Title: METHOD AND APPARATUS FOR THE PHOTOMODULATI ON OF LI VING CELLS
Abstract: The present invention relates to a system and nethod for the
phot orodul ation of |iving tissue. Wien photonodu- | ated, 49Reaeqber 2&ife wil |
exhi bit bioactivation or bioinhibition according to the present invention
and, wherwassmigisshe di scl osed sources of narrowband nedt/Usiarzernat i c

radi ati on can cause significant dermatol ogi c advantages such as hair
renoval, hair growh stinula tion, winkle reduction, acne reduction and
scar renmoval, vitiligo, etc. The present invention has application to
non- der mat VIRGRED ANTPAPPARATURAHOR ik PHOTSNODULATPION DRLZNEN! b1 L on,
cell regeneration, the stimulation of tissue I1n organs, etc. 29 Decenber
2005 WD 03/ 001984 PCT/ US02/ 20706 5 €BLMBTHOD AND APPARATUS FOR THE
PHOTOMODULATI ON OF LI VING CELLS Rel ated Applications This application is
rel ated to copending application serial nunber US 09/759,094, filed
January 13, 2001, which clai ns RdktedApplidativn©f provi si onal application

serial nunmber _60/176,175, filed January 13,, 2000, bot h_of i are hereby
i ncorporated by iSRS reltedih srrEnng ?npﬁfiﬂonﬁ?r@il amﬁlrertlﬁé)_%sﬁﬁfi,i on The
present | pyRNhLRE 1Xh601S% 1R cRIMBhHAThANEF RPAGLE BplicRiondsridl Gudbdpar r owband,

mul tichronmati c el’ectromagnetic radiation emtter to photonodulating |iving
ti ssue an@¥/17®175, filed January 13, 2000, both of which are hereby incorporated by reference in

their entirety.

10
Field of the Invention
The present invention relates to a method and apparatus for using a narrowband,

multichromatic electromagnetic radiation emitter to photomodulating living tissue and, in
particular, human cell-containing tissue. By exposing living tissue to electromagnetic

15 radiation in carefully chosen wavelength-bands of the specirum e;ither continuously for a |
period of time or in pulses of a predetermined frequency, cells within living tissue can be
stimulated to begin genetically determined routines or regenerative functions or inhibited
from these same functions. The novel photomodulation apparatvs and method can be
used to control, stimulate, or inhibit cell growth to treat conditions caused by undesirable

20  or suboptimal cell growth or cell function.

Background of the Invention
It is traditionally accepted that the coherent nature of laser light (which is one of

the properties that sets laser light apart form all other light) is necessary for the current
25  applications of light sources used in medical treatment. This is particularly true for
biostimulatory or bioinhibitory effects in living tissue since essentially all of the research
is with lasers. Lasers, however, are very expensive devices, require large amounts of
power, and can be extremely dangerous unless used under the strict supervision of
qualified medical personnel. Further, lasers have long been believed to be essentially the
30 - only suitable source of electromagnetic radiation for generating effective biostimulatory
or bioinhibitory effects because it was assumed that the light source must be
monochromatic, that is of a single pure color or wavelength, i.e., is monchromatic --
| operating in a narrow spectrum of wavelengths. While other narrowband, multichromatic
emissions sources have been known, such as laser diodes and, more generally, light
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particul ar, human cell-containing tissue. By exposing living tissue to

el ectromagnetic 15 radiation in carefully chosen wavel engt h- bands of the
spectrum either continuously for a period of time or inZJessmbgr 2605
predeterm ned frequency, cells within living tissue can be stinulated to
begi n gen®Pi08l1P8s det er mi ned routi nes or regenerative PCHBINEHES or

I nhibited fromthese sane functions. The novel photonodul ati on appar at us
and net hod .can b%%(g‘sed to_control,. stinmul atf, or inhibit cell growth to

treat corfififingdwdes{iLEYs 5y derrse iratls premifng cleshippaaneligtrdigianingr owt h or cel |

functi on.n.BaeKEaURb Yavdl Bt Y80k haR deberbied WGy b QPR bysudeneRked that the
coherent nature _of laser light (which is one of "the properties that sets

. gnt  (wh Prop
laser |i giseindpedical freptmentidpe torthair liritegipoyer aptpvé ewkibe fo hispsityl9é current 25

applicati P . 1SE4 | I r . LS IS

parti cul ae?#%@%%%ﬁ‘?%&agg%ﬁs]tgf%ﬁ a.glf QF%éﬁgl#@hrﬁeblﬁ@cﬁr@s%fr ?c-egé’%% in living

ti ssue sitreatment SMotededr, despleltheateenbhemergmeaciolry high brightnessddtissintdress er s,
however, .are ver ensi ye devices, require. |lar agounts of  power, and
can be et PEEF P drlscspnl 0 Ioiersd dpictiopR aR af Jemaglgrl  Si on of
qual i fi edreafttng Mr REHSIOMAShot bEHiicAbwWn WwitERItEe #48ve | ong been believed to be
essentially the 30 on %/ sui tabl e_source of electromagnetic radiation for

generating ef ﬂ@%%apbefia_%%ipﬁﬁipal«ﬁpw Teplags;lesersonneds tr@PP%ﬁ@Yl‘?_écause it
was ass“%&’au&é‘@Bsttcﬁ‘?eﬂt {4 hﬁ@‘&h&%?&ﬂ‘eﬁﬁseﬁguaﬁgﬂ SEPPR high péaﬁ?lbwéls of a

single pure color or wavel engt , I's nonchromatic -- operating in a
nar r ol s pideserannbash propertibsshaftchrnot Whachievet byemrmstdEdstaad chighhoéver od. r onat i ¢

em ssi ons,sources have.been. known uch as .|l aser_ diodes d, nore

Gener al | oergn o BEYE e rEink Y Bed Ml 8 e RS mek P REPS8 706 e ¢t ng

di odes ( 'dewllsped that k@ bwSsuledRadhleo e nith dwed gedkl poier. OA@Edost radi ation in
a narroyt\)/i specirum of wave] engths), LEDs have never 1% en W dely accepted as
sui t abl e HBH™ ?Weﬂ’@&?t%%arvefl?eé{é‘!%h?mﬁﬁ&’étka& HEPPSS) isWilERbwer out put
and the |T9Wtﬁoﬂ?ﬁcg¥lhﬁi}igiﬁ hurfek 6 b RIRIREF EEDS HgBlbAfs hRYb@he capabl e of

delivering to Iving tissue receiving 5 treatnment. Mreover, despite

t he r¥cersonsidasedps itonaydfave beep consiflercd té bhanptical ckedlenge for ¢omest  in t he use of

LEDs as %lglf%#gncenent for lasers in applications such as dernat ol ogi cal
treat rrent? gkarrpl e, has not beconme known within the art. The | ack of

i nterest in udloatiaserteshriotogyapplid dor maitiabusk Oy adamed Gad riiifiagtlagnt may be
because nost .current_ | asers have very short | se durati o d al so very
hi gh pealcohBiasy an f@lwgéeca?@\i%&'ﬁ dﬁ‘f‘%i?&cflﬁ @‘iaspwte@gm? CH¥ achi eved by

current bﬁ@;ﬁed%&qnéﬁii(ﬁmse@@ébﬁ{ec@ﬁ:mohg\ﬁ&‘,’%]m]ﬂ?}r!ténm&%oﬁl@[)eéda fifg}g unwant ed
hair and veins have nore recently been devel oped that are'long pul sed" and

al so Wse liringlissusvwere finé pre-qristiog likenbe laedrs. Almestall laser research is directed at

delivering the laser beam through mirror or fiber optics to living tissue . The maximum
beam diameter is determined usually by the diameter of the lasing medium laser head.
While it is commonplace to 'narrow' the beam diameter from that exiting the laser head,
making the beam wider is rarely done as preserving the desired-required treatment
25  parameters laser qualities becomes a significant optical issue and there is insufficient
power to cover large areas with these parameters. Simply put, no one has been thinking
of trying to cover say a square foot of surface with a laser beam, and currently a square
inch is considered quite large for most medical applications. The concept of directly
delivering the light from the LED directly to living tissue from the LED source itself'is,
30 therefore, contrary to laser desigrfiogic and the most likely reasoning why LEDs have
never been thoroughly explored as an option for producing electromagnetic emissions for
medical use.
Pethaps due to the belief that lasers are the only viable source of light
applicable for use in medical treatment, or pethaps due to the belief that effective medical
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bi osti mul atory experinents have used hi gher energies than those possible
with LEDs. The thought of stringing hundreds or thousands of LEDs together
has never been 15 considered as it may have been consi der¥PeEMHET

optical challenge for sonme applications. Mdst |aser technol ogy applied for
medi cal uwe 0p/a01sdapted frommlitary |aser technol ogyPGRUSAAN6 nOr e
recently has the devel opnent of |aser systens specifically <created for
medi cal use becone, comonpl ace, so LED systens that coul d be adapted for 20
i ving ti Setmenfisapirdigthsnerey bighhorge qr»bgyhﬂwénaltw@ﬁ%d sopfepgfgherefpre | aser
resear ch foxdifl fo@fd el aocofleh batfet 11B0lalcREurki ASlar EAMHLAAUON M rror Of fiber
optics to li1ving tisste. The maxi num beam di aneter i s determ ned usually
by the dimaeachiometic light sdvaess arg thesatilyienniraereipllyesstel souwes pElight), pwresbnmonpl ace

to 'narrow. . di er .fro, h e | . maki ng the
beam wi de(fvﬁnll“'ts'?d]tr%étlrglg‘%lg1r eélg%gg é%"%’ P éens%]?]%/sﬁcg%n ?ﬁ’b&‘l‘ (%%io{rl%de—nr Eﬂ{ lrlﬂlggﬁsr%%t ment 25
par anmef er o heatsler tageiahoelbdules (i cmna.shleods caltagé, etatherointaboad the ménireuand t here i s

i nsufficient ower.to cover |large areas wit.h these paraneters. Sinply put,

no one ha@’aﬁ%‘gn‘l{gﬁ?@miﬁ@m@d&“ﬂa{/ ﬂﬁy't'o%g USSR IOER UGS PROTBSPUBE surface

with a | agglindle #¥phadaGn GHich Sh bygiss t5 Gpairand fepSilRratesbyoROfordaiond quite large

for nmost nedical applications. e concept of directly delivering the

i ght frmqqs@laezgﬁlmthw,mywp@llqgwﬁh@s.tm@wnl%wyFvéert@es’-dspurce itself is,

30 ther eftﬁéaﬁnen?soc%sre%%mhqnj t iR 1h ﬁ@e 5&&?11&0??%@&% e%eléﬁh% reasoni ng
opt or

why LEDs have never Dbeen “tHoroughly explored as a I on roduci ng
el ect toomachemicals whidhsipnelikat flerbodyrhali twetd woseled Beinjusgdsindl thes initididse bel | ef t hat

oot rene el Rl e Sl e AR DB il 8,5
Decenber a&ﬁfah%%%&%&%ﬁ@é&%&%&ﬁ@fﬁdw@ul@mbmﬁﬁywce@ab\hgh ener gy

| i ght sources or high intensity pul sed sources (therefore |eading to the

wi del y aceeeditin py senifiqatnondehrldamagr iy tperpigals de .

MNOCAT OB Hiddf EhoRAL:RSh hifir!iflh AR dORERIR R shith EROMemBP U cES Of
light), currént clinical treatment regi mens have been”focused on applying
enoughs enigjugyodeurs) the dinegt bipacdivation of @ spestfic ceh er suheallylar puhaentds (i .e., water,
bl ood, cal.l a .t t herein abaye the .m ni thre | d needed to

pr oduce ttﬁggegrg] %uﬁ%py_rem_aﬁ%]l%vleﬁ&?ﬁqeﬂ? Wu?’t%gagac 1P prs“?’or to wound

heal i ng -photdaéivaiead SR stirtulMincbnds b to pedinesudcontioipdivouraitdalirggener at e by t he
formation anpng nmany ot her things,. new col tggen fi ber&,ﬂéﬁor exanpl e, many
| aser - basibgormaf wapnddicelingdalse terpedscaming 3ﬁj°EH‘§}J fraal penise FinalL dhefoiShave a

sti mul at opyuef &8f highir 1681 GARIRAY itArFASELRE frol GRatildBRlnd At the body has
been mu(;%legl orvglﬁhljggreﬁaﬁgﬁt us i t??taes gro e
20  destruction and cell death. Such treatments can cause significant patient pain or

discomfort and require lengthy recovery times.

Lastly, even the lowest-power lasers available for medical ireatment require the
supervision of qualified medical personnel. Even low-power lasers can cause at least eye
damage or some degree of tissue injuries; and most lasers used for medical treatment have

25  arisk of serious electrical shock or death. None are classified as ‘Insignificant Risk
Devices’, a classification for devices (such as hair dryers, electric toothbrushes, etc.)
which are deemed suitable for use without medical supervision due to the minimal risks
of harm or injury they pose.

It would, therefore, be desirable to have a device, and a method of using such a

30 device, that can provide the benefits of laser treatment at significantly reduced cost and
power requirement while retaining the ability to deliver sufficient intensities of
narrowband, mulitichromatic electromagnetic radiation to living tissue to induce
biostimulatory or bioinhibitory effects as part of a regimen of medical treatment. Sucha

~ treatment regimen could provide significant dermatological benefits by the
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wel | defined sequence of events collectively terned wound healing. The end
result of the wound healing nmechanism nmay be the production of new
collagen, but this occurs as a result of lethal or S|gnﬁp[¥§ﬁmbﬁbﬂxﬁethal
damage to many types of cells. In contrast, through direct photoactivation
(rather than a treatnent regi nen in which photothermal 15 injury occurs)
the direct bioactivation of a specific cell or subcellul ar conponent IS

triggered t hqut. ap ciable | evels of t er cel | mage.
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have Ispqrfprtod 2ePYBUE™E ectrical shock or death. None are classified
as "I nsi gm fi cantould 236 HoR iR ant advarkanai fo ibadr Bhal ol doexiaaemethsdich as hair

dryers, ctric to hbru hes ch.are | e. for use

wi t hout n8 g s e ﬁmdﬂﬁmfg‘%ﬁgwﬂPﬁFﬁﬁ¥m$P “E%ﬁmﬁﬁ R P injury

t hey poselmhg tmmu krek ddeh(ﬁbﬁfcth&, méRcall @glerasidreor] B dnRde ode dbbdiRentand a net hod
of using such $ g%ﬁé % can H?VI e the benefits of I|aser

t r eat ment PEf 2 6Fﬁ‘ FEamt Py “%"é‘éfu ‘f grdfathnoner requirement whil e
retaining the ability to deliver suff|C|ent intensities of narrowband,

mul ti chromatic el ectromagnetic radiation to |iving tissue to induce

bi osti mul atory or b|0|nh|b|té¢§!@F#8ig§&§¥gﬁgﬁt of a regimen of nedical
treat ment. SucAc@rdihg @at fileNdspést gf e prezey Iuﬁlrem@yﬂﬂfe is p@Rided @ atthod

der mat ol o iCF| belﬁ%iti'qé the 3 29 Dece 2€0€ hat oacti vation of cells
to i nduce™%K O’Plgi? BRI ISE e @mPISP RS ETHINE RS %FSSH%W %ol | agen)

Wi t hout thtﬁfd%hhd/mhlﬂ]jchtbhﬁ@c tduecesdf Ierctrcbrhag\ﬁﬂw ddialisouler ashdaihageous t o have
a source of. nar d multi.chromatic el ectromagnetic radiation and a

met hod of © lﬁ‘btossﬂg‘l’fp 1408 $9¢-0 mmke it capable of inducing beneficial
bi osti mul at or yAq:E-ef&h-@l diiHolinkdny Bsed b Iegst o Iigmoahltﬁiﬂgedamek Iilﬁrahl@aif the tissue

cbove Lo LRIl L0 v RELEnY ssssnl Lol Clppat ng pat en
advancenegtout monhmh anthoﬂigm thaweve@exfg'ews Glﬁ)s&ﬂbhsm?bthé natife dehd’lgeaShlﬁiﬂ a device
that can nllerég‘ , pre erre f\éra(iflelangtgs mnc &Ot ! ng440nm n;r[]r{ \la)f{tlg ggndm&tﬁ S in

least +/-5 nm.

An alternate process may employ a laser diode alone or in combination with an

LED or plurality of LEDs. This method may employ a continuous wave or a pulse of a

period of from approximately 1.0 ms to aboutl x 10° ms, a light intensity of less than 1

watt/cm?2, and the temperature of the living tissue not to exceed 60°C. If further

stimulation is necessary pulsing may continue from 10 seconds to 1 hour. The preferred

wavelengths this process employs are 400 nm, 445 nm, 635 nm, 660 nm, 670 nm, 780

nm, 785 nm, 810 nm, 830 nm, 840 nm, 860 nm, 904 nm, 915 nm, 980 nm, 1015 nm, or

1060 nm.

| Another embodiment of the method of present invention the emitter of

'eleétromagnetic radiation produces a light intensity of from about 1 nanowatt to less than

about 4watts/cm?2.




living tissue that does not require nedical supervision or, in at |east one
enbodi nent, pose a potential risk of eye injury, electric shock, or death.
Summary of the Invention According to a first aspect of t%@??@ﬂ@@h?ow
invention, there is provided a nethod for photonodulating living tissue
conprising: subjecting the living tissue to a narrowband nultichromatic
source of electromagnetic radiation under conditions effective to
stimulate livi tissue. A preferred enbodi,nent uses.at |.east one |ight

e 11 ng di ode B ASSPR] Rty HE Prosrl SR ST T BT P MEEA%T 1 an array to
emt a wademengbdicdl tremmahtismpAtiagoxpasingtlvast sk a nonrcedfinagonglantine

wavel ength is.chosen. based on the .nature of .the treatnment...desired,

b o or 1 oc TS E G pahe BBHAR PEORRR AR W™ BBt i h of a
| east +1- hunan skim add beimdbiag pn otedemabkirctiembeaytuee behsethedhrodeldaddtone or in
conbi nat i o%éh an. . LED or glturial.i t,t of LEDs. This nethod may enploy a
cont i nuous’ I8¢ @%P%Cé‘rsc} }}f Wﬂf@' S of from approximately 1.0 ns to
about 1 x 106 Ny a ¢hildi agpdct ofithepssdny indéntioasthereligprotidedvatethodyr and t he
tenperature of the.living tissue not. to exceed 60C. If further stinulation
o hecess Ay ISR g RSP TS PPSlEA0 LRO AL T B H IR AR o1 of or r eq
wavel engt lxserhbhce the pamesaioanydh ovscladgth dflshnehosd & treame6 bxporing 80 nm 670
rim 780 ,n 785 n 810.n 30.nm.. 840 rim 860 n 904.nm 915 run, 980
om ' 1015 AR Gt RRap Bistemeft Ser Rt s AOE T pr ecent

i nvent i on wihbaeirethe sgeetrumiof clettambagoergndition anddedhy tha s@radifaesowbdndght

intensity of.from.about. 1.nanpwatt to l.ess.than ut, 4wat ng. 4 29
Decenber ZUi TR SBicd HRRREE vord e Bl b RO e SRR IROSEY

provi ded #rrmiukaidn fod fromddouret roillisgeandlto hvoma 8 irmiutesorepxposing ¢iie bmxpoasi ng hunman
skin to a 1§ou,£|rt e of n rov\,bEm(%Il r‘[h” tic rorlrahi %aeﬁe et rona @éartai c radiation;
photom)dulS ?i%éels?‘§7f%§r1{apgg 2RI "fhﬁmfl ¥ CRUREASSRT 288 Wi nt ai ni ng an

i nt r ader melragii of franperuat uribiseehdw dbbet 0hmiasteo i tcal000 wilvies vithlaer mal i nj ury

occurs to.the living,tL.ssue, In a.third.aspe f the pr,esent invention,
Chere i provraeita el iouSpar ] it IREE ol d iy, i o no:

appl yi ng @atmgihiag hn dgedérmiabskanteapeaatudd bdawrdr thikshold 4tovhdchitagroal inhey
penetration of a wavelength of |ight chose for treatnent; exposing the
human ski A°¢6"a source of narrowband nultichromatic el ectronagnetic

radi ation, whér efourthhepcspeahe prosenf inedneioh, rtheragetvided adethdd fon em tt ed by

the sour Cﬁe%ato?@éiéa?%ﬁ%gnt comprising: abrading a segment of human skin to be treated to

enhance the transmission through the stratum corneum of electromagnetic radiation;
exposing the human skin to a source of narrowband multichromatic electromagnetic
radiation, wherein the spectrum of electromagnetic radiation emitted by the source of
narrowband multichromatic emission includes a wavelength of from about 300nm to
abéut 1600nm for a durati_on of from about 1 millisecond to about 30 minutes;
reexposing the human skin to the source of narrowband multichromatic electromagnetic
radiation for a duration of from about 1 millisecond to about 30 minutes up to 1000
times with an interpulse interval of from about 1 millisecond to about 1000
milliseconds; and maintaining an intradermal skin temperature below the threshold at
which thermal injury occurs.

