K






Ol 55 08 6123 (s a3 93




\\\\.n)h.,//%

Sl
///’w(u"\\\

olopn

Loged yg et

e Lot al ¢ aBIS (ol 5 L il 558 sl 5l (il 5 msso0
(02) sV (paass 398 liw Loy Lo Olaael ple li i

AVRE L oloyn s s

pean 1oV YA ¢

AVA=F+ - YYY-Y O-A - L, YO - -

ey

Aelolis’:

[ESST RS RE

oy Bylas — 3

SATYR oole ¢ ol

i el pole i 35 10 (0) ALVl paass 35b 5 cmass lim Lo :
RAGY [ JA_oF \YA¥F

F14IYA :

YAQY-Qf

3l ol s lsie

&2l Slasie
Sl

(P S S S
cslsaly

et

Eyo9e

05930l

05930 alils

0SS (g 03,
SRS G 03)

b liiliS o lets




O\ 55 08 6123 (s i 93

B 6l s 29,0\ g8 5S>

s oKy e cin e e o313 3 e300 Ky Sla i sl
s Sl psle Slidod 5 0 el 5 L g 3l i 5 g amng) Sl 2l LT ledes
S35

Qlﬁl)L;!J.:..nl‘l;?}J;@LP;@LAJ:J).“JMIW

©395 b :Ss
(O 51 Ol g

Sy 37 \TAE



0155 @S 6oy 5 (b e 9

639y ylb 53 Bl (ooln 85 g Lo 585 il
CYYYYYAN-Y) obo o iyl

00ly bl 4y g0 1(yio g Ml OB,

a9 ol wlioly g (SIS gl

Cilac 1 Slxo

WAF [ 1)Ll Jlw g Cogi

FESN DR L P

ologs VYO« » 1aayd

AVA-F - XTY-Y - O-A (Sl

Yl 5 S (398 sl — gl S UL = ) pandy (UL
AMAAE - §+ - jals

Yol F M ¢ mwlie (o8 o duped (695 Slany duged LS i ¢ st 25 t0lo yuo ol Lt
YYVIAOTY : .S YYVOAY-Y-F 5 YYVYYR- -V )il



S5 ,5059 8 98 4 el
o5 9 el y5i a8
s oluj il sle,doslailay wilein U goles ciw aS 5
ol b ) &) 5 slds

A o2 0
Qs S 9 H90 0 lged Cld (55 o slo i
Pyl dicon Lal
probo g
e o sy
2 oo e lolgen T ye w0 j5in oS

a5 Sl)loas dod 4 o3 0 g
ol s gol Ll ol 21 55 g ol




o

.

I R .
u///a"/o’///u‘/b

5 &
d’ﬁ-/‘u”’f"‘"("/‘;f
4§

ANA
../Ul;//'ué:/

u//"’/f'w//

(s

Ol s Jnlizr (I DS Sl e 0 40 S 535,T o Ll o
2l LS s Ll 4 o s 5 Sl 3 adllan | 0138 o S35 (Sl 8 003>
Pl Sl el gy el a5y cogs 65 01y S S Sl i 5 O (8 gomn e
35l el (S 5505 4 0dde el 53 15 6550 06 et oo S s

bl o Ola i Sl (Jle )8 o 05530555 G 5




A

)Y

W

TSI

OUS 51 a3lis! glaial,y 1)l Jad

B9 65 S5 AU Elil 5 (8 insja ol 50 b

doddo —V-Y

o9 w5 oy b (mode) (slaessy —V-Y

( Pulse= P) Fixed Pulse by B13 (il w3y b o3 o8 slayze) —Y=Y

............................. (Wave= C. W Continuous) pglie Bl O w5y b ole oS sl 3 —¥-Y

............................ " L by o el pglie B3 2B wady b ols o8 sl —0-Y

SCuws Power Density —#-Y

P 31 L5 j9d ipgm Juad

............................. (IVLT=Intra Venous Laser Therapy =IV LBI ) (g% ,5 3> [igy =)=V

(Transcutaneous) Cowss ($9) 5l =S g1t L)MJl, Y-y

.......................... &‘3 rg.l'}) &'9.;' l.! 0193 N.s )}(‘J 6&5&9&3 Jui)& :'D)LQ% M

(ul)Lo.u &y) RV d.:wl> u"L“"‘)’ oKiwd uL’>w| -\-¥

------ "o BIS" L 5" ully BIS" G 05y L y3d (sacg a5 S e sla ST Y-

"L G 65y U3 g 23 3 et (sl Y

vy

" gl B LA 03y b i slacig 2 3 e slaygSTE —F-Y

238 oy (Sl pild 1,5 )3 pre slayeSE L —0-F

YA

\&

AU Sl Jo 12y Juad

d)l.e(wua 4,)5| Q‘}.:_egd A




Ad

alus Jo -¥-0

513 39550 =) Alluse

ay

353508 =Y dluco

ay

V¥

o> Y dleo

ARIA

VY.

055 3939 0 e

)Y

VY

L g

Jol cuwgn

AR

VY-

Ps) wy;

Y5

Pow Sy

&l




:J gl Jab
Qlis 5 suldigl (slasal,

SLapAS lagh il 5o 4 gl 5 wilg Bals 3855 [je & S glad 5l oS (ol L
ool (Sl d ol 08 sl )i syt jod 4o 2 (S Bl Canlss > (o 5l &7 (Sl 33
95 Saisd e 0 4 loysdS s oz i 9 (Milhe bawsgi (loifyl Sl <5 oS b ]
P il oy Ol g L w1 15557 dd gl il b j3d (sla iSly diej j0 4>
2 beidly (g ptonjod Jamol Gl Sl o calin cnl 43959 (9 U Gl 0 (ano QLS

90 o)Ll Gl dliune 3)90 i J> @ g 9 Ol 05 sl solRiwd 3 (SSeS 3)50
Az g oySoleyd dsals I b 93 4u SaS g (gpien90 cobio Sy 9,8 kel Gua b

Cioaj9d OLSG dan cbs L gladys g 38> Sibj ,S0ko 45 PRO 58 Bl ab 4 gl pguas

255 4 il sy 753 s S 3 G330 3 o5 et LS ol PRO 555 s o
Oramen 9 3L 38 e 15K (B g LS 5 35 03,8 gt e (23 Sloj 45T (Y5
e S35 (i g pilay plod gl Csd dy Sloyd oSl (b & 38 ez Sl S5

ooled i) s (sl 5 L ol




OIF o5 sy (U s peajed /Y

b 8391l o 53 (63,8 Sl oS OPT Bl pb & 35 pg g

PRO ,55 L8l g 19,0 85 315 LS 3 a8 Jleigd LS ob (e Cawl OPI (GBT (o ol

leden golan | 393 VI
Slowle jl cewlacss bl pyly (65303580 Sluwloee 45 (o0L; dMe o (po &S Cunl ol Cais
039 1y 395 Lol (5510l 1 3 &S i AaBMe iy (e Sl g plodd 93 3Ly

o

sl aBasd & plawd b bl o Wiy o QLS cpl addllas 4 &7 15 5o dan Canl apal
F23e Ohlbew 4093 Cors Sl it (G340 dagslen gloy 13 Ol o8 slayid (ee 2)
Aol Cowd oy guis

9 e S0 sl aS col cpl sl S5 4 3 OLS cpl ilgd A g8 5 8 &S 6,00 aSS
13 59 sl wl  Solate slacs, 5l cowl ol aw oS opl j3 b Jgo,8 g laojly paB & pad
e S s ) jlog)S o oS |y 1S ol (g iy € L K alS 4 cuwl dioialgs
Slodds &) ol wnlie

G 5 08 o> G pyioes Jole e felbtesmo Juelowl oo 81 iz 3 asils 5
255 @3B S s ool oo ol 25 GBI Gl (8 (el 2,8 (BT Gl ADFTjlage mlio
5 sl Gl g o151 S8 Loy 128 GBI Glis dgyols o)) pels s 138 Bl Glis ¢ LeSo Migew
Sl pomen g il 5L e boj ple cnl Aol Jgol jitin o o Sp3 3 &8 (g5, 53
St golieo dngs 5 23 5l Coles Ao (B 1oy p e Sy f2kloggls (e udine (SBI
b 5 45 Ll e 5 351 (g0 IS g0 VM5 (555l ot (2 w0 s o5y 45 AIDFI
i 6l 53,5 o a5 L]y 16555 & i ple () o

