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WHAT IS Photobiomodulation?

 I t  is conver sion of  light  ener gy t o met abolic 
ener gy, wit h a cor r esponding change of  
cell’s biological f unct ions 

 Also known as low-level laser  t her apy, and 
f ar -r ed t o near -inf r ar ed (FR/ NI R) light  
t her apy.

 I t  consist s of  ser ies of  br ief  illuminat ion 
wit h FR/ NI R light  (600-1000 nm) f r om a 
laser  or  a light  emit t ing diode (LED).



His tory

At  t he end of  t he 18t h cent ur y Finsen (t he "f at her  of  
phot ot her apy“) had cur ed skin disor der s such as

• Small  blist er s using r ed light  
• lupus vulgar is using UV light .
  He won t he 1903 Nobel Pr ize in Medicine and 

Physiology "in r ecognit ion of  his cont r ibut ion t o t he 
t r eat ment  of  t hese diseases.
Medical usef ulness of  FR/ NI R light  had been "r e-

discover ed" f or  a second t ime upon t he invent ion of  
t he laser  in t he 1960s .



His tory  2

I t  happened due t o unexpect ed r esear ch 
out come wher e Mest er  at t empt ed t o use 
laser -der ived 694 nm light  t o induce skin 
cancer  in mice. 

He shaved t he mouse f ur  cover ing t he locat ion 
wher e t he light  would be applied. 

Light  caused t he f ur  t o r e-gr ow f ast er  in 
t r eat ed mice compar ed wit h unt r eat ed cont r ol 
(inst ead of  inducing cancer ). 

This was t he f ir st  document ed demonst r at ion 



Clinical applications  

Over  t he year s, PBM was used in sever al condit ions , 
wit h t he maj or it y having been explor ed in bot h animal 
models and human pat ient s wit h a spect r um of : 

Wound healing : including diabet ic ulcer s. 

 Pain control : f or  neur ologic neck pain, and pain f r om 
chr onic j oint  disor der s.

 Promotion of the  regeneration and functional recovery of 
tis sues  with poor healing potential such as:

  inj ur ed per ipher al and opt ical ner ves.

  r ecover y f ollowing st r oke and ot her  cent r al ner vous 
syst em damage such as t r aumat ic br ain inj ur y .



Clinical application
PBM of f er s non-invasive t her apeut ic appr oach t o 

challenging sight - t hr eat ening r et inal condit ions.

 Potential targets include:

  Age-r elat ed macular  degener at ion (AMD),

  Ret inopat hy of  pr emat ur it y (ROP), 

Diabet ic r et inopat hy (DR)

Leber ' s her edit ar y opt ic neur opat hy

Met hanol-induced r et inal damage

Amblyopia.

Glaucoma and possibly ot her s. 



Mechanis m of ac tion 

 Dif f er ent  wavelengt hs of  light  have dif f er ent  degr ees of  
absorption, scattering, and re flection by biological media and 
t issues. 

 Gener ally, biological t issues cont ain a r ange of  
chr omophor es such as:

Water molecules  (signif icant ly absor b light  ener gy at  
wavelengt hs gr eat er  t han 970 nm)

Oxyhemoglobin (HbO2), deoxyhemoglobin (Hb), myoglobin, 
melanin, and flavins .  (absor b wavelengt hs shor t er  t han 600 
nm).

 For  t hese r easons, t her e is an opt ical window f or  PBM 
t her apy in t he r ange of  t he r ed t o NI R spect r um

Cytochrome c oxidase  in mitochondria

 Light gated ion channels  and ops ins  



Mechanis m of ac tion 2 

 I n convent ional laser  medicine heating  and 
burning ar e t he pr evailing mechanisms of  
act ion.

 PBM uses t he phot ochemical conver sion 
pot ent ial of  low-int ensit y FR/ NI R (630-1000 
nm) light

 St udies in t he lat e 1980s and 1990s t hat  
implicat ed mit ochondr ia as t he subcellular  
t ar get s of  FR/ NI R . I t  was pr oposed by Karu 
t hat  cyt ochr ome C oxidase inside 



 Cy tochrome c  oxidas e  in 
mitochondria 
Cyt ochr ome C oxidase is t he enzyme t hat  

cat alyzes t he t r ansf er  of  elect r ons f r om 
cyt ochr ome C t o molecular  oxygen-t he f inal st ep in 
t he mit ochondr ial r espir at or y chain and essent ial 
f or  t he sust ained availabilit y of  ener gy inside 
cells.

 Nitric oxide  (NO):

 I ncr easing t he bioavailabilit y of  nit r ic oxide 
(vasodilat or ) by pr ompt ing it s r elease f r om 
int r acellular  st or es such as heme-cont aining 
pr ot eins.