Dermatological treatment may be carried out using a light emitting diode, laser

diode, dye laser, flashlamp, fluorescent, filamentous, incandescent, or other emitter
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mul ti chromatic em ssion includes a wavel ength of from about 300nm to about
1600nm for a duration of fromabout 1 mllisecond to about 30 m nutes;
reexposi ng the human skin to the source of narrowband mfPtHeRMBREZIM

el ectromagnetic radiation for a duration of fromabout 1 mllisecond to
about 30 woOns/emess4up to 1000 times with an interpul se rpeWeswwa700f from
about 1 mllisecond to about 1000 mlliseconds; and naintaining an

i ntradermal _skinp t erature bel Qqw t t hreshold at which thermal injury
occurs. I‘?’i’ngg?rﬁ‘ﬁl’xﬁgg’é‘ﬁg@f’a“ém?‘H&’%ngétﬁ?ngtﬁf@ﬁt@g’rﬁnafrﬂ@g@dio provi ded a
net hod f Ofavell &ﬁ&e&m{aaduﬁawﬁmelfn%@&@h@aﬁcﬂwmmgmnﬁpgmnt of

e

human skin to be treated to enhance transm ssion through the stratum

cor neum of85ame 0 RS Pren.i 68 0mmy 4 ning B0 nop, 84 Brrn.agd A0 Iy TR eaHSh to a source
of narro ' ' jola- VY nadiat.i Whelsi n the

spectrumvvg?@g?ré%:{%bﬂg%}%%e |cg°rogéd1|e]ga§ll[)§£ri\wem ttag0 tgéﬁ;ﬁ gﬁggruarbce 0 nar r owband
mul ti chr ondiliwattséem2ds dmmt 1008 mitissitacmdwdlesimthh exfosire compmisenppul@@then t o about

1600nm for ., ration, of fromabpuyt 1,.mllisecond boyt ni_nut es;

r eexposi n %J%WHPEWW@BW%P@% ® e g&f@%%ﬁﬁﬁ#’t@%ﬁrﬂ%t ic

el ect r omagabsit 850 wadi ation for a duration of fromabout 1 mllisecond to
about 30 mnutes up to 1000 tinmes with an_ interpulse interval of from

about 1 il i Juehademeiolomen razent spaeests wbipariorapdert A4y an

i ntrader @ﬁnaﬁl&kiflt(g e%ééfeﬁeﬁ%x?}ﬂ‘fat\? eteﬂétﬁ%?ﬁ%lﬂ cBdsen MR dleltglep@! 1 njury
occurs. rmatol ogical treatnent may be carried out using a Iight enitting
di odejo | dBus inclidasasposihgdhd lawen skih tag Sdvsae  néraydand aafichromatianent ous,

i ncandescen or other .emtier 4a 2 ce , /001984

PCTI USOZ/%?%%“‘%%?’{& 8%W3§11agla‘ée? Ilrglg]c m%%m%g&%}g%ﬁgcal filtering to
em;jt _onl yappx_'dﬁﬁnlidtﬁy\ﬁgl)ﬁmﬁhoo noforzblt?vemgobn% &tﬁmgggednﬁ:hwwtlfaeaémarmmb,mt 6\2/2vel engtlg;
and in particul ar nan, m... nm m n nm

nm  940nfEPeSHEP oVET0 tﬂﬁﬁ%ﬁé@@ﬁﬁm Q%PSWW? ﬁ‘?"é#%%&’&?é“?ig from about |
nanowat t | Q8 tihfes FRR A irferhdeliShbGRIZ i atRO L nil B0 tabdut (@Yot S/ cn2 to about

1000 miliwatts/cn2, wherein the exposure conprises pulsing the emtter
f r om Hbounillisepands kecping the skintenyprgatwre befpiehthreskold atsdiieh thermpal iaBey f r om about
1508t oocaﬁg_ut 850 ms. Further dermatol ogical treatnment suggests applying
a topical 89 nt to an area of human skin to enhance the penetration of a
wavel engt h of Topighitagedtosatable for usaiaotjusmibiraith the chittéihofShe presentles exposi ng
the hu nanmgegtign %n(():l e g)%légtfo%s cc:ﬁmrggprhro?e\é\:b c%rs]rgéce\rlrgéaisi a%g,rir? %tiio(x:l, prefreatment
including penetration or removal of at least some portion of the stratum corneum layer of
20  the patient’s skin may improve treatment efficacy as will the use of an agent topically
administered to adjust the absorption spectrum or refractive index of the patient’s skin.
Further, topical agents applied to enhance or synergistically enhance the treatment
process of the present invention may function without exhibiting the characteristics of an
exogenous chromophore,
25 An additional embodiment for dermatological treatment is where abrasion of a
segruent of theskin to be treated enhances the transmission through the stratum corneum
of the narrowband, multichromatic electromagnetic radiation emitter. A wavelength from
about 300 nm to about 1600 nm for about 1 millisecond to about 30 minutes is used. If
necessary, re-exposure may last from about 1 millisecond to about 30 minutes up to about
30 1000 times with an impulse interval from about 1 millisecond to about 1000 milliseconds

every 1 to 60 days.




el ectromagnetic radiation wth a wavel ength from approxi mately 300 nmto
approximately 1600 nu for about 1 mllisecond to about 30 mnutes. |If
necessary, re- exposure every 1 to 60 days woul d |ast fr&HhDecambei &¥8ond to
about 30 mnutes up to 1000 times with an interpul se interval from about 1
m || isecomdot/migbout 1000 is mlliseconds keeping the mii/msor/zmper at ur e

bel ow the threshold at which thermal injury occurs. Topical agents
suitable for use in conjunction with the enitters of the present invention

i ncl ude exogenous chr onpphaagseseriptian ol t 2EANSS g in addition,

pr et r eat MeBhre 11:5 sHSh A RARSLGGH 6fRB:HOs tetidR¥BkgiRlnd inchRBSitheRFe portion of
the stratum corneum | ayer of 20 the patient's Skin may infprove treatnent

ef fi cacy. veldighmethad of the pegsertinvepiéon whidpinenlsqincaperplaitheuse effopigaladj ust t he
absor pti %nﬁ,@gt%ngum or refractive index of the patient's skin. Further,

t opi cal agents applied to enhance or synergistically enhance the treatnent
process of the present invention may function w thout exhibiting the

characterj.stigs of .an . exogeno chro hore. 25 An. addi t,i onal ,,enbodi nent
Cor dor eI g AR A e o AR Bt e per it st B 5B sk n 1 o
be treat ey NEMIGRSIHED thé @HBSKAI i86dn@bn.t hr ough the stratum corneum of the
narrowband, nultichromatic electromagnetic radiation emtter. A wavel ength
from about 300 urn to about 1600 urn for about 1 mllisecond to about 30
m nut es i ; I 1= t 1

mllisec olsrs\1 tgq%%d3g}ls%ag&?n§%§teg§ O(ti}gle)t@c%ﬂa gjt]:tB agigy%tgg{]ﬁ&%g@%% an i nmpul se
inter¥al fromabout 1 mllisecond to about 1000 mlliseconds every 1 to 60

e Dr s HGUSA Tt Uudioen of Aot ot a7 BASOPE b oa AR T o5 ot

r egi mens, toitixgires@htigventién. | ow | evel |ight nethod of the present invention
whi ch may al so incorporate the use of topical formulations. 5 Figure 2 is
a schematical representation of treatnment reginmens pertaining to the use of

Low | evepiolhi 8l o GaaREA 1 RGkdtidn tRviRg ﬁé@%?iﬁﬂffﬁ»‘;%ﬂr@ﬂ of FirfH forébldst an

illustration of an ‘enbodinment of an LED array of the present invention. 10
Fi gur & 4 dells are édolayerepltimsn of a enbodi ment of a panel -style LED array for
use according to the present invention.

Figure 6 is a graphical illustration of the absorption spectrum of human fibroblast
overlayed with the wavelengths used by narrowband, multichromatic LED emitters of the
present invention.

20
Figure 7 is a graphical illustration of the absorption spectra of human fibroblast overlayed
with the wavelengths used by narrowband, multichromatic LED emitters of the present
invention and also the absoprtion spectrum of chiorophyll a.

25  Figure 8 is a graphical illustration of the absorption spectrum of human fibroblast
overlayed with the wavelengths used by narrowband, multichromatic LED emitters of the
present invention and also the absorption spectrum of chlorophyll B.

Figure 9 is a graphical illustration of the absorption spectrum of human fibroblast

30 overlayed with the wavelengths used by narrowband, muliichromatic LED emitters of the
present invention and also the absorption spectra of both reduced and oxidized
cytochrome C.



Figure 5 is a graphical illustration show ng the absorption spectrum of

human fibroblast 15 cells in a nonolayer culture. Figure 6 is a graphical
illustration of the absorption spectrum of human fi brobl Z8tPecsi®eT2848d wi t h
t he wavel engt hs used by narrowband, nultichromatic LED emtters of the
present iwgesnsimn. 20 Figure 7 is a graphical ill ustrapcmosoaborode
absorption spectra of human fibroblast overlayed wth the wavel engths used

by narrowband, multichromatic LED emtters of the rese@tI i nvention and
al so the E&@ﬂpﬁwa%@éﬂh&mﬁ@aompabsewﬁwﬁpeatr@sf&% ®lass a graphi cal

I lustratham, d&i{hﬁg@%ﬁég@g\%@gﬁg%&%aﬁi SRR THD @fiters OF@E! ayed wi th

t he wavel engths use , multichromatic LED emtters of the
present i presant inventiomenddlspdhe shsomplisspectivonofipdasyanign gséenchl or ophyl | B. Figure
9 is a graphical illustration of the absorption spectrum of hunman
fibroblast 30 overlayed with the wavel engt hs used by narrowband,

mul ti cér oRighied 1 ieDzaphidal Hlustraion bivhe alppogsion spccimwe of homndibdobddsso t he

bsor pt i tra of both reduged and oxi di I C..6 29
Becenber SUBBT BB T AR SRB R B L s f B
i1 ustr at hQenfhvdnisn AlEAiRhé %o@ﬁ&?ép@&fﬁn?éfﬂi‘étﬁﬁibrﬁﬂyﬁﬁ@} asbfthever| ayed with

t he wavel engt hs used by narrowband, nultichronmatic LED emtters of the
present i aiaaelirenophemrsal a@ebader@bsor pti on spectrum of indocyani ne green. 5
Figure 11 is a graphical illustration of the absorption spectrum of human
fibroblast overlayed with the wavel engths used by narrowband,

mul t i clor oRigtued 2 is=preptid¢al Slustratibn biithe almomsiom specimee of omndfdobddsto t he

absor ption egtr. of ot gphor,phyrin | one of the active chronophores
in acne b%@gl“i%flg‘l Ef‘\%’ﬁﬁ"ﬁ%gﬁsefig’yias‘aregﬁﬁ‘fr%al illustration of the
absorption spectrum of human fibroblast overlayed with the wavel engths
used by laser emtters. Figure 13A and illustrates, a plurality of

B !
i ndi vi duaFigsistl34 aad Brillsstratesia plolity fdnsiidduab aptoglectpicideweessanneried®y a1 | el . 15

Fi gure 13&@&%%@% fl ow di agram of the control system of the present
i nvention. Figure is a schematic representation of an exanpl e of

conbi med serial (fromleft to right across the row and parallel wring
(top and P%Fl}qu]A%ﬁé\gss Y bl%ct:iceﬂorv? gra%%gth% CE)I%POI %lrs?erﬁ: of the present invention.

Figure 13B is a schematic representation of an example of combined serial (from left to
right across the rovif) and parallel wiring (top and bottom across the row); and a top plan

20 view of an arrangement of LEDS in a close packed atray of the present invention.

Figure 14 illustrates in perspective the spacing of the optoelectronic devices of the present -

invention in close packed spacing in one dimension.

25  Figures 15 A-C show an array of optoelectronic devices arranged into three panels. The
cross hatched areas represent protective covers. The covers may transmit light or may
diffuse light. The set of three panels shown in Figure 15a are hinged to allow adjustment,

so that the arrangement resembles a three panel make-up mitror.

30  Figure 16is an illustration of illustrate examples of possible configurations of arrays for

various treatment applications.

Figure 17 A-C illustrate examples of individual LEDs in accordance with the present
invention and the angle of divergence of an emitted beam.

7



.20 view of an arrangenent of LEDS in a close packed array of the present
invention. Figure 14 illustrates in perspective the spacing of the

opt oel ectroni c devices of the present invention in clos&® BWesM& ng in
one dinmension. 25 Figures 15 A -C show an array of optoel ectronic devices
arranged wobsodiveaee panels. The cross hatched areas rPBEEERPI706Hr ot ecti ve
covers. The covers may transmt light or may diffuse light. The set of
three panels shown in Figure 15a are hinged to allow adjustnent, so that
the arrangenent resenbles a three panel make-up mrror. 30 Figure 16 is an

For vari SR PAL MR G AR Gafl R BRI (PR PRS00 vl 5 of

i ndi vi duathe fieldofilfursicgiond Theiraditidn illistraped ésBigore 18R yemlativaly wnifdbrmhe angl e of
di f itted.b 1 1. 29 Decel 05 .V\O 03/ 00198
boTT Usos) SiesBetsibe Thitiiton b Purbs HRro L R P e R AR R of

patter s mdmddegéfusenergy density on the field of illumnation. The
irradiation illustrated in Figure 18B is relatively uniform and
honbgeneous. The irradiation illustrated in Figure 18C is relatively uneven
and non ¥ j [ | l'ing the
T aht out oy ISR RS s (i Shupfiufthd N ul (R SpBUGople AU )2, gur e
20 i s a swhbpmoptecabfiteni ng of the output of several individua

optoel ectronic devices collected into a single beam Figure 21 illustrates

a basic schematic of an optoel ectronic device in accordance with the
presend i PigRi2009a schbmiticiiveing 8fhEoutptws bevatabindividatingtoelettdnion nat i on

patterns achi eved by, varyi the curvature of the substrate supporting the
opt oel etr‘g"r‘(i‘i?sﬂfé&P Et%ﬁéﬂggb‘?ﬂg}*yi ng the position and angle of the

opt oel ectroni c devices thenselves. 20 Figure 22A illustrates an exanpl e of
a pattern enabling illumnation of a broad and generally flat surface
area. Fi gFigars 223 Bisiatgs 2Dasid scheamatie of an apjeelpstrenic devidede apserdancevitiithart i on
patterns._ 25 Fi gure 23 shows the use of a |ight panel array in accordance
with the %IF%élglrllltgé{]un3'enti on for irradiating tissue cultures in the

| aborasory or in plant materials in cultivation. 30

Figure 22A-C illustrate alternate illumination patterns achieved by varying the curvature
of the substrate supporting the optoeletronic devices and by varying the position and

angle of the optoelectronic devices themselves.

20  Figure 22A illustrates an example of a patiern enabling illumination of a broad and
generally flat surface area.

Figures 22B and 22C illustrate examples of focused illumination patterns.

25  Figure 23 shows the use of a light panel array in accordance with the present invention for

irradiating tissue cultures in the laboratory or in plant materials in cultivation.

Figure 24 is a graphical illusiration of an representative absorption spectra of I{uman
fibroplast cells in monolayer culture.

30
Figure 25 is a graphical illustration of the difference between photoactivation and
photoinhibition and thermal effects on tissue (which may also indirectly produce
stimulation or inhibition at a lower level and death and destruction at a higher level).



Figure 24 is a graphical illustration of an representative absorption
spectra of human fibroplast cells in nonolayer culture. Figure 25 is a
graphical illustration of the difference between photoactZ® ovenA W5

phot oi nhibition and thermal effects on tissue (which may also indirectly
produce woOsigsui on or inhibition at a | ower |evel anecrestborend
destruction at a higher level). 8 29 Decenber 2005 WO 03/001984

PCTI US02120706 Figure 26A illustrates an exanple of an array of devices
posi t i onekigure 20A [ilpstrates an expropls lof an arfay gl devices e@itionpdtotiieminate fetskinnat e
configurations for achieving biostinulatory effects, wherein a variety of
optical events occur as light intersects the skin surface (or any 5

sur f ace) . Figurks 2B #uiebtes bltérhdteisdnfigtratioms ifai achietihg tivstinafldtegteffecigsul ting from
treatnment _according tp th resent ji.nvention. iQ.Figure 27A illustrates an
o anpl o oVhGER oGP PR eubbooattan L st it SRPIOr 4B it i ve | ok
di sor der Mﬁée)_i s known to respond to ultraviolet |light therapy). Figure 27B |
illustrates another application to delay or inhibit hair growh. 15 Figure |
27C illustrates the treatnment of scars or stretch marks is also possible
Fi gure 27 H: 3 i I I 1 Men ogenous
chromp,hoﬁga?gyﬁﬁlgﬁsrﬁ%zbwglné a{cs:tn!fs\{/hlttﬁ ﬁg&%&%ﬁ%@ﬁ&&r&g n%e@ézo Fi gure
27E i | | usprestbigsveatiomxanpl e of illum nation by the LED of nerve fibers where
nerve injuries need to be stimnulated, regenerated, or healed. Figure 27F
illustrates nai'l disorders with fungal infection. 25 Figure 28 illustrates
an appl i CRiren7RfIsheemesanple bNMyRBhIsKA disBasdddusiaspsbeelsl (Wpaliferstgponent s in
animal and plant cells nay are targeted. Figure 29 illustrates a "high
power " enss8utispsdar thet 5@%%@6%@ﬁﬂd?°mqlﬁﬁggﬂ@f@y@-he radi ati on causes
destruction (rather than biostimnulation or bioinhibition) invloving the 30
treatnment of veins (including facial veins, spider leg veins as well as

ot her | arEjgure Q@3 fiBiptratest dnetherapalication tockelagonihibédai giowtlyr ont h for t he purpose
of producing tenporary hair reduction or permanent hair renoval, and the
use of an exogenous chronmophore to destroy oil glands in an acne patient.
9 29 Peceripat 220 QhskifeRd O iHad oP¥crs IBERAIEALS is also possible

Figure 27D shows the use of LED light in conjunction with an exogenous chromophore to-
diminish oil gland activity or to reduce acne.

20  Figure 27E illustrates an example of iflumination by the LED of nerve fibers where nerve
injuries need to be stimulated, regenerated, or healed.

Figure 27F illustrates nail disorders with fungal infection.

25  Figure 28 illustrates an application of the present invention in which subcelular

compopents in animal and plant cells may are targeted.

Figure 29 illustrates a "high power" embodiment of the present invention where the
radiation causes destruction (rather than biostimulation or bioinhibition) invloving the
30  ireatment of veins (including facial veins, spider leg veins as well as other larger veins),
the treatment of unwanted hair growth for the purpose of producing temporary hair
reduction or permanent hair removal, and the use of an exogenous chromophore to

destroy oil glands in an acne patient.



Figure 30 illustrates use of a liquid crystal interface as a nonitoring
device for an LED source. Figure 31A-F illustrate exanples of electron
m croscopi ¢ phot ographic images of 5 fibroblasts in cul t @Odepember 2005
irradiation with one enbodi nent of the present invention using very |ow
| evel s ofwbhgtviesener gy produced by a 595nm yel | ow LED mai/tgozmeyosé n t he
mllicandela or mcrowaft range. Figure 31A and the left half of Figure 19b
show living but altered cells. The right side of Figure 31B illustrates an
exanpl e dfigete 30 illyptratgsiusgof laquidscrystal ant oy a metitoriag dedesfor s IR h hi gher
ener gy Ie\égllcg than the fornmer). These cells 10 are seen again in Figure 31
C with cytoskel etal changes reflecting alteration of the cells but not
destruction, Figure 31D illustrates an exanpl e of severely damaged cells.
| mages "e" and 'V _ are higher nification,of the tered put living cells
in"a" an@g“rﬁsz‘lEilﬁEﬁtéteﬁ%Féesaor%?eﬁ‘E‘Pﬂ‘E?FOSF‘?PI‘“L@PF’&E"’P 19PE%S %ber cent change
of a cpl | fIEHaeR CulbROLRR irrddfion #2th LREENRIdiRMRObOHD lébeht indhtion usiher mal
phot ot herm)IIyS| s used by narrowband, multichromatic LED emtters and single
o

pul sed | awast lowripvelsatdghtrneray produced iy S0 5nsa yallow 17D eptitagia te human
1 br obl aspf@hdeh &b RAgh BAE. EpARUTAGHE IS L PR REFNbngall ents to

illustrate na varl absor pt1 on naxi 34
i |1 ustr attes alémedeselsrpIte right side cflRipra3itB llesteids he example ofdehbdondyingr ef erred to

as a "hollo equi de". This pr.avi des an effective nechani sm,for

ool et 1 st Rhe G S Gposelis Bl RS S et bl o e fis s ot i ng

to eagh Lldefkeer ook 'ﬁ%%.r@ﬁ@wﬂE@ﬁ@ékbEﬁl €Hangges haRetmellerabiad b&thy calewer ed LED
e

device according to t present invention. Figure 36 a_ block flow diagram

over vi ew Bhadidggrietien. Fievesr 31D iHestiales an expapiest soverebadamaged cellsomagur e 37
111 ust r al gy afuesSmhe Al dne: PRTHUE TN QIPROGUER g0l [ ng. ool i ng

may be acconplish ous net hods, wheréel n a cooling apparatus
utilizes a scaled chanber and |iquid coolant which also function to match

the refragtive,index.or..t.0 roduce diffusio h il rates an
exanple. QPEHE2 ik enp e BO A ot sotee fF p Rlalper boBAGE" 540,
Decentyer tB&0a] piotRd/d0Rfidiv thehhlphodiraddmidabdby earo®aad,i ption of the

I nvention The present invention relates to a nmethod and apparatus for the
t r eat mentmghichromaticd ED emitters gpd gipgle palseddpsspenattesss r onmgneti ¢ radi ati on
produced by at | east one optoel ectronic

Figire 33 shows absorption spectra of human fibroblast cells in monolayer tissue culture
from 3 different patients to illustrate the natural variation in absorption maxima.

20
Figure 34 illusirates an example of an alternative collection mechanism referred to as 2
"hollow waveguide". This provides an effective mechanism for collecting the output of

many individual LEDS without requiring coupling to each LED.

25  Figure 35 a depiction of a hand-held baitery powered LED device according to the

present invention.
Figure 36 a block flow diagram overview showing the interrelation of various treatments.

30  Figure 37 illustrates an example of one possible design to produce cooling. Cooling may
be accomplished by various methods, wherein a cooling apparatus utilizes a sealed
chamber and liquid coolant which also function to match the refractive index or to
produce diffusion and thus illustrates an example of one way to achieve dual purpose with
cooling agents.

10



|

5 device. The types of optoelectronic devices used in the present invention
may include, for exanple, light emtting diodes (LED), |aser diodes,

fl ashl anps, dye lasers, fluorescent |ight sources, or fid9/saembes200ht
sources (with or without wavelength filtration). Suitable |ight sources
for use iwoagensgance with the present invention inclugerttweaens di scl osed
in US. Patent No. 6,224,071 and U. S. Patent No. 6,187,029, which are
hereby 10 incorporated by reference in their entirety. Mre specifically,
the present invention is to a treatnment and apparatus for photonodul ati ng

tissue cells. Photonodul a 'e W fs%h b2 of (A8 IRLQGSSS of using |ight tol
ei ther activate (phot oactﬁv%@n%ﬁ%%m nhibition) a cell's
nat ural funct i Dlfe préswefit intendoipictites\s & msthed uad sppirano ke dhettraimentof lishlgl agen i s

formed w ta' n skin tissue. The 15 proces hot oact i vatt?gn stinmul ates

col | agen § HssyG usfag ﬂﬁché’ﬁﬂaﬁlﬁgcéatd‘a&%mogﬁ%ég &t least e Pislereien, and

i nt ensist y ke Uthle Yfefof bpiFRbcRONi SviBRS udell B BB bASdnt BRLARN Mg indRigeduce
collagen within the skin. Conversely, photoinhibition is applicable to

t r eat ment &r exanple.dightemifingidindepLED)assr diedss|) Bashlamps, dyelsese Taomegalt i ve
effect, s h | . | abnor mal
anount s a#@é@?ﬁ%t%?@?&%;%# e@%&sﬁpﬁgéfﬁ%ﬁ'd@&&%@g © y the careful

sel ect i onSuitableléght &ibross for uemig tabcordantesweithr tht presemii inventin imdude thosand

intensity,. the . actiyvit i an 1,0p) Qni hact.eri um acnes (the
acne bact &Ffigyedanl-S- Hﬁﬁ%ﬁlﬁ[ﬂ'gizbé'gjnt@gileg&ﬂ@@é]gﬂ‘eé’&gr%v%ﬁarn%"?re | and
activithy, ileepbrafddds refefcfice iMGHRE ohidfyl | Ng could be treated by the

phot oactivation of cells which produce collagen in the vicinity of the

depr essed acneMareapeciiglychepretest nyenEpR isdn 2 Esiimentsed asmsHtsder 1 ai sed

t hi ckened : SG h ' i LS o B i n

non- der rraPoi og?%ﬁﬁn %gﬁr“?éﬁsi g]r‘:\@%% ]%é?i}g%‘ggﬁsg@ghm}éﬁ E{éélﬂt%ts]%ggt%oo treat a
wi de var itltey activatephiotaaktivtion)vos inkibit(ahojoiokibifion) aeel’s-natural fmctigr. dleeh can be
inhibited, cells within_ inproperly functi.oning,orga n stinmulated to
i npr ove tﬁ}gm}phjeh i Sﬁﬂ?@f%@“@%%vs?oﬁa%qn&ﬁ)ﬂﬁg% 5ot i%‘ﬁ%ﬁ?s“%f %e invention
for i nter pkesspPplictaatiifion stafuleurddllhgn guRaB biusih@indLED 3fh milseays, or single

LEDs inplanted in the body adjacent, for exanple,.to unor ous gr ow h.
The devi caulsegprafion, spdintensity ie antiveiehuman W&%ﬁngé@h@ﬁﬁe@%&lﬁéf@&?ﬁ rolled by a

renote tLARSH $igh tleQrml gjoﬁfv‘érsey)gh%imaﬁuﬁ iHpBMtBlciQnand&id r ed wavel engt h

of light operating at a esira se rate, pulse duration, and _
i nt ensi t yregoiripg Guiniebitibe ofxels tiatiirodsice & begabive effict, sudhrasthobe wiithi n t he t unor.