29 Ligss 35>
YAy - Ol){}



:p 98 Juad

U5 s sla iyl s gl el § 5 yasgs ol

M““Wui)' 1) O‘l‘ Mlhlfismﬁ&g 4\5‘)5.3.@

dondio —V-Y
o= sl )id b hlen gloyd (S5ee (le > Sydie Sl 4 (oliwd Cqa Wb &5 Hob lon
O o)) @e—e Job Wile ala el jlags @Vl )3 oS cunla Sl 08 (pl (pmanasie <l
5 ol Gl (il )3 048 485 )5 & (il )8 (il (o e dawgio (295 (g5 B g

fetal. 1384 <Sobe 8lye Lo je Sl )l8)aiiS o o3latw] il alade prdaw
T Jsb wile B9 oo 15 530 S > & sl )9 S pate b Shy ool jl (S
ilios B Sy ol e 42 36 e S 85 I A i 5

" LS 8" 3300 e ol & 1ye ddiens ST Slmejly 5l 50 (K0S o)Ll ugd Hluws 455 &
D9 o o Cglite wilS )3 £45 93 5| H5d Come 13 a5 Cul oyl ploduogd o 4zl il oo
T ge e S8l P69 o)1 3 sl s se S b S dlal oS Cunl uilS )3 Jl @

L ol polg (oo Lo g bl o 55 STolS)d 00l gs (9398 o 0B (Shg 55 (wilS )8 oyl il o0




OIF o5 sy (WU s ieajed [ V€

@leogisd 4 0,8l 29b0 YU (5551 b 2 gi] oo by o casl S5 4 )Y oamd s
W oo (3,5 0335 42 0B 555e (sl (5358 sl by ge Jsb 4 )3 9 YL I L) L
andl oy laigsgd cnl dged iy o0 Vb Gl cod 33 3 1) @il Jlas g 09 (0
OYAY ole . ooblaso) wib o Sl

25510l s s BB 5 0351 550 SToS3l )1 & bgrpe o ol (65505 (il )5 pgd (iS5 @
D9 g0 0,l3l ] 4 Slasle p3 a8 ol uls LuilS 3 len Wil 58 opl

¥l

e g WalS Lo nle oyl Kool sl Lo 225 1

b 0l o5 slmysd 0956l & sl )90 el (3glk 3L p3Y () (1S s ST (gl Lo
e e 4 STl j) oeo Ysane ;53 1 g L5950 1)s5 gy gl

Gl 03y C)Jﬁ" ~» PRO ).75: Lglﬁ] uL..> Pw»l Cawgd dl)) e Jl;.w L)ﬁ‘ oS pjbc.w? L.a...b

SVlie 3 o Cosl drgs BB &S ol enaiS upp ) O 08 sy e 3 0 )5 Y lie S
555 ol 4y (355 505 el (sl 3 (S 1 a5 e sty ey Jlo ¥ 350 5l 4l
lodyS o oalawl 395 Ylds yo (5540 05l
olyasly L ples s ol el ople” (651" anlone plo Jgo,d il o oS jobolen
Al sy L les ke
Energy ( Jg;j¢ J) = Power (W)xTime(sec)

" olyasly b g g ps el el )le Jo3 aly L5l 5ads cle 4L g
Al asly LM b oles ey

Energy (J)= Average Power "A. P '"( W) x Exposure Time " E. T " (sec)

P ol e Gty 00 slp Bl o 5 blgl o8l (53 51 (S5 o U308
72 wilaS i ol Cuand ) (IS (65 Asilee (sl WS o odalio ipje & ok plon @




10 / 155 o5 By GG Elgil 5 5 e 93 Jeol 193 Juad

I il e Csl oas paseiie oS S lan oSl e 51,3 "8 " il |y Sl @58
oS o2kl " lasgze "

Solss" 5l pslaie 48 g% b S S Foesale yobo 1y "l o3y ey ST imen
Ve ols Lo ol 298 slestd sl g Col T osimd b o gis e
el oSl Ve e sl g Ve 0T 0l &S ()R g b dlie > Sl e

e )18 4l & i g |y Gl sl i ol 5 OB ploj e e > @

o2 (64> ol 3)ly @y ,di> PRO of

B ol 4l (B 5503 (6enjod M o e (UL U e oS00 183 P e oS0
P Ggbar 9 (5 pim o2 5 03,5 odlitwl Sllas Cuo b ol (553 02 U 1S o gSs
i3S o 5o ol (e (sl 9y Slawlne JIS 59 pu0 287>

ol bl o as (3l5 cows JlasSl Jolie 5l S ]y 550 Jo 95 el ,S1 Ll LT Lol
I ol (ito LSsT gl § ol ply il Junde a5 oaimd il (5501 Jg5 9o cdale b (g5,
aeio ma w1y cowl Gl iy Cilye a4 cliSl ate )0 b ygigs clale &S cowl et
Gl 5 Sa 68 Gl alaso pdan 5l Colpe ) CuiS) Junte
Anly 02 020l (655l (e« Sloyd SO rlly ol (lp U )8 el dlins (yan
Dogd adyS aine " jor " plgis cou Jloy (sla IS )3 (g5l cdale) oy e

(Dose ( J/em?® ) =Fluence=Energy Density=Energy (J) ~Area(cm?)
551 155 oy sLiyid ionf > pine sl Jiyg) 551 5 sl o > 85 ol 55 4 Y

B3kololEs pyime Gimo 1" 593 5 551" (i e olyen 1) 3o (sl el

Oy o5 sy b (mode) gy j, -Y-Y
Sloogigd (b bgad b g w23y 4 arg8 ( Sloyd y3d oy Gl )3 0ad 1S5 (sl g8l 5l (S5
ol Siglie (K0uSo b il w3y £9 5l ookl )3 gl s andl .l Ggp ol jl (95




OIF o5 S5 (WL s o> /9T

S STyl 4 pje Sy plo b1, il pode Jixbgs o oyl 5l wh 0 3590 0l
S 93 &S g o drgie madly ALID ()8 (SloypuiS ST imed g (wg) Slalllas (65950 5]
e Ooldie (S o)) Sl s pSo e y90 3 ol il @S> ) Clab 93 el glie
A o Hlis ) 0g5

ol o Lt oLzl )l Gl B15 2l sloesy ) ool &y gy Slize] Ygane gy il
3 S ply 100-1000 s3> )3 (s ol U5 Gl (slaeasy (JoSlge Jobo il o ol
g yidw > 50 ol g (et al 1384 CSObe Blye Lo je law)B) o ST pglne B3 Lial (glaes,
U1 5y 40 o |y oadly B13 0l 003, 51 ool cames )l 487 (6,505 LYo 5l (S vl 5548
oIl U1 (w3 1y dbes () Ao o] iy Do Bae cilei o ke ol
(21 wolgs sy i

o1 55y ol U5 (b (sl 5l edlitl sl g STyt sy (sladSSg 581350 5
Gtk J) e ysb 4 Wlgioe 590 ol & WBlse sl 4 (B 590 (il gl Lol Slizel Lol e
23,5 as 55 pglo U Lial (slaess,

1y dlas ol ploa sl s 4y (Gloyysd o Jlo (3 5 iyl 48 Sl &8 casl S5 p5Y
2 4t S (S iy 1 ke gl 51 ol 15 5, b (loys o sl il by DelS” )
ol 15y55 5 55 polie B3 2l

P33 3929 (b (mode) (b 8905 b g 3593 Ol o5 (slayid 5

(Pulse= P) Fixed Pulse b G135 (iab 3y b oyled o5 by 3d —¥-Y

o oo 1 dlaxd Sy )3 oddeg iy Sl o3 393 1 (295 sl i il el Jloges
2 olS )8 00 3l 4 Ky (nl 61488y b Al o0 NS 50 U 0)ligd (s g sy 43
[(Baxter 1997)3g4 o0 ,1,S5 436

Gl (L)l poB8) GaAs Wy il eo5 ol 251 5490

Sno n " W n - i PO LY & . .
PAIeb (Syep0 90 Ly (5 Amebe caa S dw (G @) i g5 ol
Blwd (g w5, g (A=t W = Ll (55 b Ugy =(Pulse Width) ( Peak Power=P) ald s




W/ ol 8 a5 G gl g 5 tesjod ol g3

Power

100w

Time

At=100ns [

4Hz

ol B 2l 03, VY IS

Slg Voo Ul 4 o157 ol gl > ol 0 081 G ey ol ) sy 4 3 JSSd
£ L i (ol53) @ ) 3 ool 1,55 3125 3 (1) 456 516 Yo+ Uyl ully (sl W)
Al o (Hz) 35,0
Loy L Ladl )3 a8 Gl U5 Ll sloges 3"y el o slnyid o 48 sl 55 4 p3Y)
(95 o005 " Il o U 023, bl o () 45U U ol ) " LWl 5 4e
ol oy ol canl ke " (55" e e Jgo ad o)l81 S i 3 o5 g olen
2"l sy U il ol ke p3 Ml asly L Lawgie
Energy (J)= Average Power "A. P "(W) x Exposure Time " E.T " ( sec)

