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Chromophore:	
  Any	
  component	
  of	
  @ssue	
  that	
  absorbs	
  light	
  photons	
  
•  The	
  most	
  absorbent	
  chromophores	
  in	
  biological	
  @ssue	
  are:	
  

•  	
  Water,	
  Melanin,	
  Cytochrome	
  C	
  and	
  Haemoglobin.	
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Power	
  Density	
  
•  Measured	
  in	
  WaHs	
  per	
  square	
  cen@meter	
  

•  W/cm	
  2	
  

•  Measures	
  concentra@on	
  of	
  the	
  laser	
  light	
  

•  Determines	
  the	
  nature	
  of	
  the	
  laser-­‐@ssue	
  
interac@on,	
  i.e.	
  photothermal,	
  photochemical	
  etc.	
  



“Hot”  vs  “Cold”  Laser  
“So>”  Laser  

  





ANSI	
  Laser	
  Standard	
  Classifica<ons	
  

•  Class	
  1:	
   	
  0-­‐0.4	
  microwaHs 	
   	
  (Laser	
  Printer,	
  CD)	
  	
  

•  Class	
  2:	
   	
  0.4-­‐1.0	
  mW	
   	
   	
  (pointer,	
  range	
  finder)	
  

•  Class	
  3A:1-­‐5	
  mW 	
   	
   	
  (firearm	
  sights,	
  pointers,	
  therapy)	
  

•  Class	
  3B:	
  5-­‐500	
  mW 	
   	
   	
  (light	
  shows,	
  spectrometry,	
  therapy)	
  

•  Class	
  4:	
   	
  >	
  500mW 	
   	
   	
  (surgery,	
  industry,	
  therapy)	
  



Three  Laser  
Delivery  Modes

• Con@nuous	
  Wave	
  (CW)	
  
•  0.1	
  to	
  18	
  WaHs	
  

• Frequency	
  Modula@on	
  
•  1	
  –	
  20,000	
  Hz	
  
• Pulse	
  frequency	
  

• Intense	
  SuperPulse	
  
•  12-­‐20	
  WaH	
  Peak	
  Power	
  
• Average	
  up	
  to	
  6-­‐12	
  waHs	
  



What Do We Know Regarding Pulse 
Frequency? 



What Do We Know Regarding Pulse 
Frequency? 



Clinical	
  Applica@ons	
  
	
  

MUSCULOSKELETAL	
  CONDITIONS	
  
	
  
Laser	
   therapy	
   penetrates	
   deep	
   into	
   soc	
   @ssues,	
   joints	
   and	
   bones,	
   it	
   provides	
   energy	
   to	
   the	
   cells	
   enhancing	
   the	
  
natural	
  regenera@ve	
  processes.	
  By	
  accelera@ng	
  @ssue	
  metabolism	
  and	
  microcircula@on,	
  cells	
  assimilate	
  nutrients	
  and	
  
get	
   rid	
   of	
   waste	
   and	
   inflammatory	
   products	
   more	
   efficiently.	
   As	
   a	
   result	
   tendons,	
   ligaments	
   and	
   muscles	
   repair	
  
faster,	
  with	
  less	
  scarring	
  and	
  reduced	
  pain	
  and	
  inflamma@on.	
  
	
  

•	
  Repe@@ve	
  strain	
  injuries	
  
•	
  Neck	
  and	
  back	
  pain	
  

•	
  Osteoarthri@c	
  joint	
  pain	
  
•	
  Acute	
  and	
  sport	
  injuries	
  

•	
  Musculoskeletal	
  condi@ons	
  post-­‐pregnancy	
  
•	
  Post-­‐surgical	
  rehabilita@on	
  
•	
  And	
  many	
  more	
  disorders	
  



Clinical	
  Applica@ons	
  
	
  

PAIN	
  MANAGEMENT	
  	
  
	
  
Laser	
  therapy	
  regulates	
  nerve	
  ac@vity,	
  improving	
  func@onality	
  in	
  damaged	
  nerve	
  cells,	
  altering	
  nerve	
  pain	
  
percep@on,	
  and	
  reducing	
  local	
  inflammatory	
  processes.	
  