This coul d he acc li.shed wi,.th or witho t i hth 11 29
Docormer SEAE SRR aS F Rl sl sl h At e - 20
I nt r ocdoic eflbdyy). Byythodardfhleselretidnad shedfEDiwanglathath] mdserate e dutatiod, land art .

intensity, the activity of oil glands and priopionibacterivin acnes (the acne bacteria) can

be inhibited to reduce acne formation, oil gland activity, pore size, etc. Acne scarring

could be treated by the photoactivation of ¢ells which produce collagen in the vicinity of

the depressed acne scars while photoinhibition could be used for raised thickened acne
25  scars, thereby reducing their visibility.

In non-dermatological applications, photomodulation can be used to treat a wide
variety of medical and veterinary conditions -- tumor growth can be inhibited, cells within
improperly functioning organs can be stimulated to improve the function of those organs,
etc. An embodiment of the invention for internal application, for example, uses miniature

30 arrays or single LEDs implanted in the body adjacent, for example, to a tumorous growth.
The device can use a preprogrammed activation scheme or be controlled by a remote
transmitter o subject the tumorous growth to a desired wavelength of light operating at a
desirable pulse rate, pulse duration, and intensity to produce the photoinhibition of cell
growth within the tumor. This could be accomplished with or without the interaction with

i1



Further, it has been beneficially found that treatnment of cells using LEDs
does not require heating the cells to the point where thermal injury.
occurs, as prior art devices 5 required. For exanple, toZ28d¢cemband®Susi ng
| aser therapy, the cells had to be heated to the point where thernal

I njury oogoosedosio trigger the gromh of new col | agen.pcimgsoapyos usi ng LEDs,
according to the present invention, enables the direct activation of

col lagen producing cells or any living cells without using thermal injury
as a tri geemgenoihtargeb thivodophofes derodaded by g efl the methedsed drugidelivent kromsat i ng an

" open' m%r}g{.jigﬁ traditionally called to "non ablative". The prior art

nmet hod of "C ng thermal injury which does create an active wound

requiri ng wourihrihar, & hasbean bénef¢iaity foofid el treagent ¢ffcold WRingnEDsaloeschdaeal i ng i s
called "ablative". Mreover, there are acfyally two djstinct types of

*non- abl aféyiEe heajingthe pelis R, b mointbherg £ © WWE%B@%‘“‘Fhem&I injury

(the currgahied, FoRGll ﬁsdt,o"ﬂ%ﬁ%ﬁ%sd&g% 123LHhWADY; thedOBShaR9S bk G t her mal

injury (the photonodu af lon neth ~ 15 the present invention). Wile the
phot onoduthappishwhere therragh injery obeured tretsiggry ther oénew ¢ndlegamt ThapYy to occur
of
[

to producg. e mnar e sl bl still occur
during tr%ﬁ%’%@@r‘%&ﬂé&tpﬁ .ﬁén‘gerﬁg(gnégrtlaﬁ&ﬁ%gl | oﬁ?ﬂx{%&{] gcﬁﬁéhr?{lensi ty LEDs
are use;jpmduiiiﬂg‘ceg{s et{ag;yﬂivi_nglﬁbitm r;wi?m?thusmgek?_mddftjdq@ﬂamiggeﬁ.me?mhddhel EISS'E it
is inpor Q. distinguis e critical di r.en ween abl ative
and non- a@%ﬁ@?ﬁéﬁeﬁ@r@tW@Wﬁ‘é’e%gﬁ’ééwﬁ%i%wg? i ﬁa_(i]g((‘ff’ Lyen generati on
I's tri@gerR-sblativer. RS pRGiraRkidd of Rad¥BighRGmbTlinjuy wiih dtek Bgata agpeci fi c

pattern of |ight exposure tqg "turn on" the collagen producing cell,
wher eas wiatiNe WawdIsquRg Boupdcpis@s p frigeer foycallagengrowihand wpwnd bsalingrs i ci ent

i ntensity.fQg g&%@? M{,ﬁawepmé%%m?ﬂ h'g%sﬁﬂ&. T8 “)ﬂg{t—?ﬁ&tﬁvet’gldﬁher mal

injury by producing ' collagén to repa t I njary gure | 1llustrates
t he var i oregvenatiab:oma nethed winkh pasincssdbergal ijutshighepnesndiytpraziicidnvent i on and

al so those usi aser.s ich.can be, used. in nj,uncti.on.w t h, t non-

Sbr ot | v Rt tod SR Bttty SRR il SRR RRi el G MO0

t r eat @eNt the @EHsERE thverddng: WIHRThdshotRduiti G iréafinéit tlstibd dfesabl @ipiiee or

non- abl ati ve manner. st preferred_according to the present invention are

LEDs whi chemseah injiginessurto prdpeesimid dealingl 2 roRr direioc hermal e cihvi ng a
ety sl ocRr A o %u&ﬁr&g&tﬁ%ﬁa&n@, i hidEURRG THUAANd

nanometers IS usefu or vario tment regimens. Fufther preferred
| i ght souwseédandithe targep eddls eecoive detbnded expasww Nevesthelessyit isampertanbie t o a t ar get

v 1 on dgs® SREHE P A8 hoo iR M S nOR AR BAR T 00 1 (e

rangezof mbidhish® whikdiolgdeh gerdeatioh duitisgHéi)-- hathengt-dbsativemethol i sour ce

havi ng a harrowband_(i.e., 5-20nm 12 29 Decenper . 2005 .03/ 001984
PCT/ U%O 2 | BHSRE 2 Speg.ﬁ(.(t pattern of?igl%t exposure to gturn o the collagen producing cell,

whereas with the ablative method it is by using light with a sufficient intensity to produce

thermal injury (cells naturally react to thermal injury by producing collagen o repair the
injury.) Figure 1 illustrates the various treatment regimen according to the present

25  invention and also those using lasers which can be used in conjunction with the non-
ablative method of the present invention. Figure 36 illustrated various treatment regimen
which can be conducted in either an ablative or non-ablative manner.

Most preferred according to the present invention are LEDs which can produce a

narrowband, multichromatic emission having a bandwidth of 5-20nm, although a

30  bandwidth up to several thousand nanometers is useful for various treatment regimens.
Further preferred light sources are capable of delivery low intensity radiation fo a target
and operate in a power range of from about 250 nanowatts/cm? to about 1 watt/cm2.,
More preferable, the power range of the emitter should be in the range of about 500

nanowatts to about 2000 nanowatts for a LED source having a narrowband (i:e., 5-20nm

12




bandwi dt h) em ssion centered at about 590nm and 644nm These enbodi nents
are preferred for "non significant risk devices' which do not pose and eye
hazard or exposure to high voltage but still produce cl i2qiRegembep?@Penment s
on a wi de range of disorders including winkle reduction and wound

heal i ng. woogpewdse to optim ze clinical 5 inprovenent bPCT/USRAR4786 Ng | i ght

I ntensities which and device designs and optoel ectronic devices the

conmbi nati on of which nmay lead to classification at a hlgher risk level may

requi re t Peumidinenisipneeniered piaheytddOnmand Gﬁéﬁeﬂhﬁseﬁm@ YReTei ntensities as
high as 4., LkeRR for HiG %%caﬂtfnsklaﬁwgeﬁ”ﬁﬁl@h ée%nfi@{re M%Erd oP @gﬁx@r esent

|nvent|on are arrange panel s havi ng abou ut 1000 LEDs
per panel tolhghvdiilagqirmﬁﬁl preducb(ahmndimdpmemenfsmm aodfldmaoaﬁOﬁmIdefSZS LEDs per

panel are, us and | s t he t.reatment system as
Il lustrat 83(5 %ﬂl ﬁ@ﬁéég‘ﬁlcgﬁad@r@uﬂ Eﬁ@&g lﬁ ‘geﬂa%?ﬁ%zeL E?[on a single
panel . sFi gn;frevealeamwamazungaz@k nﬁdnmbﬁﬂhéloarﬁimahcdz dbsi@hgatfd&)pﬁ)emmﬁct he array

of LEDS i s .covered by, a ser to prod sSNDo n appl i cation of
the el ect AoHeegHecrRb mﬁ%ﬂﬂ'ﬁg bich ey 169940 PaTERE A ell‘?*‘glfﬁ’ﬁ P%sue to be

treated. Pége é‘@éatﬂi’énﬁe%ﬁﬁ&@ %%%'mrﬂenéfﬁ ﬁ%ﬁl 1RPHnbiflesds Gigh@s 4 F/ch. Whi ch a

hand- hel d Vi ce se Wt hout’ cli ni cal supervision that contains as few
as 1-6 LEDs or%ﬁﬁswﬁmsiemem@l@biemmw@wﬁb@cmwsmlswah@n@:nmgpdmm Fi gure 35

-- one wi éé]]eﬁlﬁ' yghgm%g%%ég@& B0% 1%6EEBS§%<$?+§ fnﬁg%%r%gf LEDS are shown

In the preévious nment1 on I'gures, one w |l recognize
that aoy ehbddi@ent figrchinieklaing S2SLEDS péripameh ie@seeinintl @aseldipes ersempibybdr ei n ar e

suitable for use |n the hapd 20 held e i mept. and panel ays. The hand
hel d devi BidieFeR Systey, 4§ Uosfiatedn fzﬁ%ﬂdg%%g “F@Pﬂﬂfﬁbvﬂ?@f_ i pernit
treat ment smglkpaiét F@ﬁeﬂﬁﬁtﬂvsfd)ﬂan&l@ﬁm&ﬂd Bittin FRuiBkeheddkhe bfdsc DEDS t . Such a

device is particularly well-suited for the treatnment of acne, hair

renoval , iapverelbya diffaser tnnreduce smoothyjeven 4pgbcaﬁ9%@ﬂ%§1p@mr@gm@9ch nmar ks,
her pes fe%’aﬂfaﬁ@ﬁfo%eﬁa&etﬁ&ﬁ ’11vﬁ%§'t@sd%tf ’dl‘@d’f?ﬁ. %gl Hh ger eye

circles, Trtver spots, eana and o condi ti ons.
Wi | e 1franshowanie Figngt3li dn evhith ladandskedd deviverfoli usgwithout hhmml eurenvisionthent i on,

dependi ng on type t r eat ment , err. d wavel engt hs for
o ner gtins A g 24 76 SRS CR sy s S50 SromStRA EERE 621nm
630nm  64fpMe I8 OsRwithiraiple LBESRHN oSN sigdle LEDN Wﬁ]leCIEEDSJ@e ssfieh

i ndividual 'y or in conbination. Drawing figure 5 3D shows the absorption
spect r um fdhe praviawshy ﬁﬂmt@BP‘bglgUf@% IOF%Slﬁﬂhmﬁb‘ﬁ@ﬁ wilbiecagpize thet ayjof thee.  For

L1 eat et b, BARIANA: i) ddoued nARLATGHINGHH A oG O 1T b1 L1 o1

of cells) of t1broblast ¢ cells Ts e5|re err t sources wll be
abl e 20 ehélnﬂemhmiahamgd]wnel/m;m t he f| brobl ast absorptlon is high, i.e.,

t he | ocal maX| hea orpt i rates the

absor ption sp ﬁ aﬁeﬁ’%& é%ve % °3u1 g%‘%’égmber %?ie 13
permit treatment without the need for the patient to make an office visit. Such a deviceis
particularly well-suited for the treatment of acne, hair removal, hair growth stimulation,

vitiligo, psoriasis, stretch marks, herpes fever blisters, cuts, skin abrasions, bruises, dark

25 under eye circles, liver spots, wrinkle removal, and other dermatological conditions.
While many wavelengths can be used according to the present invention, depending on
the type of treatment administered, preferred wavelengths for LEDs include 375nm,
466nm, 473nm, 535nm, 574nm, 590nm, 612nm, 621nm, 630nm, 644nm, 650nm, 875nm,
880nm, 940nm, etc. which can be used individually or in combination. Drawing figure 5

30 shows the absorption speciram for human fibroblast cells in monolayer tissue culture.
For treatments where photomodulation (i.e., photoactivation or photoinhibition of cells)
of fibroblast cells is desired, preferred light sources will be able to emit wavelengths
where the fibroblast absorption is high, i.e., the local maxima along the absorption curve.

~ Figure 6 illustrates the absorption spectra for human fibroblast in a monolayer culture

13



comonl y avail abl e comerci al LED devices superinposed thereon. Figures
7-11 show the absorption spectra of human fibroblast in &9 Peaesibgyapos

cul ture superinposed with the absorption spectra of various exogenous

chr onophowessndtesgur e 12, for conpari son, shows the abspcpuswenospectra of
human 5 fi broblast in a nonol ayer culture superinposed with the wavel engt hs
of conmmon, conmercially available |aser devices. Figure 33 shows the

absor pt i oalospwith the Wayelemthsaif coremenly aveilabla cominersisl BED dewicts | i nes and

oL gk LA OB b e U P BRRRETBARRLLC | 01

source, onfy a e wav wavel engt h
does not monsleyepoulthreripbrinpdstd whiethe iabsogition specipet tarisundxodmeupat i ent, that

patient 1Q may .not respond.well to treatnent. Usin nart r owband,
rrultichrofci)lﬁf’qﬂgl:’h"f‘f‘ﬁh571 CQICOW%F]?DW §e ‘é‘??ﬁ‘ts%g‘%aé’?il}“%ntreat nment for
a muchs| afBRblag P hofblaRA iR @ﬁ&ﬁﬁﬁdaapmt&tuesyavaeﬁ ReMMAbY, t hat the
aborption peaks and mininma of the patients' fibroblast correspond exactly

to the dorimasrciallyewilablelaserdevicese Figues shows e absorntien spects053d ot her
ooy ooy GBS BuAlEe i er bl MG 40T Gl B0 O

spectrum aroun om nant m no ctua vari ati ons of
t he absor pingamofochivenatialiglgtsouries sulg asiglewavelongh phlight istpsodned. [If thit  r educe

their ability t educe to trea t t h tho ski.l]led,in the art of
using sucHPiRsEllositconrpSHI iy BbipbRSEeditgf e it Bt i e 1| gh
en ssiipn _fhey hei@espbnd Well RILaQI AL | U H daBBwbasl, inbitidblomatielight Bourdd] ock di agram
formin Figure 13a the preferred device includes a contral box unit for 20

provi di nghgenes Wilbperme edlistive deamapidoramystrarepraoumeipatsnisbesguse e | i ght t hey
produce; gtft neée@%ﬁ;‘ th@ ke Qﬁ:ﬁﬁon‘ﬁteak%m faifithd 6fifie FRRMECHEO0150 cdrRGpdn@Nt r ol box

unit; a pul se gerferator u for setting the frequency and duration of
pul ses enetattidtolhe ddminitEBaegiengtherfshe lightisousmac Sinca kiDp &ords and cabl es

to permt_operatjon. Figure 13b.illustrates the wirin j.on between
L Robar s oo EfnuakioBte FrehelykahR R R kbl SRR B ARG DT O 2

W t hous Widmifgnt bhid, tiisor Anctationd i wiFatiohabf the elssonion of the tangentiabe dfhe present
i nvention rel ates to_ﬁ\ nmet hod .of . .stinmulati nct;;ggr i nhibiting the biological
activity &riogs Batents sl potregnge ther plilitydp prdufs igisptmegh ponent s, 1iving ti ssue

and/ or or gans. AfiRubh SbkOuRleH i B bt 8N@she HBPIRIRP RN bd RAEHEbRAH MY be used,
for exanple, to stimulate or inhibit the biological activity or growh of

30 human @werable and opferaty tholight ewissisn devide dof thspiresspignyeation, peillysitateddn i ve

fi brobl as ut US . f ] o ' if) ed

fibrobl as{ﬂg‘?k %’5{ 2@3@%%1 B Ilédit/? %%Qf&egfrkfgn%f&%c\% i%‘%ﬁtg‘?eé ls}ﬁl ?01 %’é{y (g&Jp roduced
directby piovidingipoeet toythd dnfitterg hnd vaikyinigtht imensity dfthalight ey pmdbet aince whi ch,

A ter T gl 8L St IS ReS U5 hed S ool Sk bl e " 11 SSU-

for setting the frequency and duration of pulses emitted by the LED emitters; and

ancillary power cords and cables to permit operation. Figure 13b illustrates the wiring
connection between LEDs arranged in an array and also a view of the close packed LEDs,
25  without wiring, in the array.

The medical treatment regimen of the present invention relates to a method of
stimulating or inhibiting the biological activity or growth of living cells, subcellular
components, living tissue and/or organs. As previously mentioned. the present invention
may be used, for example, to stimulate or inhibit the biological activity or growth of

30 human or animal fibroblasts, Such fibroblasts may include native fibroblasts, autologous
fibroblasts, and/or genetically modified fibroblasts. Effects on living cells or living tissue
may be produced directly or indirectly through interaction with another substance which,

after irradiation, produces such effects on living cells or living tissue,

14
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14 29 Decenber 2005 WO 03/001984 PCTI US02/ 20706 Pretreatnent regi nens can

i nclude light alone, light in conbination with exogenous chronophores, and
the use of exogenous chronophores al one, depending on t 8 Ragember 05 he
treatment desired. Exogenous chronophores may includes hornones, growth
factors, webnabyssss, cofactors or other needed agents fprT/USve2apropri ate

bi ochem cal 5 and netabolic pat hways, sone of which nmay include

net al | oprotei nase inhibitors (for exanple one of these is useful in
reduci ng t he dieireatinant cagingdns caol iheluderlighialonee lightin combinaiomwitbpr ot ei nase

f I I : i al ' I ' . iti
par 1 cul ittt AbmAARIA" Y < REBE GG, el aiRbaR Bhebeling GPON! 11 O
i ncl ude tpphiugrodthe tetwnt digieed. Hxsgdnagethrordyplieresman cheligd lmehoneSui t abl e

ti t [ 1Q. t opi It lied he. ski [
ccor dancE R HOPHeEHEBe PRy BT R PRI IO ABFORB SRSt n G
Vi tam g Eand\ﬂlété’dwapﬁhkg?sﬁ RHedf WhicH magThdlude mdi@lobRdtethasd ihhiBitdrd Oon) |

Adapal ene, Retinol [roqui none, Kojic acid, a growmh factor, echinacea,
an anti b@@tnmte,onaﬁfﬁlﬁmsm@émw&w@w@ﬁa&ww@pf@p@&mﬁ@ea@m, an al pha
hydr oxy ' ' | i | Ceat) Qs Loxidant triad
conpound?ﬁgtglsl%@ovt\g@g&cf%@?e\gg? %ﬁ%g?&lga%g% fé) 1 m%%@ﬁ??@gt?@ééd} an anti oxi dant,
a phyt oantdmgoyitionsparteculaily toremplatedfor use dvotrding tathe presmitimyention ifebrdpaceous

pr oduct, or e n_enzyne nm_ner. eneticall ngi neer ed

subst ancegpﬂl%%?@%fﬁg%qﬁﬁ%ﬁ E‘ma%ldzé{ﬂa%g%}@iwﬁ E ’gts 9‘Frlilgffﬁni n, trace
el emeng s toﬁicﬂ%ﬁ@bﬂ@qﬂs@ﬁﬁl&d%@ bl in 45BQALfRE with i Rdsentiivealicd cludogai ne, a
hair growh stinulating substance, .a hair._grow_h_jnhjbiting substance, a
dye, a na?%mwofs‘?ﬁm%gXIW%WH?N&&M%&%MHBW@R%W nhi bi t or .

praline. MYCBKYLALUER, Rethof IS 3dAGHbEe, RUREAARGGro i Rdlbhoce, £1OPPET

chl orophyt 1 n, Carotenorl ds, rivatives and anal ogs of the above itens
bot h  nat antibiotigse agiifungedt anentivirl, adbdeachiopageninpn dlphahydpoxgsediabietaent i on t he

desi gn, figuratian,. assenbl y..and. p raf on r 0 el ectronic
devi ces Qn%@“ﬂ% aﬁ@d{fa?l?%ﬁ; ¥ %%ﬁég%ltg‘mg cgég?‘f’ngda %ggge;aedre{égghg’% %ger ating

par amz;'l‘ er\ﬁat'temeﬁvﬁtﬁﬁnmﬁnd tibﬂdla}n@taip%hmoa%tlﬁ@yaxﬁﬁ,& ﬂhtbrlmstiiemgafbtanﬂna@xgdmg 14, {/ )
acconplis e net hod and al so for e appar at us el jver e beam Very
| ow power&h %ﬁﬁ@\ﬂé‘l@ﬁ‘éag‘é{ﬂmﬂ% A S T ?Wﬂﬁ’é%ra&%%ﬂ’fgl}y%n?‘?r&%r omati c devices

to producghgRital QEREsbAL ARy fﬂﬂ%@@%&%@;inﬁﬁmmﬁ@emw (watts) can be
used to mmc the funcfion “of traditional laser treatnent, if so desired,

wi t hout  t (ielysiéngdpiic salgismowagnesidmwic hminsrelg Bogdine o heie gropdestimatating Fi gur ea
15a-c ill te wvi.ews of. .a.geneyi - I Sul for use
- with any #@%t oﬁbaamg%@t%awg%%%%n%%ﬂeégﬁ orgl Oglsgggerﬁb%#é%a%g{’lﬁc radi ation

20 metalloproteinase inhibitor, proline, hydroxyproline, an anesthetic substance, chlorophyll,

copper chiorophyllin, carotenoids, and derivatives and analogs of the above items both
natural and synthetic. '

In accordance with the present invention the design, configuration, assembly and
power of one or more optoelecironic devices may be modified to generate a desired

