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(54) Title: METHOD AND APPARATUS FOR THE PHOTOMODULATION OF LIVING CELLS

« {57) Abstract: The present invention relates to a system and methed for the photomodulation of living tissue. When photomodu-
lated, living tissue will exhibit bioactivation or bioinhibition according to the present invention and, when using the disclosed sources
O of narrowband multichromatic radiation can caunse significant dermatologic advantages such as hair removal, hair growth stimola-
tion, wrinkle reduction, acne reduction and scar removal, vitiligo, etc. The present invention has application to non-dermatological
medical treatments incleding tumor growth inhibition, cell regeneration, the stimulation of tissue in organs, etc.
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mul tichromatic el ectromagnetic radiation emtter to photonodul ating Iiving
tissue and, in particular, human cell-containing tissue. By exposin

living tissue to el ectromagnetic 15 radiation in carefull %Wg@ﬁfzoog‘:'

wavel engt h- bands of the spectrumeither continuously for a period of tinme
or in pulwessmissa predeterm ned frequency, cells w thiPCl/isizerod i ssue can
be stinulated to begin genetically determ ned routines or regenerative
functions or inhibited fromthese sane functions. The novel

phot onodul ati on apparatus and nethod can be wused to control, stinmulate, or

I nhi bi t Ce'MEQ‘P%RNIP ﬁﬁkﬁ%%ﬁmPﬁmw@@' OFLRIRE, OF
subopti mal cell grow hAgIr) cell function. Background of the Invention It is

traditionally accepted that the coh€EBhS nature of laser light (which is
one of the properties that sets laser light apart formall other light) is
necessary for the current 25 applications of |ight sources used in nedical
treatmant. This is particul ar [ \Rdate®Apphicakioest i mul at ory or bi oi nhibitory
effects in livj tissue since essentially all of the research is with
lasers. Laser s IR guglipaion isfaliid sonsadien enmlienign oeriab e iy (03P 904 0 anount s
of  pover gangnaaM P eoE whRARlain AROGRIRYST HOiGoR! BiftiatitRd6al higbet i Ct
q

supervi sion of ualified nmedi cal personnel. Further, |asers have | ong been
bel i eved ©8/1B&1%s Stedamiatyyl 3 2HO03enthyef whichare heEley ineuperated by mifwence thagnet i ¢
radi ati ontﬁeﬁrengl% erating effective biostinulatory or bioinbibitory effects
because it was assumed that the |ight source nust be nonochromatic, that
is of 1@ single pure color or wavelength, i.e., is nonchromatic -- operating

in a narrow spectrum of wavel e (EIS il e.other narrowband, nulticlromatic
eni ssions sources have been knm—%@ﬁ“—%—w 0 VRO ser di odes and, nore o
general Iy, |i gk preséflt iPRmAnPRIated AOP MR MDD A8ths RETDE Adcdftidfd,em t ti ng

di odes ("LEDs" -- devices capable of emtti ngJ el ectromagnetic radiation in
a nar r owniichtomatic slectipmagnelicgediaion eppttss taphplompedylatinglivng thseeand lccept ed as
sui tabl e : | ol &Qﬂlui I :Q: i L1 r out put
and the I%i%%ﬁ%@y&g% b e ggt@%@%ﬂgﬁgﬁﬁggﬁgﬁ %‘%t(% %11(%1;ltlt0§:{ra cggabl e of

del i vasi neadiation vecardfuliyndhosensearelengtie-bands nfths speckah sy cottonasiydor 2 despi t e

th t . Of hi gh bri ght LEDS,.. i t in.th f
LEDs. oo PRURICL OB i piges pLagphering Beaenvy SHE i s B ob ogi ool
treat ment gtith@lhte®iAERinfaendiRAI@terMERO PRIt BV MRegshdritive fidbEod drintdiied | ack of

interest in using LEDs to replace | asers for nedical treatnent may be

because néfem these papg M%F-SWGI@PWH@%?@WP%WWWW cFmbe al So very
hi gh peak u&‘&“é@&o&lﬁ%ﬁ Qﬁﬁgﬂlﬁéeoﬂﬁlgléipégﬂfhrwtﬁ@@ﬁ'&dt EonditPal chRRRlunB&iane! eved by

current LEDs an ght never
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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However, new | asers for treating unwanted hair and veins have nore recently
been devel oped that are'long pul sed” and al so use much | gwer peak gomer.
As well, nost biostinulatory experinments have used hi gh@t9 %‘%?@F‘E’ieég an
those possible with LEDs. The thought of stringing hundreds or thousands
of LEDs tW®@&#MHP84has never been 15 considered as it maiCHEW2¢78€n
considered to be an optical challenge for sone applications. Mst |aser
technol ogy .appl.ied for nedical use is adapted frommlitary |aser

t echnol og%msﬁad@ﬁ?%/ HBPE 7 devinss Fapablaef emingelreirprmRic Bliaodae systens
speci fi calabrjw sﬁécﬁaﬁﬁﬁ*w]fa%%}, E&Ds USR 10&DEE: wIRBRBRLRE 8 sufihlb B Systens

that coul d be adapted for Iving tissue were not pre-existing like the

" lasers. Aspisunedical treafisent dpetodhairlimifed pawermiew angd the ey inteasityo§ t he | aser beam

t hrough g L 1.her: ' L ¥i - | e . %HFH beam di anet er
S deterﬁéﬁ]rérg&a S%%@%%919@%%&%5&%%63?&%’%@8?&%& n eﬂr?eg%?{am &ser head.

Whi | e 5 t trestmsatmogebeet,clebmte teaeceaidmdritachefrrychighnedghtnety IHDS Inddresexi t i ng t he
| aser head nmaki t he beam wi der, is.rarely. done, as preserving the

oo 1 ed. ABHG PN TR ferie ety S meiab Bidions Hinar efhESatings o

si gni fi cafbinept feakarhsls s AitBedddRkBows withindhd drti ent  power to cover |arge
areas with these paraneters. Si no one has been thinking of

, : i nply put, >
trying to covépe ?&]90@11?&%!?1@51%15%]36?0 replpgedesersyip Redical ealipenh exdbe and
currentl | | i ' : Lcal
appl i cat ?{’Sﬁaéé%riﬁ%%‘é%%“?%g?‘g %\E&?@g&ﬁéﬂ S%%@%%ﬁ\%%ﬁ%?%ﬁ%ak roénl?t he LED
di r ectol y These dre/botly propsriiessthétreamot hreachiefedsiymorentiltEs ahd ndght 86vet ber ef or e,
contrary to | aser design. |lqogic an he st. |.ikely reasonjng why LEDs have
ever - budirieEs B g B8 e B e G o8 Shies BV Pt RRRREL B Y ommgnet ¢
em ssi onsleteddped el e dbngisidsed'Bad HspasediiRh ldwdr peakiipivieef A Wl mostser s are the

only viable source of Ii1ght applicable for use in ical_ treatnent, or
per haps 3&@ afoReAperimets hay pscdiigher sngigisdhandigse Eosrzrg’? 2005 WO

03/ 0019841 EHuRR IANHAE nirdRl BEbusRef LEDs WeicAERAks bagnt sour ces or
high intensity gul sed sources (therefore lea mg@to the w dely accepted

bel i eFs t Isemsid 4t maaychaze been gonsiviersd 10 be apapitical challengrofonsameat i ¢ 1§ ght sources
are the %Bé%caﬁgnnerci ally useful sources of light), current clinical

t r eat ment gl ffehs have been focused on appl yi ng enough energy to living
tihssu_e 5 L 0 h&&ﬁtkﬁt&ﬁ@%&aﬁ@ﬁﬁﬁﬂxﬁi@léﬁésadﬂﬁbdéﬁgmbxhiﬁtaﬁr,lasbﬁ: | agen, etc)

t herein above the m pimum t S needed t roduce ther injury. .
Ther el AEURGEX FE 0SB0 EcHRIYORS 5 dRUSIAREent 1P LS s tetise. | h whi ch
ski n begicRatel For'rSdidal usR BEInRABAGIASIBcDYo LK sfsRinihdt @Buld be adapted for

20  living tissue were not pre-existing like the lasers. Almost all 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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anong many ot her things, new collagen fibers. For exanple, many | aser-based
treatnents cause thermal injury that is believed to have a stinul ator
effect by releasing 10 chenicals which signal that the bdAPereEbseIP
wounded or injured and thus initiates a well defined sequence of events
col | ecti vEDW3AMP4ed wound healing. The end result of tPEI/USR2Es heal | ng
mechani sm may be 't he producti on of new coll agen, but this occurs as a

result of lethal or significant non-Ilethal danage to many types of cells.