	
  

•	
  Osteoarthri@c	
  pain	
  
•	
  Neck	
  and	
  back	
  pain	
  

•	
  Fibromyalgia	
  and	
  Polymyalgia	
  
•	
  Chronic	
  wrist	
  and	
  hand	
  pain	
  

•	
  Sport	
  injuries	
  
•	
  Scar	
  hypersensi@vity	
  

•	
  Plantar	
  Fasci@s	
  
•	
  People	
  unable	
  to	
  take	
  analgesic	
  drugs	
  

	
  
	
  



Clinical	
  Applica@ons	
  
	
  

WOUND	
  HEALING	
  	
  
	
  
Laser	
  therapy	
  op@mises	
  fibroblast	
  prolifera@on,	
  increases	
  microcircula@on,	
  @ssue	
  oxygena@on	
  and	
  cellular	
  
nutri@on.	
  	
  
Wounds	
  treated	
  with	
  the	
  K-­‐Laser	
  are	
  proven	
  to	
  heal	
  faster,	
  with	
  increased	
  tensile	
  strength	
  and	
  reduced	
  scar	
  
forma@on,	
  preven@ng	
  wound	
  dehiscence.	
  
	
  

	
  

•	
  Diabe@c	
  wounds	
  	
  
•	
  Non-­‐healing	
  ulcers	
  	
  
•	
  Post-­‐surgical	
  wounds	
  

•	
  Burns	
  



Validators




Musculo- 
Skeletal 

Pulled	
  Muscles	
  
Ligament	
  Tears	
  

Burns	
  
Post-­‐Surgical	
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  Wounds	
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Soc	
  Tissue	
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Rehabilita@on	
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Bursi@s	
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Sprains	
  

	
  
Scar	
  Tissue	
  	
  

Pain	
  Management	
  
Degenera@ve	
  Joint	
  Disease	
  
Osteoarthri@s	
  
IVDD	
  

Neurologic	
  
Aching	
  Muscles	
  
Orthopedic	
  Condi@ons	
  

Acute 

Chronic 

Soft  
Tissue 







Low-­‐Level  Laser  Therapy  Facilitates  Superficial  Wound  Healing  in  Humans:  A  
Triple-­‐Blind,  Sham-­‐Controlled


Measurement:	
  
•  Wound	
  area	
  up	
  to	
  20	
  days	
  post	
  wound	
  

Results:	
  
•  The	
  LLLT	
  resulted	
  in	
  enhanced	
  healing	
  as	
  
measured	
  by	
  wound	
  contrac@on.	
  

•  The	
  untreated	
  wounds	
  in	
  subjects	
  treated	
  
with	
  LLLT	
  contracted	
  more	
  than	
  the	
  wounds	
  
in	
  the	
  sham	
  group,	
  so	
  LLLT	
  may	
  produce	
  an	
  
indirect	
  healing	
  effect	
  on	
  surrounding	
  @ssues.	
  

†	
  Different	
  from	
  sham	
  group	
  (P	
  <	
  0.05).	
  
*	
  Different	
  from	
  the	
  untreated	
  wound	
  (P	
  <	
  0.05).	
  

Hopkins	
  et	
  a;.	
  (2004)	
  J	
  Athle@c	
  Training	
  





Limb  Blow  Flow  A>er  Class  IV  
Laser  Therapy


• Modula@ng	
  Circula@on	
  would	
  
promote	
  healing	
  by	
  controlling	
  
post-­‐injury	
  ischemia,	
  hypoxia,	
  
oedema	
  and	
  secondary	
  @ssue	
  
damage.	
  