25  energy and operating parameters in 2 beam of radiation, i.¢., as illustrated in Figure 14, to
accomplish the method and also for the apparatus to deliver the beam. Very low powers
(nanowaits) can be used with narrowband, multichromatic devices to produce
photomodulation of living tissue, or high power (watts) can be used to mimic the function
of traditional laser treatment, if so desired, without the benefits associated with non-

30 ablative treatment. Figurea 15a-c illustrate views of a generic panel-style array suitable
for use with any narrowband, multichromatic emitter for electromagnetic radiation
suitable for use in accordance with the present invention. Figure 16 shows alternate
embodiments of the mounting apparatus for the radiation emitters to perform various

~ types of medical treatment. Figure 17a shows the typical divergence of an LED emitter.
15




suitable for use in accordance with the present invention. Figure 16 shows

alternate enbodinents of the nounting apparatus for the radiation emtters
to performvarious types of medical treatnent. Figure 178 Dsssmber 95

typi cal divergence of an LED emitter. 15 29 Decenber 2005 WO 03/001984
JCT1USO2 kg0 ¢8)6n198ae overlap of LEDs in the array can afp@Egtsobbeosean essness
of skin treatnent, i.e., to avoid blotching or unevenness in the treatnent
that can be caused by "hot spots" of areas of overlap frommultiple

di ver gi ngTheeweslap o&leEIN ig tireaury ogn affieot therppamlessneisgfiskin oreaiwenttig foem t t er may

be coupl e ] | cal way i h.as that.s 1.0, Bl qure 17c. The
5 wavegui g‘éo\i\éll él%%:ﬁﬁgﬁgﬁge%%% Sr%%\;iv% H!'ﬁe%tg{eﬁ%ﬂ%rc?na%enc&"‘?eg b%’%‘\?q@%‘ft’f ff@%ﬁ%ri sed of
an opt i cabf dvetiay from Smiipladidarying bepey (etFgurd E7b). MBeiniprove light fobe, thavegui de
into the the body, of Livin atjent for highly localjzed. internal

{1 eat mont TEREHBAY Pmu_ﬁle i aﬁeﬁ%ﬁaif@ﬁ‘fegwﬁesam@? %aﬁ%bef’vﬁélr ﬁlgaﬁeﬂﬁ%n?'}e) For

ext erngl waephit i of 4R fofn RAbvid iR IR AfdaPis i@dlﬁ%o:‘ﬁ%‘iée&%f'a@(ﬂpﬁ@ﬁ%ﬂ' vergence
patt erns are possible, as shown in Figs 18a-c. The nost preferred is that
whi ch pr oawemepﬁ@ltﬁrﬁ@tm@ﬂ'@n of fhsWazeguidsinte therthatiody cbmliving p#isnk ki n bei ng
treated a h%ﬁﬂr Ved thQPAL DAL s f i.fferent afflictions
bei ng treg}’?e i ‘Ilﬁ%ﬁllxerﬁl\}é%]tlon ama%gmlhgrelgﬁgiﬁgﬁﬁenagﬁg%l?%m&o%ﬁ e treatnent of
wr i nkl es aihdend) Fer extearha igatmentaisatgeaiiltipie PEDS,G wide naiety ofttesrodiveggne® agi ng,

for the treatnment of,.di selg)ses L n %udi?g skin gi sga%ﬁ?s, for the reduction
of acne aRACHSERROFRIF-25 PR Lipssas. THunest pretepied fsfgtvhigh prodiices

pseudad ol thieGidlst dvied afpBCRARA oPFadiiioh tof tBE &in Mengifeated Bhd &RGMARINS palicBOr der s such
as psoriasis, for treating the pancreas_ in diabetes, for the stinulation

or reduct fodntignt apgfor difigregtutiictignfbemgrireptediuct i on of cellulite, warts,
; i dr 051 S Az o _ cel
yperhidrosis Tﬁé%%élla%ﬂ;}h se&)&?ﬂhﬁ{ﬁ%bﬁ ff#‘??ig%ﬁ?en‘f bfiwh!lﬂﬁ% and other

hypopi gnment ati on, ,scars, stretc unga ections,
bact er i al chiangesc¢latothto, photefdgingrracinoyglogiv sging, duithed tedatthenpoliditeeses (one exanpl e

is tendonitjs. 20 .0or. arthritis .0 LApr oy eal i.ng .of surgi cal wounds, burn
et apy v eioRinE 88 st s houdlifh S{BAC R sERL e g e Blen

r eductis onfoliiculitiq pécndofolticalitisdbibagonproliferativd @ pagilldsquaniouy idisorders beshtas| | zat i on
enhancenent,, Qther skin cell |ines Iik% nmel anogcyt es, keratinocytes,

adi pocyt eBSoriais forfeaing taepanerepsip dinbpish fopdle stiputtigr pr igfiMcHoRpidiaer subst ance
to alter bBftshhidibt ifih of dnlit GitORyRlidihs, Sihd) pichilf figtmgnd the nails

or any living'cell, tissue, organ bof K- human and a I'mal .~ The pr esent
i nvent i ontatiess, wililiges bypepigmentatipn, ovalasmayenns, stratehaharksy fungaldhigclions, but  not

limted t hronic.ski.n,ul cers, diabetic ,ulcers,. thermal -hurn injuries,
i ral ol cBiEgltGi BaRRGE: nitcliteka bl R e o sease.
The peesestarthiiignbiiapron@lealife of surgical wounds, burn therapy to improve healing and

Jor to reduce scarring, cellulute reduction, improving circulation within the skin, in vitro

fertilization enhancement, other skin cell lines like melanocytes, keratinocytes,

el
—
-

adipocytes, etc.
The present invention may interact with another substance to alter the structure or
25 function of the skin, the hair and the nails or any living cell, tissue, organ both human and
animal. _

The present invention may be useful in improving wound healing, including but
not limited to chronic skin ulcers, diabetic ulcers, thermal burn injuries, viral ulcers or
disorders, periodongal disease and other dental disease. The present invention may be

30  useful in enhancing the effects of devices which create an injury or wound in the process
of performing cosmetic surgery including non-ablative thermal wounding techniques for
treating skin wrinkles, scars, stretch marks and other skin disorders. Under such
circumstances, it may be preferable to use convention non-ablative thermal treatments in

combination with the non thermal photomodulation method of the present invention. The
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30 useful in enhancing the effects of devices which create an injury or
wound in the process of performng cosnetic surgery including non ablative
t hermal woundi ng techniques for treating skin winkles, 29d2cembse2005ch

mar ks and ot her skin disorders. Under such circunstances, it my be

pr ef er ablveovmoowse conventi on non-abl ative thermal treatCHEwRIZ20706

conbi nation with the non thermal photonodul ati on nethod of the present

i nvention. The 16 29 Decenber 2005 WO 03/001984 PCTIUS02120706 present

i nvent i orpregyt invesBormay aleubd usetinsoninetion mithimieroor sxficorbredinnt ace abr asi on,

der mabr asj} . t ggﬁﬁ? . i : i t opi cal
cos neceut(i[egg‘?b%%’%pr}% I cgﬂag?ig{(}hw I%?]Lnﬁp%%fggl uq?{torpyslgﬂo% G%Bgﬁlcat ion to
enhance tapphdatiomt wither witkout elbmsocahnd applicdtine tesdnhaica heatmenteasihe @mdvgossi bl y

addi tional_.epithelial |ayers) can.prove beneficial for 5 sope treatnent
regi men. qf@%%%&ww%@%m@ﬁédﬁﬁ%ﬁ?ﬂﬂﬁﬂd 1%@%3‘13?8{00’@%“85% | ayer of
the skj n dofmedleathRASbeiR@h ! Indnk ¥mbIRAYR Gf the ifieatidn)the kRabfReneun] gest r at um
corneumis the outernost epithelial |ayer characterized by a structure, a

f unct i on, ofshaskindkpidenst pasplly rerpesiedinaid in frepingatl Thestaiom oUW at | east a
portion OJuténlﬁSst?ASiﬁi%ﬁéi Péﬂlﬂé{&ﬁ%d_ &uﬁaéﬁ;!n [ 2 A&nQE ahdlg Steps of
ng, t i'm ni shing at

stripping, reno I nni ng an m east one of 10 the
st r uct ur eperthesbiity o, whehdin fondigidngat deapterpoutisi of theystrathmt dosneym campmies or neum by

at | east e of chani cal. abrasive. pho i | at ive, thermal,
cheni cal ,8238?’:3&? Qé’ihgﬁ Sogﬁwwgg’irgmwgil?{ﬁ?%}leu%s ep Sgltfug%tolgiﬁs??/]%ndgf at least a
porti an ahe ithetsd, figlctioh, GAckACI4Ahd FATPALIIRE ST BE stradn conaan by attléust @feeps of

sol vent strippjng, tape stripping, scrubbing,.|aser bl ati opn, | aser

vapor i zatqf@echaniss]. abfasipe #hotp gooustics P@atﬁ’éf'h‘é'g’ia%éﬁ cal A0EpsIVE treatment 15

using a hinghn RRMRABE st ?P%?diﬁ&ﬁg%@le%%%ﬁﬁﬁ of 83 SharuBicambiul ati on and

bi oi nhi bition are each pa a spectrumof cellular effects that nay be
produced doypeisesiahlghst onkeefithesteps ofsolivent stpings tage stripping, sevbjnglildstier ent

par aneterg,. .. Generall .t he r ;ost il ati n | 0t er changeabl y
with the at%gpﬂﬂ%%ﬁr&ag%%jtaihv%tcil C%Pi?ge Iﬁﬁ’emt%}éjor‘rﬁh ig? S?l ﬁﬁ%?ﬁgdg% e used

I nt er changighlbéphweblpaerpdhott pulsdhdurationdazesvhen t he bi ol ogi cal activity is

i nduced by light. The general.termto_ describe bot t ol.nhi pi.ti on and
phot oact i vat i@?ﬁ%ﬁ?ﬁ%?’?ﬁﬂlﬂi@aﬂé{t‘%ﬁm—e@chﬁgﬁ AgPECHER O?Fﬁ%eﬁw&fﬁ s a
response [y tefodiica B Gaple BRAR 0L Pluralilyf TdletdsQBing ittt feghétad cel | ul ar

ef fect may "depend I argel y" upon the selection of certain paraneters. Several
of these G@g@ﬁﬁ@h@m jostirelstioni dge e psed interelsageablytviiih thetereywy, 25 There are a

wi de vari IL.ffar ﬁﬁﬁ' ggF conpri se
conditio gltoé gg&énvggﬂtt%&%ﬁgﬁce Eﬂé%g?:?lél a &gﬁ?ﬁiﬂﬂ%%blef t(]gct s such as

tri ggsr i ndoaihibitiarwhenelyshielogital activity ipindtcodby gt Thevgameraptenn & nhi biti on
whi ch, f Yescribe ggti‘l %hot&%ﬂbgdorneagg S}?otcgaggvaﬁon is photomodulation -- meaning that

light induces a response by the biological material. Production of the desired cellular

effect may depend largely upon the selection of certain parameters. Several of these
parameters are described in further detail below.

25 There are a wide variety of different operating parameters that may comprise
conditions effective to produce beneficial cellular effects such as triggering cellular
regeneration or photoactivation or photoinhibition which, for example, could reduce the
activity of oil glands in the skin, thereby reducing acne bacteria. Also, targeting a natural
chromophore for photoactivation or photoinhibition such as acne bacteria, is possible, in

30  addition to targeting exogenous chromophores like carotenoids, chlorophyll and its
derivatives including copper chlorophyllin and other dyes such as indocyanine green dye,
methylene blue dye, and similar compositions known to those skilled in the art.
Exogenous chromophores are substances which absorb light or electromagnetic radiation
in at least one narrow band of wavelengths and assist with the treatment method and
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Wavel engt af ge or s onponent’, or nol ecul ar bond
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with exogenous chromophore (which can be topical, injected, driven in with ultrasound,

or systemic) is determined by the nature of the treatment and is further illustrated in the

Examples.
Wavelength -- Each target cell or subcellular component, or molecular bond
25 therein, tends to have at least one unique and characteristic “action spectrum" at which it
exhibits certain electromagnetic or light absorption peaks or maxima Figure 3, for
example, shows the absorption spectrum of one line of human fibroblast cells in
monolayer tissue culture. Different cell lines (of the same cell — for example fibroblasts
from 3 different patients) exhibit some differences in their absorption specira and thus
30  usifg narrow band multichromatic light (rather than monochromatic light) is also useful
in producing the optimal clinical effect. When these cells or subcellular components are
irradiated with wavelengths corresponding to the absorption peaks or maxima, energy is
transferred from the light photon and absorbed by the target. The particular features of
 the delivered energy determine the cellular effects. The complexity of these
i8
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sources may be |less desirable fhan those specified, for use with the present
i nvent i onPWPIFPOBo‘ﬁtCPW“P(Shqqﬁ%O{@ tiple P Wil emigrs, aﬁeﬁgﬁﬁfdé‘?ﬁef t&rs. The

| aser di 0%&@&@@%&%@&%&%&%@ﬁ%as%aﬁaaqwnwwaﬁ&%t\ﬂﬁy%s around a.

dom nant band, are narrowband nultichromatic devices -- devices
whi ch eni parsivéend wrtighremaidc davicss naeviosy witidramibdleciramipgnetio i anares;

synetrical| [_.as ricall [ ] ‘@M% r pur poses
of the pr é@ﬁ?rﬁa\%ﬁgﬁaﬁ,@er%cagggy%gmt%gggﬂeﬁna{@ erec aﬁggrréa‘%lneg |'(:F€ngdi ation
in a ibangwpodchofthe pritsenainoetition M9 dowcodratentils cletoummgneticdadiativario awavel engt h
can be consjidere be nar r owband, ti.chromatic.emtter. LEDS, while
not nmonoc %‘%‘f EEHE%H"’_EIQ%H%%R?FF“%{S W&Wﬁf&%ﬂ@t%" DERER B der ed

nar r owban gy ifdetell 66O Birow 088, HufticErombhE emMRF, TENWSDRHIGE @k hiowschedigdtiens of
slightly different wavel engths to be emtted. This can 20 potentially be

benefi ci abmftdnsuch aapfovybadres i he easideredyasroprhand mylFejrematicprittest Thens. " I n -
contrast, | S 1L ' ?h}l@’f RaTe -1 l.gpat h of [ight
and are 8%%3’?%%‘% %@&#?ﬁ%ﬂ%f@%@hﬁ@%&% agzjlfrs%,gﬁaccor ing to the

pri or 2art pothdtilly bk badficipicfor crédting certuin dasirgblé melti, photonadérmdions.ilo, nature of
their el egcgnrh%sq?lggsﬁtcg)ﬁmg@laf Tasers emit light at a single wavelength of light and are

considered monochromatic. The use of lasers, according to the prior art, has relied upon

the coherent, i.e., monochromatic, nature of their electromagnetic emissions.
Wavelength may also determine tissue penetration depth. It is important for the
25 deéired wavelength to reach the target cell, tissue or organ. Tissue penetration depth for
intact skin may be different than the tissue penetration depth for ulcerated or burned skin
and may also be different for skin that has been abraded or enzymatically peeled or that
has had at least a portion of the stratum corneum removed by any method . It is also
important to penetrate any interfering chromophore that also absorbs at this same
30  wavelength (e.g. dark ethnic skin, plastic Petrie dishes for tissue or cell culture, ete.). It is
important to penetrate any tissues or organs in its pathway (e.g. capsule of pancreas; or
for reaching some nerve tissue, might need to pass through tendons, fascia, bone.)
Thus, selection of the proper wavelength is one of the significant parameters, but
others are important as well: |
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Wavel ength may al so determ ne tissue penetration depth. It is inportant for
the 25 desired wavelength to reach the target cell, tissue or organ.
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pul ses Whgpifaléh & rGRBEM pefSAS infival) ARG Heh@Rd & Re@dih esthe inté}]b\h&ﬁﬁlay As an
exanpl e, human fibrobl asts increase production of desirable conponents 20

such as c@imehstreenalsesprhsn daettrortment easioneaIPEEss [aSeEasOABWFhs al so may
mul tiply. Duri hi S : : %mﬂ&l{lize
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20  such as collagen when photostimulated. The cells themselves also may multiply. During

this increased cellular activity they may utilize increased amounts of 'raw materials' to
produce the products of their increased activity. (e.g. Vitamin C is needed in the
production of coflagen , ionic calcium and magnesium may be vital) as well as such
things as growth factors, etc. Thus increased amounts of such substances may be needed
25  to achieve the maximal production of substances such as collagen, elastin and dermal
matrix or ground substance (GAG) when fibroblasts are stimulated. Analogous situations
- with different substrates and cofactors exist for almost every living cell type, Itis
anticipated that in order to reap the maximal benefits from photoactivation of cells,
subceflular components, tissues , organs, cultures, transplants, autografls in either animals
30 or plants, that such "raw materials" or cofactors may be needed as supplemental to the
method of the present invention in order to achieve the greatest benefit from the
invention. Also, genetically altered cells or subeellular components may have specific
different requirements as may cells in certain disease states or tumor growths as well as

cells affected by certain types of environmental damage. There are also issues of
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del i vering t ener gy netal conplexes wWthin what s
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in the mitochondria respiratory chain, When the interaction with the quanta of energy

delivered by these photons to these electrons occurs, complex interactions may result.
These interactions may include an alteration of the “energy charge” of the mitochondria.
Oxidative phosphorylation may be stimulated to go faster or to become more efficient —
25  orboth. One possible mechanism for this increased efficiency would be a change in the
conformational shape of the membrane — which may be related to ionic calcium flux
across the membrane and also permeability changes in the membrane. This increased
efficiency would result in more ATP production per unit of substrate oxidized — this
efficiency increase is analogous to getting “more miles per gallon of oxygen” as far as
30  stimulating cell activity and increased energy production by these cells This
“hyperstimulation’ of cellular energy production and activity may be transient and also
dependent on the supply and proper ratio and bioavailability of all of the appropriate
cofactors for a given cell type as described elsewhere in this application. Thus ‘too

much’ stimulation or “too long’ or “too fast repetition of stimulation’ as well as the
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The specific effects of such selective biostimulation. can be seen in Figure 31A-F.

These illustrate an example of scanning electron microscopic images of fibroblasts in
culture 5 min after irradiation with one embodiment of the present invention. In the
illustrated case, the range of energies was 75 - 450 micro watts for photoactivation with
25 all other parameters fixed using yellow 590+5 nm LED light. While cytoskeletal changes
are seen without destruction, in an adjacent area which was simultaneously irradiated
with a much higher dose of light, actual thermal destruction of the cells occurred. This
spectrum of producing both non thermal stimulation and thermal destruction of celis with
different energy of irradiation may be seen in a single low power image of these
30  fibroblasts where at one end of the view living altered fibroblasts are visible, while at the
other end thermally destroyed and dead cells are visible.
Much of the known art is specifically designed and perfected over decades of
research to thermally damage or kill (rather than bioactivate or bioinhibit) these cells.
This thermal injury may be created by targeting cellular or tissue water or hemoglobin
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or bioinhibition is the desired goal. (e.g. use of a topical agent which

i nhibits or stinulates hair growmh in conjunction with the present

i nvention may be nuch nore effective than wusing just th&9%0asemPeriot08f one.
One such exanple for hair growh inhibition is a 20 derivative of the
chapar r alwpbamtgss The specific effects of such sel ectimeErsoersizoarul ati on can
be seen in Figure 31A-F. These illustrate an exanple of scanning electron
m croscopic i Egjes of fibroblasts in culture 5 mn after irradiation with

one enbodwithinttheifloadasllp prskismigment era Yasisty of natumsbindireqy targelgvddchrat®e, the range
of ener f 5 all other
par anet glrg | xe ﬁ%nproﬁﬁgeﬁu%ﬂé%‘%ééeﬁs of@éﬂ%%ﬁﬁﬁ%&#é&gﬂfggg kthlle(Zat al changes

are seen Wrduhd dat dqsddumiandmllular ‘dﬂbnski;nébmnhenacéémeﬂamgﬁsmam mul t aneousl y

irradiated, with a her dose i ght, actu grnal destruction of
he cel | oIt iop Pt RmeR HBRES A BBE heBR PRRER I

stimul at i QRicB ¥endnp SthIPIhidEs, Setreplld ﬁl, ewsnﬁ %lﬂc&samﬁdglycdisf((}ﬁﬂs,rﬁnd ether gy of
irradiation may be seen in _a single | ow power inage of % éWﬁOflbroblasts
where at 8ibstapissarsprodyeed andipr relapsadg The profeciion pplsese X sich Pipdusts e, whil e

at the opfgL. quswgﬁt?;&l:s ?ﬁrﬁ:ﬂﬁ?ﬁéﬂ%%%r SR theoalvad AfRaacRioPlign Much of

the known art s spec I gned and perfected over decades of
resear ch woinkles skinkdng, a;hdrﬂmgnesﬁip siigid ¢f agingsseas, strelgm stk a Himay duqscase

bi oi nhi bi e c n y targeting
ool Oay b ot R p g h&ﬁ%‘ﬂﬁ&lﬂ%ﬁ“ 8 lpr S Beafih SRR IR (L0 00061
PCTI USH2 1 213eHaéstited diit pichent laiseme ogdidgschanges Kitis {hegme meclonism of actioat y  of
natural indirect targets which are heated and then produce injury to these

cells or feé‘ef’t‘lli@nél?;?rq%@r?a%y@@? opsSEeSssues. The 'wound' that is produced
and cel | ul ar ﬂ%&fu'v%on%}@m%]ﬁ’&h@ﬂ’ﬁ:ﬁ)ﬁéh pHRGIRBAEbSin dofdlandé Rith fle€ased by

such known techniques 1s ained at tri gerln a 'wound healing process in 5
whi ch, anpmgenbmmnonﬂowgmtreqmtwlanﬁ 14 be killgd ot thermylly &dwredyi HeyiS¢cans ( GAG) ,
and ot herp &%ﬁy@ﬁ%ﬁ&% i r;)ggsg%tgv?\feﬁﬂg{ D HPrRRFE Fherd BE tﬁgﬁ%&gp' on and/ or

rel ease o y causes "a process roves or

di m niis heﬁsshhﬁao@blﬂiﬂ&]ﬂﬁsl@hiﬁﬁth&mmiryszlasmqumdltmkdhmrﬁ chdaiges ih dissmgs. and t he
vi si bl e signs of aging,

h
producti on of ﬁ@%‘?er%eé)fé’isq’é%ﬁﬁz‘}@eaté U%%F&W&Ei“%ﬁ#%@%“ﬁﬂ@ heal th or

to treat 1Qndi 8&AREmPlAfofRurldn ﬁwomés%wed%mﬂgmm Bfiged tedolidvanges. This
t hermal mechani smof action relies upon the death or inj urg/2 of cells or

tissues. Bichding whrotdimited t0i450 nii 5}32@%59&%&@@!@ OB EEIP32088: i n

accordanc _Fﬁgg on does not require that any cells be
killed org%drgﬁélr’rra(fop%#/% ure taréfﬁl l%és? a basic distinction between the
present i nventhiguresIB\ irdeB jilusitate ammplek of wvhepltiality dfindivigual

optoelecironic devices may be connected in series and in parallel to form a

multichromatic, narrowband emitter of electromagnetic radiation, suitable for use
according to illustrative, but not exclusive, embodiments of the present invention. Diodes
are known to allow current to flow in only one direction, from positive to negative. The
25  directional current flow is illustrated by arrows in Figure 13A Figure 13B is a schematic
diagram illustrating an example of combined serial and parallel wiring. An example of
series wiring is seen in the connections from left o right across the row. An example of
paralle] wiring is seen between the top and bottom rows. The dome shaped area
represents the transparent housing of the LED. The dome may be constructed from an
30  epoxy material.
Figure 14 illustrates an example of a method of spacing the optoelecironic devices
in what may be referred to as a "close packed” spacing in one dimension. Other patterns
which allow more space between the LEDs are also possible. Other elements that may be

incorporated into the apparatus of the present invention are things such as reflective
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changes in tissues. A wide range of visible, infrared and ultraviol et
wavel engths may potentially be useful. For exanple, for 200asaMPEbZ¥IY ast s
wavel engths in the range of the following including, but not limted to,
450 nm 588030145 urn, 620nm 670nm 760nm 820nm  8OONMO802/20706 _
1060nmt/ - 5-15nm) are of interest. 20 Figures 13A and B illustrate exanples
of how a plurality of individual optoelectronic devices may be connected

i n seri es ceatidgs, spepial diffusars Gsechfap hotographidiffinsany hatdevehighirvadbamec emi t t er  of
el ectroma ILc.radi.ation,. i [ HRE riQll: ' trative, but
not excl uglggét,rg%lﬁgggﬁ trtrreaﬁings% %‘%gi’g?%@gﬁ? I nven |oﬁb&%%r%£gthg$e known to
al | ow cur rezfprodate —fthanveduvingrthemumber el iEDstrieeded. f r om positive to negative. The
25 directional _current flowis illystrated by arrows in,Figure 13A Figure
13Bis a sphen@g?rg’s fﬁ?ébﬁﬁ%f“?%@?%ﬂ?ﬂ@f Bwélﬁ‘_gﬁﬁlaga?ﬁeaé‘ﬁ??%feﬁed serial and
paral | ¢l phdelsnThe ArdsEhohlRd SreffrepreRhd /{ﬁsteéuvé cObrd. ThE REVerd iy tR@sgNNect i ons
fromleft to right across the row. An exanple of arallel wiring is seen

bet ween t Hehtospay AiffuselightnMepndifferrpianaerins Bpphraedioshecayie dbiielot he
transpar egassﬂfm nRe Ifbfco&%%ln{}Eﬁ?&gﬁav%%@bm%gf‘eg%ggﬁgﬁﬁgcﬁ%\éi%ﬁm an 30

epoxy matertal. Frgure tes an exa ~of spacing the
opt oel ect Pameisofdenous sizes dnd divhensionsmaibes used. cFlregumber efopweledtonise packed”

i i di i on. h t ' || bet
Che  LEDs HPaSpSug ot PiipatdaboBRLEGh B o 1Py LR B S ERBST e Tt o
the appar @h@&t@ftbﬁe@%aﬁ%@ﬁhiﬂmgﬁ'@%&areaﬁ@eﬁmfﬂbﬁfaﬁ}t@imeﬁ.ﬁsdmﬁﬂthmive 23 29