 Cy tochrome c  oxidas e  in 
mitochondria 

670 nm light  complet ely r ever ses t he abilit y of  
t et r odot oxin, (a sodium channel blocker  capable of  
indir ect  down-r egulat ion of  cyt ochr ome C oxidase)

PBM competed with potass ium cyanide   (an 
ir r ever sible inhibit or  of  cyt ochr ome C oxidase) 

NIR light reverses  the  inhibitory and toxic e ffect of 
formic acid (t he act ive met abolit e in met hanol 
int oxicat ion), on mit ochondr ial cyt ochr ome C 
oxidase in r at  r et inas, r esult ing in impr oved vision 
out comes



 Continue  (neuroprotec tion).. 

Direct e ffect of PBM on the  gene  express ion and 
metabolism of photoreceptor ce lls :

Upr egulat ion in t he pr ot eins t hat  involve t he 
mit ochondr ial r espir at or y chain and ant i-oxidant  
genes
Downr egulat ion of  genes implicat ed in apopt osis 
and t he st r ess r esponse.
PBM e ffect on susceptible  s tem ce lls , progenitor ce lls :
I t  has a pot ent ial in enhancing dif f er ent iat ion, 
which in t ur n impr oves t he healing r at e of  t issues.



Mechanis m of ac tion Sum(PBM) .
Mit ochondr ial act ivat ion :  
incr ease ATP 
(ener gy) ,r educes oxidat ive 
st r essI mpr oves blood f low 

(vasodilat at ion) Neur opr ot ect ive ef f ect  
( st imulat es neur ogenesis & 
pr ot ect  cells f r om 
apopt osis)

Ant i inf lammat or y  ef f ect





Role  of Photobiomodulation in the  
Retina-AMD
 Cones in t he aging human r et ina (most ly at  t he f ovea), 

pr ogr essively accumulat e mit ochondr ial DNA delet ions and 
become mor e cyt ochr ome C oxidase-def icient  over  t ime

 I t  is well known t hat  inf lammat ion, complement  act ivat ion, is 
associat ed wit h t he pat hogenesis of  AMD

 Since bot h mit ochondr ia' s healt h and t he inf lammat or y st at e 
ar e inf luenced by PBM, it  obvious t hat  FR/ NI R light  could 
t r eat  AMD

 Evidence f or  t he applicat ion of  PBM t o t r eat  AMD in humans 
became available in 2008 f r om a st udy wher e I vandic and 
I vandic demonst r at ed impr ovement  in visual acuit y (VA) in 
pat ient s wit h t he dr y and wet  f or ms of  AMD.

 (Ivandic BT, Ivandic T. Low-level laser therapy improves vision in patients with age-related macular degeneration. Photomed Laser Surg. 2008;26(3):241–245.) 



Diabetic  re tinopathy

 laser  phot ocoagulat ion, per f or med wit h convent ional 
cont inuous wave (cw) laser  syst ems cause damage t o 
t he neur al r et inal micr ost r uct ur es by t her mal spr ead 
f r om t he RPE.

PBM r ever se t he diabet es-induced inf lammat or y st at e 
of  t he r et ina by r educt ion in leukost asis (t he 
adher ence of  whit e blood cells t o t he r et inal vascular  
walls) and in t he expr ession of  t he int er cellular  
adhesion molecule (I CAM). 

PBM also led t o inhibit ion of  t he diabet es-induced 
pr oduct ion of  t he oxidat ive-st r ess molecule 
super oxide and r ever sed t he decr ease in t he ant i-
oxidant  enzyme.



Retinopathy  of prematurity  

 The mechanism involves t he gener at ion of  
r eact ive oxygen species which lead t o 
inf lammat ion and oxidat ive damage t o DNA, 
including mit ochondr ial DNA, as well as 
damage t o int r acellular  pr ot eins and lipids

Pr e-t r eat ment  wit h 670 nm light  r educes 
neovascular izat ion, vaso-oblit er at ion, r et inal 
hemor r hages, and phot or ecept or  cell deat h.



Methanol toxic ity  in the  re tina

 The t oxic met abolit e in met hanol int oxicat ion 
is f or mic acid, (a mit ochondr ial t oxin known t o 
inhibit  t he essent ial mit ochondr ial enzyme, 
cyt ochr ome oxidase) leading t o decline of  
mit ochondr ial f unct ion.

 t r eat ment  wit h 670 nm light  f or  2.5min at  5, 
25, and 50h af t er  met hanol poisoning was able 
t o at t enuuat e t he r et inal damage in a r at  
model of  met hanol t oxicit y.



Retinitis  p igmentos a

 The evidence f or  t his is cur r ent ly scar ce and 
consist s of  a single case r epor t s.

 Tr eat ment  wit h t r ansconj unct ival illuminat ion 
of  t he whole r et ina wit h 780 nm light , 
gener at ed by a cont inuous-wave laser  diode, 
f or  40s f or  a t ot al of  0.4 J / cm2 per  
t r eat ment  t wo t imes per  week f or  2wk 
r epor t ed t o impr ove condit ion.

Ivandic BT, Ivandic T. Low-level laser therapy improves vision in a patient with retinitis 

pigmentosa. Photomed Laser Surg. 2014;32(3):181–184. Ivandic BT, Ivandic T. Low-level laser therapy 

improves vision in a patient with retinitis pigmentosa. Photomed Laser Surg. 2014;32(3):181–184.