• No	
  studies	
  have	
  quan@fied	
  these	
  
responses	
  to	
  laser	
  therapy	
  

Journal	
  of	
  Athle@c	
  Training	
  2012	
  



• Double-­‐blinded,	
  Crossover	
  study	
  
•  10	
  Healthy,	
  college	
  men	
  
• No	
  history	
  of	
  injury	
  or	
  
cardiovascular	
  condi@ons	
  
• K-­‐Laser	
  used	
  to	
  treat	
  biceps	
  
brachii	
  muscle	
  in	
  grid	
  paHern	
  
• Placebo,	
  1W,	
  3W	
  and	
  6W	
  power	
  
dosages	
  
• Plethysmography	
  measures	
  
blood	
  flow	
  changes	
  

Limb  Blow  Flow  A>er  Class  IV  Laser  Therapy


•  “Class	
  4	
  Lasers	
  can	
  emit	
  greater	
  
photonic	
  energy	
  in	
  a	
  shorter	
  
@me	
  than	
  Class	
  3B	
  laser	
  within	
  
producing	
  an	
  appreciable	
  rise	
  in	
  
@ssue	
  temperature.	
  This	
  higher	
  
power	
  becomes	
  important	
  when	
  
trea@ng	
  injuries	
  to	
  deeper	
  
@ssues	
  such	
  as	
  ligaments,	
  
muscles,	
  tendons	
  and	
  car@lage.”	
  



“Our	
  results	
  show	
  a	
  dose-­‐dependent	
  effect	
  of	
  Class	
  4	
  laser	
  therapy	
  in	
  a	
  
human	
  clinical	
  model….effec@ve,	
  non-­‐invasive	
  treatment	
  modality	
  to	
  
improve	
  blow	
  flow	
  and	
  promote	
  @ssue	
  healing.”	
  

•  “Improved	
  circula@on	
  is	
  
considered	
  one	
  of	
  the	
  laser	
  
therapy’s	
  greatest	
  contribu@ons	
  
to	
  soc	
  @ssue	
  healing	
  acer	
  injury.”	
  

Results	
  
•  3W	
  power	
  pulsing	
  mode	
  50%	
  
•  Significantly	
  enhanced	
  blood	
  flow	
  
at	
  4	
  minutes	
  during	
  treatment	
  vs	
  
Baseline	
  
• ……and	
  maintained	
  improved	
  blood	
  
flow	
  2	
  minutes	
  post	
  treatment	
  



Diabetes  Care  2015


•  Guy’s	
  &	
  St	
  Thomas	
  Hospital	
  

•  Ter@ary	
  Diabe@c	
  Ulcer	
  Unit	
  

•  Recruitment	
  –	
  non-­‐healing	
  diabe@c	
  ulcers	
  (>3	
  

yrs)	
  

•  Standard	
  Podiatry	
  and	
  Medical	
  therapy	
  versus	
  

Addi@onal	
  K-­‐Laser	
  Therapy	
  

•  80%	
  healed	
  within	
  12	
  weeks	
  on	
  K-­‐Laser	
  (av.	
  4.6	
  

weeks)	
  

•  0%	
  healed	
  within	
  12	
  weeks	
  non-­‐K-­‐Laser	
  placebo	
  

group	
  



St  Thomas’  Case  Studies






Interna@onal	
  Jo	
  of	
  Paediatric	
  Den@stry	
  2015	
  













CTS  treated  with  a  Diode  Laser:  a  controlled  treatment  of  the  Transverse  
Carpal  Ligament.


•  36	
  pa@ents	
  with	
  mild	
  to	
  moderate	
  degree	
  of	
  CTS	
  
•  Randomised	
  into	
  2	
  groups	
  (laser	
  and	
  sham	
  treatment)	
  
•  2	
  weeks	
  (10	
  minutes	
  sessions,	
  5	
  @mes	
  per	
  week)	
  
•  Assessment	
  of	
  symptoma@c	
  and	
  func@onal	
  changes	
  

•  Nerve	
  conduc@on;	
  Grip	
  strength	
  and	
  Visual	
  Analogue	
  Scale	
  (VAS)	
  



Conclusion:	
  
	
  

o “LLT	
  was	
  effec@ve	
  in	
  allevia@ng	
  
pain	
  and	
  symptoms,	
  and	
  
improving	
  func@onal	
  ability	
  in	
  
finger	
  and	
  hand	
  strength	
  in	
  those	
  
with	
  mild	
  to	
  moderate	
  CTS	
  with	
  
no	
  side	
  effects.”	
  