Decenber 2005 WO 031001984 PCTI US02120706 coat.i ngs,, ecial diffusers (such
as hol ogr &p¥eement pesgabies a fhreerpane] yakerp BinQsr Rasipagelde ﬁédl?usﬁﬁe‘ﬂ@ﬁ‘mieeduce

light t raﬁﬁ%é%oﬁf‘s s{qﬁgﬁchesra%a{ﬁgmm@mfﬁmﬂ&emfeﬁm biladeFModdshat turn

reci procate” -- thus reducing t nunber of LEDs needed. Figures 15A - C

show an afhepovot supliveideontrdningy biesphnestedde thadgdce through witeseer Baybmel s. The
cross hatched areas represent protective covers. The covers nmay transmt
l'i ght or ﬁ’é‘@“& #}e ‘ight. Many different materials nmay be used for the
covergs |t is Fibme 16kl & dxamplava pavatodiv Hphtdorchroddiag ilintnatiave t he bare
exposed optoel ectroni ¢ devjces. Paqe s of_ vari Oﬁéh si.z}is nd di nensi ons
maybe usedch R gavrgiedl opgratmgrensn o the hehhmay bermall, lghtwpip B#4¥n the panels
may vary bl f8ilod vb ekﬁ%m%ﬁlafﬁhﬁéﬁ.a Sthorl B ond st sBfin 4€ three

panel s sho In Figure I5A are hinged to allow adjustment, so that the
ar r angenefiso passibletinduding implantabjsadericesimbeddgd imappropriate metHaldanel in the

| ustrat ed deydge, 70y cI0R ABRUS offudfte ah BEERaPDED FtcobdRflol Yo T

hundreds of L
20  present invention and the angle of divergence of an emitted beam. LEDs tend to emit

light through a relatively narrow angle. This tends to make the emitted light more
directional than light emitted by a typical incandescent light bulb, from which light is
emiited in almost all directions.
Figure 18A - 18C illustrate three different examples or patterns of light energy
25  density on the field of illumination. The irradiation illustrated in Figure 18B is relatively

uniform and homogeneous. The irradiation illustrated in Figure 18C is relatively uneven
and non homogeneous. The energy density patterns may vary ,depending on the paitern
of LEDs, the packing density of the LEDs, the distance from the LEDs, and the angle of
divergence of the LEDs. The delivered energy density and the uniformity or
30  homogeneity of light energy may be significantly altered by these paftern choices.

Figure 19 illustrates an example of a technique for coupling the light oufput of an
optoelectronic device with an optical fiber. In the ilfustrated example an LED is shown at
the bottom with its clear epoxy dome at its top and the wiring at its bottom. A coupler

serves as an attaching or mating device that connects the dome portion of the LED to an
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The power supply and controls may be connected to the device through wres,

or may be built into the device. 15 Figure 16 illustrates an exa |l e of a
parabolic light for providing illumination such as in aZ29fefenbe rating
room The light nmay be small, |ightweight and may operate fromlow vol t age

or from swbasiopemel s. Many ot her configurations not shesmuseeo7ea@l so
possi bl e including inplantable devices inbedded in appropriate materials.
Figures 17A - Cillustrate an exanpl e of an individual LED in accordance

with the optipalfihsscHae dpficedfibéransuitalle fardrapsgiting dre partigeleglight wavdlength eni tt ed
beam LE V. Angle. This

t ends toDén%Jke ?%glgé'%ﬁéto%tﬁgﬁpﬂ%%g% ﬁ%@i{r&?‘%ﬂﬁaﬁoﬁ%ﬁﬁt%t emtted by a
typical i cﬁailenta&séaftemime@,my séuetab facfors) mchidinglihd opgmal eilgnmamtd) metd ther al nost al |
di rections Cillustrat, three di r.ent ex | es or
patterns %ucfﬂl%ff tﬁ%@iﬂ’" y&%ﬁé)‘%ﬂ RAORARE 6’?‘1’1 Fﬁgfﬁﬁeiigﬁ on. The

i rradiati gfitted by e THDL d.igh eler GO dBFodcsr w&h&‘ght\t@dsyes stitfickO6 i B ent

honbgeneous, The .irradiation 1 I lustrated in Figure 18C js relatively uneven

and non heRHSEisaYYs uqh@e@f&swambmw@ébmdﬁgn&r%n%wo’éwgtﬁ%ﬁ ng on the
pattern gfindfis Mﬁﬁ& gegcﬁo%rb?'tﬁeym& %atlstl%%gﬁ%%s&ig e fromthe

LEDs, and the angle o I ver gence of el ver ener gy

densi ty abeiter ind in sivhosandstyayde a&ﬁﬁmﬂvgmﬁ@iwijh@ﬁirbﬂ@hte wheangys a3y be

Si gnlflcan%];y altered by these pattern choices. Figure 19 illustrates an
exanpl e of’ techni que for coupling the Iight output of an optoelectronic
devicegow th afFlg.ﬁ&E@ﬂlustfdté%Qﬁexdrﬁplé blﬁzloivdthblsﬁtpﬂtoﬁﬁbveﬁa&ﬁ@ﬂvﬂuﬂn LED is shown at

the bottomw.th its clear epox me at, it d the wiring its
bot t om ADIE%??FQPIM%F@V?@@YQEM%%W@@ Pﬂn?m?qcﬁ@ner@ﬁg@@eff R eonnects

the d | WO 984
POT! UC0o/ SeTh R Opth%nﬁ ﬁ@&t&fﬁdg%ﬁtﬁ%&%ﬁlﬁﬁgﬁfﬁ%ﬁﬁa g

transmi t t Iegllustratepan examploaf an asgmblmﬂé‘ lindiigdusl LERS, eachpf W@h%cculebds o that

this con o] I Cy is
determ ne Cﬂ% g%a\i/ﬁlge% trp @%%@ﬁeg%| ng t‘% E‘?ém%’g blgélir[rlvlg{% ﬁe{?o mat e t he
opticad fbmﬂtess'ﬁhdﬁmtsmiythﬁmmﬁtbereapbmem thita smagletﬁarmrﬁimrmav angl e of

di vergence ljght § enmtte the LE ! ccur when

1 ont Sor osuledoimprsibg iR e anani s g AR A BRI Beoy | bos

maybe i njnggz:asl BycoBRAE VatolsPtibH ABALesdf IchstsS aces “or interfaces, and by

careful selectiion of the materials thenselves so that they match better

and in some cdBeéemernstanass, erivavesnidimay hegdiolew wiaveguidstas shosm)is Figutce

nggtesgfa S &h\éﬁ& Waére%uﬁhg%ﬁzﬁeg%éﬁfécﬂééﬁééh%ﬁsﬁ@or%m&h%m‘ﬁ%ft he out put
20 many mdlwdual LEDs without requiring coupling to each LED. The hollow waveguide

may be coupled with optical fibers or lens systems, such as those illustrated in Figure 19
and Figure 20, or a variety of other devices designed to deliver light.
Figure 21 illustrates an example of a basic schematic for a simple device. The
light source receives power from the power source. The power source is regulated and
25 modulated to provide the desired parameters for various applications of the invention.
Power may be from any applicable source as it is converted or regulated to meet the
specifications of the LEDs in use. Cooling devices may be used for either the power
supply or the light source or both.
Figure 22A - C illustrate examples of three possible configurations to produce
30  three possible illumination patterns. In the illustrated examples the different
configurations are achieved by varying the curvature of the substrate supporting the
optoeletronic devices and/or by varying the position and angle of the optoelectronic
devices themselves. Figure 22A illustrates an example of a pattern enabling illumination

of a broad and generally flat surface area. Figures 22B and 22C illustrate examples of
25



opt oel ectroni c devices may be collected into a single beam Such an
arrangenent may be useful when energy output greater thzig hat fr;?dga
sinple flat panel is desired. Figure 17c illustrates an ﬁﬁ?ﬁﬂ”@% n
assenbl age of individual LEDs, each of which is coupled to an optical
fiber. THEOBHNWA| fibers fromthe individual LEDs ar ePGHEWHM78d into fi ber
15 bundl es. The fibers may then be further conbined so that a single,

| arger fiber or a undl e conprising seyeral fibers transpits the |ight
fromall R¥ ﬁgﬂﬁ%? OEE&’QP‘?}%"G %F%eﬁgs Ff"é“)i’dsﬁg’e@?fﬁﬁpg’g‘eﬁn@r i ous opti cal
devi ces Obpﬁc@fﬁ%fs-or'wav%ﬁl@s6ﬂ§ﬁs@§1§ﬁﬁscrﬂab&mgﬁédr6§. may be a hol | ow
wavegui de as shown in gﬁgure 34. The hol | ow wavegui de provi des an

ef fective mechiifireds ilwstraien anexample of wing Jight pangiaray g aegerjanca giithittual LEDs

W thout Eh@&mﬁ%ﬁw}"'%ﬁh -ﬁ?s%%@ulha'?@&nﬁl%gas ﬁt}%ri\%éﬁ%}%%&%ﬂﬁal?ﬁy be coupl ed

w th optica | bers or Tens Systens, suc e 1 I'lustrated 1n Figure 19
and Fi §ur eul@etionr One apphicatipy obthisanighirincbede thels vitesfediiedionof dbtmaer | i ght .
Figure 21 Illl!njggstrat es an exanple of a basic schematic for a sinple device.
The Iigh‘t3 source receives power fromthe power source. The power source is

reglul ated and FfigaﬁeMﬂmhtﬁdt&dnfeﬁarﬁplewfﬁﬁbﬁdigﬁdﬁf&pédhﬁdu&%@:Eﬁleﬁvﬁfcglnﬁg{t vari ous
applicatipons. qf the invention. Power ma e fromany applicahle source as
it is con&‘e@ai%edfom% fred tagget ﬂ?ﬁ?ﬁﬁﬁﬁé exanpleis pimplat todheabseolite LEDs in

use. Cool iamfRyf 16RTn TRYLRE: HASH &Rﬁre.e?ﬁhé}ﬁfviﬁg*@%mwﬁeu Bbiciuigf the |ight
source or both. Figure 22A - Cillustrate exanples of three possible

conf i dur attiuehise has charastiaistic atBorption efovapowsidiciengthy oftighta tBxtamablatapplieds. I n t he
i1l ustrat ' . fi atj-ons.are. ey by varying
t he cur va‘?%?{ gé%?@-tﬁoﬁs%&r% galgogﬁa?gtﬁ%mﬁﬂ rﬁﬁgﬁ%é eﬁtageeq@%“%g% F%nlggt\?’i ces and/ or
bK var Iyi nighibiter modilht @mnhjailvmgaisgiee;viﬂﬂig‘hhfﬁ imbiﬁ;blegsk:ﬁmﬂﬁ absiepdoﬁels

t hensel ves. Fj qur 2A i) | ustrates an exa e .o attern enafling

1t nat PORPGEnG SRR Bevevdengh rng tlhgwl‘a&ﬁ!aﬁlgﬁt SORog,PRY 22B and
22C i | | UShabohe NRERURE oPlre RS 1026 BTRAIbIROR (MORABLOMRRiRIILS02/ 20706

more focused patterns on a given surface area. This can al so be
acconpl i s#Heas) emwhstythere dyitile shsomtipe fthe Gialleia\e Jhie praks wpreseh tegnaximalescri bed

in earlie | o fr b | : : ' ght panel
oy i n sl R b corledlng S E AR SR Wb tihe ol a1 001

cul t ur es this wavelehgil oF@atepayple greemplphta sbsorvestialighd inghéingrbercabl dropdydlj ot One
applicatign of this maght include.the in vitro fertili.zation of a human
enbryo. Fi ﬁﬁereém?&s Fﬁn‘i’fg‘ﬁ’mﬁ? %@or ﬁhyg%g%@ghgyeaéﬁﬁqgga?tﬁ{ ﬁ ctra such as

t hat whi cinli8ys0iHan tHe ot FBebbiosmia desired target. The illustrated

exanple is simlar to the absorption L
20 Figure 25 is a schematic illustrating an example in which low level energy may

produce both biostimulatory and bioinhibitory effects (as well as no effects) when using
very similar or identical parameters, but one variable is different. In the illustrated
example lower light energy produced stimulation, intermediate energy produced no effect
and higher energy levels produced bioinhibitory effects.

25 It is significant to note that there is an energy level using certain LED
configurations higher than the one which produces nonphotomodulation effects which can
produce thermal injury . The thermal injury can also have a stimulatory effect though not
nepessarily the same maginitude or duration or clinical benefit by releasing chemicals
which signal that the body has been wounded or injured and thus initiate a well defined

30 sequence of events termed wound healing. The end result of this wound healing
mechanism may be the production of new collagen, but this occurs as a result of non-
lethal thermal damage to many types of cells. In contrast, the direct bioactivation of a
specific cell or subcellular component is triggered by photoactivation without
photothermal injury or cell damage. Also, bioactivation tends not to produce
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spectrum of hunan fibroblast cells in culture. Each living organism cell

or subcellular 10 structure has characteristic absorpti 0%9 f vari ogs

wavel engths of |ight. Externally applied or exogenous c 3?&96 U so
have sim | ar properties. Wien attenpting to stinulate, inhibit or nodul ate
such i viwgosdssde with light it is desirable to know RERUSIREGHOL I on
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i nj ured hédwfésadhwvidﬁéhﬁuﬁtdffleﬁea@fA RQbtAEF opBEHN VRS REur@YBEHtS ter med wound

heal i ng. e end result of this wound healing nechanism nay be the
product i oftesTect it skiasirigse for 2By surfage)s Light enescy mayboratiested opsoaierad | et hal

thermal dgaag n#a?/ SRR ot ¥t tﬁgétl G u@ p P§ ééstt to felifeehénibdses.

bi oactivation o specific cellT"or su nponent 1I's triggered by
phot o&ct | Kaxtekampleyi atrbﬁmtlvqaﬂndemﬂelnnmtubstm}w may be appiieﬂ tajtheralgn surfacs @1

PCTT USO2/ SO P R, SRR ER) PR SR BTN SUBOIRIREAT i ng (al o

termed scRmovédonthe dBinshiface! DBE BBiceRi T 5x refoviag hiportfbﬂ@fﬁe btgat@n ot her even
hi gher | evel of thermal i njury that causels%q%ﬁotel n denaturation and cell

dest r uct i OHncHmAng peymigiag iAproy§ddight paneltadion Herarayvessof thegkingsause
vapor i Zatlgﬁ@maw GRS Rr Mhide H%e?@%?%%gﬁ%%wﬁawﬁ- gyer of the 5

narr owba multichromatic emtter o lation is operated
to avai d Iuojeotrmsn(whdecanhemﬂhb formj af tiyy ke@imes onagedish) tatcen siimplyrgmoieet her
thermal i tﬂé %p%o&%&ﬂ? (l;gﬂayer or reX‘nove the layer of skin and simultaneously deliver a

topical composition such as an exogenous chromophore, cosmaceutical, or suitable

ﬁc&,

refractive index matching substance. Another microdermabrasion method involves the
use of maicron sized abrasive particles of various materials such as various salts,

25  aluminum oxide, diamond particles, etc delivered onto the skin surface by positive or

* negative pressure, pads, various mechanical devices, etc. Other methods exist for
removing stratum corneum such as previously recited.
Numerous veterinary applications are possible including wound healing. An

important adjunct to the invention is the use af about the same time and/or as an ongoing

30 - -separate therapy various topical agents selected to specifically enhance the inhibition or
stimulation produced by the LEDs. Such agents might be developed by in vitro testing
wherein the target cells for the LED treatment are cultured in vitro and the optimal type
and concentration and combination of such active agents alone or in combination with the

~ particular LED) light source(s) are determined. The final drawing iliustrates an example
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nonitoring the intradermal skin tenperature of the target tissue during
treatnent and maintaining a power level to the radiation emtter that does
not allow the tissue to exceed the tenperature where prdodpgpember 2005
denat uri zation or vaporization occurs. 10 Figures 27A-F illustrates

exanpl es WP ogfeapdes positioned to illum nate the skin PELUSIY20786¢ i ety oOf

medi cal treatnents. Figures 26B show possible ways that this m ght be

applied for. achieving stinulatory effects. A variety of optical events
occur as Ioifﬁ'?‘ﬁor}aivﬂ@%ﬁ%@ﬁ’t‘gﬁﬁ@?%%ﬁ{ adyor: é‘é‘g?%ap%lﬁ?g%”ﬁff%@v@ﬁ?ﬂ’ght ener gy
may be refhehRtnO6f feR8ddneH 88eas@RBerbih Wsm AT oP Rkt dsleSyla Bt ended target.

Various nethods exist to reduce such |osses. 15 For exanple, a refractive
i ndex nmat ¢Hmpgted tmhaceme bealfhipr ¢rdo magpnerateionto be rastosadiby LR therepy, oror

I medi ate'b){ct%ﬁh‘?d’i’oﬁi&eco rbfe:in,‘g‘ﬁ:l ternatively, a portion of the stratum
corneum may be renove fromf’ € skin surface. One device useful for
renovi g a por Figomws BTA t Relss illuafraierexamples ofpossible "jpbibitotyl’ efferts . Bigueaad | i ght

penetrati into the lower |layers. of the skin.is _ kn as .a

m cr oder naﬁis%%@;ran e?ﬁgglg\gﬁﬁ?ioeégnﬁ%ﬁsﬁ%ﬁ“? am%asﬁ‘ﬁaﬁ?oﬁ%a%? S cron- si zed 20
proj ect i odioidetthahs Bwmhe rdsporidi@ult@¥itleight thadpiniAmetePipplieidh #%d that can
simply remove the topnost epithelial |ayer or renove the |ayer of skin and

si mul t aned¢18Y o iplabit bair srgwih (glone an in sembisation; viith tapieah acfive agentsorgdralsns
chr onophogain; ' lﬁiﬁfg e | i | ng
substance@kﬁ%%@ﬁ%gﬁo e ?r%%?am tg%@%o%dﬁlﬁlg%z}%ggo?ﬁgﬁoﬁ&% m cron
si zed 1abr awiksds alsorposgble {either to inhibisanfatnmtion pevenrtivelyor teaeduwascasal ts, 25

posi 1 ve. S et AFBHS Bt <o SRl BT R R e Pedtl a8 el cC ™
Qt her net bpdetdxiesks).f Ohe parediliiyi@psitanpdpplivation ek e NEDBYightigVvi ousl y

recited. Nunerqus veterinary applications ar eeﬁossi bl e. i ncl udi ng wound
heal i ng. APHUACHLWHE AR exogrnones ehirergonhee tp dippipish o} pland aqiiwity erdo #6dugtout t he

sane tine,apd Ag b 0G: : iegal agents
acHa ‘S@Jn.l%iﬁgiﬁ%xﬂ@%%ﬁ gﬁgg%g??g %@E&d&ﬂ%ﬁﬁ& WicloQHs dlaBRlE

sel ected to specif i ) I'tion or stinulation produced by
t he LEDs. oSioht agisrns ( seldstivale orioo padoty dcqunvilatepintodiglands) whidher ei n t he

target cell.s for A, nt cultured jn vifr nd the optinal
type andkscﬂ?)er]\1 cag{rll a&%ﬁl%‘ﬁ%&% %g%tﬁrir%‘%sﬁogm&S ca;HL}'clﬁhﬂg% Pl?{gfém'g@%ﬁ]t “dlone or in
](c:onb: ngt i Gm)tlmfrb??édiﬁentp@mﬁﬂréula&fagé_lﬁfdeh&rgﬁ’che Sibglasdthss infprevigeicas a/m'dned. The

I na raw, ng .| slrates an,exa e 27 29 Decepber 2005 WO 03/001984

PCT/ Us02I 2 ?d%f%?n%dtﬁé’r#%a 0 aﬁkll’et‘%mﬁ%"r%w%? “B’_@lr‘(%tlafg&‘ilﬁg oral surgery
appl i cat i gasraBy odollirfgpBMBHi éﬁﬁipouﬁdé?oﬂere%ﬁhgi%?wﬁifch Rﬁfr&t@ﬁbﬁ?ﬁyﬁhlﬁ) mease
wher ei n damaged or |0St gumtissues could be stinulated to becone

heal t Bf er Pspiqnibacterjuiiaeaes avherein the #rme bavtarigrigell isybe tepet dheympphorgand bact eri al

col-oni es goulfhdpGn LEAHERTn or inactivation reduces acne. Hearing loss and other ear

disorders, including but not limited to tinnitus, may be improved by the invention alone or

used in combination with locally or systemically administered chromophores or non
chromophore substances which enhance the desirable effects of the invention. In this

25  embodiment the LED or other light source could be delivered via fiber optics or
waveguides or other methods in the art and could also in one embodiment be a home use
device.