(oS oo oS ) 0gud & Average Power "A. P " U bawgie (ylg (3059] Cawd 4 (¢l
WUt 2 1y 4l 157) wuiS oo dnmlne " (631" Arsloe oo Jgeyd by b ST S (651 ]
sl oy ol

oWl G S Energy (J)= <1y sy L Peak Power (P)) X agli aslg bt s>
T e il o S5 i (i 5, 3 65 ol ol 45T 25 b i o8 anlonil Jls Lo
i ol s (05551) st 25 dams 1091 s> 4y sl W g alod 87 (159 St JSC5 4y
¢ alodgad b (ol U5 (gUag) ekt (555 5 1 (415 55)
P bl " o Bly sl b ol sliag" oo iy gl



Ol o5 Wy (WL (e jed /A

S5 ol I sl 3l (ot & G0 ) Sl g5 ol 0 ol Bl e oS el ol i
SV UMUTJsbJJ)EdJS‘» 3lg (Ldatne 13 ol il i ald 4lg7 g o jd oS
@l 2 ol (8l g 500 Ole & ablpo IS Ll ling 31 S sS ol by g

(IYAY ol . ooblamme) bl o ciuas ald ()l55 4 395 o dumloxo

S oS ) )3 e oy JSB 4 S00 )L Sl

Power

100w

50 W 12 Pp

Time

Real At
oL B b e, VY S

Lo Julats Cnlune p adlsl 20,6 S5y 4 ayol 1 (5B cdio 9 diS oSS 598 pguad dy s L S
Colus dolre )3 Mt K5y 4 g dlal ppod 4y )00 gl il B clio 93 o9 j0 Lol itud g0
O Jgb &8 wols (ibasine goxie 0 gedaw 4 (oliwd slp cplplo A lals oo Lo Judatuee
Al ol i 4lB (155 oS Cansl (53 ol sl O L2ye 9 4B g5
ojls Lo by SO S (655 03)91 Cowd 4y gl o wsly wyas Lsl aBlgt oW b oS Jls
e 4SS (glogud & aoxie oyl g pdew (e JSS  detine 5 puiud Sote p) pdaw duwle
s byye oSy Gl B L2l olosy ) gt ye 0 masy clolges 3 Lol ! grums 43 0315
P9 oo 485 Jlaide t 5> plgis 4l Sley S5 )90 ey 3 Sgrw Cap Sloyd oy
1y odcal s 4 (635l Wb bawgie g5 dslne (sl ol 5 S (5] e 1 1955
oS o (o 3) 45 Sy 3 ol 1,5 S

Average Power = [ i, SG SGEnergy = Peak Power (P) x t gUa] x wils ,8



Y& 1 olg o5 sy 5 U Elgil g (6o 390 Jgo! 1095 Juad

tle el
Average Power "A. P" = Peak Power (P,) x t glax w58
s o s 1y b S (650l 88T by i &S Canl (] 035 7 4kae sl San 4 Jlsu Lol
g g0 Oy 4 b (5] pmles oo 0y il Sy b (3ae) 1SS
33 oy a8k g od (342) 10 i L okel Cawd (65,3 &S | sl g Gl By WS
t el anlgd Cond a4 Vb Jge s 5 lassly (03Kl b oly 4 el ol g oo (Sas+ asb)
Average Power "A. P" = Peak Power (P,) X t sls x _uils

2

W x sec X die/ sec

W Lgs alo o (BLs ool g oad ol @90 sec L 750 sec dployd o o1alie &5 jobo (slan
ol ol Cuwd ) buwgie g5 olg 45 Ll

Lol 31y 395 slmasily g 023,50l " 590" 9" (651" dnnlome Jgoy8 4 1500 11 G 98]
gl sy Gl B (B 25 b ol o8 slend led 5o b oS o sl

Energy (J) =\Average Power "A. P "( W)X Exposure Time " E. T " (sec)

A
s N
Energy (J) = Peak Power (P) x t sW> x il 8% Exposure Time) sec)

Dose (J/cmz) = Peak Power (P)) x t gW> x 435,53 x Exposure Time

Area

oS S0 (oS LSe35 Gl lawa)) glgl plos 5
luwgio (ylg5 = Average Power "A. P" = Mean Output Power "M.O.P" = 54,5 bawgio oylg5 =

Output Power " O.P "= g,5 lg5




OIF o5 S5 (U S eajed / Y

Slsloe 53 295 f)len lap Caa oI5 o loysd 6 p53k izl )3 &S oyl e LB 4
e Ly o Sllows | Jols s alien g pad o JIS1 )l jlons il slagma ) (s yio o2
Sio Bl 4 hlSen I (B 4 S8 caa 1 g olaio jlu b [STgy 40 0id pMel

Fledige laaaly s (B loylal aisl azily |y e b ailie
e =107, 5,5 =10°, 5L =107, 5Su=10"7, 5ied = 1077
s =107, Ko =10°, 55=10

b oo o)Ll ladsly b cpl 5l diged i 4y 58]
tpanles Cyo 107 3 1 sus pl Wb Gl & Sl o jl gous wsly foids cas o

100 mw (&g (o) = 100x 107 = 10> x 107 =10 " = 0. 1 W (1g)

u|3 0.1 lawl ﬁl).g ul9¢l§c 100 w0l )5.5 Jl.:bo 2 u,al)a Lu

opmal07 )3 1y sace ol aul a gl 4 4ol 9 5l eoas oy a5 Cap owimen @
ko

100 ns (ail 3U) =100x 107 =107 x 10” =107 sec (apl)

aibgi Olgi 4 vl Sle o5 )5 gy H(sliie slauils 8 1) =Y IS wlwl )Y Jle
oI B1S i 0235 L g 0195 o5 y3) £95 31 03 ool wibloon (W) ls 1o 5T (59 2 o
S3(ns) 4l gl Ves 1y (At=t sLds) b sl 19500 gy wledbl ;0 ouilig ¥ 51 .cunl
Do Fowly 5y OV lguw 4 led

§ ol Sy 4 olg ol -

anadds ) g5 e Ll 5 o syles Clus il Tem” Gy glae gelaw S1-Y
8391 Cowd & g onl 5l o0 393 9 8551 Oljee

an A BBy ) )0 a8 sl Gl IDase (eadd LEB 55,2 Ve 4], sliwd Luils 3 5T Jb Y
8391 Cowd 4 29 cnl 51 01950 593 9 51 Ol e

33 A4S Gl bais 55D puiS 02wl 95 slowr (510 adled o0 oS Sloyd ST gy S 43 ,51-€
355 558 90 51 S5y 5 0olakw] Oygue 4> WS s w0 1. 8 T Jalre (55 5l calati ya

§ 09y walgs yadia Sl 3490 (il yloj Code o



YV ol o5 sy (il Elgil g (s e 593 Syl 1093 Juad

Kol
Sl e 18 590 b g (551" Userd 3 eeitns ) ol il el Lo g ol 45 55 ol ol -
: M)ﬁT Cowd 4 |, "Average Power = lawgio lgs" OT 51 edlatel b b la!
Average Power "A. P" = Peak Power (P,) X t gl x il5,5
Average Power "A. P" =100 x 100 x 10 ® x 3000 =10 *x 10 * x 10 * x 3 x10* = 3x 10
W=0.03W=(3x1072) x 10 * mw = 30mw

ke yl SO
(g (=tao 30 L) g 0. 03 Lawgio ylei 4 s 19 100 ald 4]o7 0S o odnliie a5 jobo jlon
byl 45 |2 A Bl Gy 15 G w3y b 055 o5 sl ) oot 455 l 5 sl 0
Jd> o8 aiile o (Sl g5 o5 sl 3 0d9aoxe )3 lizman bz b el wsls L (glal s gl
Olg=s g aly Ly ads syl 51 A Canl adligil s 53 Sl Jlownt oy sl 9>
slayid 2l @) jles onl 0 Sly aoly ol 51500 plo 4 djle e Oy o aaly b aawgie
Sloyid an (a9 adlbiee Oy (oo 0393000 )3 #8ly 5 (gl &5 2 38 o s Ul oS

.J)lJJ u‘y);
2- Energy (J)= Average Power "A. P "( W) x Exposure Time " E. T " ( sec)
Energy (J) =3x 10 2 W x 60 sec =3x 10 % x 6x 10'=18x 10 '=1.8 J
Dose(J/cm2)=Energy Density=Energy(J) + Area (em?)=1.8%+ 1=1. 8 J/em’