I n cont r altaiment raptRiHhigh snetey Lighloreres arbaahiipiansity gelaed sopreattherefpeat ment

regi men !ga‘ﬁ@%ﬁi&l&mgggg@f Be]ﬂe?thhﬂhéé@’an@%ﬁxﬂfa?ﬁigﬁ-‘ﬂﬂerﬁiéﬂ?,e?t bi oactivation of

~a specific cell or subcelTular conponent is triggered wthout appreciable
| evel s of motnshueriatic ight squress axsdhd ondia ermypercially eseiul giniees aflighi)aeustent

B oL B e R BUSEIRSOGP A S U AR pRL, obror

t here js todeatiaargeivaslcduleg ey, watsrBlowl cdllagemyetc) thakinrapotethd mirdnie®s pr ot ei n

denaturatj o d ge|]l 20 destruction cel.l. death. Such treatnents can
Catoe s GHEPIELReIBHO PERC R AGHSEY < LB SRl PHoT BRGERY T ecover y
times. Lagdalivg -- Bi¢PhadehewhiohVeigh bESVEH rdpaf ahErepdiRtatclY tBe fdhatiordi cal treat nent
require the supervision of qualified nmedical personnel. Even |ow power

| asers caneguRaAsy gther things, ngy sollagamfbes. ofor swamplel sppp bsegfbasddssue i njuri es;
and nost edi.cal ' .Seri ous

el ectrica %@E@ﬁ&g@%@@@%ﬁ% 1%I§éé1%€efdg§ gis‘{‘eir% glsa ?\ﬁs‘ﬁkg | elféf:a%@] Ri sk

Devi ces' , chamixala séhiidhi stpmbl that tedhodgl bas teeis wosnded omisjulediand thuy nitiatesel ectri c

t oot hbrush ete. whi ch are dee sui.t abl e, far e W, t hout di cal
Supervi o) B e ishpondt b ctpth ot RER edieah b hcltie, T it G OBE” 1t

woul d,  t hesRid BeRing BtechiRshi RS B thoplaavdion ofifs GuflageaTbhit this®dchgds of using such
a 30 device, that can_grovi de the benefits of |aser treatnent at

si gni fi cassuliofleinle t noadethy dampee e gy Swerel ofks: 118 condiagh ni ng t he

ability t s kGl L QLEnS] itd gﬁ%r l,ehromati c
el ect romattgrr?g@lk J(i:lyer%gltjj}lﬁ} gqaﬁ%‘%hﬁg&?ﬂllvi ng tt?égglzeg%){e | néﬂﬁgﬁﬂglluggﬂtﬂ%ﬁr]rﬁfat ory or
bi oi nhi bi injuryocefk)tbe direet bipaotivatih of aspegifieecell of subesllulan fomposenti®ent . Such a

treat ment,_.reqgijyen coul d i d L,ani fi.cant d t ol ogi cal benefits by the
3 29 Dece %&%@?“B@é’f%ﬁ@%%{%i@ d&%?ﬁygrfegf&aaw&ﬁ%eﬂss?%i n rejuvenation
(i.e. , thet@eaiardbiosnmahticheends abi tdgedihce wichhtailed wheidehling drnj uri ng t he

skin. It would_ al so _be advantageous to have source of parrowband
mul 1 chr oibeTEl MR e e HeAe) 3 s LS FYoa: BRAlS i Such

devi ce t ke hizhi @ hermblHHEY M8 REREloShPlentuBbh B @f10ry or
bi oi nhi bioatnl ve é’%l?e t \?\ﬂeﬁ%uteﬁnw nee@ to hegt t he
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
3



ti ssue above the |level of thermal injury, thereby essentially elimnating
patient pain, disconfort, and recovery tine. It would also be a :
si gni fi cant advancement to the art to have a device and rStPREEMDEF 2085 ng
such a device that can induce beneficial bioactivating or bioinhibiting
effects in 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. Su of .the Invention According to a first aspect of
Che. pr eseRTOPATEAET Bhocll Hapdioe SKip AR £ 5o PREEACTAER ObPRSK SHIBEEN at i ng
living ti ssteutcienpillyshingng shebkiecting the - living tissue to a narrowband
mul ti chromatic_sourc f electromagnetic radiation under. condi.tions
effective to sETRHGAD Hogranipertis Lotive A ol Pase aa IFERE S oo at | east
one |ight ekéﬁtfdtf!ieigﬂ@icdid?ﬂfbnaﬂdﬁkﬂ?maﬂ bfggi@fsugu%&s&edd @digﬁt cf@ybébef arr aglgeﬁ [ nh
an array to emt a.wavel en r gm.ahout nmto, about nm t houg
e way el GRyERE besstd St laby HPRiRESHYs el Srih el Brekio BRI dos! r e

pr ef er r edtivvay e giehssel dfahdighe] RO Merdb¢ 4s3entially cikDBingatibnt painandwi dt h of at
| east +1- g nm_ An &I ternate process may enploy a |l aser diode alone or in
conbi nat i SHERPYr 2 reP¥E B0ep| urality of LEDs. This method may enploy a

conti nuous wav# wakldalPbesSigificant Adedncaficndfo the Modiaps DAdvidrtagd shethod N5 to
aboutl x 106.ns

alight intensity of less than 1 watt/cnP . and the
Fonper ar upEoRHE hiEh devfie gt Bindidist Hetthiv Wrehiafite oo RhbHEEE R | mut at i on
is nfcessﬁvmg Ebﬂusimgdmymﬁeqmlii'rmaﬁéaﬂ Supetvisi @R OGS 1dast ohe BObsdimdite preferred
wavel engths this process enpl o are. 400 n 445 nm 635 nm 660 nm 670
rim. 780 P9 PIE %chk%%deﬁﬂf”g%?‘%ﬁh“%‘aﬁ”@% 860 nm 904 nm 915 run, 980
nm 1015 nm or 1060 nm Another enbodi nent of the method of present
invention the emtter of el ctroma% tic radi ation produces a |ight
intensity of from about 1 namlt—g&lse!%ﬂliﬁ@n about 4watts/cnR2. 4 29
Decenber 2005 Atcoadifg@aifirstspest bf Ok ptdient pvesenil therevie piovided aiveiod i S

rovi ded thod,for _dernmmatol ogi cal treatnen anpr.i si ng: exposi ng hunman
Dk Lo e g eBod g BRI comprene i Briteae 00t PRt o'+ adi ot i on.

phot onoduhdtdwbgnd invitiolrotiats sieirod dfleiebtrdignetivumaaiatiSkitier eoditizas nt ai ni ng an
i ntrader skin tenperature below the threshold at which thermal injury
occurs t ggrjlfff?gv‘? oIy aq g tissue.
A preferred embodiment uses at least one light emitting diode. A plurality of
these diodes may be arranged in an array to emit a wavelength from about 300am to
about 1600 nm. Although the wavelength is chosen based on the nature of the treatment
desired, preferred wavelengths include 590nm, 644nm, or §10nm with a bandwidth of at
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.




In a third aspect of the present invention, there is provided a method for
dermat ol ogi cal treatnent conprising: applying a topical agent to an_area of
human skin to enhance the penetration of a wavel ength of I[P‘iﬂ?f"b@h%% for
treatment; exposing the human skin to a source of narrowband

mul ti chromatic el ectromagnetic radiation, wherein the spectrum of

el ectromagnetic radiation emtted by the source of narrovx/oand

mul tichromatic_em ssi wavel. enqgt h .of OOnm to about
To00nm. Tor o HUF AROBHRBP OF HaPEmaU e Il BIRTER “RAHE o i nut co.

r eexposi ngeﬂﬁhﬁ)lbgiémneatﬁiéhﬂ’boh@nﬁlhg ﬁpmsﬁﬁg&uﬁfanﬁhzhrt@m/@@ﬂﬁb sfunatroebundmat i c
electroma tlcr%%ii{onfO{1 g 9 81 rgm btout 1..mllisecond to
about 30 SRS FeLugy: tp ogﬂw Ylphng IR Tsp D e of from
about 1 mhhhmlsﬁnmmddmlmdjﬁmg ad 00@derink] skcempdsturaitdow theithreshioki 2ag an

i ntrader malh ifl% ﬁ r at ur§ el.ow tthe t hreshold at which thermal injury
occurs. IR& még’bg%cfns P et‘}’é}’lr}ﬁ' 88%nt invention, there is provi ded a
met hod for derlmatmﬂd@gp@abfthé ﬁmamermkremmﬁmheﬁumovﬂbctadieﬂngdﬁorsegnent of
human Skl g .treated to enhanc thet r.a sm ion thrqu the stratum
corneum o ‘gfaé ‘Eﬂlr%ﬁ?{g]tcflt COPRHP lﬁglaBHylngé‘xﬁ%ga ﬁel} e hira? %aﬁ 8 2 source
of narrommmmftltha pdmmmm a@da@ﬂtr{gmmtg@t ch:ose fcadleatneﬁm,expmhmgdlen t he

spect rum e“é‘h{ neti.c ra %Wg E’i : ebt%/0 a etlcoru £, of  narrowband
mul ti chro i’f“f“?: 9 ﬁceoﬁﬁrf?dve@ \ Oglr? ‘fﬁ B ARo 0T "300nm to  about
1600nm f owharethuhebpeottumiof Elecimnadaoetic radiatidnl anaaerbhrmthb eota&mcnfmaﬂﬁ)wbandut es;

reexposin nman t he souyrc narr Q nmy matl C

el ect ronagrl"i'i}fc Omattlﬁﬁpéstsio&’im?%‘{; N giglﬁb%g% #19 ﬁ?@%’ﬂhttoa th i'Second to
about 30 tierraduesionpf frombBOQ 1 rillisesonditd hbcan30 nietguieseposing dradmmanf from
about 1 mJllis condto abou 00Q.. mllis nds ai ning an

i ntrader rrﬁlfngkﬁ S?"gf‘?p%frnﬁfru‘fvé r%lé?"gwhtr%at’tche grﬁmf’%n e%f r"Min%on%Ortaher mal injury
occurs. Dﬂnmaﬁmd)ﬂfgarﬁaﬂnoutﬂaaﬂmhdtw@bohxe}mmeedptwtOOOmn&gwahlanght emtting
di ode, Ias di ode Gent f.i_| ament ous,
noandes cuPIgs Ry oY Ermape 1 258l ial ORGRNE 645 obdoea

PCTI US02/ 2Q#{D6niag ah irgrad@thabykieieaptiiveabelove drsheshoidat vehichathdrmial infuey i ng to
emt only a narrowband of wavel ength centered about a dom nant wavel ength;
and in pafti"€ul ar 300nan, 415nm 585nm 590 nm 595nm 600nm 644 nm 810
nm 940nm andlﬂﬂﬁﬁrthrﬁme}'ﬂ’kﬁ‘tm‘llﬁegyt invewieh, thee id froedgt ometdsd fog fr om about |

nanowatt | ﬁenna%o?ogma? %Jreatmen c%}n%ng‘qug agradmg a segnzu(:)n 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