CTS  treated  with  a  Diode  Laser:  a  controlled  treatment  of  the  Transverse  
Carpal  Ligament.


Chang	
  W-­‐D.	
  et	
  al.	
  (2008	
  





Increase  of  Neuronal  Sprou*ng  and  Migra*on  Using  780nm  LLLT


“Laser	
  phototherapy	
  irradia@on	
  accelerated	
  neuron	
  fibre	
  
sprou@ng	
  and	
  neuronal	
  cell	
  migra@on.	
  Laser	
  cultures	
  
contained	
  much	
  higher	
  numbers	
  of	
  large	
  sized	
  neurons	
  	
  
(P<0.01)	
  which	
  formed	
  densely	
  branched,	
  interconnected	
  
networks	
  of	
  thick	
  neuronal	
  fibres.”	
  

Rochland	
  et	
  al.	
  (2009)	
  Laser	
  Surgery	
  and	
  Medicine	
  





• Double-­‐blinded,	
  placebo	
  controlled,	
  cross	
  over	
  trial	
  
• Chronic	
  peripheral	
  neuropathic	
  pain	
  study	
  70	
  females	
  

• Class	
  IV	
  laser	
  therapy	
  using	
  4	
  wavelengths	
  
• Average	
  power	
  6.75	
  –	
  12W	
  
•  Total	
  delivered	
  on	
  average	
  10,000	
  J	
  over	
  1000cm2	
  

• Dosage	
  10J/cm2	
  





•  “No	
  observed	
  complica@ons	
  amongst	
  pa@ents	
  treated.”	
  
•  “Our	
  data	
  indicate	
  that	
  PBM	
  is	
  an	
  effec@ve,	
  low-­‐toxicity	
  treatment	
  for	
  
chemotherapeu@c	
  induced	
  peripheral	
  neuropathies.”	
  
•  “PBM	
  may	
  improve	
  neuropathic	
  symptoms	
  through	
  a	
  number	
  of	
  plausible	
  
mechanisms	
  including	
  preven@on	
  of	
  neuronal	
  apoptosis	
  and	
  enhancement	
  
of	
  neurite	
  outgrowths.”	
  



Better Healing 
Rate with Laser 

When Healing RATE 
(slope) 
Levels to be Same: 
Need another Tx 

Pain     0 = Fully Healed or (never becomes Chronic) 

SAME Level 
In LESS Time 

Acute: 
Relief of  Individual Treatment ~ days 
Lasting Effect of Laser Therapy ~ Possibly FOREVER 

Chronic: 
Relief of Individual Treatment ~ days to weeks 
Lasting Effect of Laser Therapy ~ months to years 

If never heals, this  
period could be YEARS 

Laser Therapy on Acute Injuries Laser Therapy on Chronic Pain 

Initial Relief 

When Healing Rate 
(slope) Levels to be 
Same:another Need    
Tx 

Substantial Relief… 
EVEN if you catch it at 
VERY chronic stages 

Enhanced Healing with 
Laser Therapy 

Normal Pain Trend 

LESS Pain  
in  SAME Time 

Injury 

Pa
in

 L
ev

el
 

10 

0 
TimeAcute Range Chronic Range 

How long do Laser Effects Last? 

“Starting” 
 point is LOWER 
 after each Tx (or series of 
Tx’s) 



K-­‐Laser  Typical  Protocol

•  Chronic	
  Musculoskeletal	
  

•  Ini@al	
  6	
  Treatments	
  	
  
•  3,	
  2,	
  1	
  or	
  2,2,	
  2	
  over	
  ini@al	
  3	
  weeks	
  

•  Acute	
  Injuries	
  
•  2	
  -­‐	
  6	
  Treatments	
  (eod	
  or	
  daily)	
  
•  Daily	
  or	
  at	
  	
  least	
  2-­‐3	
  @mes	
  per	
  week	
  

•  Pre/Post	
  Surgery	
  Rehab	
  
•  2	
  –	
  6	
  Treatments	
  (eod	
  or	
  daily)	
  