3- Average Power "A. P" = Peak Power (P) x t cW> x uils,8

Average Power =100 x 100 x 10 ® x 10 =10"x 10* x 10° x 10" =10 * W = 0. 0001W=

(10*) x 10 *mw = 0. Imw
2>
Energy (J)= Average Power "A. P "( W) x Exposure Time " E. T " ( sec)
Energy (J) =10 * W x 60 sec =10 * x 6x 10" =6x 10 *=0. 006 J
Dose (J/cm?) = Energy(J) + Area (em’)= 0. 006 J+1= 0. 006 J/cm’
WSS
10 4 35,2 3000 s 51 w8 3 Lials Ly el B il w3y 59 dnles o odnlin 45 jbo o
Wgmid gm0 nrid i 30 300 ol 395 g (5559l 9 bawgio (3193 [ wdl5 13 glan o 300 GalS) 352

104l b yalyly oyl Al 3 puitine ids wilS,8 dae oS | >
3000Hz = Average Power = 0. 03W , Energy= 1.8 J , Dose = 1.8 J/cm’

10Hz <> Average Power = 0. 0001W, Energy= 0.006 J , Dose = 0.006 J/cm’



Ol o5 )5 (Sl (G jed [ YY

55 5 i ol il RISl B s 53 00 453,55 43 S5 o5, ol

inbse I3l 50 o yiall ool Wb al33l o 45 )18 4y (il 8050 g Al oo RS g
4- Energy ( J)= Average Power ( W) x Exposure Time " E. T " (sec)

3000Hz =>» 1.8 J=0.03 W x E. T sec
E. T sec=1.8J % 0.03 W = 60sec=1min (a.35)

Energy ( J)= Average Power ( W) x Exposure Time " E. T " ( sec)
10Hz=> 1.8 J=0. 0001 W x E. T sec

E.Tsec=1.8J+0.0001 W =18000sec =

18000 + 60=300min (4ids)

oiblS ol g (18 ) Gl (5551 SO iy Ca dolad so sdalin 487 ok clen
=133 300 iols ol ©ume 3L 10 Hz 4 3000 Hz 1 il 8 jialS L) & "lawgie (19"
Vsl 4 il aadya )0 ead S5 Slepy JSTgu plonl (glp &S Casline s (] g aaly 138!
oo 8L Gl Jos pe ()8 s & opl &S oupd (il 1) 5 (Celur 0) aBid> 300 W L S adds
.by»@ JM.Q(&:I )l>.) 909 U»Lwo U)|)> 4 )Luu») L&v.)%.) ‘)J) J9~u‘_;c ))J 0dS CL’L-" d950 ua.)
oo loys S 35 10H2 150e o (sl S 3 J mutlis 5188 o i (sntee Jlp Jl>

§ oakd Ly |y S ) puiled o 4358 (S 00litwl 245
waplos 0)Lsl T 4 aeldl )3 a8 canl ol > ol 5 (S ond andly pglite B1D il oo, 5l ool

ol U1 (0 5y sla ol 51 oo 6l g ool (365 Jlo )3 (e 5 42838 (o3L5 loj e
B g asl awsly og8 23 1y SV 35 ohKed 1 (g5l Cunl (Sae &S Wil oo Lol Lot
oS (oS o 1S3 ygp 33 @355I po Sl 0l a8 b > (e 40 2Bl (e el Slatie il o




YY1 019 o8 Wi G Elgil g %593 Sl 19> Juad

P oS o)Ll e 4l i 4y o Al il 1 JB L)

Do)l ootee i Sloyd (sla STy p> ciliseo gl pwils 3 5l edlitl _uoly 4 LT )

2yl JSSgp o sy ) Sisgy S5 5ub (S &5 cnl ol s

Sl 53 S5 Sl SLadSsn o 3 Sline LIS S5 5o 93 i o o plon
2,3 3929 (w9 9 (2%

4 azil 5295 i oanlile 93 Ly g (5,50 pOel jl o3l gy (oo (S USS g ST 5
IS an il 3 @Yl wimd o L o a2 (5,00 y5516 a5l ey ol 41 gy BgmS e
Sl 50 Gl ploj e g 0ad 03y IS 4 )lg5 awdl .(Moskovin and Buylin 2001 )45l e 4:8,
o 9 e oy 2 ) (o) SS9y ) (sliges ST cplpls )05 )8 Cuanl pgd a2 ) 5 Ll
5 520 sl alolb slisl (215 &S a9 0 dngio il (ol SSSgn ol 3" 590" dslre 4
Ay oo 3 Cawgy gedaw y 0. 005T/em” 390> )d e (5l

S g2y Sl Glep )i (el (o b g ()8 pitne aess o SSgn ST 4 STL
293 b g 56l p29s ) 5 039 S8 iliste (SlapuilS 33 & dagi &S gl o0 dgie
2 aS cnl y S an ppY acliccul asd)S 6 ke 5YL > g 1-4 Jem® ds p asg LB
5 S SSgn il (B it oS 008 5 S50 Gl 3y Ol x3l sladle
(Baxter 1997)5,5 s.ali

L elS 8 A (el 393 Sloys s STy 53 it o il 8 5l edlatwl 4 ble STV

S Wlods LWy

Slosyid Loy 9 o (uld b uils 55l Sy a bl )3 e bl byl cony 4 Sglata
WJLQJL;Q o)Lfls‘ P]oa).g 0% LQ(J )’l do).’>u leJL.u leo ).u D9’> P9 Cawl C)h"

SHz D> (555 5559 oloy®

10(0-100) Hz D 63,5 2 3loxy! (b 5905 gl )




OIF o5 sy (WU s peajed [ YE

30 Hz D g3L S o0 by

76 Hz D 1wl pud Sy

80 Hz 9 b Cuwdligdld S o0

700Hz=> Biostimulation® (WCwMgmd Sy

1000 Hz > Biostimulation «o 4 (ol

1500 Hz = Biostimulation o] piumw S 150 0,95 9 Ao

3000 Hz < Biostimulation 3 j oo 55

10000 Hz 2 Siliw! 49554 51 ( Cighe wo)

0 0 el B i o Dgd oo dagle dulop dslye (gwg) SlaSOgy Sl (B 4 5] wionen

B 4y 4 ST 600HZ ¢ 150Hz jl 0 5,le o wilSyd pl 5l Sy il § 518 solazwl dyg0 <l S 4
s (B Sl ys3 D! 3 msbio Sajalae b L e

als clagylon d)lg e jd oy e BMS p &S Cunl ol Wbl ke Oi 4 o)lil Lls &S (6,55 550

asoliiel oo slaglos 33 91000 g, Ailo YU sl uslS)8 5l ooliiwl &y slaze] gy oS5,

oplss dbgye Ble > 5 6yasjsd Jomol s bpo QLS oyl )3 Az n ¢ Biostimulation”

L amdie o 5 e s ofly el LS5 s & el sy
935 9 Ladslw 1 555 (5025 5L a o)Ll aoMs jgboty ¢ amn 3 S0 ,25" L g ol
35 9 ey gl ) Sbl g ()48 gine 3 " Jsho (51" L g ATP Mg 4 oo (sl ST

S Jolw

A (ol 393 Sley ola [ STgp jo "Midize glajea b g gi 0" 5l edlatul 4 blo 1Y
Sslodss My LS’LQ’JS"9)"
).aL.w 9 " )'5.) " d._j‘)‘ 4 A_Q_Io}o @‘s_ﬁ)) duJ'SJBf 0)9)_A1 c.)._g..D)f a)u‘ J.;g )0 A )9.‘9 uLo.b

ol )3 55 Slae Ghey s ool aitun dbgye LU lawaj) 53 4 )1 4 sl el




Yo I ol o5 sy il Elgil g (S5 393 Jguol 109 Juad

Cwgm) Sl o3y a3l ol 5 olajey (605,54 sl slbduoy (Wwww.walt.nu) 35 sows)
pgm

Loy 8oy doy 0)Llliemd il 355 5ije () Sen 4 dte) () )3 il o0 oS (6503 (ol
OYAY Mg ¢ LoSe) 3L o Arndt-Schulz Law 5555 olwl " Therapeutic Window"

J[Rudolf Arndt(1835-1900) 5 Hugo Paul Friedrich Schulz (1853-1932)]

Arndt-Schulz law for an open

Biologic ulcer: Doses between 0.01 and
effect 10 J/cm? are stimulating the
1 wound healing but higher doses
are inhibitory.
Stimu-
lating The therapeutic
al.l(.l window
positive
effects
_ Dose i2n
— 001 01 1 10 00 e
tory and
negative
effects

3 3 pldl )3 590 linss Lulolp (S5gdgn Slyas 1Y loges

pyr
tdnle,d o odaline Yaged pl j3 a5 Hob ylen

d9ds ) iS5l (5L o3 5) Bam sl 130. 013/em’ ¢ ;| (Biostimulation)_sleyd cute <l il

3 4SSl uob oo el Jg3 g L10-121/em® Jlgs b s g Yy g0 395 51 zgl & 1-31/cm?