4a




5mlliwatts/cn2 to about 1000 miliwatts/cn2, wherein the exposure
conprises pulsing the emtter fromabout 1 ns to about | x 106 ns. The
pul se itself may last from about 150ms to about 850 ns. 2B HacgEwer 2005
der mat ol ogi cal treatnment suggests applying a topical agent to an area of
human skiwiobsomstaance t he penetrati on of a wavel engt h BET/USogya70chosen for
such treatnent. 10 This includes exposing the human skin to a source of

narrowband, .nmul tichronmatic el ectromagneti.c radiatjon wt vel ength from
appr oxi m@@ﬁ%"@% aW@%PWW%WOW@ Y%H?UBWQT%r#?I i second to
about 30 Wivalhes cedtéred HoAES@InYinark Favelehig@S Bdin PM@cMarB0ben 64 5aays woul d | ast
froml mllisecond to about 30 mnutes up to 1000 tines with an interpul se

i nterval 85em $00um, 595um.1600meddh am; 8l 0o omneod 14005 The estitis keepi ng t he
skin t emper AR P{é&% istfpa?n éﬁ&ﬁ?ﬁﬁbﬂh&a@&%'aﬁ&th%&g@&% bfdbdhdoooocCUrs.
Topi cal agents suftable Tor use in conjunction wth the emtters of the
present milliveattsicon? to almduti tRO0enibiyetis/'us2,oVreorinibh expesyre cosprisesplsigethe and, in

addi tion, pretreatne i ncl udi ng.¢penatrati o rr val .of | east sone

portion d Wé@?@?ﬂﬂ%&%@ﬁ#ﬂg,gq&ﬁela%%fﬁ%}?ﬁgsfﬁ% abops ﬁbf?ﬁy i npr ove
treat mentio@bdiit8s¢msas W ll the use of an agent topically admnistered to ﬁ
adj ust the absorption spectrumor refractive index of the patient's skin. |

Further, topi ¢t gemaologicnl F’Wlﬁ%_s%%fﬁﬂ@bé‘i‘g %Vﬁiéf‘lg"gglt e s (gnhanc_e t he
tr eat menty, Db QERIS eftbhndeie RRAGRBEA of SWHRInAR oFBYht khidied foP SuchitleRgidht. €xhi bi ti ng

de
the characteristics %Ifl an = exogenous chronophore. 25 An additional
enboditrerithi§ includesrempasoigdin lomiantskie 4o amwrceiof nqukasvbend; prdigobromagt a  segnent  of

the skin to, be treated.enhances the.transm Ssi t the stratum

cor neum G?Ctrf)ﬁlggtf?g?’fa Eulsh ﬁf}’laﬁtl% o’%ﬁ??@@?@%@g’ﬁggﬁg&i ¢ radiation
emtter. apppaitedtan 600 dnt ibodb DiilliskOnd tonbsu 36 hinttes1 EReessary, feor about 1
mllisecond to about 30 m nut s used, . If necess , [ e-exposure may

| ast fro_rﬁxa%lme‘f_fwnktPﬁPé@!@dmfflastiﬂaa&mébseﬁ?m?a@“& BB 30 1000 11 mes
Wi th an ifgpgkiaRs Wwith 8% ¥idrpildedRRRGIm dbot | hilffeeRto bBoudipgugt 1000
mlliseconds every 1 to 60 days. 5 29 Decenber 2005 WO 03/001984

PCTI [ 150 2niipeomd skéeping hesskin tempasaturg belowshashenghald al which thesmal injiry schemat i cal
i1l ust ratgcolrg]} of various treatnent reginens, including the low |evel |ight
met hod of PtHe& present invention which may al so i ncorporate the use of

topi cal  for mIlopicklG@ents suitable for use in conjunction with the emitters of the present

invention include exogenous chromophores, cosmeceuticals and, in addition, pretreatment
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.



5 Figure 2 is a schematical representation of treatnment regi nens pertaini ng
to the use of low level light according to the present |nvent| on. Figure 3
is an illustration of an enbodi nent of an LED array of t K& Qnceswst2005
invention. 10 Figure 4 is an illustration of a enbodi nent of a panel-style
LED arraywbesoousse according to the present invention.pdirgsee/e7sis a
graphical illustration showi ng the absorption spectrum of human fibrobl ast
15 cells in a nonol ayer cul ture. Elgur 6 s a graphical illustration of

t he absorption spectrum of BHghRescHpti EOravings, | ayed with the wavel engt hs

used by nﬁgﬁ:@%@&‘ﬁbherﬁ&ﬂcﬂ ﬂﬁH’t@H&I 6%&9 u%ﬁ@niehﬁ%gnﬁﬁs, ilfudidg'teSIRRt | nventi on.

20 Figure is a graphical illustration of the absorption s ectra of human
fi br obl astevallightasflead of fettresenidnvraiiost weligh ey Yscigeaporafg ilreaisp arigpical

mul tichroghl gl ED emtters of the present invention and also the
absoprtion spectrum of chlorophyll a. 25 Figure 8 is a graphical
illustsation of the absorption spectrum of human fibroblast overlayed wth

t he wavel narro t| hromatlc LED emtters of the
present ﬁ@%ﬁ?‘?ﬁhmﬁ g%lf RAVRBRE R U BRRYVPY B. Figure

9is a grmﬁémgalac@drd[@gfortﬁép@@nghvénlﬂenabsor pt| on spectrum of human
fi broblast 30 overlayed with the wavel engt hs used by narrowband,

mul ti chromatic LED emtters of the present invention and al so t he

Bocerber DBRE e UPSBIGhT B HRRSPIR sEL R AEF o GpREA BBl

illustdation of the absorption spectrum of human fi brobl ast overlayed with

or csont 1 HOERATG hrodr Ll 2 Rroanent RArsS bR frdf o AR e o1 cen.

Fi gure 1lfoitle fresgiitdiventi@l. i1l ustration of the absorption spectrum of human
fi brobl ast overl ayed with the wavel engt hs used by narrowband,
mul ticbromatic LED enitters of the present invention and also the

absor pt i o 3B8Gd 4 sapiadal AfuStlARBH URINE the absrptiR SpeBirurh BEhurAdm fibisb1T ormphor es

in acne bacCteria.
15 cells in a monolayer culture.

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.



10 Figure 12 is a graphical illustration of the absorption spectrum of

human fi brobl ast overlayed with the wavel engths used by | aser emtters.
Figure 13A and B illustrates a plurality of individual op@di8cembeofias
devices connected in series and in parallel. 15 Figure 13A shows a bl ock
fl ow di agwensefiosihe control system of the present inveptirosez2ogure 13B i s
a schematic representation of an exanple of conbined serial (fromleft to
right across the row) and parallel wiring (top an? bott om across the row);

and a t opFisped0 ippergphical Blustztion of te asatpHpn specirepat hyman t packed array
of the pr i L i I I | BB P&GE e spaci ng
of the optgv}gjl eegtv@glﬁ?%:ﬁg&lﬁng{ggui b% ﬁ%ﬁ%vkﬂgg%r??{l &ighrrﬁ/lg%ﬁe?on I n{t?:rl\"!gg%gpac ked
spaci ng i presentinvéntien sidoaiso thGatBomptiowspedtBumoliGloskiavinegicdy r ay of

opt oel ectroni c devices arranged into three panels. The cross hatched areas
represent protective covers. The covers may transmt light or may diffuse
| i ght . 5 ThBiga®tl16ef a gripteeal {isedtion siithanbsotptib specieuni dfinamam fiviobirst! to al | ow
adjustnment, . sq.that the_arran nt resepbles.a thr anel e-up
mrror. 39V6F1Pl§“§r‘7@g‘1 Vavelgnats F%ggg’ 3??%%’%&’?&?@%?’?&3@%&%? %‘F possi bl e
confi gur ableQntin®dntiah ks tBE abs¥iplibPspRcthne e fIBIBphoRpHIih CBI dn@@sthe Fi gure 17 A-C
illustrate exanples of .individual LEDs in accordance with the present

i nvent i onaddivel chrrgophegsisdn egne BpgfEiagence of an emitted beam 7 29 Decenber
2005 WO 03/001984 PCTI US02/ 20706 Figure 18A-Cillustrates three different
exanpl es of patterns of |light energy density on the field of illumnation.
The i no adFigtued id 4 gratticad iltackrdtion BT the plesodp8Bn sectreh af hwnednyfiboobldésbr m  and
honbgeneous. BS-FI-FBG .j#‘retﬁadi atiop ill g,sﬁrat ed.in Figure 18Cis relatively uneven
and non SVeHBYEJERCBY gtvehnﬁ@]sgsef Vi S¥s a t echni que for coupling the

| i ght output of an optoelectronic device wth an optical fiber. 10 Figure
20 is a schematic drawi ng of the output of several individual .

opt oel ect Fignied 3A gad Bdlustratss » plorality ofgdividual ppigelectigaisdevipssgornecisd in | | ystr at es
a basic S%@%iﬁpﬁ%%&n opt oel ectroni c device in accordance with the

present | nventi on.
15

Figure 13A shows a block flow diagram of the control system 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



Figure 22A-C illustrate alternate illum nation patterns achi eved by varying
the curvature of the substrate supporting the optoel etronic devices and by
varying the position and angle of the optoel ectronic deddeasemberd®des.