Amblyopia in adoles cents  and adults

 Amblyopia becomes unt r eat able af t er  t he "cr it ical 
per iod“ (af t er  t he f ir st -decade of  lif e).

 Evidence t hat  amblyopia in older  pat ient s could 
benef it  f r om PBM was demonst r at ed by I vandic 
and I vandic 

 No t her apy-r elat ed ocular  or  syst emic side ef f ect s 
r epor t ed. 

 Aut hor s speculat ed t hat  t he mechanism t hr ough 
which t r eat ment  impr oves VA in amblyopic eyes, 
might  be similar  t o t hose in ot her  r et inal condit ions

Ivandic BT, Ivandic T. Low-level laser therapy improves visual acuity in adolescent and 

adult patients with amblyopia. Photomed Laser Surg. 2012;30(3):167



Slowing axial myopia in children

 Home based device 
 Tx f or  3minut es, 2 

t imes daily 
 5 days / week
 Minimum of  4 hour s 

bet ween sessions  



Meibomian g land dys function



Many of  t he pr evious st udies wer e done on 
animal models

Thr ough closed eye lids 

Whole body or  whole r et inal illuminat ion 

Some r equir es over night  st ay at  hospit als or  
home t her apy



What is  new??

Now we can 
benef it  f r om PBM 
ut ilizing 
micr opulse diode 
laser  as a 
SOURCE  OF 
LI GHT

Can be done using 
slit - lamp deliver y 
syst em 

Thr ough t he pupil 
or  non-cont act  



Why micropuls e  ??

Reduced risk of thermal damage

Enhanced cellular response

Potential for deeper tissue penetration

Less painful with minimal side effects



Utiliz ing  PBM 
princ ip les -MPL 
team Al-Azhar 
UN hos p .



Chronic  CSR-MPL team Al-Azhar UN 
hos p .

 6m not  r esponding 

t o medical t x
 Tr anspupillar y MPL 
 Tr eat ment  of  

healt hy per ipher al 

r et ina.



Chronic  CSR -MPL team Al-Azhar UN 
hos p .



CNV-MPL team Al-Azhar UN hos p .

 CNV comp. best  

disease
 Tr eat ment  of  t he 

macula & healt hy 

per ipher al r et ina.



Vien occ lus ion , trans -s c leral MPL



Vien occ lus ion , trans -s c leral MPL



OA Glaucoma-PBM .
Tr ansconj unct ival per ipher al-r et inal Diode 

810 nm (800 - 900 mw, 10% DC, 0.2 exp. t ime 
& 400 SZ)
1 session / wk f or  1m t hen once mont hly f or  6 

mont hs
I OP r educt ion pr obably due t o incr eased 

uveo-scler al out f low 
Ther e wer e also impr ovement s in BCVA & VF 

.. This needs f ur t her  F/ U st udies.
Though VF was r epeat ed many t imes bef or e 

and af t er  t x, pat ient  lear ning cur ve should be 
consider ed.



OA Glaucoma-PBM .

 Lt  eye F.pt .

 63 yr s

 C/ D 0.6

On 
BB/ acet azolamide 
& alpha agonist  ED

 BCVA impr oved 
f r om 6/ 24 t o 6/ 12

 I OP decr eased 
f r om 20 t o 12 
mmhg 



OA Glaucoma-PBM .

Rt  eye F.pt .

62yr s 

C/ D 0.7

On 
BB/ acet azolamide 
ED

BCVA impr oved 
f r om 6/ 24 t o 
6/ 18

 I OP decr eased 
f r om 19 t o 14 
mmhg 



Mechanis m of PBM in Glaucoma.

Reduces inflammation 

Improves blood flow (ON, Uveo-scleral outflow .. )

Neuroprotective effect ( stimulates neurogenesis & 
protect RGC from apoptosis)

Studies showed reduced IOP, improved visual 
function & neuroprotective effect



Advantages  of PBM

Non-invasive : minimal 
r isk of  inf ect ion

Minimal side ef f ect s 

Wide r ange of  applicat ions

Complement ar y t o ot her  
t her apies



Dis advantages   of PBM

Limit ed r esear ch needed t o 
opt imize par amet er s

I nconsist ent  r esult s

Cost  : PBM devices can 
be expensive 



Take  home mes s age

• PBM involves conver sion of  light  ener gy t o met abolic 
ener gy  impr oving cell r espir at ion & ener gy pr oduct ion. 

• I t  consist s of  ser ies of  br ief  illuminat ion wit h FR/ NI R 
light  (600-1000 nm) f r om a laser  or  a light  emit t ing 
diode (LED).

• I t  has many syst emic & ocular  applicat ions 
• I t s saf er , less dest r uct ive & less invasive t han ot her  

t r eat ment s (ar gon laser , I VI  ..et c) 
• PBM can be usef ul in Pr omot ion of  t he r egener at ion and 

f unct ional r ecover y of  t issues wit h poor  healing 
pot ent ial like neur ological t issues(can be consider ed in 
r egener at ive medicine)
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