•  Consulta@on	
  day	
  &	
  Pre-­‐opera@on	
  	
  
•  Anaesthesia	
  recovery	
  (skin	
  only)	
  
•  Discharge	
  day	
  &	
  2	
  –	
  6	
  more	
  sessions	
  

• Wounds	
  
•  Can	
  be	
  given	
  daily-­‐	
  high	
  frequency	
  	
  
•  Contaminated	
  wound	
  =	
  higher	
  power	
  
•  Clean	
  wound	
  sexngs	
  on	
  surgical	
  table	
  



K-­‐Laser  Overview  and  
Financial  Return




•  Up	
  to	
  4	
  therapeu@c	
  wavelengths.	
  
•  Class	
  VI	
  power.	
  
•  CW,	
  Pulse,	
  Intense	
  Super	
  Pulse.	
  
•  Pre-­‐set	
  protocols	
  tailored	
  on	
  Body	
  size,	
  Body	
  part,	
  Condi@on,	
  Skin	
  color,	
  

Level	
  of	
  pain,	
  Chronicity	
  of	
  pain.	
  
•  Shorter	
  treatment	
  @mes:	
  3.5	
  minutes	
  average	
  protocol.	
  
•  Portability	
  for	
  out-­‐of-­‐clinic	
  services.	
  
•  Used	
  in	
  independent	
  interna@onal	
  studies.	
  
•  Constant	
  Research	
  and	
  Development.	
  
•  Linking	
  to	
  internet.	
  
•  Socware:	
  high	
  stability,	
  regularly	
  updated.	
  
•  CE	
  and	
  FDA	
  approved.	
  
•  Easy	
  maintenance,	
  no	
  consumables.	
  
•  Life@me	
  warranty	
  on	
  the	
  diodes	
  
•  Online	
  Portal.	
  
•  On	
  Demand.	
  



Laser  Finance  Cost  Per  Day

➢  Hypothe@cal	
  cost	
  of	
  the	
  device:	
  £16,000	
  

	
  

➢  Cost	
  per	
  working	
  day	
  with	
  a	
  finance	
  op@on:	
  £7	
  
	
  

➢  Minimum	
  charge	
  for	
  a	
  laser	
  session:	
  £20	
  	
  
➢  (common	
  charges	
  £30	
  to	
  £60,	
  NHS	
  £42,	
  Harley	
  Street	
  clinics	
  £80-­‐110)	
  

	
  

➢  1	
  session	
  per	
  day	
  covers	
  the	
  daily	
  cost	
  of	
  the	
  device,	
  following	
  sessions	
  
are	
  profit.	
  

	
  



Return  on  Investment




Therapeu*c  Class  IV  Lasers

£	
  

Loan	
  amount	
   20,000	
  

Interest	
  rate	
   8%	
  

Monthly	
  repayment	
   406	
  

Total	
  amount	
  payable	
   24,332	
  



Therapeu*c  Class  IV  Lasers

Prices	
  charged	
  

Service	
   £	
  ex	
  VAT	
  

Single	
  musculoskeletal	
   31.67	
  

Musculoskeletal	
  six	
  applica@ons	
  (@£26.44)	
   158.63	
  

Oedema	
   31.67	
  

Pain	
  management	
   31.67	
  

Post	
  surgery	
   31.67	
  

Soc	
  @ssue	
   31.67	
  

Post	
  den@stry	
   31.67	
  



Therapeu*c  Class  IV  Lasers

Costs	
  of	
  administra<on	
  of	
  laser	
   Revenue	
  £/month	
   £/month	
  

Finance	
  repayments	
   406	
  

Staff	
  Compensa@on	
  @	
  £12.50/hour,	
  assume	
  two	
  cases	
  per	
  
week	
  (x	
  per	
  month)	
  	
  