20 Figure 22A illustrates an exanple of a pattern enabling illum nation of
a broad awdosgassaral |y flat surface area. Figures 22B pemiuR2@7mé | ustrat e
exanpl es of focused illum nation patterns. 25 Figure 23 shows the use of a

| i ght panel array in accordance with the present invention for irradiating
tissue cultures in the Iaboratory or in pl ant rraterials in cultivation. 30
Fi gure 24 r asen rption
spectra o l?anlag% @?ﬂg}fr}%% V' ASt e ﬁééx?lﬁlp%%n ayer ou 1&%} \{%ﬁ%?)g 25 is a

gr aphi cal thelfieldstfilivtrpioationf 'Ihd:teradiatﬁdreﬂmumtedhmﬂgmed 8P hoelativdly \mfomln and

photoinhib| i on and therna cts ssu also.indirectly

P oduce  BtiaRaRTr- dhemBir e iy RigRe g BoufnsradaeR adty
destrugtig@n@gm@mglgher | evel ). 8 29 Decenber 2005 WO 03/001984

PCTI US02120706 Figure 26A illustrates an exanple of an array of devices
positioned to illumnate the skin. Figures 26B illustrates alternate
confi gur a4 f: [ ﬁqu 68 optodtBek ariety of
opti cal egin ?96§%ﬁ?&@a'%?§' nte g%%?éﬂ gﬁ%ﬁln sar?aceoﬁg?bgﬁi 5
surface). withmgpifcgl fA- F i | | ustrated bioinhibitory effects resulting from
treatment according to the present invention. i0 Figure 27A illustrates an
exanpl e of use on skin diseases such as psoriasis (a proliferative skin

di sorder Figade 203s d&ﬁlﬁ&ﬁaﬁdﬂrﬁﬁﬁ@@ﬂﬂe daputloff sevefabindividubigitoeletteondpy) . Fi gure 27B
iIIustrat S, anotﬂfr Pﬁ@ mgf%on to delay or inhibit hair growh. 15 Figure
27C iIIus figd AP®8¥ scars or stretch marks is also possible

Fi gure 27D shows the use of LED light in conjunction wth an exogenous
chromophore to dimnish oil gland activity or to reduce acne. 20 Figure
27E i | | usFigaedd %rsh-etﬁawbas@ sotfeniatic ofanmpidelastrenic devicelirmepdane it the ber s where
nerve |n1%&h il H to be stinulated, regenerated, or healed. Figure 27F
illustrat nail drsorders with fungal infection. 25 Figure 28 illustrates
an app$|cat|on of the present invention in which subcellul ar

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).



components in animal and plant cells may are targeted. Figure 29
illustrates a "high power" enbodi nent of the present invention where the
radi ati on causes destruction (rather than biostinul ati on28Dasesbsh2W5t i on)
invlioving the 30 treatnment of veins (including facial veins, spider |eg

vei ns as weblooamsot her | arger veins), the treatnment ofcrussandizesd hair
grom h for the purpose of producing tenporary hair reduction or permnent
hair renoval, and the use of an exogenous chronophore to destroy oil

gl ands i nFigwre36A dlystiatesantexagple of @earmuyio€ devigs sositonedtodliurgisate Beskius02/ 20706
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 cr oscopFiguphzaRifjnstizhds altérnmgemfigiratiodsiftirachieeing Siostinutatotyeffectgf t er

irradiation with one enmhodi nent of t present.inventjon using very |ow

| evel s orHirgRE VaY LSRR UCB oy 2 B DR BERSOT g i -t he
mllicandgk@cyr mcrowaft range. Figure 31A and the left half of Figure 19b
show |iving ut altered cells. The right side of Figure 31B illustrates an
exanpl e of dead or dying cells (the lafter were exposed to nuch hi gher

L O R e L

Cwth cyt anges re ration of the c but not
destruct i mesentfngpnfien.31D i | | ustrat es an exanpl e of severely damaged cells.

I mages "e" and 'V are higher magnification of the altered but living cells
in "a" and "c".- Figure 32 is a graphical illustration of a percent change

of a gpl | Figes 29X AllusG&Ed dnQdxarfifle of dde oh Bk FREase LIOANMbHils (9 proliferdtiver mal
phot ot hernol ysi s used by narrowband, multichromatic LED emtters and single

pul sed | & ar that 1§ knqyry terrespand onpdiyiole dightdhsta)-spect ra of human
fibroblast cells in nonolayer tissue culture from3 different patients to
illustrate the natural variation in absorption maxi ma. 20 Figure 34

i |1 ust r atEgura 7R dbasipites aohtherapalicatiomtntdelay oc bhibideir growilschani smreferred to
as a "holl ow wavegui de". This provides an effective mechani smfor
collecting the output of rmany individual LEDS w thout requiring coupling

to eagh LERure27C Hhwgtiites (BStréntA@m bfichsior stfetch hakdis hlgd gossiblet ery powered LED
device according to the present invention. Figure 36 a block flow di agram
overvi ew show ng the interrelation of various treatnments. 30 Figure 37

inla' ust r at©g g, 89718 ¥R tRe @b oPNED HRRSH RbGustBish Gith bPeRERMUS Bir6REPHoRG Cool i ng
y 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.




be acconplished by various nethods, wherein a cooling apparatus utilizes a
scal ed chanber and liquid coolant which also function to nmatch the
refractive index or to produce diffusion and thus il | ustd®decembar &0snml e
of one way to achieve dual purpose with cooling agents. 10 29 Decenber
2005 WO 0860090dde4 PCTI US02120706 Detail ed Descri pti on eft/tidverdmeenti on The
present invention relates to a nethod and apparatus for the treatnent of
living cells or tissue using electromagnetic radiation produced by at

| east ondFigype 3@ illustratesrise o laNd apstal Terfacy pramortitosipg deviesclor anlkED devi ces used
in the pr Seat invention may include, for exanple, light emtting diodes
(LED), | aser diodes, flashlanps, dye |asers, fluorescent |ight sources, or
filamentous |ight sources (with or without wavelength filtration).

Sui tabl e l.igh urces for uyse jp accordance with the.,presept invention
el ude  iege 1 g3l of deelrume R OB NE WIS OF S, Pat ent No.
6, 187, D2 %br¥#1kst In 3h181rH SR RYadialidn Wi ShOQHRIIREENDYS the hRERDEQerltidn USRS I
entirety. More specifically, the present invention is to a treatnment and

appar at usversolow lgselstad fislet enerey prpduged dye S0aqm yellopH R ppittinginitln refers to the
process aQftisi i 'tﬁﬁﬁﬁ [ %@ﬁ" [ :0r i nhi bit
(phot oi nﬁ{n%]il[b[%%lon Aréﬁ(t:yglw%ﬁganggtu ae%?{}r%ﬁhgrll. orocf aér/rp@fbesgg%\}ligiﬁﬁl es are
renoved \iwealtenslvelio| Tiegimht side dfdligneel3 1R dlnstrates lan exampdsofsleadioralyig pr ocess of
phot oact i vat j timul ates .col | gge rowt h by usi an at pul se rate,
ol e qursi e elirarers PRSI mh it ity R B St ThRB el ast cel | <
that pr oduesen 82 dTRErYS 1dwiih byieskeleialchaflfd YéTetialgalteRlion of thibdlist i on i s
applicable to treatnents requiring the inhibition of cells that produce a
negat i ve Wt petdestrustion, Figara HOsBusiatee An oxgppiené sovsechy danjaged llpstagees ar e

abnor mal GalueS, S HEIE R FUANGRIBNAl &l hageihaden (1 bers) . By Lhe
careful selection of the wavel engt h, pul sg rate, pulse duration, and
intensity, the activity of oil glands and pri opi oni bacterium acnes (the

acne bacteri a).can e d.nhibi.ted. to reduce agn [ ion il gland
et vi oy T 42 8 kganhal Ml Sl o Wi BF A BoloBh Bl Beagficn: 2

phot ogct i thétabshofimodalation Whheefalphowtieanslgid edby hatrowibend;i ci nity of the
depressed acne scars _whi] e photoinhibition could be used for raised

t hi ckenedgtphgomaiis I&D praitteysizpd gipgle pularddpsspemEe®r visibility. In.

non- der mat ol ogi cal applications, photonodul ati on can be used to treat a

wi de variety of medical and veterinary conditions -- tunmor growth can be
i nhi bi t edFigireB3 shomistehjorption 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.
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|

I nproperly functioning organs can be stinmulated to inprove the function of
those organs, etc. An enbodinent of the invention for internal

application, for exanple, uses miniature 30 arrays or si RRecepbsr 2045 ant ed
in the body adjacent, for exanple, to a tunorous growh. The device can
use a prewopagorasgred activation schenme or be control | edpbpusnzrenot e
transmtter to subject the tunbrous growh to a desired wavel ength of |ight
operating at a desirable pulse rate, pulse duration, and intensity to
produce the photoinhibition of cell growh within the tunor. This could be
acconplished with or w thaut .t i r ' 1 t.h 11 29 Decenber 2005 WO
03/ 001984 PCTI US02120706 Ditayielt DelPp i 6 i ik ores introduced by any of
}3 he ][ret ho:jls O]EThH%rgseﬁahﬁenﬁbmreﬂ@mmma?nbﬂm? lbth&ap@ﬁrhtus Fdjltliehﬁelaimd eht oftfaingbeen
eneficia qund that treatnent of cells i ng LEDs does not require
heat i ng ¢ Fels e peng Flectigmagpetigpdiation REoKHeee By 3 167S) ORfeapielsciropic prior art

devi ceg 5 (EREHITHR Hypel OF opfocii¥Rbie ddvitehenl H‘&HE%cdﬂﬁiv&ﬁioh%?’incH&%{ apy, the
cells had to be heated to the point where thermal injury occurred to

trigger t i egimple.Hight enpiingdéidenGER), laseedigdss, Hasblamgs, drplasera doeresfienly to t he
resent i L.on, t | . | | roducin

(F:) ells or 2%1?} %F#\g‘l%h%ﬁge ‘{*“gé“v’h”{éﬁtosﬁ{“r"%mtg%% hrgtrﬁénl%%iv%én%ﬁlgg&gﬁt r nger. Tge
met hod ofuitkbiaiighotameges fir ube inatovedahcawitththe presene aventipndaclude e wound i s

traditionall al to ""no tiver, Jhe pri I hod, of, causi ng

t her mal .ﬁ}SE}%ﬁFEmJP PﬁS’étﬁ(b ggzghﬂa"}?\ﬁé%ﬁa&é‘t ﬁ&ﬁi@f%éﬂﬂﬁ%e d care as a
triggay f@icofpetatcddsRciofcfddih tiRRdndRyNd healing is called "ablative".
Moreover, there are actually two distinct tﬁpes of " non-abl ative" skin

rej uvenation: WaEe speaifiesdly,ihe presept iguantian istt a iregiment dnd prpara§dorc ur rent | y
practiced Ofig ' ARG Al dry (the
phOtOfTDduPlg.q%l&%n rretn%gcgisuggals'l h?t%%l preggg%fﬂ?%%ﬁ?%#sfﬁﬁﬁegﬂﬁﬁe

phot onodukitter astivetedpttotaanti vatien)vo ihhibaidphatoinhibisigu) 7 @il strabwatfinciion. Jloy t 0o occur
to produce wound heal i n a mnor deqree of .thermal. injury can still occur
dur g ¢ r sttt R e om el WL nd P BERGRSH obRR! Mipin'sFp tiagr P St ¢y L s
are usedpbéss bhghotatgetion sirhdlattawllhgtn gtowth byl esingxPDBD aEa pudevsist hel ess, it
is inportant to . distinguish that the critjcal_ difference between ablative

and non- aB¥lat duyation, andineRsity fiasadiivrle bensnrBina ﬁ?%?la%ﬁ’P ! ¢81994¢fen generati on
Is tri ggegnﬁ%?é%wiﬂﬁn &R0 @oﬁbé,;t@ﬁl}}r, Eﬁ‘ot{ﬁﬁfﬁﬂﬁfén i apPﬁcab@fo Hedénd specific

pattern o t exposure to on" the col'lagen producing cell,
wher eas wicghiring éhecibliibitipw of eells thotproduc 8 negativeséfifagt, Sioltes thake whieh suf f i ci ent

i nt ity t d th l, inj | | h I
i ury by PiPRR R e R gt eply et oo S Bl cofdbeh VLT o
the vaoi ofibert)l B3tthesirefilagiction dded/ED wavdagihhpulipraeanilse duration, and