OIF o5 S5 (WL s o> /YT

Mgwwe JoSo)3g- o0 JET )3 (65l @l 3l 12 Trem? | ¢ CiBge (SSpo5 @l 3110 T/em? o3gi5xe

(VYAF

PES POV B Ve ul)aul) (o, 2y203) 10 J/em*G0. 01J/em* o lo slajed iy ol &

Syl 65l sl YL (clajen o (Bum cily)

Dy 0y b K> 4 (g slge cpl 5T e i 4

@ anlie bl e il cond g dsSan 4 ol Slon sl o pm &ST gl
Bam il a0y |y S e jgd S o8 2 Jas laisS & Sloys 0,250 oo

Aol 295 Hlaie
Ahlas oloyd @ oyt dleiel b ales o (Sloyd 0,00y 83gum0 oyl sdnlie b aSST pgd
Slop Slzs (ghl )3 o8 pyglice s 08 (o iyl Gloyd duds 2 )3 35
o)lgop 5 035 Jlogy Ban L &y )i Jide by a8 AU 4l dix Sl 4 0
byl ecel dBan il d ads S i iy il agl W oS oS 0 S8
Bid CBl dan duly G 53 5 g8 L 4l M (S g Gloyd Ky ) ugSae
Amd o Ui 398 ldge 4 Cunl (Jloyd (pl 33,5 o0 )low layd 48 Slo 4 i
SBLS ey Sleyd aluds plad » jlaw 4 (S8 500 by o Bl Klepd ki jo &
S an 8l ol U oS slajed jl oy 03gamme jd Sloyd il gl Lol caisly aislo
2 AN Sloyd Slads 51 By 0 Guas el 4 yid il o les agl liy g Lad e

2,8 dalgzs dbul cdl ol Fwl

SMo 3gu5 g0 0305 il jlow Cawgy 4 aS™ (6593 "MaS wsl atild v g5 ojlgen Wb 4l o g @

ol Haide dwy o Ban Bl 4 a5 " 93 " Lo g 0395 LS

2 A8 Cowe pdaw jl o0 Bua sl gl aS lolis )5 5 S sl 4 o) b aie; cpl )

oyl islosls plssl " 593 Jgeyd " 33 —iulyng 9 155 JLB b pdaws I (g e Sl i dlols

{(Tuner and Hode 2002) 8




YV 1 ol o5 5,5 G Elgi g (5o o3 ol g3 Juad

) el e " g3 sop " el o5 s oo
Energy(J)

Dose (J/em®) =Fluence=Energy Density= —_—
Area (cm”)

Jo—e® & g 03155118 593 Jga )3 p3 |y (AH1) cCumgy (xdaw oY )3 (6l 93 dbml 5 65 5l>

ol oo Cuwd (s>
Energy(J)
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Dose (J/em®) = Energy Density= Energy(J) + Area (em?)
=
2\ r P,(W) x on : . 2
Dose (J/ecm” ) l. on +off x Exposure Time (sec) +~ Area (cm”)
:l.l 9

Dose (J/em?) = P,(W) x Duty Cycle x Exposure Time (sec) ~ Area (em?)

=3 L ol oS sleyid walgi o (B9) 95 4 Lo 0k 03l Clwus g o L g 4o b 4
P o 1 o wdb pglae G135l




0P o5 S5 (b (5 ze0 1 YE

T35 Jb ki S e S 05 o5 nghin U5 6 oy b ol o5 30 os 510
OV igeld yloj s " P " (on) JSww 0092 gy oloj e "l el "ol o
Je8 31" 593 5 631" 0ysl s 4 (el g0 10 camd 15 Lo LSt o M (off ) S 2

Energy (J) = x Exposure Time (sec)

[}

[}
,l
\4

Dose (J/em?) = Average Power x Exposure Time (sec) + Area (em?)
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Duty Cycle (on-+off) 100 2 > (on+off)=2x On —

3 x10
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2x on = ly,#5 3 x 107*sec=> on=T:lg,§5 1.5 x 10 sec

= off =1.5x10*sec

(on+off) = 3 x 10™sec
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on o =1.5x 10 “*sec

= Cycle (on+off)
offCsde =1.5x 10 *sec
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Average Power =[ by &G S Energy = Peak Power (P)x on]x _wil5 ,8

Average Power = Peak Power (Pp) x on x  .3l5 8
Average Power = (100 x 10%) W x1. 5 x 10 “*sec x 3000y, = 45 x 10 *W = 45mw
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Average Power (W) = P,(W) x Duty Cycle

Average Power (W) =100 x 10°W x —— =0.05 W =0. 05 x 10° mw =S0mw
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Energy (J) = Average Power "A. P" (W) x Exposure Time( sec)

Energy (J)=0. 05W x 60 (sec)=3J

Dose (J/cm®) = Energy (J)+Area (em?)

Dose (J/em?) =3J + 1 (em?) = 3 J/em?
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3000Hz =» Average Power = 0. 05W , Energy =3 J , Dose=3 J/em®
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10Hz >  Average Power = 0. 05W , Energy=3J, Dose=3 J/cm’
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ot Cycle (At +off) At +off
At
Duty Cycle = “Attoff
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1S 1sec 1 10y,= Isec
CUPET  Cycle (At+offy | At-+off (b At +off
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Isec
3000Hz =

(<o) At +off
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Duty Cyele =D. € = Cycle (():n +off) - onToff
Duty Cyele =D. € = IZSmZ(ZecSTIS;msec - ggm:zz - + 0%
Frequency = S S—
Cycle (on +off)
Frequency = 1 1sec __ lIsec 10° il

Cycle (on +off) ~ 125msec +125msec  250msec 250

pahao U15 (ol o, cllo o 48 Able ™ ald 155 " gl (595 035 250 S5 (koo 100 -
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Peak Power # Average Power =M. O. P = O. P

Duty Cycle=D.C -Y

Average Power (W) =
L on+off -

-
14 -

-
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Average Power (W) = Py(W) x Duty Cycle = 100 x 103x1,=0.05W

Energy (J) = Average Power (W) x Exposure Time (sec)
Energy (J)=0.05W x 60 (sec) =3 J

Dose (J/cm®) = Energy ( J): Area (cm®)
Dose (J/em?) =3 J +1 (em?) = 3 J/em®
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ol on _ on
Duty Cycle =D. C Cycle (on+off) on+off
. . 400msec _ _400msec _ 4 _ o o0
Duty Cyele =D. C= — 40 sec +100msec ~ 500msec 5 00 00%

Isec

Frequency = Cycle (on+off)

1sec 1 sec 1 sec 10° 1000

=00 =2u,

Frequency == " ontoff) ~ 200mscc+100mse ~ 500x107sec 500 500
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Peak Power # Average Power =M. O. P=0. P

P,(W9~ "% on)

/ on +off 7
’/

eAverage Power (W) =

S ———
Average Power (W) = Py(W) xDuty Cycle =100 x 103 x %5=0.08 W

eEnergy (J) = Average Power (W) x Exposure Time (sec)
Energy (J)=0. 08W x 60 (sec)=4.8J

eDose (J/em?) = Energy (J) : Area (cm?)

Dose (J/em?) =4. 8 J + 1 (em?) = 4. 8 J/em?

on on
*Duty Cycle =D. C= Cycle (on+off)  on-toff
100msec 100msec 1
Duty Cycle =D. C= 100msec +400msec  500msec 5 =02

Isec

sFrequency = Cycle (on+off)
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Duty Cycle=D.C
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Frequency = Isec - Isec __ 1Isec =103=1000=2
AUENEY ="Cycle (ontoff)  400msec+100mse  500x107sec 500 500 '

Duty Cycle=D.C

¢”
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PDSWT X oM
/7 on +off
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Average Power (W) = P,(W) xDuty Cycle = 100 x 103 x Y5=0.02 W

eAverage Power (W) =

eEnergy (J) = Average Power (W) x Exposure Time (sec)
Energy (J) =0.02W x 60 (sec)=1.2J

eDose (J/cm?) = Energy (J) + Area (cm?)
Dose (J/em?) =1.2 J + 1 (em?) = 1.2 J/em®
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e On =125msec , Off =125msec =
Duty Cycle=1/2, Frequency=4,;,, Average Power= 50mw,Energy=3J , Dose=3J/cm’

e On =400msec , Off =100msec =
Duty Cycle=4/5, Frequency=2y, , Average Power=80mw, Energy=4. 8J , Dose=4. 8J/cm’

e On =100msec , Off =400msec =
Duty Cycle=1/5, Frequency=2y, , Average Power=20mw,Energy=1. 2J , Dose=1. 2J/em?
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Average Power(W)
Area (cm?)