Figure 27E illustrates an example of illurnination by the LED of nerve fibers

where nerve injuries need to be stimulated, regenerated, or healed. Nail disorders with

30 fungal infection are very common and often unresponsive to topical therapy due to lack of
penetration of the agent. The use of LED light to inhibit or destroy the growth of the
fingus so that the nail can grow out and the infected portion clipped off is illustrated here
(the inhibition of growth is sufficient to eliminate the diseased nail if the growth of the
fungus is slowed enough that the nail grows out faster than the fungus grows towards the
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5 Figures 27A - F also illustrate exanples of possible "inhibitory" effects.
Figure A illustrates an exanple of use on skin diseases such as

psoriasis (a proliferative skin disorder that i s known t49 Pecspen20Q5

ultraviolet light therapy). Another application is to delay or inhibit

hai r gr oW 08801884 or i n conbi nation with topical actiperagent®swii ch al so

inhibit or facilitate delaying or reducing hair growh). The treatnent of

scars or stretch 10 marks is also possible (either to inhibit scar

f or mat i on opidsARd frsaimpayiphibition gontiawscietiibediscass Roslien ofifeanefl dxremorehdy
for e, -~ AcRlatBRSELRNoLORbhLAL far it elulih ! s Moo BRI ERAAL SCOTS | Of

A
stretch, m e particularly 1nportant application 1s e use of LED
| i ght in disomndpussechias psatiatih above)emd derroneswitthehdorogityGoe cappertihidrophyRinoi | gl and

activity or tq reduce .acne., Seen Ln .this figure is an. active agent
encapsul aPE%?I(ﬁ?POéd%@éﬁ}eFéle%ﬂ’is tgletbcfdegv Vﬁ@@?ﬁﬁ%&?{?&about 5 m crons

(whi chssel ect i Pighrg 28 ill3@ited ARSQHY iwkitindibadREar compunkntginandsg] audi ch  i's
then activated by the LED Iigh?ﬂﬂ()arroms) to biol oglmcally i,nhibit oil gland
activity Blanhlls Baybhigrectdnbiofrie il phyjoghrame geath S Vgt 9BRR he o |

gl and t hugerliPsHRMIACbAAE RaBBShrb R&ME vRivileRR Y 113hS amdaipht dndfpyyelhng oi ly
skin. Anot her enbodi nent involves targeting naturally occurfing porphyrin

conpounds theprweenesamsters e4n mpduchichianggs tt Seperginet) of Tde Eperaire! tho

pri opi oni b aﬁg@ ' e e ri.a i ' pe et ar get
chr ormpho?lgt%g]%é e 3 %?ﬁﬁ%‘*’gg“&ﬁ% @:ﬁ% [ o&rfﬁdg;f’ﬁl rﬁ%%ﬁ’@%@?@ﬁégduces
acne. 1bleathergld dhas,&nalsioiplistic nesaner inkiraeing drepowenallowd ithed' fdotory"nogli}to m ted to

tinnitus, be inproved by.the invention al,one or, . .used jn.conbination
R4 R S AT A A L O it s R Al
subst ances whi ghhENEaA6EE HRDILAERS "ﬁ&ﬁu@t"@é‘é&lﬁ o, Qhstih AR brov®IYub&iheel N this 25

enbodi nent the LED or other |ight source could be delivered via fiber

optics or tiygsappssibledo Gignal!' Béshifieip Hrsasodugtioniaudiyas oahwowdd makie $pmeo i n one
D od _ . . . oo
embodr me nI:halBE%% tpﬁ ggﬁﬁ%?é;flg ﬁx"th@tgpef- %»:ii}gé‘(fsu%t, %ﬁo’t bkl oAb GSwillh ¥ 2P € o

i1l um natron nerv ere nerve rnjurres need to be
st i muliat eassemidygdinewad mdducorg thegbdictt. INaialso posilelershifithée hati@6f thengal i nf ecti on

are very common and. of ten ynresponsi ve | cal erapy .due to | ack of
penet rat | SHPSGRos HBich darl Prodies o ot pas ehsbe FERbER ol R eBRPIERSHoat r oy ¢ he
growt h of cdifagen thpd M uRIDe shiAllated GndRbd ofeallugeh B Dithis ailefilindenprct ed
portion clipped off is illustrated here. (the inhibition of growh is

suf fi ci entll Baness desirphle ©r yordhiy] sirpibanitypel singetynerdds GHER thaptypeHd- fungus i s
sl owed enough ; | ' 3 ws towards
the 28 50 Dece aamibgfeiRonAlE Selll sl R bnrc BRIy of af

t r eat At foimavubicturaits predhiet. rihes, adding topichlagdits eadsscribed pievioudy catie mai | is
removed) . ALY AL O Bl AR BN S ARRIYEE AT b AAeP okl 220 o

materials are needed. when it is desirable to slow down or inhibit withholding certain raw

materials and cofactors (of adding a substance which also inhibits} may be very
beneficial. In the illustration one might think of these active agents as applying

25  "fibroblast fertilizers' wherein the production of the ‘plants® being “fertilized” are the
target cells and their surrounding tissue resources — and just like certain fertilizers are
blended or formulated to work better for certain plant types — some with trace elements or

~ other special substances added (for example weed killer may be added to some fertilizers

and the analogous additive for fibroblasts is “MMP killer’ — that is an inhibitor of the

30 -matrix metalloproteinase enzymes which attack newly formed collagen , elastin, GAGs,
etc). The selection of the proper ‘fertilizer’ composition and its proper application so that
it penetrates the soil best are vital for maximizing the growth and productivity of the
plants which are being fertilized. Thus it is with the cofactors and enhancing substances
used in conjunction with this invention.

29



di sorders such as psoriasis above) and for acne with chl orophyll or copper
chlorophyllin or carotenoids or their natural or synthetic derivatives or
anal ogs thereof.. 5 Figure 28 illustrates an exanple in wRiRaceqbge&lObul ar
conponents in animal and plant cells may be targeted. Cytochrone and

phyt ochr owe tapm|9sgubst ances whi ch contain certai n chenpcrUsobovds t hat
absorb sel ected wavel engt hs of Iight Thi s Iight ener gy I f of the proper
parameters can produce chanlags that "energize" O "de energize" the

mi t ochondri al Asetheriapalogywve bQﬁéﬁ@éﬂP&?@tslléagfeeﬂhOﬁ@ﬂﬁdmmmg% bei ng the

" power pl I rﬁg{% creasi ng

t he power @ﬂ:f::fl&kg{ sﬁﬁﬁlﬂ@ﬁ? ﬂﬁ ﬁaﬁm g l%é&%ﬂraglso %SSAIP

manuf actunamlsalso1f1tbe¢ambst@dmtgmg&hhﬁlhmhmng&dnhﬂnﬂdi‘ﬁhk@pnﬂmgtplmt& In the

subst ance oupd 178 anf ey iaSuepl-o AAE ittt ot Biip 125t iS5 stiuct i on
nuch as oRgexMaiplebMBKRitBEl MR feretdad BwaR chrldént ASISRIE by which@et§cdlld gudhy pe of
product, but not alter_the rate at which the 15 assenbly |ine was producing

t he produds fibrpblasts{ag el apwaropmding tissuasthat ereppievemthp dargat) Yhegeln st ances
whi ch a C%lv%ntﬂn%mfﬁbge Sétﬁlﬁanlu Eargguaﬁg&ﬁgféﬂﬂfquﬁg% 6@l enfRbmEXANP! € nore

col lagen type Il cou Ss 0 agen type I (this is
usef ul si mbehtcgpalso rbduse wontwligd themzd kffedtsaccording tof the prdiplessdighe t ype | since

type | is,stiffer’. t HJ. Continuing the anal ogy, the "factory"
needs an g}?&l&oﬁaggcﬁlﬁf)%&%t%é&gm}s terials" 20 to manufacture its product.
fThus, 1addi ng tﬁgmeai)il&@@ﬂé&nﬁaﬁplﬁ@\f)&ﬂﬂﬂqﬁjmﬂmﬂ:&neﬁmhd‘ietba Isi gnijf i cant
actor in opt|m2| .this process en the i,s stijul ated nore
raw mat effedjagionfes %é'égwsamﬁﬂﬁ%wctmn (raghey thap Pla%%oc{ugmepow VAIOBPT i nhi bi t

wi t hhol di gg; 8t Wﬁﬁﬁhsh‘é&ﬁ%ﬁhﬁﬂl@m@&ﬁeﬁﬁé R&REN of‘&éﬁnﬂﬁﬁluﬁﬂx Facdibst ance

whi ch al so I nhi bl? be ve@g beneficial. Inthe il ustratlon one m ght
thi nk of vties eplé@ﬂq:gmmgemgaa qﬁggvum@sﬁboughmw@bpmprow@mel i zers'

wherein t h r the target

cells andﬁjf%%h%gog&l brl%ﬁ’h%fec{s ? %lg 2?‘1]1@3{%5 %‘ain-p fe otf(t]ﬂ %ﬁnﬁiﬁ certain ?

ferti I1iszeﬁmmﬁhahlgmvdaﬁ)raheﬁwpmbﬂire@cmt&m;rokarphhﬂmduémnocerta| n pl ant

types - sone w tp trace elénggﬁtzu ot her SIE ft:h stances added (for

exanpl e WBHHARTYE i regyaly B Y P atetARSx P ?B?eso aﬁﬁ%f’gf"i‘f’é‘sanal 0gous

addi tive basmbpdEOBldBsHoY oilSslantMR deiabheSfationt (334 inlcdntPdRt foiY hibRion6f the 30
b oy ol Hatientt (

matri x nmetal | oproteinasé e@tgi/mes whi ch attack newly forned col | agen,
el astin, dhglond achivity dermmstr @éleqrbbyf@wgehmg@abvmebact@morﬁxozé&ou%onposu tion

For i e oepPRE Rl Ry b Ry clohop bt Aol Bie 80U e XEORel  C Ve ng
fertil2ozeetc. Thus it is with the cof actors and enhanC| ng substances used in

(F:,(c):-rll-J/ rlngglz;)go\;ﬂ Qurg Qb ﬁlulstrr]e\{tgsna:[nl e%.]mple of e use 0 aifi(imd cgy%%?m%agg allsoao 1984

monitoring device. The LED source (but could be any light source including laser or

other intense pulsed light source) passes through the LCD which is applied to the surface

of the skin. A coupling agent may be applied topically between the LCD and skin to help
25  muaich the refractive index of the surfaces (and optionaily between the LED panel and the

LCD). The LCD is connected fo a monitoring device (not shown) which measures the

percent absorption/reflection and then can be used to adjust the current into the LED (or
with other light sources may adjust other appropriate parameters). It is also possible to
measure temperature on either side of the LCD which may be useful with different skin
30 tone patients and may also be used in a feedback loop to adjust temperature or cooling
devices, such as the one shown in Figure 37, but also as a safety feature to help prevent
undesired thermal injury such as skin damage or blistering.
Figure 31A - F illustrate examples of electron microscopic photographic images

of fibroblasts in culture after irradiation with one embodiment of the present invention
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Anot her anal ogy would be fertilizing plants in a greenhouse and then
putting on extra light to stinmulate growh (one could al so turn up_the
heat, but that is not necessary and also if it becones t28P §%5n Wil
be danaged ... sort of like pruning plants ... wound them and they
regener atwo.o3/o0thgst if it gets too hot everything di es)pclinsme20mé ustrates 5
an exanple of the critical differences betvveen current and prior art which

heats cells such, as fibroblasts (as as surroundi ng tissues that are
not even BHBES Yeay lgatlpv Weﬁtﬁn@wemdmdémaﬁBmw@MDaetmwnétwt her mal

mechani s h@u&ttot n%mggcg %gxe%%d?ﬁﬁ%hME#QBfﬁ‘shﬁﬁﬁwﬁigso produce

controlle Ing to e principres of the theory of
sel ecti v e byttatiered h@lsnﬂhysgls)ﬂdemﬂF@u‘gﬁlbﬂmrawslMmplegf@adeb«h’m e of a "high

ower" where th rr tion r I n A her r ction
(rather °t R (B Beat et ser g o e et iPen 7ol g I ety dhespalrne
illustpat @ﬂs@éﬁ&@ﬂh@tFigmB\leSVlﬂﬂb@tobke@éﬂﬂ ﬂmgeﬂéﬂécﬁh@ﬂteﬁ'aﬂaﬁbﬂﬁe aglsf aci al
‘vei ns, spider vei ns as L}ng ot her | arger veins) qrggpma al so
i nprove t AWt d %&r@e&@&r&?iﬁﬂ ghesyrn gxqugle of seysrely damagsd celis, &p3ggt es an
exanpl e oheuth@rd 881 g@fﬁcltﬁaﬂ&%%t%dﬁ@c‘ﬁvﬂc@ﬂ@ﬂ"ﬁ%dmae pur pose of

producing tenporary reduction or permanent hair renoval. And al so

illustrates anTTmtaYﬁptl@ﬂWﬂlhdi@ﬁ@s@sﬁﬁfe‘hwd@@géﬂb’lﬂ@%ﬂbbﬁMMRﬂPWo destroy
oi |l gl andg i @ !‘I%I%Q%&ﬁ)%gl %u: tapéiide %%ﬁ%?hﬁl@s%totﬁ Rmts@.rfotédnh' bition of
i Vi r

oi | gland™ac nons earli argeting native acne bacteria
or exaqgenous chrom)phore | i ke chEXAMPEN1 or copper chlorophyllin or

met hyl ne bl ue dye or ustrates an exanpl e of
the use of a liquid cr@gﬁwgwiﬁwgﬁﬁ&ﬂ ng device. The LED
source (but coptreb BRirdpkd fantiits , SO UemBled SphrivhiciAG wWrkRE, f€ lin&f Bi6Wwni nt ense

pul sed |ight sourc%i)% passes throu h th &(ECD V\Ergch IS appl ied to the surface

of the skpigmen splotabes. fige eﬂg&hﬂw@@e skipyIpst ekin elophicitay ots arsdesipddr t he LCD and
skin to h I ptionally
bet ween tﬁ'!‘eEFII ﬁ‘%%legg%lg angm{iﬁfg%ﬁfédggi %ﬁélrﬁgc%&%ftlrégggeg?lﬁect egﬁ%@ﬁ%m toring
devi ces ( nogn-shilrdiva nettiod of thepeesent &vettive. Mpesucamintssios takqt fromfheigthesks i on and

t hen can pe uysed t dj u the curr ED or 4 ther |ight
sour ces. iy uilisstBige v Ry PPLE px e PG eebplet AT HE ST o o
nmeasur e t feaasm indwrleOSabfictidltthe igéCared oftthepatich? s RinGH afmﬂbll@t hishipal W th
different skin 30 tone patients and so he used in_&ﬁf eedback loop to

adj ust t eRyeswidtyef 259 ng,gbqnid,@gnﬂsgmgg&@l}gwcgg 90 malsesn &g BEHOPHS Fi gure 37,
but al so g&,d %v@él&tt%(ﬂfe%ﬁﬂérfé‘ce%@@b B Rt HHEP ht o Ghtd ntgerrzﬁ%t ngnj ury such

as skin damage or blistering. Figure 3 1A - ustrate exanpl es of
el ect con fromrldScE5q \Whitst G@rvmglahandwrdt@eﬁ—i-/- 6415funpthe bERgheefore pmﬂumsr e after

I rradiati ﬁ&tvnvll élQ W%\rr]e ene %ﬂéer’r(%%to 75nm 0 8656 nv n Ies(t%meli naintains
a skin temperature below the threshold of thermal injury. The average improvement in
skin elasticity is shown in Table 1.

Table 1
Skin Elasticity Pre treatments Post treatments
Percent Improvement 0% 105%
25
EXAMPLE 2

WRINKLE REDUCTION -- PULSED TREATMENT
A team of blinded expert graders viewing before and after photos of patients
subjected to the non-ablative LILT (“Low Intensity Light Therapy™) of the present
30 invention score the global improvement of visible skin wrinkles.
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29 Decenber 2005 WO 03/001984 PCTI US02/ 20706 using very low | evels of |ight

energy produced by a 595nmyellow LED emtting in the mllicandela or
microwatt range. Figure 31A and the left half of Figure #PHeogBRer #%5ng
but altered cells. The right side of Figure 31B illustrates an exanple of

dead or dyDnyooigsel [ s (the latter were exposed to nuch POjUsse26mer gy | evel s
than the fornmer). These cells 5 are seen again in Figure 31 Cwth
cytoskel etal changes reflecting alteration of the cells__but not

Fﬁlﬁeg%o

destruction, ngdlﬁ_’m?lPsd’%ﬁf?@ﬁt&foéﬁdéwwa%@%;@ﬁemfgeq cel I s.
Images gonanduloak S haNCrTRERLIGRS YO A LEDBaRlibaRedpll |Tving cells

in"a" an he i'nvention w be better 1llustrated and nore fully
descr i bedwisih ef2850mset el anglse spaginglo2350 nekacdonrp pesibd of Wmpbsenthighis are in

e 22 coL b k17508 Y15 B 6 50N ISTRUPIEN 11, S0

ELASTICI T ot 0 aged XPErTenclt ng wri nkl es,

fine | §nemienbityorigingfrewea - 2PhWhitd) §favinkiab@ndapihlof - i5eBnmstg QEDg skin, | ost
skin elasticity, etc._are tested for inmprovenent in skin elasticity before

and af t er thers&se piofieees Hght itibpwayslengioanagah Semy/frm {00589 FBisbat i ve et hod
of the preselln ek @gpﬁ@p@&ﬁ%@ﬁ@g@%&&@ﬁﬁmﬁ!m& heeks by

utilizing subjective ev ns con y tral ned i cal personnel.
The LED avewge ndnetianrin visteswiinklss écthowy in Tebla2ar get area of the patient's
skin to a LED light having a pul se%ﬁeﬁi%h of 250 nmsec and a pul se spacing
of 250 nmsec for 90 pul ses. Eight tr nts over 12 weeks to the entire
face with 590 nm nul twedkredlid | C LED aAverioddWainssfRedadia ng| 20 from

1. 05. 2. 05 j Wt t{s—Havi-ng—abandwd - 5. t herefore
produces light| in thel#W8&ksl engt h [range of fr8¥575nmto 60bnm Furt her,

t he treatnent I al N edksSKI N tgnperature pgiow the threshol d of ther nal
injury. The avqrage inprovenment in skin elasticity is showh in Table 1.
Tabl e 1 Sldn Elfasticit§Reekst r eat ngnt sPost tresft¥ents Percent
| mpr ovement 0%4 G5%25—AMPEE—2—WRHNKIEE—REBDGH-ON PULSED-TREATMVENT A t eam
of blinded expdrt gradé™e¥i ewi ng |bef ore and 4 Yoo, phot os of patients

subj egged to the non-ablatrve LTLT ("Low I'ntensrity Light Therapy") of the
present 30 invention score the gEI:obaI i nprovenent of visible skin

wri nkl es. EXAMPLE 3

WRINKLE REDUCTION --CONTINUOUS WAVE TREATMENT
One photo aged female is tested for reduction of wrinkles in accordance with the
procedures described in Example 2. Measurements by expert graders are taken from her
15 cheeks before and afier treatment with a single continuous wave pulse for a total of 200
seconds from a 590 nm multichromatic LED at an intensity of 1.05 - 2.05 pWatts. Eight
treatments spaced evenly over 12 weeks are adnﬁniétered to the patient’s entire face.

Table 3
Week/Value Averaged Value of Reduction
0 weeks 0%
4 weeks 22%
8 weeks 30 %
12 weeks 45 %
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31 29 Decenber 2005 WD 03/001954 PCTI US02120706 Si x photo aged fenal es were
tested for reduction of winkles. The LED treatnent includes subjecting
the target area of the patient's skin to a LED |ight haviZdJeceplresgdy dt h
of 250 nmsec and a pul se spacing of 250 nsec for a period of 90 pul ses,

Ei ght treewyenes over 12 weeks to the entire face w t ACBED2RI706
multichromatic LED at an 5 intensity ranging from1.0 - 2.0 pWwatts. Having
a bandwi dth of +/- 5-15nm the LED_ therefore produces light in the

wavel engt h range of from 575nm t EXAMELFEA  t her, the treatnent maintains a

skin tenperature bgkowrH\PERASERG] ANPRADIGIIAL) NCHEXSEThE  aver age

reduction in visible winkles Is shown in Table 2. Table 2
Week! Val ueAver aged RELIED DYERBASER WHID VARYENIGINTENSHN 206 8 weeks51% 12

weeks48% 10 E %F;I N %BLL%I - %Jr}l! . |§E@}§ NT One
phot o aged fe)rrsg\P/g&elF%n?%es ed Eec()ir e u%%l\lésﬁao Atign s%sn%ﬁgtaccor gﬁce W th

t he ps ocetpertredsaf tHeakiniwhefrsaljaated 1@ trediipastl Farmaabwedpntg ap 21 gr aders are
taken fromher is cheeks hefgore and after treat t wth ingl e

cont | nuouBgRRalApBestprobe; Epriis srample, S EbusiRiaRs Fhemrssugehth>

mul ti chr opRhitdrink en@bmetdr ik Hs@finkiN-defmid vid 2 cathateGad AR tapei @t  treat ments

spaced evenly over 12 weeks are adm nistered to the patient's entire face.