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



25 invention and al so those using |asers which can be used in conjunction
with the non- ablative nmethod of the present invention. Figure 36 :
illustrated various treatnment regi men which can be cond#8tRagembee?0fer an
abl ative or non-abl ative manner. Most preferred according to the present

i nvent i ony@osookdslPs whi ch can produce a narrowband, nudt/gseeer®t i ¢ emi ssion
havi ng a bandwi dth of 5-20nm although a 30 bandw dth up to several

t housand nanoneters is useful, for various treatnent regi nens. Further

pr ef er r edexogginus taget clesmopheres appmidiieed bf aoiedf themythodsvof dmgdeléveryknoadi ati on to
a target d _gperate in a power range of from about 250 nanowatts/cnR to
about 1 \AE)?FJIS . More preferable, the power range of the emtter should
be in tEe rangalrmér,ammﬁeegﬂ%eﬁﬁﬂn}mﬁ%&aﬁt&;ai;gtﬁfcEﬂH)ﬁnbhjga.rE]Dsalbz s s%zogg/r 08 IégD
source having a narro n i.e.,.5-20nm 1 Decenber 5 1984
PCT/ US02/ %W%B%w%ﬁfﬂéﬁp@gﬁwrﬁéwmmmmmw ViSf8 644nm These
embodi srenfeguipdde Fopé)ﬁﬁl%[e[ RhehIQFounBORind 1803 by the deBdhad ey b RRted W Ch do not
pose and eye hazard of exposure to high voltage but still produce clinical
i mpr ovenetie poishwhergthennal injers oedurigil totrigger she gremethwdnevgeallegsk (Téeepyuct i on and

overrEhesot e i e romgh cti o
Tant i nt Sl Rl b o ibiafil Dby ob 4 RAOKRRBII llec { coc The

conbi nat i prodadingdeliicbr amg¥iving adlstwithohiashigithamtl injoryeds adrigrey e matlgdd | evel may

require treat t reqinens, however, W ll henefit fromli intensities as
i gh ae abtRERBOlogt GeRpen Y ONEr e B <wes cippd iRt i e or esent
| nventd oN“RnQbRHEVEN TBE phét arfRAdiN dofleaninddhdrn@iMjaBomMiichldfes éeataput 1000 LEDs
per panel. In the preferred 10 enmbodi nent for clinical use, 525 LEDs per

panel ar eadizewourtregriniagwoundsare ag p triggapiongadlagen srowth and wegndhspingdy st em  as
Il lustrat ' Woll's ' AWEwBd < ED aq4+51 Ngl e
panel . Fi %@F‘%naé’ﬁstﬁgm%ém%‘geﬁg&‘g?‘%? ar 'to 'Ita ﬁg{l&%eﬁf;&@b}%&%ﬁt he array
of LEDS refvemafien:asie methad ahihich peeiucesshqmeldujusy Ewoutrtntlygvasticedppl i cat i on of

the electro etjc radiation tq t t et ski r Living tis to be
treated.  RBMLA fertufen il st ifo:el A8 o bRt RSP o o
hand- hel dihd pis& irfverition SViilelihpHotot ddtlatien trétip@t etb®dodshdi reqe@nt ai ns as few
as 1-6 LEDs or_as many as 50-100. Two _enbodj ments are shown in Figure 35

-- one wi il gy feodomris pradEceTFRuUng healing, aningr deareeof thopmal BUEESS ar e shown
in the prayg @(m'ﬂ? | | Ldabiod BF s s b Wi cogni ze

that any o (ﬁﬁ% na {r}%%éakﬁ cﬁhﬁ%tﬁ?ﬁ%@nﬁ?ﬁﬁégﬁ%gl‘ ehtiléshqgtl%g%ta\gggds a%egrei n are
sui t abl e vised andbibe tanget bells neaire 2Cteiviet] dxmtrodNeeanthelassdit jsamporteat oays. The hand

hel d devi gigﬁngmsﬁ ?neat 6 SRE ai i‘r‘fgr\énegetbie%]eeg (a).fﬁjllatgveba%d ggxg-gb%t%e RG] A9

20  mechanism by which collagen generation is triggered -- in the non-ablative method it is

by using a specific pattern of light exposure to “turn on™ the collagen producing celi,
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
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permt treatnment without the need for the patient to nake an office visit.
Such a device is particularly well-suited for the treatnent of acne, hair
renoval , hair growth stimulation, vitiligo, psoriasis, <Prl&cembeadlos
herpes fever blisters, cuts, skin abrasions, bruises, dark 25 under eye
circles, wowseoisspot s, winkle renoval, and ot her der nepci/ugpeees condi tions.
Wi | e many wavel engt hs can be used according to the present invention,
depending_on _the type of treatment adm nistered, preferred wavel engths for

LEDs i ncl wisltl) emissioneertated atzbavh SO8ws Arg 649 HressombAdiments A, 621nm

b
630nm 64 Eém . s ' ]
I ndi vi dua?{%?/&rgfﬁﬁ%}%gg [ natﬁ%sgﬁgﬁrgggw\%ﬁgﬁ'?% Ié(ﬁ gsesawgg‘?i}ﬁg%sﬂ O?ﬁx(gugggor ption
spect r um forghhnitage ut stitbjpodsde climibdl smpmovenmnis| caypcride iapgaref disoldetsr e, For

treatments ere to ulation (j.e. hot oact i.vati on. gr phot oi nhi bition
of cell s)mcgamﬁivﬁﬁ’g%lrﬁdg%neﬂdém éh@&“ge ,Or‘}ﬁfgﬁ‘oéjppézﬁcﬁfuﬁﬁt sources wll be
abl e to eihfrovement \Ripotildang lighentenkifles Whith @idldedite ddafpas pid oproclestrdliigh, 1. e.,

t he | ocal  nmaxi al ong . the absorption curve. . Figure 6 jllustrates the
absorpt i oﬁe‘g@é@ﬁamb@aﬁm@ inmafdﬁﬁdagﬁla#%ﬁcaﬂ%aﬁ@@rn%mvs & 13 29

Decenber  gliipe Warfltt %%&&, HRwhdISORY 1ol Froftl 1RBinkntiHed R Bighay g TRAAL hs of

comonly avail able ¢ rcial ITED devices superinposed thereon. Figures
7-11 show t he HisddMstof the depiee suitable foresmnrhe tresentinestion e arangehsl ayer
culture s [ | RA |.QYS exogenous
chrormphoﬁ%gshgﬁgg%rggm%%’&f%?%c%?r%gp ?@%ﬁ’?@‘ﬁ@%ﬁs&ﬁ?@{‘e lg%e%rg I on spectra of
hurman 16 f edbalihas foricliniaal me¢) SRRV BDs petiphnel eressgiiamt Apassddpenatelentployedvavel engt hs
of common, . conmercially ayail abl.e_| aser gdevices. Fiqure hows t he

absor pt | o 5 RERRER FoFeit a HpTeGeadn Pt 1D OB 5ah R 91 WS o

i |1 ustrat gaglk behel afijnib B QRSwsH PARE sii@imo ISR Fighi2ehere KB BRSUTUBHY C | i ght
source, only a single wavel ength of light is produce. If this wavelength
does not isspyesediyrridiffiaser tagrednce sraoqth. srepalicatiopalthe ele@fomagectisat i ent, t hat

patient 1 & E.§ "iﬁrki t. ' DAL fahand;
rrultichrorpraa |§n{6ic%?1t sgﬁé}g(g, gfsmgl\?géﬁ%ﬁaa éél?%t & ectlﬁ\?’e télggt ment for
a nuchs | ashpem igFigue 36fin paich efbsd-lxdd device fortuse withow tlimiend egemiisort thatt t he
aborptionﬂf aks a%g r(fea of the pa @(E&i‘s{}'i‘fl bbrc%bl ast %%rgres ond exactly
ot e doffaar SEH0 88 kR PR 8F sy s GO ol e Bin@R s ovaa ot her

nar r onbangigefd 35t L4 vith thilGple TS Had bAVRIHE & E1ED. WHRMLEDS @e Bafumow
spectrum arggfl?nd the 15 doIr)n' nant band, m n%?glfl uctuations and vari ations of

the abso_rmth@pre*dpusﬂmem&pwlgwewg@sl%ﬂin%m wilkrepngrize fhebamiof feenot reduce
their abi hﬁébg'\})%lgdégﬁ%ﬁ?ﬁﬂmﬂc }s@é&ﬁ%sfﬁérgﬂ %@umn%sﬁr ﬂégﬂ {8 faidd the art of

usi ng suc be readily able to assenble and operate the |ight
em ssi2zon bad bobodpfert hed panelsrays.i nvention, as illustrated in