Power Density (W/cm?) = P.D=Intensity=Irradiance =
" Jooyd ol ol o8 ooy il slawssy elgl o " Power Density " S S ulp Jb
tpmleie syl ) " 593 9 (55

Dose (J/cm?) =Fluence=Energy Density = Energy ( J) + Area (em?)

A

Energy (J) = Average Power "A. P "(W) x Exposure Time" E. T" (sec)
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Power Density
>

Dose (J/cm?) = Power Density (W/cmz)XExposure Time (sec)

lgl )31, "Dose" ¢ "Power Density" Jgob sl s "Dose” | cuis oSun 4 &S b g

tpmleie (w2 Ol o8 ey b slae ),

tondly U1 il 5, U olg o8 o500 @

Average Power(W)
Area (cm?)

Power Density (W/cm?) = P.D=Intensity=Irradiance =

Average Power (W) = Peak Power (P) X t gU>x wil5,8

Peak Power (P)) x t glJ>x wuils,3

Power Density (W/em?)= -
Area (cm”)

Dose (J/cm?) =
Average Power(W)
Area (cm?)

Power Density (W/cm?)xExposure Time (sec) = x  Exposure Time (sec)

Peak Power (P,) x t gWax il ,8

Dose (J/em?) =
Area (cm?)

xExposure Time (sec)

: pglso 13 ol 023, b oly o5 sy Y

Average Power(W)
Area (cm?)

Power Density (W/cm?) = P.D=Intensity=Irradiance =

Average Power (W) = Peak Power (W)
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Average Power = Peak Power (W)
Area (cmz)

Power Density (W/em?)=

Dose (J/ecm?) =
Average Power(W)
Area (cm?)

Power Density (W/cm?)xExposure Time (sec)= x  Exposure Time (sec)

Average Power = Peak Power (W)
>

Average Power = Peak Power (W)

2\
Dose (J/cm”) = Area (cm?)

xExposure Time (sec)
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Average Power(W)
Area (cmz)

Power Density (W/cm?)=P. D =

Average Power (W) = P,(W) x Duty Cycle

P,(W) x Duty Cycle
Area (cmz)

Power Density (W/cmz) =

Dose (J/cm?) = Power Density (W/cm?)xExposure Time (sec)
=>
P,(W) x Duty Cycle
Area (cmz)

Dose (J/cm?) = x Exposure Time (sec)

obej o 9 "(on)JS.z_w)_ﬁ: OV gy ol ! O wlwly Duty Cycle" Sle
08l s BB 18 lawgs " (0ff) S 2 (4099 Sigels

Average Power(W)
Area (cmz)

Power Density (W/em?) =P.D =

Average Power (W) =P (W) x on

on +off



0P o5 S5 (b (s pienjed / O

Power Density (W/cm®) =[ P,(W) x on]+ Area (cm®)
on +off

Dose (J/cm?) = Power Density (W/cm”)xExposure Time (sec)
=>

Dose (J/em®) =| P,(W) x on |x Exposure Time (sec) + Area (cm’)

on +off
bl 39290 ) Glasiuo b i gy 99 b o p5 S1:0 Jl
F=3000Hz . At=200ns  0.6cm’ = Cgy ahio mbuw  100W = ald g7 : Jol gy
F=3000Hz . At=200ns (2.4 cm’ = Qg y phaio mhuw  200W = ald lgi 090 gy
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Average Power (W ) = Peak Power (P,) X t W% wils',8
Average Power (W) =100 W x 200 x10” sec x 3000 y;, =6 x 10 W=0.06W

Energy (J) = Average Power (W ) x Exposure Time (sec)
3.6

3.6(J) = 0. 06 (W)x Exposure Time (sec)= Exposure Time= 0.06 (W)

=60 (sec)

Average Power (W) = Peak Power (P) x t sUJ>x 15,8

Average Power (W) =200 W x 200 x10sec x 30004, =12 x 102 W=0.12W
Energy (J) = Average Power (W ) x Exposure Time (sec)
3.6 (J)

3.6(J) = 0. 12 (W) xExposure Time (sec)= Exposure Time= 0.2 (W)

=30 (sec)
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Average Power(W)

Power Density (W/cmz) =P.D=
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Laser Diode =GaAs

A =Wavelength =890nm
Peak Power (P,) =1-50W
At =100ns
1-3000Hz j pudass JoB: usl5 58
952455 Area =10cm’

3105200 125 5 390 (ST 9058 duwlxe 4y (4935

Average Power "A. P" = Peak Power (P)) x t gWax wils ;8
" oli g " D Max. "A. P =70W x 100 x 10° x 3000Hz =0. 021 W = Ly ,&5 0.02 W

" WS M D Max. "AL P =50W x 100 x 10 x 3000Hz =0. 015 W = Uy ,& 0.02 W

"A.P" (W)

. 2\ — . — . —
Power Density (W/cm”) = P. D = Intensity = Irradiance Area (cm?)

0. 02(W)

" sod8 g 41 " D Max. Power Density (W/em®) = 1 (cm)

=0. 02(W/cm?)

0. 02(W)

LU " : 2 —
).».M:W = Max. Power Density (W/cm®) 10 (cm?)

=0. 002(W/cm?)

Energy (J)= Average Power (W) x Exposure Time (sec)

"ol g " D aldd Sy > Max. Energy (J) = 0. 02W x 60 (sec)=1.2J

" VS > a8y Sy 45 Max. Energy (J) =0. 02W x 60 (sec)=1.2J

Dose (J/cm?) =Fluence=Energy Density=Energy(J)+Area (cm?)

1.2J

" old g " D aBBy Sy > Max. Dose (J/em®) = em? =

1.2 Jem? =Ly ,85 1 J/em?

1.2J

"o " . 2
S5 " D atBy S )d Max. Dose (J/em?) Loem?

=0.12 Jem? =ly ,8 0.1 J/em?
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Laser Diode GaAs GaAs
A =Wavelength (nm) 890nm 890nm
Peak Power (W) Max=70W Max=50W
At (ns) 100ns 100ns
o5 ,8 (Hz) Max=3000Hz Max=3000Hz
924> Area (cm’) lem? 10cm’
Average Power (W) Max=0. 02W Max=0. 02W
Power Density(W/cm?) Max=0. 02 W/cm’ Max=0. 002 W/cm*
483> S 3 Energy (J) Max=1J Max=1J
48,85 S5 43 Dose (J/em’) Max= 1 J/cm’ Max=0. 1 J/em’
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Laser Diode = GaAlAs

A =Wavelength =660nm
Peak Power (P,) =5-300mw
Duty Factor =50%

Cg iy Area =lem’

Laser Diode = GaAlAs

A =Wavelength = 810nm
Peak Power (P,) =10-1000mw
Duty Factor =50%

g 5453 Area =lem’

Laser Diode = GaAlAs

A =Wavelength = 450nm
Peak Power (P;) = 5-250mw
Duty Factor=50%
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625nm+830nm "' 31 yloj o 83wl b g "'830nm " ( "'625nm " zgo Job ;I Jikuww

LED=Light Emision Diode = GaAlAs

A =Wavelength =625 + 40nm, 830 +40 nm, (625nm+830nm)+ 40nm
Peak Power (P,) =140mw+240 mw

Duty Factor=50%

10 Hz,80 Hz,600 Hz,1000 Hz,1500Hz,3000HZ (uilS 13 g9 s 51,13 oliiusd ol s pudl8 )3
il o0

g ailad Area =20cm’
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Peak Power=Ave rage Power=M. O. P=0. P

" Swwd g " D Peak Power=Ave rage Power=M. O. P=0. P = 5-300mw

" gwwd g " P Peak Power=Ave rage Power=M. O. P=0. P=10-1000 mw

" gwwd g " > Peak Power=Ave rage Power=M. O. P=0. P=5-250mw

" g5 "' > Peak Power=Ave rage Power=M. O. P=0. P=140mw +240mw

Power Density (W/cm?)= P.D = Intensity= Irradiance = %

" Gwd gy P Max. Power Density (W/em?) = 30012711:2‘“/ =0.3 W/em?
" Gwd gyt P Max. Power Density (W/em?) = 1002:+3W =1 W/em?

" Gwd 9" D Max. Power Density (W/em®) = _250x10°W 0.25 W/em?

