis


1–3 J/point



Capsulitis


1 J/point



Epicondylitis


2–3 J/point



Muscle strain


1–2 J/point



Patellofemoral 


1–2 J/point



Ligament strain


2–4 J/point



Plantar fasciitis


1–3 J/point



Condition            

Dosage per Point (J)      Dosage Total (J)
Muscle strain
   

3–4 



25–35 


Tendinitis
   

3–6 



24–30 


Ligament sprain 

3–4 



25–30 


Stress fracture   

7–8 



25–30 


Open wounds
   

0.5–1.5


*

Myofascial trigger point 
1.0 



Once


*Depends on size of wound.

Treatment Parameters: Tissue Penetration

· Major issue with light therapy

· Clinically effective only if light reaches target tissue with appropriate dosage

·  Penetration is function of ________________ and _______________
· Wavelength is probably the most important factor.

· But there must be a driving force.

· Tissue penetration is only superficial

·  <5 mm with lasers

·  Even less with LED/SLD devices

·  <1 mm with most wavelengths 

· Skin color

· Penetration less in   

· More light absorbed in cutaneous layers

· Obesity

· Decreases effects because  
Advantages

· Relatively safe

· No  
· Athermic

· Easy to use

· Therapist time

· Patient recovery

Disadvantages

Indications

· Numerous, but most unsupported

· Supported 

· Wound healing

· Increasing  
Contraindications

· Irradiation of uterus during pregnancy 

Precautions

· Be cautious when applying to patients who

· Suffer from epilepsy

· Have had a recent  
· Are taking  
· Have an acute  
· Suffer from a thyroid condition

UV Radiation
· A portion of electromagnetic spectrum that produces __________________________ reactions in _______________________, _____________________, and _____________
· Effects are 

· Used therapeutically to 
· Easy to misuse

· Incorrect application may cause dermatitis

· Overexposure can lead to

· Generally used by dermatologists

· Rarely by athletic trainers or physical therapists
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