The hand held device of the present invention could be battery powered and

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
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box unit for 20 providing power to the emitters and varying the intensity
of the light they produce; at |east one panel of LED enid%Recembend® ed to
the control box unit; a pulse generator unit for setting the frequency and
duration whopetisses enmitted by the LED enitters; and apci/U$earynpower cords
and cables to permt operation. Figure 13b illustrates the wiring

connection between LEDs arranged in an array and also a view of the close
packed LEBeng withsthgivavelengtivi aficorgmonly avdileblg comperciphbERwigiices] t r eat ment

regi mnen o r t i pyvent Lgn , | .ating or

I nhi biti néupieﬁrgp(gslegfh%l?m&a 1g§rce% ?3??%/0%%$é g?sgéﬁ%ﬁg(%&% #r?é’ﬁu%&agéﬁﬁo‘?@gﬁ%cel | ul ar
conponent sondlayer ogture apedmposed with the gbeomptioAspgetrevf vmishyexogembuoned. t he
present inventi.on b sed, for exanple, to.stinuylate or inhibit the
b1 of ogi capragestpresy FueiPol Foibraiien ARG SR SBP st o, Such

fi br obkasgrobRM ih Qﬁioﬁéiﬁ%dﬂeﬂhﬂ@sufpb&ﬁ bBF1S the ik SlLAMRT cotinbii,0bl ast's, and/ or
genetically nodifie robl ast s. fects on living cells or living tissue

i
may be predpeeeiatly peailahly lager deviersr Bigpred3tshewiibn ebsetrtionsrectmfoft h anot her
subst ance | f | | a1 | . iving cells
or T vt mg eleif el 3014 Sl o] B R bt S 8,

Pr et r eat nesing a mgnovhroseatia ightsalrog enlly iaginglearavelength pfjlight ispradondilfithis on with
exogenous_chronpphores, and the. use of .ex nous_chponmophor.e one,
Gopand: o BT ERoRL A eGPk P BB S DS P O S BREA HE efliBophor es
may i ngl ugeEndteéspBREwell todfeattient. laedotl Mro®Bimll MalishrofatieBi®Ear®] ot her
needed agents for_the appropriate biochem cal 5 and netabolic pat hways,

some of whPEsTeRBll peietheiectivetrartmepion anpcdarser P egrlenis bsrauseltsipl e one of
these is H&i@&gsay‘%hﬁﬁﬂé'% agjggpis‘aggg%ﬁ&ﬂmm atieRis! AIEB1adR YorkddSondBE i X

nmet al | opr ot el nas or ner | agenase). Commerci ally "avail abl e

topi cal conthowiths domsingd wavdenztiy dfyhedipht soupeaSinde LBPs agkothatcor ding to the

present inpvention i.nclu i araf o en rm and

o st . o pRlerfRpts 8 o R o o 1R BBt SRORERn U ET O 200 o
t 0 t hes skddmingnt deed) kddor factuations iddevagittkme of the abserition bf tha trgetitissu@oR or nore
of Vitamn C, Vitamn_E, Vitagin A,. Vitamn K, Vitamn F, Retin A
(Tretinoi W)“,‘JU%EPéﬁ%qS@H]éPO‘R@{W"?] I & E’rtBE]%P?ﬁ)tﬁé",eatﬁ?P‘Fc acid, a growmth factor,

echi nacea, an ApifubRiRbd &illedth AB ki bHAGR! suctPdeviidl Will Beikadilg aPle@RChi ng agent,
an al pha hydroxy acid, a beta hydroxy acid, salicylic acid, antioxidant

“triad conpetmids ard enseaietbel light einission deviceeof dhe presest ingantion, @eillugietadie, an
ant i 0x1 dafi . o2 (RIS el RS Al BBl B B P 00UCt.

20  providing power to the emitters and varying the intensity of the light they produce; at

least one panel of LED emitters connected to the control box unit; a pulse generator unit

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

bl ock diagramformin Figure 13a the preferred device includes a control



a herbaceous product, a hornone, an enzyne, a mneral, a genetically .

engi neered substance, a cofactor, a catalyst, an antiagi ng substance,
insulin, trace elenments (including ionic calcium nagne@ﬁﬂ?ﬁcemb@ﬁ?()%

m nerals, Rogaine, a hair growth stinulating substance, a hair growth

i nhi bi ti ngoestimesance, a dye, a natural or synthetic nebpEEUs$v2 2020

net al | oprotei nase inhibitor, praline, hydroxyproline, an anesthetic
substance, chl orophyll, copper chlorophyllin, carotenoids, and derivatives
and anal ogs ofPretrratragnt sagians nan incjude lighbalomes light inicossbinatien wish | n accor dance
with the | tion the desj | ] I nd power
of one orgﬁgg@%%{rg}é?@?{%baﬁfl@ 5 egﬁt%ggenrégpéﬂé’%n@ #e?glgnﬁggpgeg%g 8%e a desired
25 ener gythanatucynd ttat treatnapbdeaingl. dxegénouschpeasphofes mag irtiderhormomes, as
illustrated i,n.Figure.14, to  acconplish.the nethod and also for .the

appar at u sg’PHﬂH%?tf”ge?a%lW@’ pfagqrs %‘}’@%I"B@d&ﬁ Bgﬁéffsgr 'gﬁ PRREEE Db He used
with nar Fﬁi&ﬁﬁéﬂ&bcﬁﬂ%&tﬁﬁrﬁﬁ! SUIRLF GhitR VG Ssclide niit A PRRinabdahBNsd goat | on of
living tissue, or high power (watts) can be used to minmc the function of

traditi onetempleme of thessrippseful in redusingfhe deseagation afivellazen hethpeER t s associ at ed

wi th non i ot a = G : Jjiiews of a generic
panel - st yﬁigt a g%%hg%if%%%?g%gfoﬁdggﬁ%ﬁf r@g&rﬁ/&%%ﬂljrdg\%\%gg%tcﬁm%l tichromatic

em tter fompekidonsmnaytaeyiconteraplited fopmse moirimp kethe presapbimvénticadwbiddance wi t h

t he present .invention. Figure sho | { er na epbodi ts of the

nount i ng g%%fﬁ?n\o&ge?ﬂ%?%ﬁlﬂ?z&g?w\@ﬁ?@r gu{tag’lepaé’ﬁ%o ng iBU¢  types of

medi cad tfopiRhlrtetbesifidd dpslicd fRths K@M 4cBerdineh Wit khedirsteiitg@naorahclade LED

emtter. 15 29 Decenber 2005 WO 03/001984 JCT1US02120706 The overl ap of
LEDs in tPRe 05q0rs 0l hiknER Lo Mitariin £, YitamineAsYitegun Ks Vilirin Fy Retiitfent, i.e., to

avoi d bl oaqéﬁneg),q%%ayasyfgg%ﬁ?, rﬁgﬂqroﬁuﬁi?noﬁé, R}iEM, algithih GRRrUenmALEGM DY " hot

spots" of " areas over tiple diverging beans (see Figure 17b).
To i npr ovantibiogihtanfantifiegaltan@ntidre, atbésaching agset, emelphadiyduoxy heidsn ket i cal

wavegui d such as t.nat shown i.n Figure 17c.. Th Lde j.s of the form
known i n%’ﬁﬁo’gﬁfﬁaﬁcﬁ? "’t"@p’i‘“&‘ﬁi‘lﬁay“@%’ﬁﬁ’%né’% db? segwgeél‘é@@%%% St%iér. Such a
devi ces pewimed derivitre] Asakibxidant, @fphifoentievyagnl adthytontteierdt eebdtdndcabprdgtucdf a i vi ng
patient for hi hlyiqoca i zed internal trea mantﬂ]%t&lrmr, i nhibition

T eat ment & BbaSERBTo0Ele R HRImOnS AN FRATES PR BSPRALY TERPFEH T usi ng

mul tiple @%ceﬁa%%&gﬂﬁ@%ﬁ&% A anDEAAB HibMekBSAGM, (PR ble@ER$ are possible,

as shown in Figs 18a-c. The nost preferred is that which produces 10 the
nost  even(iebpiingdenic oalciom, maghesitinpsic) minerads, Rloiaing a heigsropdestioanlating can vary

o e i B8 RS L B L SR R o o0 T

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




changes rel ated to photo-aging or chronol ogic aging, for the treatnent of
di seases including skin diseases, for the reduction of acne and rel ated

di sorders such as rosacea, 15 folliculitis, pseudofol|icéPiQecsmbgs#H8E or
proliferative or papul osquanous di sorders such as psoriasis, for treating
t he pancrweesmoiesdi abetes, for the stinmulation or reduckcwosoaborhai r growt h,
and for reduction of cellulite, warts, hyperhidrosis, veins, pignent

probl ens, tattoos, vitiligo, hypoplgnentatlon mel asma, scars, stretch

mar ks, f ubaoverlap elkARsis the dvay i dffect thme@mlesm of gkif treatmentar% fo

rrusculosk ne. ex Ie| onlt 1QL o3 L hritis), to
| mprove hgéé%lsﬁiﬁmo 35%”?’ Sm% atc a%?sef%yzﬁ%l’g%% gléela‘? ng and

lor to redfmerlspﬁmmmplmw&gingbmﬂmaﬁgmwwrfpcsmprm light Risatheon wi t hin
t he skin, |n vitr zat I on enhan enent er skinh cell lines |like

mel anocyt SRIteR Ay, ?W&B{?@ anam‘fﬁbwfeg@ esé'e%lasfﬁ%s wadefiguedyenthon may
interagt Waldsumen!dree f‘éﬂ@ﬁi«ﬂﬂﬁﬁ ﬁe%r@dnﬁﬁ?q?ﬁ&ly%ﬁﬂﬂeﬁbﬁm%phcﬂ@ib@#nCt i on of

the skin, the hair and the nails or any Vi n , tissue, organ both

human and @ﬂhwwwwtpﬂ@s@aﬁmonw&qwa@mt@%emwofmhmpmnhg wound
heal | “9’ %ﬂ)lg&h%ﬂtmteﬂﬁf tréahﬂgntt frELPB QfﬁBR&&auB t%r Efhfmgfl! abetic

ul cers, uries, e S or ers, periodont al

di sease amttnemmeﬁor d&mﬂl&emma&mgniﬂmpl@LEE&,rttwﬂe\vmwymﬁi:eamgiwbgeﬁ@ useful in
enhanci ng e effects of devi.c i ch rea Lnjury.or wound in the

o ocass R ABATlg 2 SR Fas Bt 54 Rt BT S AU LR R e o
woundiimg ﬂﬁﬁhﬁt $1€ Bpplidtion o Riakibg tosckié Méﬁﬁ@a@&d abd @dnSraryStdnep&ientrar ks and

ot her skin disorders.. Under such _ circunstances, it may be preferable to

use convelotnatient aedondiffsrentaffliciens heingiiealtdnent s in  conbination with the non
th | hot { 9 Decenb
er mal phot onpgl @%ﬁ%%gﬂ b sRInSSARL trAUER bF ?}H%lflégnﬁd el cenber