Tabl e 3 Vessiedp themlradapmsd tompasercdie tReelige intedermal gkiitemperate.se Sfed 2505 8
weeks30% g2 iNRakIAPKRaratate JISER TSI se2 M 16 B34001 994 fibjebt HdPR1n20706

10 type Il and testing is conducted on an-untanned left forearm with mid dermis probe

placement. The laser is configured for a 10 mm beam width and the skin is exposed to
single 0.5 msec pulse at the energy levels, as measured at a calibration port on the
radiation emitter, are shown in Table 4. The baseline temperature and intradermal skin
temperature after exposure are shown in Table 4, clearly illustrating a rise in intradermal
15  skin temperature after éxposm‘e to the laser pulse that varies proportionally to the energy
intensity of the laser pulse. (Some absorption by the wire in the probe was attempted to be

blanked).
Table 4
Joules/cm” Temperature °C (baseline) Temperature °C
| (exposed skin)
0.5 33.0 36.0
1.0 31.0 39.0
20 32.0 43.0
25 31.0 44.0
3.0 32.0 49.0
4.0 32.0 51.0
5.0 32.0 48.0
6.0 32.0 530
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EXAMPLE 4 SKI N TEMPERATURE (| NTRADERMAL) | NCREASE PULSED DYE LASER W TH
VARYI NG | NTENSI TY A coherent 595 nm Pul sed Dye Laser is used on a patient's
skin to determine the 5 tenperature rise of the skin m&?%ﬁ@@f&?ﬁo
treatment. For neasurenents, an IT 21 intradermal tenperature probe. For

t hi s exari®D@3/0098Physi ot enp Thermal ert nodel TH 5 noni RGVUSNY287Ber noneter i s
inserted md-derms via a catheter and then wire taped to secure it to the
skin is used to neasure the baseljne_intradermal skin tenperate, as well as
the intradernmal tenperature of skE&M@d to the laser treatnent. The

subj ect has Skin 10gkyRGEMPRRATURY IRIRADEMALYNEREASEAn untanned |eft

forearmwith md derms probe placenment. The laser is configured for a 10

mm beam wi dt h and t RELSEDDYE LASERWITHVABYINGANTENSXE¥c pul se at the

energy | evels, ,as,ne e | ' I I . 99*‘? Lon emtter,
are shown in T‘é‘b %erﬁ%%gﬂ@%gfpﬁgt %‘é#e;a{% tIJlIr?l ager?ggls%‘r?oa%r ma tt%"l?. n

t enper 3t utempkdtat riexgfiheiskén wheh sabjovtd fonrediatehie Fér measaeanients dnl liXlr at i ng a
rise in intradermal 15 skin te rature %ter eXpaos reai .the | aser pul se
that vari é%mg?@ﬁ emPERAG Brobess psed tR mEsyte the baselfieiatpdgm | aser pul se.

(Sonme abs qiplcddite Y wWell @ WehfradSrndal RmpE@Riee JFaRindkpREDIotRe lastr Beatmbitanked) .
Tabl e 4 Joul'es/cinTenperature C (baseline)Tenperature C (exposed skin)

0. 533. 036 .The subit by SFugiype Hand wetmens sondurtedymangunpegdely fogeagm 32 051, 0

5. 032. 048. Qéa%?s%idﬁgﬂdlﬂ@m 20706
EXAMPLE 5 @%ﬁﬁ%&ﬁé&mﬁ m%ﬁ@)ﬁg@%@\é\gég%%UL ED DYE LASER W TH
VARYI NG | MR #SixposeA tesigle 85tmsb&fmlsemat Biwleserdy Ryds tmsarin TeblgSedhon a patient's
skinto d %Els%iiiqé t@ga_pgrgt%re and intradermal skin temperature after exposure are shown in Table

5, clearly illustrating a rise in intradermal skin temperature after exposure to the laser

pulse that varies proportionally to the energy intensity of the laser pulse.

Table 5
Joule/em” Temperature °C for Base | Temperature °C for Test
0.5 32.0 35.0
10 31.0 37.0
2.0 31.0 41.0
. 25 31.0 43.0
3.0 31.0 470
4,0 31.6 500
5.0 310 46.0
6.0 31.0 52.0
15 |
EXAMPLE 6

SKIN TEMPERATURE (INTRADEMAL) INCREASE
PULSED DYE LASER WITH VARYING PULSE DURATION
A coherent 595 nm Pulsed Dye Laser is used on a patient’s skin to determine the
20  temperature rise of the skin when subjected to treatment. For measurements, an IT-21
intradermal temperature probe is used to measure the baseline intradermal skin
temperature as well as the intradermal temperature of skin exposed to the laser treatment.
The subject has Skin type II and testing is conducted on an untanned left forearm with

mid dermis probe placement. The laser is configured for a 10 mm beam width and the
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EXAMPLE 7

rer exposure

ABSENCE OF SKIN TEMPERATURE (INTRADERMAL) INCREASE
LED TREATMENT WITH VARYING PULSE DURATION
A multichromatic 590nm +/- 15am, S5mm diameter LED produces light at an
intensity level of 640 nanowatts/cm2 as measured by a Newport model 1835C
nultifunction optical meter with a series 818 photodetector. An IT-21 intradermal

temperature probe is used to measure the intradermal temperature of the subject who has

skin type XI. Treatment is applied to the subject’s untanned left forearm with mid dermis

temperature probe placement. As shown in Table 7, no intradermal temperature rise is

perceived by the probe. _
' Table 7
Pulse Duration msec Temperature °C for Base | Temperature °C for Test

0.5 30.0 30.0

2.0 30.0 30.0

20.0 30.0 30.0

40.0 30.0 30.0
100.0 30.0 30.0

35




are shown in Table 6, clearly illustrating a rise in intradermal skin
tenperature after exposure to the |aser pulse that varies proportionally
to the energy intensity of the laser 5 pulse. Table 6 PuI@ﬁ%ﬁF@Pf%WS
nmsecTenperature C for BaseTenperature C for Test 0.530.042.0 2.030.044.0
20. 030. 04%0@3/d0099330. 045. 0 EXAMPLE 7 ABSENCE OF SKI N TBEMPEFGSIRIRES

(1 NTRADERMAL) | NCREASE 10 LED TREATMENT W TH VARYI NG PULSE DURATI ON A
mul ti chromatic 590nm +1- 15nm 5nm di aneter LED produces |ight at an
intensity | evel of 640 nanowatts/EXAMBIESasured by a Newport nodel |835C
mul ti f unct i orpeRdEs HYREASER UOMPARIS WITHALGIRI RMAdSIRE BlopEn | T- 21

I ntradermal ‘tenperature probe 1s used to neasure the I ntradernal
tenperature of the subj ecSKIMTENRERATEREANCRIASE . Treatnent is applied to

t he subject’'s unt.anned left forearmw.th. md derms-.te pr obe

pl acement. As c&ﬁﬁéaeeﬁm‘]’geg}p‘ém&feﬁ’ % %?%Eae%ﬁ%ﬂt%s%}sﬂe%%&ﬁ%gi s

per cei yedulbnrct forpiralie conlpubd the dkifPtinfperablis Atieasr camed Feapdsedidye &€ f or
BaseTenperature_C for Test 0.530.030.0 2 0@%@330._0 éoqggtso 330.0

40. 030. 03With 28 §FD et warse A shesent B wRpEIscOHE356 BEFdPoda msEt USo2/ 20706
EXANPLE: 8B hnslehic b ek 856Fs CEORARARLIVGT b iAforhcBB0 DA EHIORuisSH N
TEMPERATURE" | SE The intradernmal tenperature for a subject having skin

type U i sforddsmseeavitbr maxémurs enmgyeonipnd of 2P ederaVeds/aehiba pempaniveki n
tenperat uf e LG ARS8 SeGaN oM 1RY BrPHus Aigh Whftek A8 Sompared in Table s.

10 -~ Table$
. (All measurements taken at:a radiation intensity of 2 microwatts/cm’)
Jlem2 LED (temperature) Laser (temperature)
0.5 < 32.0 33.0
1.0 32.0 34.0
1.6 ’ 32.0 34,5
2.0 32.0 36.5
25 32.0 375
3.0 : 32.0 365
34 32.0 38.0
4.0 32.0 41.0
4.5 32.0 425
EXAMPLE 9
15 PULSED DYE LASER COMPARED WITH LIGHYT EMITTING DIODE

SKIN TEMPERATURE INCREASE
The intradermal temperature for a subject having skin type II is measured on the
untanned forearm to compare the skin temperature increase caused by a pulsed dye laser
with an LED light source. A coherent 595 nm pulsed dye laser is pulsed at an energy
20 inténsities of 2.5 J/om® for the pulse durations shown in Table 9. A multichromatic 590
nm LED is pulsed at an enegy output of 2.0 microWatts for the durations specified in
Table 9. The comparative intradermal temperatures resulting from each light emitter are

compared in Table 9.
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with an
0.5 nsec

mul ti chromatic 590 nm LED i s pul sed
output of 2.0 mcroWatts/cnR the conparative

LED Iight source. A coherent 595 nm pul sed dye laser is pulsed for
at varying energy intensities as shown in Table 8. A

for 0.5 nsec with a2td8RkeetOgy

i ntradermal tenperature

resul ti ngvoommsach |ight emtter are conpared in TableTaUsiz®7®abl e S

(Al'l meas

urenents taken at a radiation intensity of 2 mcrowatts/cnR)

d/ cn2LED (tenperature)lLaser (tenperature) 0.532.033.0 1.032.034.0
1.632.034.5 2.032.036.5 2.532.037. 5lablef32 036.5 3.432.038.0 4.032.041.0

4.532. 042—%,. EXAVPLE TaPUCSED COVPARED W L& TEMTTI NG
DI CDE SKI 'E rﬁuﬂf’jlﬁéaf)NCREASE ]e)L(lén ader mal te\rlrlbera ure for a subject
havi ng skin type 0.8 is neasured on t3#@ untanne¢d foreardk o conpale the
ski n t enperature ‘6:3.' ease—caused—by % pu-sed—dyre—taser SWHED | i ght
source. A coherenjf 595 nm pul sed dyé Faser is pul sed at ener gy {20
i ntensit|{es of ZjggJ/CnY Tof the pulyg durattofs shown g4 Table 9. A
multichrpmatic 590 um I FD §s pulsed at an eneqy . output of 2 0 migroWatts
for the furati ond08pecified|in Tabl3.00. The conparati\#-Q ntrader nal
t enper at pres—resgting—fromeach—+ght—enrtterare—conpared—Tn—T1able 9. 36
29 Decenper 2005 03/ 001984 PCT/ U?gé]/ 20706 Table 9 Pul se Duratign
(rmsec) LED (tenp)Laser (tenp) 0.532.033.0 2.032.034.0 20.032.034.0
EXAMPLE 10
NON-ABLATIVE SKIN THERAPY FOR WRINKLE REDUCTION
5 Pulsed Treatment
Human skin is exposed to 180 pulses of a narrowband, multichromatic 590 nm
LED at an energy output of 1.05 microwatts to 2.05 microwatts with a pulse duration (the
length of each pulse) of 100 milliseconds and an interpulse interval (time between each
pulse) of 100milliseconds. The treatment is repeated 8 times for 12 weeks to the entire
10  faces of a group of 6 photo aged females. The amount of wrinkle reduction as measured
by a team of blinded expert graders viewing before and after photos of the treated skin is
shown in Table 10.
Table 10
Treament Time (weeks) Avg. % Reduction (cheeks measured)
0 0
4 42
8 53
12 48
15 EXAMPLE 11
NON-ABLATIVE SKIN THERAPY FOR WRINKLE REDUCTION
Continunous Wave Treatment
Human skin is exposed to 200 second continuous wave of a narrowband,
multichromatic 590 nm LED at an energy output of 1.0 microwatts to 2.0 microwatts.
The treatment is repeated 8 times for 12 weeks to the entire face of a single photo aged

20

female. The amount of wrinkle reduction as measured by a team of blinded expert
graders viewing before and after photos of the treated skin is shown in Table 11.
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40. 032. 035. 0 100. 032. 0 EXAMPLE 10 NON- ABLATI VE SKI N THERAPY FOR WRI NKLE
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NON-ABLATIVE SKIN THERAPY FOR WRINKLE REDUCTION

Pulsed Laser Diode

Also suitable for use in accordance with the present invention is a laser diode.
Typical pulse durations will be from about 100 milliseconds to about 1 second, for pulsed

treatment, and from about 1 second to about 30 minutes for continuous wave freatment.

Suitable operating power for the laser diode includes the range of from about 10
milliwatts to about 1 watt with about 200 milliwatts to 800 milliwatts being preferred.

Commercially available laser

diodes having a wavelength between 400nm and 1000nm

can be used. For this example, human skin is exposed to 90 pulses from an 810 nm laser

diode at an energy output of 2.0 microwatts. An interpulse spacing of 250 milliseconds is

used. The treatment is repeated 6 times for 12 weeks to the entire face of a single photo
aged female. The amount of wrinkle reduction is shown in Table 12.

Table 12

Treament Time (weeks)

% Reduction (cheeks measured)

0

0

4

20

8

35

12

30

20

EXAMPLE 13

CROWS FEET REDUCTION -- PULSED TREATMENT
A team of blinded expert graders viewing before and after photos of patients
subjected to the non-ablative LILT (“Low Intensity Light Therapy™) of the present

invention score the global improvement of visible “crows feet” prominent about the eye

region,
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1250 EXAMPLE 12 NON- ABLATI VE SKI'N THERAPY FOR WRI NKLE REDUCTI ON 5 Pul sed
Laser Diode Also.suitable for use in accordance with the present invention
is a laser diode. Typical pulse durations will be from gydiReenther 2005
mlliseconds to about 1 second, for pulsed treatnent, and from about |
second t owal®em9sd0 m nutes for continuous wave treat nePIT/USIS7D@D] e
operating power for the |laser diode includes the range of from about 10 10

111 tts t t, 1 t with t 200, mlJ)i t.t 800, m I Ii tt
lronei nLJWSr efS er ?egﬁ%ﬂ%ﬁﬁ%ﬁl\% ?35?3'2&?055 °W°§15@P}°m%3?3;%g§5?rr%° W:’:IYIV; e?lgt h
bet ween 4@Qnmemiaclde ibjRctifSife sk RSl of the patlehf’ Sskava AMdser didiemht skin is

exposed to 90 pulses froman 810 nmu | aser diode at an energy output of 2.0
mi cr owat t $avinga pilsesvigt of 400 parsivsine o1l Ogm beam fipmsierand @puise Tequeaey offihe

treat ment t4 2N ' a single
photo 15 ghggldIE l?%%%* %%%’e@rr%%@\t%o Wi nkgﬁg&'r e %ﬁ%@@gv&é@gﬁ&h Tabl e 12.
Tabl e 32 ¥rbangire fiTe mith Glark ddepdiRdeiat an intensity taegiks 20mBlivadidem@0 420 835 1230

EXAMPLE 1 . FEET . -+ PULSED T 0 f blinded
exper { g 0EPE SR BEC O S v e SR et ey e oot ed 1o

t he non- alihugho vidn woludd dard ionedded)e Maé fverdge gdductiondn aows feenik slidw ipr esent

I nvention_score the gl obal inprovenent of visible "crows feet" prom nent
about thel&l&13:regi on. 38 29 December 2005 . WD 03/ 001984 PCTIUS02/ 20706
Six photo aged fermal es are tested fd@ducti on of crows feet. The |aser
diode treatment_includes subjecting the target area of the patient's skin
to a laser diode |ighWeeki¥aleg a. plil sdvewagedVelue abRednetion using a 10cm beam
di aneter and a ptd sef‘c% ney—of—t—hz—(t—put per—secomrd). Three pul ses
are adm ni stered.-ThregWF at nent s| over 12 wee dé’ 5 to the eptire face with
810 nm | aer diode at anwedksensity fangi ng 2001s®4 |1 watts/ cni.

8 weeks 28 %
12 weeks 32%

10
EXAMPLE 14
CROWS FEET REDUCTION -- PULSED TREATMENT

A team of blinded expert graders viewing before and after photos of patients

subjected to the non-ablative LILT (“Low Intensity Light Therapy™) of the present
15  invention score the global improvement of visible “crows feet” prominent about the eye
region.

Six photo aged females are tested for reduction of crows feet. The laser diode
treatment includes subjecting the target area of the patient’s skin to a laser diode light
having a pulse width of 600 msec and a pulse frequency of 1 hz (1 pulse per second).

20 Three pulses are administered. Six treatments over 12 weeks to the entire face with 940
nm laser diode with a 10cm beam diameter at an intensity ranging 250 milliwatts/cm2.
Further, this treatment produces a skin temperature sufficient to produce a non ablative

thermal injury. The average reduction in crows feet is shown in Table 13,
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Thermal injury is produced with bl ood vessels included anong the target
chronophores (but no skin wound care is needed). The average reduction in
crows feet is shown in Table 13. Table 13 Week/ Val ueAverl@deRremher €005
Reduction 0 weeks0% 4 weeks15% S weeks28% 12 weeks32% 10 EXAMPLE 14 CRONS
FEET REDUZ®DIog¢198¢ PULSED TREATMENT A team of blinded erqeusozgiiaders vi ew ng
before and after photos of patients subjected to the non-ablative LILT
("Low Intensity Light Therapy") of \]}iﬁlﬂﬁ gr esent 15 invention score the

gl obal inprovenent of visible "cro dat - prom nent about the eye region.
Si x photo aged [ enal gyeareal&st ed forA{raag@aVﬂﬂeafRﬁueﬁ@lfeat. The | aser

di ode treatnent_i | lhg the target area of thejpatient's skin
to a |l aser diode Iight”“ﬁd&ﬂi ng a pul se width 8600 nsec anf a pul se
frequency of 1 [zt pxy Jw%aﬁpel 5 M)~ 20~ T pulSES are| adm ni st er ed.
Six treatments jover 12°Weéks to the entire face with 940 nli | aser diode
with a 10cm beam di ane?ewrelat an i ntenS| ty ranz8¥g 250 m | liwatts/cnR.
Further, this tfeatreni—produces—ar-ski-n—terpeppure—suf-fterent to produce a
non abl ative thermal llzr’f}"iﬂ‘ﬁ/ The pver age redd®? on in crows feet is shown
in Tabl e 13. 39729 Decenber 2005 037001984 PCITUSUZ1Z20706 Table 14

Week/ Val ueAver aged Val ue of Reduction 0 weeks0% 2 weeks17% 7 weeks28% 12
weeks32 % EXAMPLE 15 Exanpl e 15 EXAMPEEdS out under identical conditions

except that a B rﬂg 1%' iggaen-ied out under identical conditions except that a 940nm diode
5  laser with a power of 10microw/cm2 exposes the subjects to twenty 250 millisecond

pulses with an interpulse interval of 250 milliseconds. Six treaments over 12 weeks are

performed with similar results. Mechanism is non thermal photoactivation.

EXAMPLE 16
10 Example 16 is carried out under identical conditions except that a 810 diode laser
with a power of 2000 nanowatts/cm?2 and a beam diameter of 10cm exposes the subjects
to 60, 100 millisecond pulses with an interpulse interval of 900 milliseconds. Six
treaments over 12 weeks are performed with similar results. The mechanism of action is
non thermal photoactivation.
15
EXAMPLE 17
Example 17 is carried out under identical conditions with a 940nm diode laser
with a power of 2mw/cm2 exposes the subjects to a continuous wave for 100 seconds.
Four treatments over 12 weeks are performed with similar results. Photoactivation non
20  thermal method.

EXAMPLE 18
Example 18 is carried out under identical conditions with a 595nm flashlamp
pulsed dye laser with a power of 3.0 Joues/cm2 exposes the subjects to 40 millisecond
25 pulses, evenly spaced 4 weeks apart. Four treatments over 16 weeks are performed with
similar results. Photothermal non ablative method.
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S laser with a power of 14m crow cnR exposes the subjects to twenty 250
mllisecond pulses with an interpulse interval of 250 m|lliseconds. Six
treanents over 12 weeks are performed with sinmilar resuld%PeqEERA0Pm i s
non thermal photoactivation. . EXAMPLE 16 10 Exanple 16 is carried out
under i dewoiesraitssaondi tions except that a 810 di ode | asecT/useetirna power of
2000 nanowatts/cn2 and a beam di aneter of 10cm exposes the subjects to 60,
100 millisecond pulses with an i m nterval of 900 mlliseconds. Six
treanents over 12 weeks are perf simlar results. The nechani sm
of action is Rampld'er Jehribdett @add: idéafidaPbnditns RAMRIpEpbde fOsempl € 17 is
carried out_under identical conditions with a 940nm diode |aser wth a
power of mmwm&lmpwaﬂd@wbswmﬁiwr%méowwWoseioo seconds.
Four treaf® WSS f L Bsul ts.

Phot oactlvatl ?\dér)\egﬁdrs%ther%gﬁfnﬁ@teﬁ%&% I\a}lgélfién‘iB E><IL lie 18 is carried
out undertneajmmtscwai203meaneqms'omueth@rﬁ'@ﬁihtyiSIrb@sde%puisa‘d dye | aser

vvithapo of 3.0 u 0ses th cts to 40 mllisecond 25
pul ses, S)?IS %%Ségﬁg%% grP tﬁ‘ffgﬁf ¥&nts over 16 weeks are

perforrred with simlar results. Photothermal non ablative nethod. 40 29
Decenber 2005 WO 03/001984 PCT/ USQ2/ 20706 EXAMPLE 19 Exanple 19 is carried

out under identical conditions f ose of scar reduction. A 595nm
flashl anp pul segugyerd 1@%&[’1&:&‘6&%&1‘9@9@631 Qndifiofls fHPHRPLGIE: &mkﬁs the
subjects to a single 40 mllisecond pulse, evenly spaced 4 weeks apart.