Building	
  overheads	
  and	
  other	
  fixed	
  costs	
   £12/hour	
  

Laser	
  servicing	
  £500	
  every	
  3	
  years	
   14	
  

Total	
  costs	
  per	
  month	
  

	
  	
  	
  x	
  cases	
  @	
  £31.67	
   £31.67x	
  

Profit	
  per	
  month	
  

Profitability	
  formula	
  



Therapeu*c  Class  IV  Lasers

Costs	
  of	
  administra<on	
  of	
  laser	
   Revenue	
  £/month	
   £/month	
  

Finance	
  repayments	
   406	
  

Staff	
  Compensa@on	
  @	
  £12.50/hour,	
  assume	
  two	
  cases	
  per	
  
week	
  (9	
  per	
  month)	
  	
  

27	
  

Building	
  overheads	
  and	
  other	
  fixed	
  costs	
   20	
  

Laser	
  servicing	
  £500	
  every	
  3	
  years	
   14	
  

Total	
  costs	
  per	
  month	
   467	
  

	
  	
  	
  9	
  cases	
  @	
  £31.67	
   285	
  

Profit	
  per	
  month	
   (182)	
  



Therapeu*c  Class  IV  Lasers

Costs	
  of	
  administra<on	
  of	
  laser	
   Revenue	
  £/month	
   £/month	
  

Finance	
  repayments	
   406	
  

VN	
  compensa@on	
  @	
  £12.50/hour,	
  assume	
  four	
  cases	
  per	
  
week	
  (17	
  per	
  month)	
  	
  

54	
  

Building	
  overheads	
  and	
  other	
  fixed	
  costs	
   51	
  

Laser	
  servicing	
  £500	
  every	
  3	
  years	
   14	
  

Total	
  costs	
  per	
  month	
   525	
  

	
  	
  	
  17	
  cases	
  @	
  £31.67	
   538	
  

Profit	
  per	
  month	
   13	
  



Therapeu*c  Class  IV  Lasers

Costs	
  of	
  administra<on	
  of	
  laser	
   Revenue	
  £/month	
   £/month	
  

Finance	
  repayments	
   406	
  

Staff	
  Compensa@on	
  @	
  £12.50/hour,	
  assume	
  one	
  case	
  per	
  
day	
  (21	
  per	
  month)	
  	
  

66	
  

Building	
  overheads	
  and	
  other	
  fixed	
  costs	
   63	
  

Laser	
  servicing	
  £500	
  every	
  3	
  years	
   14	
  

Total	
  costs	
  per	
  month	
   559	
  

	
  	
  	
  	
  21	
  cases	
  @	
  £31.67	
   697	
  

Profit	
  per	
  month	
   148	
  



Therapeu*c  Class  IV  Lasers

Costs	
  of	
  administra<on	
  of	
  laser	
   Revenue	
  £/month	
   £/month	
  

Finance	
  repayments	
   406	
  

Staff	
  Compensa@on	
  @	
  £12.50/hour,	
  assume	
  four	
  cases	
  per	
  
day	
  (86	
  per	
  month)	
  	
  

269	
  

Building	
  overheads	
  and	
  other	
  fixed	
  costs	
   258	
  

Laser	
  servicing	
  £500	
  every	
  3	
  years	
   14	
  

Total	
  costs	
  per	
  month	
   947	
  

	
  	
  	
  86	
  cases	
  @	
  £31.67	
   2724	
  

Profit	
  per	
  month	
   1777	
  



Therapeu*c  Class  IV  Lasers

Rate	
  of	
  return	
  
Example	
  Medical	
  Prac@ce	
  
	
  
​𝑟𝑒𝑡𝑢𝑟𝑛−𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡/𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 	
  x	
  100	
  	
  over	
  five	
  years	
  
	
  
​80520−24332/24332 	
  =	
  2.31	
  x	
  100	
  =	
  231%	
  ROR	
  over	
  five	
  years	
  



Therapeu*c  Class  IV  Lasers

Rate	
  of	
  return	
  
Example	
  3	
  property.	
  Typical	
  ROR	
  6%	
  
	
  
​𝑟𝑒𝑡𝑢𝑟𝑛−𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡/𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 	
  x	
  100	
  	
  over	
  five	
  years	
  
	
  
​32820−24332/24332 	
  =	
  0.35	
  x	
  100	
  =	
  35%	
  ROR	
  over	
  five	
  years	
  