2005 WO 03/001984 PC present 1 nvention be used in

conj unct i erngdstrélated trphotoragingro shenelbgia sging) for thkereatubmbef dseases enzymatic or
cheni cal IJn .0f,. t he .0 sneceut i cal lications, with
or v ¢ houPErR S8 ity iR Bl SR op SRRIRET okl m BB, CT0L " o
t he st at fmﬂiwﬁﬁs;pmﬂdfamdulmwbbéwlﬂdﬁbﬂauwmba@ﬁﬁsw@hdua&sbmmersﬁm aan prove

benefici al for some treatnent, n one .enbodi ment of .the
i nvent i onpswms,gqr#gﬁ% ‘E)waé‘l?ﬂﬁlp P"essgiff mélle@PHn pisredyetipg, partial ly

removed t@-o%ﬂg atd Yol FeBRHIR BF cellhhe, WARLAHAHERERE Y, Dighldft probibRe, MOST
epithelia Iayer characterized by a structure, a f nctlon a thickness and
a per nealsttoast yitiigad hypopigsientation) infejdsmg,sears, Bimcshtmakcp@mgahnfe@ions,he stratum
cor neum one_of t.e Stri i ng,
£ hi nni n gcgn%nalg ﬁfeﬁtlogj%r L%fg 1at?‘ga’?PS°8fﬁgE%?%al ppo%lems (one ex%pl@% tendotii

20  or arthritis), to improve healing 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,
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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10 the structure, function, thickness and perneability of the stratum
corneum by at |east one of a nechanical, abrasive, photo acoustic,

abl ative, thermal, chemical, abrasive and enzymatic wherZ8iRpcembes?§ of
nodi fying at |east a portion of the stratum corneum conprises at |east one
of the stwpssmisssol vent stripping, tape stripping, scredidsigmeaser

abl ation, |aser vaporization, chem cal peeling, mcro dermabrasion, and

| aser treatnent 15 using a high peak power, short pul se duration |aser.

Bi ost i mul Rresenirinventiorinay albd by usedin canjancigs fwith aniero of susfaspelzesiamm of cel | ul ar

effects t [ Q) i i r.al i of devi ces
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phot oi Nhi darein@RmARCregiitieh OfCdnk ¥Abbdent S P8 HivemiAlths ki-ffim comblA kyBg t hat
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by the b
desired cefithapkiyis a@ﬁﬁmﬁﬂ%’(yma@ﬁéﬁmmﬂ By terafment pBie SEREMSOEETIHRe of certain
DA AT O e S llilol BBt PALAUTEL B ! EAIBRA | Bkl L or detal
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chl or ophyl I"1 n and ot her es such ‘as indocyani ne green dye, nethylene blue
dye, and empiiseant lahposofithesters kfisphrent srinpings tape kirippiog spibhing laget . Exogenous

chr onmopho are substances, whi gh orbh 1j E e g&@ﬁ ic radiation
in at | eaagﬁﬁ%éasﬁra\‘apgl\}vzagé]ﬁ&h%?mﬁ Se'lf%g’n"éjt osdeg‘ﬁécp rgséos é}%ﬁ\%\ﬁ) %ﬁt r eat ment
met hoth anginkd h2gh Joelc paviaes shaf phlsdMrdh 032984 PCT/ US02120706 system of the
present invention by app]ying themto_ an area of th c‘%@jn 0 treat ed.
Sel ection of Btlwgm@%gﬁrgi}éoeﬁbmamﬁ@aag Og@ﬁé&r"ﬂnﬁé’g i afﬁ%""?&ﬁ?}r option
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whvel ongritRish ARSI B e Al B0kl cpd SARR il MBI

20  photoinhibition when the biological activity is induced by light. The general term to

Fa

desctibe both photoinhibition and photoactivation 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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penetrate at |east the stratum comeum | ayer of the skin and permtting the
phot onodul ated of living tissue below the stratum corneum |In sone

i nstances, the photonodul ated tissue can be bel ow al | of2%[Preeapher RS a

| ayers of the skin. 10 Sone exanpl es of possible operating paraneters nmay
I ncl ude tweo owengdsengt hs of the el ectromagnetic radi at PorU0R20%6 ch t he
living tissue containing cells to be regenerated, stinulated, or

i nhi bited, the duration of pulses (pulse duraction) of the el ectronmagnetic

radi at i on systeseoftherpresentinvention by applying themae toaredelithpdin tgbp reaed. 5) so
referred. r it [ ' : S between
treat nent g&ggt?]onggﬁlggk{)%aﬁgw& Oggcg?is a&is‘@ﬁ %@%gf‘i‘g"i’%%’% s%tﬁ{ac%f?; and the
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ener gy s i gioBaSinkt o thelifRnfic]thaich@mhopBoreR@balt @rréatménoby brablinppattdastsue
(typically neasured in Joul es erf centipeter squared, . tts per centineter
I

squar ed, &eclominapher geniral ayglengthafithe naprewhandgpultichrmatqyagighiontp; |,
t enper at Ubg, o+ 3G fohdhelshQnABRlelif By Pt thositd fApRRMtingide) 2 | i ght source, if

used w th exogenous chronophore (which can be“topical, injected, driven in
wi t h ul t r pbgamadulatet ofdivingdissus)below thesteatum pasdeusy Inlsemestancss.d¥e t he treat nment

and is furgher illustrated,i h -- Each target cell
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certain el ectromagnetic or |ight apsorpti.on peaks or i ma_Fiqure 3, for
exanpl e, & tr?‘ﬁ@gn%‘_é’c‘?ﬁﬁfl?lbfﬁq&b@ég‘? ﬁﬂﬁ%ﬁssa?]@ﬂgﬁuﬁlég 8@}13 R %%%I ast
cells in sﬁ@ﬂgie@yo?ﬁnlﬁl?i&&%ﬁe @#&ﬁoﬂrogpul%s;(ﬁtﬁ&@ﬂ&acﬁ@ﬁ)|ofﬁie"é§b§tr&ﬁ3gn%ﬁte same cel |

-- for exanple fibroblasts rom3 different patients) exhibit sone

di f f er encesfiationttheiymbeb ofybes,dhe dwasion betwapripulseaclvociggediy apgpeEionband
mul tichromatic liaght.(rather ) t | [ I useful in
pr oduci ng%t%?l%r lggﬁm%gﬁﬁ&ﬁ%lnﬁgﬁﬁgg?tgg%%% en tcﬁlgg‘léésggﬁaghg?@’s% Séel | ul ar
conponegnt svesitsemonths, acki;ahé thewdtalmumheralfenegitiests dxdetepmined by thg resporstief absor pti on

eaks or nmxi mm,. ener Ils . transferred fromthe |ight ot on _and absor bed
Ey the tafffapdivig Pﬁté‘?%%l'i kﬁqﬂéﬁn treplme TegIMEPS UgER @Ebﬂlgg?’égthnéq{g %%t er ni ne

the cel | ukggel&fdhiRClier skRRtBONP beXistgteftde rhdydeesdB ASvdletheriesy 2005 WO
03/ 001984 PCT/ US02120706 conbi nati ons_ of gﬁar aneters has pr_o%ﬁed much
ST

conf usi onintensithef the rediation as megwpd alithe livingdssugvpited i reasssddn I @lsahhl y
correl ate tég%ﬁpeﬁo%% )P%Pcéﬁ%'e%iu%‘ﬁ%ﬁcg)ﬁ hRPESF theidel, REue tlige! | Ul ar

conmponent Of 11 SSteE, Or €exo0genous e. "I'n some cases it my be
20 the skin temperature, and time from application to treatment with a light source, if used
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



desirable to target nore than one maxinma - either sinmultaneously or
sequentially on the 5 sane or different treatnent dates. The presence of
mul ti ple maxi ma action spectra are conmon for a given cé9Dasembghbd¥®S ul ar
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skin and,.may -al.so. be. . different, f ' o
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It is | mpgiddeRl td B PEARWHAE nRhiohREY 8&itef. LEDSAREIld ddt tofodd@dniuiy (€. g.
capsul e of pancreas; or for reaching sone nerve tissue, mght need to pass
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20 potentially be beneficial for creating certain desirable multi photon interactions. In

contrast, most commercial lasers 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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Energy Density -- The energy density corresponds to the anount of energy
delivered during irradiation and is also referred to as energy intensity
and light intensity. The optimal 'dose' is affected by pdllesemieadldsn and
wavel ength - thus, these are interrelated and pul se duration is very

| npor t antwe os/eviggener al hi gh energy produces 5 inhi bitimti/esed2d7asner ener gy
produces stimulation. Pulse duration -- The exposure tine for the
irradiation is very critical and varies wth the desired effect and the

target cell, slnsesDasisy -- dbeprergyrdensitieonesnonsds to hp auawpRbensrsyi ssue or
organ. (e. g.: L O ' s 1Y &&E i J10E. n _
fi brobl astggh,vg];t g{l]ﬁ]éf#lgrea dé?‘igﬁscéll%ggfg}rr&nay %r%%gggei%tfg u e%&sl%}%?:“ées%%ﬁ y). 10
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Gi 11 or ont Heligad Pt e 36 v o LT oLER PISUEPER  modes.
Gener ab | yinhibitonRul SRtk oRes rédusbsatiafulaggn.f or certain treatment regi men and
the CWnode for others. Frequency (if pulsed) -- e.g. higher frequency