1lem?
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" wYS" = Max. Power Density (W/cm®) =%= 0.019 W/em? = Ly, 0. 02 W/em

Energy (J93§ J)=[Pp ="A. P "=M.O.P=0.P (W )] xExposure Time "E. T"( sec)
" Swd g " D ald S 45 Max. Energy (J) =[300x107°W] x 60sec =18J

" gwwd g " D alBy S 43 Max. Energy (J) =[1000x10°W] x 60sec=60J

" Sad g " P a8y S 45 Max. Energy (J) = [250x107°W | x 60sec=15]

" YS! D addy Sy > Max. Energy (J) = [380x10°W | x 60sec =22. 8J= Lg #523)

Dose (J/cm?) =Fluence=Energy Density=Energy(J)+Area (cm’)
"o " 5 2 _ 18J 2
wd Do " D Aty Sy 4> Max. Dose (J/em?) = Tem® =18 J/em

" Swd g " D aldd Sy 45 Max. Dose (J/em’) = 16::;112 =60 J/cm’

. s o 157 _
" wd g " D diBy Sy 3 Max. Dose (Jem?) = — 5~ =15 J/em?

. - 23 i
" W) " D addy Sy > Max. Dose (J/em®) = Soen =Ly 485 1 J/em’
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A =Wavelength (nm) 660nm 810nm 450nm 625nm+830nm
Peak Power (W) Max=0. 3W Max=1W Max=0. 25W Max=0.4W
Duty cycle 50% 50% 50% 50%
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Comparison Between the Effects of Low Level Laser Therapy (LLLT) and Magnetic Low Level
Laser Therapy (MLLLT) in Treatment of Knee Osteoarthritis (OA)

Niusha Soroorl, S. Mokmeli2, H. Attarian3 and S. Bush Bishea4

Medical Laser Clinic, Milad Hospital, Hemmat Exp. Way, Tehran, Iran

Summary

Because of the long term application and side effects of the drugs, Osteoarthritis
needs a safe and cost effective treatment. The effects of low level laser therapy
(LLLT) and magnet therapy have been discussed in the treatment of inflammatory
and degenerative diseases. 50 OA knees were allocated in two groups [Case
(MLLLT) and control (LLLT)] and were treated for 12 sessions. The effects of
therapy were assessed through P and S subscales of WOMAC index and clinical
examinations at the end of 12th session. The results analysis performed by SPSS
program shoWed good changes in P and S subscales of WOMAC index with both
methods, but the mean difference of walking duration which causes pain was
significantly lower in MLLLT and pain reaction was appeared in MLLLT. While
there was no pain reaction in LLLT, which it may be due to over dose affect of
magnetic field, so we can use both methods for pain managing in knee OA but the
dose should be reduced in MLLLT.

KeyWords: Osteoarthritis, Low level Laser, Magnet, Knee, Pain

Introduction

Osteoarthritis (OA) is the most common form of joint disease, regardless to no age,
race, or geographic area. More than 10 million Americans have knee OA and the
most affected people are older than 45 years. Treatment includes primarily weight
loss; NSAID (Non Steroidal Anti-Inflammatory Drugs), In addition, surgeries
including the joint replacement and the repair of focal cartilage loss by autologous
chondrocyte transplantation are developing procedures [1]. However, regardless of
outcome and costs imposed on the patients and health management, these
procedures sometimes have got even serious and life threatening side effects such as
gastrointestinal bleeding, heart attacks and strokes resulted from NSAID. Therefore,
investigation for a safe and cost effective method for treatment of OA seems to be
needed. The contributory effects of low level laser therapy (LLLT) and magnet
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therapy have been discussed in treatment of inflammatory and some degenerative
diseases such as OA [3-2]. The clinical use of LLLT with magnetic field was
initially carried out in the countries of the former Soviet Union, most notably
Hungary, and its use slowly spread to the rest of Europe and no unfavorable side
effects were recorded. Nowadays, the same studies have been established to evaluate
the efficacy of magnetic fields in treatment of some diseases such as neurological,
musculoskeletal, cardiovascular diseases and cancer; but they have demonstrated
contradictory results [4], which may be because of different procedures applied for
studies. Therefore, we interested in comparison between effects of LLLT alone and
static magnetic field With LLLT (MLLLT) in treatment of knee OA.

Materials and Methods

50 osteoarthritis knees of female patients were selected and randomly divided in two
groups (MLLLT & LLLT) with according to frequency matching for age, body mass
index, and Kellgren- Lawrence radiographic grading for OA. All of the patients
were unaware of their groups and were evaluated for their disease status according
to the subjective and objective methods before and after treatments by the same
person who was not awarded of groups allocation. 1) Subjective methods: A) pain
number (PN) according to Visual Analogue Scale (VAS) and P subscale of Western
Ontario and McMaster Universities Osteoarthritis (WOMAC) index (walking on flat
surface, stepping pain, night pain, and standing up right or start pain). B) Articular
stiffness was assessed by S subscale of (WOMAC) index (after first wakening in the
morning). Objective methods: 1) Articular edema by measuring the Supra Patellar
Size (SPS). 2) ROM (Range Of Motion) till cause pain seen from a grimace on the
face. Case group underwent MLLLT by a laser set (Mustang-2000, Russia) with
GaAs hand-held probe (LO7, A= 890 nm, peak Power =100W, area=1 cm’) and
GaAs cluster (MLO1K, A = 890 nm, peak Power = 50W, area= 12 cm®) in pulse
radiation mode (F=3000, At=200nsec) and in the case group, there were 50 mili-
Tesla static magnetic fields With lecm? and 13cm’ surface areas. Magnetic heads
mounted on LO7 and MLOI1K laser probes. Each knee was radiated from 5 sides in
contact technique with pressure (medial and lateral sides of knee, popliteal fossa,
and both sides of patellar ligament). In addition 9 tender points on periarticular
muscles were radiated. 12 sessions (3 times /week) were done for each patient and
delivered dose were as follow: Articular space= 6 J/cm®, Tender points= 2 J/cm?,
Popliteal space = 0. 6 J/cm’. Because of patients adaptation to laser therapy,
delivered does was as half in the first three sessions. Total dose in per sessionwas
42. 6]/ leg. (24. 6 J/knee and tender points = 18 J)
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Mean ML. be' ML. af® P.v L. be* L.af P.v
PN (VAS) 10 3.5 .000 10 4 .000
Walking pain 9 13' .000 4 13' .000
Morning stiff 13' 6' .000 16’ 4 .000
ROM 0°-90° 0°-115° .001 0°-81. 5° 0°-121. 5° .005
SPS 42cm 42cm .000 43cm 42cm .000

1-Magneto laser therapy before treatment
2-Magneto laser therapy after treatment
3-P.value

4-Laser therapy before treatment

5-Laser therapy after treatment

Results

Eventually, in order to compare the differences between the subjective symptoms and
objective signs of two groups and primary values of them, the statistical analysis was
accomplished by using SPSS program (Fischer exact test, ANOVA and unpaired T student
Test). The Distribution of WOMAC index difference from primary value was tested with chi-
square (chi2) test. Logistic regression model analysis (Hosmer — lemeshow analysis) Was
done for relations between age, socio — economic status, kellgren — Lawrence radiographic
index grading and mentioned different indexes. There were good changes in P and S subscales
of WOMAC index, PN, ROM and SPS in both groups, but the amongst measured variables,
the mean difference of walking duration which causes pain reduced significantly in MLLLT
in comparison with control one (LLLT),(Fischer’s exact test,p = 0. 002) and other measured
parameters did not show any significant differences between two groups (p>0. 005). On the
other hand, in the MLLLT group, the pain reaction was appeared in all patients (average in
4th session) while there was not any pain in LLLT group.