Five 90tr ednetiondcrowisfesthd ABEKNINAS lassr fathmpow OO0 wiilimsits/emYaids r educed by

57% and s ne | non abl ati ve.
EXAMPLE 2 %&dlgﬁ%ﬂ%‘aol%%{g%é%@g Hﬁ?c?s?téger"‘ 3@& e O%I EW lons for the
pur pose of:nﬂhﬁecmkd Bulsel Svenpdpared ¢ weblarapavt. stffeﬁ:éa):merﬂs &&EZMeéK'A@eI aser with a

f 1 s/ cn? and f th
Subj cot s PSP BKIARAERTY S BBrREB I -SORLGH ST BRI PEr o, cven! y
spaced 4 y@ﬁﬁ@eapart Five treatnments over 20 weeks are perfor rred. Wi nkl e

appearance i s reduced by 42% . Method of thermal non abl ative
15

bt

EXAMPLE 21
Example 21 is carried out under the same conditions on 5 photoaged female faces
for the purpose of full face photoaging and wrinkle reduction. 590nm at 250msec pulses
with 250msec off time and 90 pulses. 8 treatments are performed at 1 week intervals and
20  final assessment is made at 12 weeks. In addition to wrinkle reduction similar to
Example 10 several other significant changes are noted including reduction in brown liver
spots and freckles, improved skin tone and elasticity, decreased or absent small |
capillaries, and a consistently observed ‘creamy’ color to skin which is cansed by new
collagen formation.
25
EXAMPLE 22
Example 22 is carried out under identical conditions for the purpose of acne
reduction. A 415nm fluorescent light narrow band multichromatic light source with an
energy intensity of 10 milliwatts/om2 and a large panel design covering the entire face
30 exposes the subjects to continuous wave light for 12 minutes with 4 treatments at 2 week
intervals. A topical preparation which includes 1.5% copper chlorophyllin, 2.5%
carotenoids and 5% green fea is applied for 5 consecutive nights before each treatment
session. Supplemental treatment is provided by a battery-powered, small beam diameter,

hand held home use device with a 660nm LED source which exposes individual acne
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techni que. 15 EXAMPLE 21 Exanple 21 is carried out under the sane
conditions on 5 photoaged fenale faces for the purpose of full face

phot oagi ng and wrinkl e reduction. S90nm at 250nsec pul se$? Hfaembesdlidec of f
time and 90 pulses. 8 treatnments are perforned at 1 week intervals and 20
final asseeememes4i s made at 12 weeks. In addition to wqTEo207&duct i on
simlar to Exanple 10 several other significant changes are noted including

reduction,in b Liver ,spots. _and.f es, inproved.skin tone and

Gl st ot ¢ Jretneler i gegnt i b ot i PRI, A et ant | y
observed agfe8aratuced®y@a%t o skin which is-caused by new collagen formation.
25 EXAMPLE 22 Exanple 22 is carried out under identical conditions for the
pur pose of acne reduction. A 415nm fluorescent |ight narrow band

mul tichromatic |ight source with & intensity of 10 mlliwatts/cn®
and a | arge panel design coverin entire face 30 exposes the subjects
to confi nuous Fxamepls 23k carfied out Ander fdentécal eandiions for theprmwnsewt stimplatinge k

i nterval s, _.A topi . preparati o i.ch includ % .60 l.qrophyl I'i n,
2"556 " car BEERSAL g G E R raflan B ook B AP 4tb o DERRRAR O RLAE OELY

gef ore eadi%edsésé‘aft ﬁalilinl lLEB&&E?MﬂWeﬁGﬁI& ﬁiic;bx:vgalcmrekpdms tgé subjeesd b% a
attery-powered, snall _beam di ageter, an use device with a
660nm LED*%%?PE@%H%WEEB@%&O Ha%e\hemalﬂp‘ﬂﬁqﬁgorﬂ (s 2005 WO

03/ 001984 tB4eheMPOvek 20 (a6ks| 2R PN P Inérelse Th h WAL GAR oo is pgUs |1 ght for

2 m nutes per acne lesion. Active acne is reduced by 64% EXAMPLE 23 5
Exanplle 23 is carried out under identical conditions for the purpose of

stinmulating hair growth. Subj ect%&rﬁl e pattern hair |loss and are

20-40years of age with no scalp — A 644nm LED device with a power
of 2.2 m cr owaEtanipbe®! ie xgrdedbaut bh éensaldgubietts withoisiticallelite pnbbag the t h 250nsec
of f time between ses, for total ulses. 6 tr it ver 24 weeks
are perfoPWé‘ggaqe?&yé%‘éh’ﬁﬁs' d“p%i“&?h‘ﬁ&%%‘%ﬂ&fﬂpa%ﬁ?ﬁg‘# %ﬁg‘ﬁ%%&f% EXAMPLE 24
_Exarrlpl e 2é1t1dh§1&§{dihtﬁéie1%éhm‘é£pcfsésrmé &P ithEatooteMates Wit dakisudus lipht!fbord €
i nvol vin e

15 g4mjnute exposures. Treatments are performed at 3 week intervals forl8 weeks. The

appearance of cellulite is reduced by 32%.

EXAMPLE 25
Example 25 is carried out on acute wounds (non infected burns) for the
20  purpose of stimulating wound healing. A 623nm LED array exposes a 7 inch by 10 inch
rectangular area over the skin to 1.5 microwatts/cm2 for 60 pulses of 250 millisec on time
and 250msec off time, Treatments are performed twice weekly until recovery of intact
skin is accomplished. Recovery time is dependent on the depth of the burn.

25 EXAMPLE 26
An adulf male with severe acne scarring was treated with a 590nm LED at 2.0
microwatts/cm®. Two treatments of 90, 250millisecond pulses with an interpulse interval
of 250 milliseconds were administered one week apart. One week after the final treament
diameter and scar depth was reduced by approximately 70%. A second subject received
30  anidentical treatment regimen substituting a 644nm LED and exhibited a 30% reduction

in scar diameter and depth.
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outside areas of their -thighs. A 940nm di ode Iaser mnth a power of 250
mlliwatts/cn2 and a 10cm di aneter beam exposes the skin in the affected
areas with continuous light for 15 4 m nute exposures. TredRerenmbsT
performed at 3 week intervals forl 8 weeks. The appearance of cellulite is
reduced BWOBRWHISEXAMPLE 25 Exanple 25 is carried out oPCEEIRRTWounds (non
infected burns) for the 20 purpose of stimulating wound healing. A 623nm
LED array exposes a 7 inch by 10gééi§§¢§#iangular area over the skin to
1.5 mcrowatts/cn2 for 60 pul ses lisec on tine and 250nsec off

time. Treat rrenASseﬁése;fparﬁs@;ﬁm&mey\cmnﬁ@ginbuolmtsidfhﬁmaoﬂlﬁbbiamensht act skin
is acconplished, Recovery tine is deig gép he depth of _the burn. 25
EXAVPLE 2@87ehraird|in 2 pppperigen siudy 4o shog the egee%ﬁ 0 fedmept o8 with a 590nm

LED at 2. %heﬂb&ﬂdﬁ&@&ﬁﬁﬁ&ﬁ%nmwﬂ’sehﬁg@fa@@ﬁ@a Sﬁoﬂ%Eﬁf'Jﬁ{éLED wgcand pul ses

with an interpul se interyval | i seconds were adm ni stered one week
apart . SOneneggloteasityert Jahigromaigle’s pelsadefon 100gis awith ad Pomep ntespise interyek

{7 eat nent PEUPRORn R Aot SRR U TED L8 f’%i“?%g’@h%%’ e,

in scar dipalsed g laachsdbpiingle fTls28 aﬁ)emgjmtenﬂ@(hﬁn\ﬁﬂoﬂed/ﬁﬂ?jﬂﬂé pulse

PCTI [ TS02 0 erjes el | sue res co i ning

nDnoIayeriﬁ%#ﬁé%QEEQHEF%P'%ﬁﬁgﬁﬁ@% ?é%@?ﬁ q&ff ‘f@ n study to
show t he gddueioansehdRr¥RAR cdlls g WaiipdHor Rédkrh&RBAG beéﬂ@dmlﬁgfwlmh@ﬁemot h a 595nm
pul sed dye |aser and a 590nm LED. " The LED was at an energy intensity of 2

mi cr owdt t §¥ge%ﬁv_»ant shange &r thercontyesrsThgiphatothemmrd dye laser Etwé%ﬂ Gaoblestestlsal . The
non-t her mg t,0%d ses. The
595nm pulse &%ae Ié%%%hﬁgggﬁg s.ﬂﬁﬁ&ﬂgﬁwggwggﬁghggﬁg§§§m%%igﬁ%uty of 2.5
Joules/cnfmabﬁﬂawaMmmdwmhﬂﬁhmqﬂmmﬂ&mmmﬂmumméﬂﬁmmmmmmphbﬁHMherwm

treatment. An si.s of en l, | 1] ction hg fi brobl ast
cells 7 d£§}3§e h@ﬁé@%’ﬁ%ﬁ%ﬁ)&@ 15aein 8‘8%& I@P@ﬁi %\%831?%’ %.(b&lgl gni fi cant
change fo&mﬁhﬁ;qmﬁﬁﬁahgsmﬁhqﬂaapgggﬂ Pﬁﬁm@me3aaser treated fibrobl ast
cells exhibited a 25% decrease In collagen | and II1l production relative
to the controls. The fibroblast cells treated with the non-phot ot her mal
phot onodul ation treatnment of the present invention exhibited a 46%

increase in collagen | and Il production relative to the controls. These
results are depicted graphically in Figure 32 43
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29 Decenber 2005 WO 03/001984 PCTI US02120706 CLAIMS What is clainmed is: 1.
A nethod for photonodulating living tissue conprising: 5 subjecting the
living tissue to a narrowband nultiebromatic source of @%@QWQ%@QQ c
radi ati on under conditions effective to stinulate living tissue. 2. The
met hod of woloabuyst wherei n t he narrowband nul ti chr omat i BCHUSRREOT

el ectromagnetic radiation is at |east one light emtting diode. 10 15 3.
The net hod of claim 2 conprising aMi ty of light emtting diodes
arranged in an array. 4. The neth laim 3 conprising a plurality of
arrays of Whghdclemedist ng di odes. 5. The nethod of claim4 wherein the
light emtting diodes emt a wavel ength of from about 300nmto about
1400nm +1--5nm 6. The nmethod of claim5 wherein the light emtting di odes
emt a wawel engt ' i : %ﬂﬁ% 800nm and have bandw dth
of at Iea\gf +lg%%%pf0%%ﬁ%dgn%ﬁ% 0 ﬁ%ﬁ%ﬂ%ér ein the narrowband

mul ti clr omat i csubjretingthefivingltiesue tommsagowbind multichaomaie soerceof aser di ode. 25 8.

The net ho ik wherei.n the.las di odes i 1 . el engt h incl udi ng
400nm 43 }u‘%ﬁnﬁ@ﬁ% I%%% dgﬁﬁﬁh&gggr Vegoﬂilrlnnmlﬁ ﬁ%&%ﬂ%“%%%m 810nm
830nm  840nm 860nm 904nm 915nm 980nm 1015mm or 1060nm 9. The net hod
of claim?7 wherein th nditions effective to _stinulate living tissue 30
conpri se pul si @ﬁéo‘fﬁg‘gﬁm&‘@%ﬁ? ngrroyrhand rEthoBtonRHe SRt | Oms to
about 1x| QREBemdbRetichafiafiRl il @de Rt orfe13hieritp alc@e.n the conditions effective
to stinulate I1ving tissue further "conpriSing repeating the pulsing of the

|l aser @i ode for a period of fromabout 10 seconds to about 1 hour. 44 29

he laser i oatt SosaQoiid Zebriae 20tk S I AR el ) (. 5

12. The mahlwmay.of claim9 wherein the |laser diode is operated at an energy
| evel at which the tenperature of the living tissue does not exceed 60C.

4. The method of claim 3 comprising a plurality of arrays of light emitting diodes.
15

5. The method of claim 4 wherein the light emitting diodes emit a wavelength of

from about 300nm to about 1400nm +/-5nm.

6. The method of claim 5 wherein the light emitting diodes emit a wavelength
20  including 590nm, 644nm, or 800nm and have bandwidth of at least +/- 5 nm.

7. The method of claim 1 wherein the narrowband multichromatic source of

electromagnetic radiation is a laser diode.

25 8. The method of claim 3 wherein the laser diodes emits a wavelength including
400nm, 430nm, 445nm, 635nm, 655nm, 660nm, 670nm, 780nm, 785nm, 8100m, 830nm,
840nm, 860nm, 904nm, 915nm, 980nm, 1015nm or 1060nm.

9. The method of claim 7 wherein the conditions effective to stimulate living tissue

30  comprise pulsing the laser diode for a duration of from about 10ms to about 1x10°ms.

10.  The method of claim 9 wherein the conditions effective to stimulate living tissue
further comprising repeating the pulsing of the laser diode for a period of from about 10
seconds to about 1 hour.
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13. The method of claim9 wherein the |laser diode is operated at an energy
| evel that does not cause thermal injury. 10 14. The nethod of claim1l
wherein the narrowband nultichromatic source of el ectrorf@dfraember 8%t i on
operates at an energy level of less than 4 watts/cnR. 15. The method of

cl ai m 14 whes/aissst he narrowband nul ti chromati c source péT/tS2eé7ect r onagneti c
radi ati on operates at an energy |level of from about 1 nanowatt to about 4
watts. 16. The nmet hod of claim 15 wherein the narrowband multichromatic
source of electromagnetic radiation operates at an energy |level of from
about 1 nanowaiThe inethad ofilaimADwiHAR el lhserdibd Sis olfa&atedT aen eRirRodvabrcl ai m 4
wher ei n tge g‘%]r]r owband nultichromatic source o el ectromagnetic radiation
oper at es atssignd -evel that does not cause thermal injury to the
living tissue. 25 18. The nethod of claim| further conprising

phot onodul ating the living tissue wthout causing thermal injury. 19. A
met hod 5f orl2der Ahe oedgd ebtlamy wharin thedepapdipd ingperael axp essrgyjevelptn skin to a

source of b j | ect.r ic radiation;

phot onodul a@ |th§‘¥“'| %@%&s@%&%gﬁlen&[eﬁg&ﬁug%%ggﬁ'n; and mai ntai ni ng an
intradermal skin tenperature below the threshold at which thermal injury
occurs to.the |jvin i ssue. 45 29 cenmpher ,2005 03/ 001984

PCT/ US02/ ééme %‘?legﬂfiﬁéilﬁogdwdlﬁe’%@gﬁﬁﬁfgo%d%%fﬂ #an ersgpdevedthahar r owband
mul ti chr oiBéd ot cRkeMbmMIBGRGL i ¢ radiation is a light emtting diode, |aser
di ode, dye laser, flashlanp, nechanically filtered fluorescent source,

mechani®cal |y filtered incandescent source, or 5 comnbinations thereof. 21.

The net hoqgqof &) LAl H?lf | t-i chromati c

el ect romagneti c ?%15?%??0}1 e%v?qs&%?tv}\%\%%lﬁéﬁ%@h 0 cﬁ:&#}%ﬁﬁggog%o 00nmto about

| 400nm 16le2iZomagnetiomedintieh operatek af am efbrgyiveekifitest than vanatt/enit h enitted by the
source of narrowband nulticbromatic el ectromagnetic radiation is sel ected
fromconsisting of 300nm 415nm 585 nm 590nm 595nm 600nm 630nm

644nm 81QpM PHOMBIo@Itlaim 14 wherein the narrowband multichromatic source of
15  electromagnetic radiation operates at an energy level of from about 1 nanowatt to about 4
watts.

16.  The method of claim 15 wherein the narrowband multichromatic source of
electromagnetic radiation operates at an energy level of from about 1 nanowait to about
20  1000nulliwatts.

17.  The method of claim14 wherein the narrowband multichromatic source of

electromagnetic radiation operates at an energy level that does not cause thermal injury to

the living tissue,
25
18.  The method of claim 1 further comprising photomodulating the living tissue
without causing thermal injury.
19. A method for dermatological treatment comprising:
30 exposing human skin to a source of narrowband multichromatic electromaguetic

radiation;

photomodulating living tissue within the human skin; and

maintaining an intradermal skin temperature below the threshold at which thermal
injury occurs to the living tissue.
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E

1400nm 15 23. The nethod of claim21 wherein the energy |evel of the
source of narrowband nultichroniatic electromagnetic radiation is from
about 1 nanowatt/cn2 to about 4 watts/cn2. 24. The met had Rfcepbsr 41053
wherein the energy | evel of the source of narrowband 20 nultichromatic

el ect r omeyoe@sNaIsdadi ation is fromabout 200 m | |iwatt shem@soeo7about 1000
mlliwatts/cnR2. 25. The nethod of claim 20 wherein the exposure conprises
pul sing the source of narrowband nmultichromatic el ectromagnetic radiation
for a pulse duration of fromabout 25 0.lnms to about 1x106ns. 26. The

met hod of 20l ai Mhemeiiod obilaimt 19eyIRKIOtH beurfd bnheswiaaI R tRRSnfapeat i Ng the
pul si ng of .the sour.ce_of n,arr_owbar%ngailti cbromatic el ectromagnetic

radi at i on SFergmanets wiigtionss a dighiems ofle, dasprdiede; dyiedaser, Sasilaman,  1000ns f or
up to 100911&%1&@3?' fiftered BuorbscBR shRek, hREh ﬁ@%{éﬁh@ﬁheskin?gﬁtﬂ&nﬁr conpri sing:
applying a topical agent to an area o umen skin to enhance the :
penetr &t i c?ﬁmbma%pns\ﬁmlﬁength of light chosen for treatnent; 46 29 Decenber
2005 WO 03/001984 PCTJ S02120706 exposing the human skin to a source of
narrowband nultichromatic el ectromagnetic radiation, wherein the spectrum
of el ect r @agn&h¢ methadiofdldinr Sevheteireitle bytrcetdf arsoibasEmaltich@manyband

mul tichronatjc em ssion.incl.udes vel ength of from about 300nmto about
1600nm fogﬁeﬁ&%?ggﬁmorﬁ IBfon g2 %@‘#ﬁ?ﬁ%@ﬁ%ﬂ?@&oé‘b‘&ﬁ“@@% nutes; 5
reexposi ng the human skin to the source of narrowband nultichromatic

el ectromagnetic radiation for a duration of fromabout 1 mllisecond to

about B0 #Enut &8 method of clainp 0 mwhesein i wavalensthrmittesyske soutceofal of from

about | myLli 3 ] 4. : i htai nkng an
intraderggkhg |n@?gﬁ%gygggggcﬁgﬁgﬁpt05&%ﬁ§%§ﬁgﬁgﬂgﬁgﬁgﬁéﬁ&@%g?nal 10 injury
occurs. 2800rRgFdatm.5§5 ime590ner 69fmnt, 600k 680md, 6d4rm, 81 Glin,cM6my, dhdt 0 60 days
unti | deﬁmﬁiological treatnent is conpleted. i5 30. The nethod of claim 29
wherein the n6npical agent conprises a topically or orally adm nistered
conposition have an active agent selected fromthe group consisting of at

| east one g)f Vitampn C_ Vitamin E, Vitamn A, Vitamn K, Vitamin F, Retin A
15 23, The method of claim 21 wherein the energy level of the source of narrowband

multichromatic electromagnetic radiation is from about 1 nanowatt/cm2 to about 4
watts/cm?2.

24.  The method of claim 23 wherein the energy level of the source of narrowband
20  multichromatic electromagnetic radiation is from about 200 milliwatts/cm?2 to about 1000
milliwatts/cm?2.

25.  The method of claim 20 wherein the exposure comprises pulsing the source of
narrowband multichromatic electromagnetic radiation for a pulse duration of from about
25 0.1ms to about 1x10°ms.

26.  Themethod of claim 25 wherein the exposure further comprises repeating the
pulsing of the source of narrowband multichromatic electromagnetic radiation at an
interpulse spacing of from about Ims to about 1000ms for up to 1000 pulses.

30
28. A method for dermatological treatment comprising:
applying a topical agent to an area of human skin to enhance the penetration of a
wavelength of light chosen for treatment;
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(Tretinoin), Adapal ene, Retinol, Hydroquinone, Kojic acid, a growh factor
echi nacea, an antibiotic, an antifungal, an antiviral, E[%eachl n ent,

an al pha hydroxy acid, a beta 20 hydroxy acid, salicyli ca?z§ ?fe”?ﬁf dant
triad conpound, a seaweed derivative, a salt water derivative, an

ant i oxi daw@ 03/g¥dyt oant hocyani n, a phytonutrient, a boPEGHURARIPF oduct, a
her baceous product, a hornone, an enzyrre a mneral, a genetically

engi neer ed taI ant i ng substance,

i nsulin, trace%togiﬂnéﬁ*eh%m%ﬂﬁﬁ? ﬁrgarngna\ﬂ? 11:1) %%& um etc),

m neral s, eRogahameticrathiation, gh&whhhédpbmhﬁdﬂefbgﬁ(ﬁﬁa@blﬂﬁlh&l@ﬁ@, enditiEyr gr owt h
inhibitin substa nat ural, or t hetic_ nel a n,

net al | opr ot eI HAS8 ?W?Wgﬁ%ﬂh%r%‘mbﬁ@'mﬁwﬁ dIAYRengtp éiﬁ‘é‘s‘iiﬁ‘étt i.c

subst ance,3001h & BBRYIG0Onm £R RRBFLENIAERPIBok] 1 MillifBsAt6 ARkuESe mihsder i vati ves
and anal ogs of the above items both natural and synthetic. 30 31. A nmethod

for defmat ol ogFeé’&?OSIFlBélﬁthWS]@Mﬁﬁquufﬁo arroxdendmylticlgmetic of human skin
Lo be trealetlod Qe 1ARGR B AR Y AbWBoutt MiftEdnd Reardbe RltHlELr neum of

el ectromagneti c Tadi ation; exposing sour ce of

nar r owbanap teif @00 ditmes withian mdsafiom!ghmfrom abauli ]amﬂliseponﬂ*tealmunl(lme spectrum
of elect rngp;% n #cd’adl ation emtted by the source of narrowband

mul ti chroma & on 47 29 Decenber 2005 WD 03/001984 PCTI US02120706

i ncl udes a wavehigtgiifg 8 infridefm bt R bedovi B WhireshO RO WhicRheAmslur at i on of
from aboyt, 1 mllisecond to about 30 m nutes; reexposing the human skin to
the sd@r c &P %BEFF owband nul ti cbromatic el ectromagnetic radiation for a
duration of fromabout 1 mllisecond to about 30 mnutes 5 up to 1000
times with an interpulse interval of fromabout 1 mllisecond to about 1000
ml|isecodBs; &maﬁmthe b@mtlmn:@ﬂlodnfda'me?firmbryslnb|60t1a5rspmtiht ure bel ow the

t hreshol d L in occurs. 10 32. Repeating the treanent

met hod of dc al m%@l e er m% 5 gipk’%%days until dermatological treatnent is
conpl eted. 48

15 30.  Themethod of claim 29 wherein the topical agent comprises a topically or orally
administered composition have an active agent selected from the group consisting of at
least one of Vitamin C, Vitamin E, Vitamin A, Vitamin K, Vitamin F, Retin A
(Tretinoin), Adapalene, Retinol, Hydroquinone, Kojic acid, a growth factor, echinacea, an
antibiotic, an antifungal, an antiviral, a bleaching agent, an alpha hydroxy acid, a beta

20 hydroxy acid, salicylic acid, antioxidant triad compound, a seaweed derivative, a salt
water derivative, an antioxidant, a phytoanthocyanin, a phytonutrient, a botanical product,
a herbaceous product, 2 hormone, an enzyme, a mineral, a genetically engineered
substance, a cofactor, a catalyst, an antiaging substance, insulin, trace elements
(including ionic calcium, magnesium, efc), minerals, Rogaine, a hair growth stinmtlating

25  substance, a hair growth inhibiting substance, a dye, a natural or synthetic melanin, a
metalloproteinase inhibitor, proline, hydroxyproline, an anesthetic substance, chloropﬁyll,
copper chiorophyllin, carotenoids, and derivatives and analogs of the above items both
natural and synthetic.

30 31, A method for dermatological treatment comprising:
abrading a segment of human skin to be treated to enhance the transmission
| through the stratum corneum of electromagnetic radiation; exposing the human skin to a
source of natrowband multichromatic electromagnetic radiation, wherein the spectrum of
electromagnetic radiation emiited by the source of narrowband multichromatic emission
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includes a wavelength of from about 300nm fo about 1600nm for a duration of from
about 1 millisecond to about 30 minutes;

reexposing the human skin to the source of narrowband multichromatic
electromagnetic radiation for a duration of from about 1 miliisecond to about 30 minutes
up to 1000 times with an interpulse interval of from about 1 millisecond to about 1000
milliseconds; and

maintaining an infradermal skin temperature below the threshold at which thermal

injury occurs.

32.  Repeating the treament method of claim 28 every 1 to 60 days until
dermatological treatment is completed.
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