Conclusion

Many involved physicians and scientists believe that the cells of the body can produce the
specific electromagnetic waves and also can be affected by them. Methods have been
developed to measure and categorize these waves in both sickness and disease, but there is as
yet no conclusive scientific evidence that these methods are entirely accurate or repeatable.
Many treating modalities have been developed to make use of changing the disease wave
forms into healthy tissue wave forms by electromagnetic means. Owing to the nature of the
machines and of the diseases they purport to treat, it is difficult to assess these devices on an
impartial, scientific basis. However, it seems that the application of static magnetic fields may
have some effects on lived tissue including: 1) Blood circulatory increase (because of RBC
iron absorption by the magnet). 2) Cellular pH changes. 3) Calcium ions transportation
process amplification. 4) Hormone secretion changes [5]. LLLT has been used to control pain
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in different musculoskeletal conditions. Despite its widespread use, the results of the
experimental and clinical studies are conflicting. The results of some placebo — controlled
studies suggest that LLLT may be useful for pain reduction in OA [3]. In contrast, in another
study detected there is no difference between the active and the placebo treated groups [6].
However the result of meta-analysis study of EnWemekal CS. et al. suggests that laser is a
highly effective therapeutic armamentarium for tissue repair and pain relief [7]. Finally, a
comparative evaluation of the efficacy of magneto and laser therapy in patients with OA
showed that the time of hospitalization can be reduced at an average by 5 beds—days [8].
Although our study showed that both therapy MLLLT and LLLT could reduce pain and
improve P and S subscales of WOMAC index, however it did not show better results for
combination of the magnetic wave and LLLT rather than LLLT alone and also, some
parameters (walking duration without pain and pain reaction) showed worse results. It is
assumed that the application of the same laser dosage along with magnet therapy causes
patients to overdose. Therefore, the application of lower dose of laser could deliver better
results. Perhaps, in the live organs, the summation of the effects of the magnetic wave and
Infrared laser lead to overdose. More clinical trials are needed to clarify this issue.
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Osteoarthritis

e Knee, 5-25J/session or 4-8J/point, IR
e Compression technique

e Muscles and tendons, 2-4J/point

e No more 50 J/session

Chondromalacia of the patella
e 30J/point, divided between more points

Osteoporosis
e 2-4 J/point
e Up to 15-50J cumulative dose

Rheumatoid arthritis

e Each joint should be irradiated from 6 points
® 4-8 J/cm?

e Small joints: Red

e Deeper lying structures: Infra Red

Carpal Tunnel Syndrome
® 4-6 J/em?, Weekly, 3-5 treatments

Trigeminal Neuralgia

e It is recommended to irradiate the nerve on specific points where it traverses the bone

e Acute stages: 3-6J/point
e Chronic stages: 6-10J/point

Migrane

e 4-6]J/ tender points

e Irradiation of neck and shoulders
e Irradiation of vertebra

Peripheral nerve injury
e 10 J/point

e Wavelengths: 540nm, 632nm, 780nm Were found more effective
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Dermatology

 Burns ( 1% and 2™ degree) 2-3J/cm? Red, non- contact scanning or spot technique
e Keloid, 6-10J/cm? ,R+IR

e Rosacea, 2 J/cm? Red

e Psoriasis, 4-6 J/cm? R+IR

e Sclerodermia, 3-6 J/cm? R+IR

e Scar tissue, 3-6 J/cm?Red, thick scars R+IR

Aesthetic

e Acne, 3-6 J/cm?Red or R+IR

e Cellulite, 4-6 J/cm? Red or R+IR, lymph glands 6-8 J/cm?IR
o Wrinkles, 2-4 J/cm? Red

e Hair loss, 3-6 J/cm?R+IR, scanning

Recommended doses in ENT

® Mucous membrane: 2-4 J/cm?

e Herpes labialis: 1-2 J/cm? Red or IR
e Lingua geographica, 2-4 J/cm?

e Skin: 3-6 J/cm?Red or R+IR

Recommended doses in Urology
o Uretritis 2-3J/cm*Red

e Herpes 2-3J/cm*Red

e Balanitis 2-4J/cm?Red

e Ulcera 2-4J/cm*Red

e Epididymitis 4-6J/cm? IR

e Pubalgia 6-10J/cm? IR

Recommended doses in Gynecology

e Skin: post-operatively 4-6 J/cm? R+IR

e Mucous membrane: 2-4 J/cm? Red or R+IR
e Vagina: 3-5 J/cm? Red

e Genital herpes 2-3 J/cm? Red

Gastrointestinal

e Peptic ulcer disease (exclusion of malignancy) 2-3 J/cm? Red, through the optical fiber

® Proctologic conditions (perianal inflammation, fissure, wounds, and external haemorrhoids)
4-6 J/em? Red or R+IR

Pediatrics

® 3-6 yrs skin surface; max. 3)/cm?
mucus membrane;max. 1J/cm?

® 6-9 yrs skin surface; max 6J/cm’
mucus membrane;max. 2J/cm’
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® 9-14 yrs skin surface; max. 9J/cm’
mucus membrane;max. 3J/cm?
® 14 yrs and more, as adults

Geriatrics
e Herpes zoster, 4-8J/Tender Point
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Recommended treatment doses for Low Level Laser Therapy
Laser class 3 B, 780 - 860nm GaAlAs Lasers. Continuous or pulsed, mean output:5 - 500mw
Irradiation times should range between 20 and 300 seconds

Diagnoses

Tendinopathies Points or cm” Joules 780 - 820nm Notes

Carpal-tunnel 2-3 8 Minimum 4 Joules per point
Lateral epicondylitis 1-2 4 Maximum 100mw/cm”
Biceps humeri c. 1. 1-2 6

Supraspinatus 2-3 8 Minimum 4 Joules per point
Infraspinatus 2-3 8 Minimum 4 Joules per point
Trochanter major 2-4 8

Patellartendon 2-3 8

Tract. Iliotibialis 1-2 4 Maximum 100mw/cm”
Achilles tendon 2-3 8 Maximum 100mw/cm”
Plantar fasciitis 2-3 8 Minimum 4 Joules per point
Arthritis Points or cm’ Joules

Finger PIP or MCP 1-2 4

Wrist 2-4 8

Humeroradial joint 1-2 4

ElboW 2.4 8

Glenohumeral joint 2-4 8 Minimum 4 Joules. per point
Acromioclavicular 1-2 4

Temporomandibular 1-2 4

Cervical spine 4-12 16 Minimum 4 Joules per point
Lumbar spine 4-8 16 Minimum 4 Joules per point
Hip 2-4 12 Minimum 6 Joules per point
Knee medial 3-6 12 Minimum 4 Joules per point
Ankle 2-4 8

Daily treatment for 2 weeks or treatment every other day for 3-4 weeks is recommended
Irradiation should cover most of the pathological tissue in the tendon/synovia.

Start with energy dose in table, then reduce by 30% when inflammation is under control
Therapeutic dose windows typically range from +/- 50% of given values, and doses outside
these windows are inappropriate and should not be considered as Low Level Laser Therapy.
Recommended doses are for white/caucasian skin types based on results from clinical trials or
extrapolation of study results with similar pathology and ultrasonographic tissue
measurements.

Disclaimer: The list may be subject to change at any time when more research trials are
being published. World Association of Laser Therapy is not responsible for the application of
laser therapy in patients, which should be performed at the sole discretion and responsibility
of the therapist.
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Recommended treatment doses for Low Level Laser Therapy
Laser class 3B, 904 nm GaAs Lasers (Peak pulse output >1 Watt, mean output >5 mw and
Power density > 5mw/cm?) Irradiation times should range between 30 and 600 seconds

Diagnoses Min. area/points Min. total dose
Carpal-tunnel 2-3 4 Minimum 2 Joules per point
Lateral epicondylitis 2-3 2 Maximum 100mw/cm’
Biceps humeri
cap. long. 2-3 2
Supraspinatus 2-3 4 Minimum 2 Joules per point
[nfraspinatus 2-3 4 Minimum 2 Joules per point
Trochanter major 2-3 2
Patellartendon 2-3 2
Tract. Iliotibialis 2-3 2 Maximum 100mw/cm’
|Achilles tendon 2-3 2 Maximum 100mw/cm’
[Plantar fasciitis 2-3 4 Minimum 2 Joules per point
\Arthritis Points or cm’ | Joules 904nm
[Finger PIP or MCP 1-2 1
(Wrist 2-3 2
Humeroradial joint 2-3 2
Elbow 2-3 2
Glenohumeral joint 2-3 2 Minimum 1 Joules per point
IAcromioclavicular 2-3 2
Temporomandibular 2-3 2
Cervical spine 4 4 Minimum 1 Joules per point
Lumbar spine 4 4 Minimum 1 Joules per point
Hip 2 4 Minimum 2 Joules per point
Knee anteromedial 4-6 4 Minmum 1 Joules per point
lAnkle 2-4 2

Daily treatment for 2 weeks or treatment every other day for 3-4 weeks is recommended
Irradiation should cover most of the pathological tissue in the tendon/synovia.

Start with energy dose in table, then reduce by 30% when inflammation is under control
Therapeutic dose windows typically range from +/- 50% of given values, and doses outside
these windows are inappropriate and should not be considered as Low Level Laser Therapy.
Recommended doses are for white/caucasian skin types based on results from clinical trials or
extrapolation of study results with similar pathology and ultrasonographic tissue
measurements.

Disclaimer: The list may be subject to change at any time when more research trials are being
published. World Association of Laser Therapy is not responsible for the application of laser
therapy in patients, which should be performed at the sole discretion and responsibility of the
therapist.
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