sed) -- e.g. hi
tends to be irﬁﬂqﬁidp@ﬂynwﬁhpéxn%%ﬂlmefgthwq@éﬁlﬂwsF@ﬁ&%ﬂiaga%‘é{ag?ﬁ mul at ory,
but excepwﬂ%d@eéaggfg%n%@g%&wi Subcelldifl SrdpndalExcfbige | 1ot out put

repetition cycle wh rradiation is epeated at periodic
i nt er val s¢hremephoredissuerazdrgan.(hie i micesedohds th i Denipmaydegtbdiye fort i me bet ween

pul ses when t treat pent, session conpri,ses [l fy pul ses). As an
exanpl e, ”ﬁ%?%@&@@ﬁ%%%&‘?%ﬁ%ﬂﬁ% “’.‘%%E%“%gﬁs‘ﬁ?{)abl e components 20
su;:h. ais coujammﬁtﬁ@h_ We(ow) hfsrghmcﬁnb.%mpﬁmwl l_ﬁﬂstemmmisaﬁ‘emcsl?y may

mul t1ply. ring this increased cellular actiyvity the utili,ze

i ncr eas edthstrarRstes  Tp g5Remle ?m@rﬁv&mmﬁaéﬁe{%@ﬁ%ﬁ@ BFshei r
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collagen , 1tonic calciuma nesi ummay be vital) "as well as such
t hi ngs astreptoent hegiraen apddhe @Wanodeiferptherr eased anounts of such substances

may be needed t | eve t 2820 d] i : %%FA ' such as
col | agen, el as%?%le'gcﬁzﬁqgrﬁ I Q%@%&%ue%&g%#g{osqu@glﬁ%g fé)ﬁr%?/\,hen

f i br ob$ asfrsquas teids tabedtiathlatdkpbuo gaasions mapddcans w th di fferent substrates
and cofactors exist for alnmpst every living cell t . Jt.is anticipated
that in order ¥8YPElgt _l?r}g'iﬁ%‘?eeh hey qucb'ﬂ\ég‘g‘ﬁ@h%tion of cells,
subeel | ul ﬁfadf;&%ﬁ)@ﬁ’?aﬁtédattﬁeﬁ%@ﬁltervzﬂ’i gl Feferfell kd RHES as &Eﬂﬂ@ﬁhs’ﬁﬁe&gx autografts
in either animals 30 or plants, that such "raw material s" or cofactors may

be needed(tiaes bstiynsh pwlssstveien thy traaeenhiessionropiprisesd spESSERUSIShvent i on i n or der
t hi th fd | ' : ticall
0 achieve theyBiealest, REE ulbldRBIHE r%g&}\;;%ﬁ biisirdBleBmpGRARL | cal 1y

altered cells or su I “conmponen ave specl er ent

r equi cenesich aneollagen vieh photostinnatedai The delisdbemeseltedlasmay multiplyr Dyriogt hs as

\;VF ls lo ?: su & iﬁqsrea%gt{ gefl%ﬁa? ac?%it? re;[r %1'3.? u eell?cre%];edea%/oluﬁt% r(]) rar.]v% gmlategglrsr%g SR
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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20 29 Decenber 2005 WO 03/001984 PCT/ US02/ 20705 enzymatic stinulation or

I nhi bition; exanples of which nmay include the matrix netall oprotei nases
(MWs) and their inhibitors (MPs). In the case of increadPigcgmber 2005
stinmulating fibroblast activity to produce proteins such as coll agen,

el astin, WwoOesomasyd other rel ated substances the inhibip¢gwosoatorenzymes whi ch
degrade or destroy these 5 proteins after they are produced is very useful
in increasing the "net accunulation' of these substances. Thus agents

whi ch bl oetzymatid stimiubition phiabibition ergmplied of iddch et intludsthagemixs i n t he t opi cal

enhanci ng_skin_f.or | f, bn.the n eyt cal -n are_ingested
oral ly. ggtﬁié%’“t" 'émé%@%@@“gﬁeg&%b‘mg’f trﬁe%%gaﬁ?f)éme Keivs t% £d above
nor mal basiilatinglfibudlast dctivitynepybdatd piatting fwh whesliagat, ElastinaGAGY afd br obl ast

activity is desirahQle (fqr ex le. MMPs are_ | p elevated in sundamaged skin
and in_th‘étigrlé'gl_ﬁte@\s“ Wﬁ%éﬁ?)“%lﬁ@n&?qusé’f@@ffm%@ eSIQY\FR%Se nor e i mpor t ant
t 0 achk evgofas il thé&yes s bloduded Refy U3ERPI 3sdeading Mé ‘Adtia8timulien’s®Me appl i es
to photoinhibition where substances which block, retard, interrupt or

ot her wi sethesgisubstances. This 4gepts avhish blogk pr/inbibit theseMMB¥il beasaf agpgontshe usef ul .
VWi | e not. w shi. . ' r Lt ieved t hat
the 15 nyd BhRe chlhobtis SO bt CholP Ll F Blea BB iy wb natitedtBith (0, 12
conpl exesSined the activfip bf svick MM\PH ie freduartlyceltvatsd abowe reyadl daselidd leveliis Wi t hi n t he

subcel I ul ar _components cal | ed I tochondria (the 'ener | ants' of
the 11 br oBFRCTRRE dbestmgmeReeprL ey f doyBin ER RO sl ng
systempi Selaafed ih RdehgRa BKif BRd B YIS R of Rkibk6)dhd inRiBRIoh Wf thBR is Ay OoCchr one
system may have a role as well. 20 Wen irradiated, these produce a

cel | ul ar WesimRetankigdehiatesgapalresylis Bom Sbwblasiowigmlatian.(he same pliehdr i a
respirat %ﬁ)hsda iﬁo\ﬁﬁa{aé NbsthddbEhaGH 8188, W 1hBSuA POt awaAE 18858 Y |
del i vered Dy these photons to these eleétrons occurs, conplex Interactions
may r esul with th€lagbdtyiofituatesiciblecaells widhbeiusefllide an al terati on of the "energy
charge" of th ytochondria, ., Oxidativ h hotyl ati be stinmul ated
to go faster o eomg&sg'ﬂ;@ tohe léougﬁh%%?gﬁf‘ﬁaxg@%% 1%%6?%{39%@%%‘&9 bl e

mechans sninf@tioh Rinstiord @?ﬁﬂ&%ﬂn@%ﬁ EheRRIClY aBitiphf Rftab catislage withintwiat

conf ormatj onal, shape, of the nenbrane - which %be related to ionic

cal ci um qugggledél&cd%thoﬁ@ SHeterd WAICh 1sighin the subselwarAopipppept es in the
menbr ane. kS nd | 3 erd 1idPR%ERs) ARGt Producti on
per unit zg%&éa%d&lf(%i&é&%raﬁgéﬂdﬂnﬁ?% e ??%?‘Z&lndé% ilncr.t_aasg isr anal ogous to
getting "plontethaicorespaeinggustbrois abdfo foxgtpehtonzesystem, bag adddidonelly #hal at i ng cel |
activity nd0 iPIr(l)cr eas en(::li en:ﬁr‘%y rglrodu ﬁi on by these cells This

“hypersti ST B SR AT gﬁ@?vy' production and activity may be
transpent and Wheéndrradiated, these produce a cellular response moderated by flow of electrons

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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dependent on the supply and proper ratio and bioavailability of all of the
appropriate cofactors for a given cell type as described el sewhere in this
application. Thus “too nmuch' stinulation or “too |ong &2 Dacgmberdqos
repetition of stinmulation' as well as the 21 29 Decenber 2005 WO 03/001984
PCT/ USO2/v20dfHasmcor rect paraneters of stinul ati on mayrdrausozrsiéecti ve or

| ess effective or cease as sonething el se becones the [imting factor for
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Such  agendontrbiied tb Bérhd\Sk@ent byPuisipxBffR R cneriie AH diferedtbedn hattené, aci ds, pyruvate
and its related conpounds, antioxidants, glutatione, 10 trace elenents in

various for s, haavealheplth and muvnitiaeiod edlsgpaylgg ofieeltherespanimio freatnpd art t hat

are used 4 | ' ' Q:?Fiﬁ?éﬁ—% t hways in
l'iving celHag(,%?dea%l%g. ﬁﬁhaﬁﬁgfeg@ggﬁg%ﬂogf ?B%@P%gﬂ%gﬁ? ealt tﬁ)?r??%%egg chem cal s
and pol | unyosnhantie oeeisize Wwmegissiced dffedts. cSuchegunts thayrincideefis exengligh as x-ray
exposure,_.di et an utrition,  hormonal, status chranol ogj ¢ .age, factors
like tel oﬂ%ﬂg‘ﬁ %’ee 3ads Ryuyafrand s 5&“ c%:pofl'gdsp%?ggpg‘fnés’ g&’?a&g?eér nine sone
of bt hese tce ;ellaelﬁltaxhtmgx x‘raﬁpﬁs'hfaﬁm@nh d laillslt other o@fhctofba:dr sﬂﬁﬁ&tﬁﬂhiog@&l thelattshat Such
substances will vary with t cell target an et her bioactivation or
bi oi nhi bi % B4 P&“‘@Hléf %Pé‘sq“?tj@aﬁ@%l?l@che@%l cyegéowvg&av%m lpgne sl Mt whi ch

i nhibits @ﬂheﬁﬁdu@%lfﬁk%& ceﬁ%a[ltfh?ﬁél’ﬂ&ehcﬂeﬂli&ﬁr&hbw&ldn%ﬂ, didehdds ldRGs RAES ENt

invention may be nmuch nore effective than using just the invention alone.
One such teegtpggtsdor discaes isuchgp swpshexpasvirs diet and nugritenderaenal satup.ve of t he

chaparr al ]BiB ). |.f4 ful f sel ective biostinulation can
be seen i |%gcggg?%@g%%@%mﬁ*@%%%%%a@#giea‘xarrpl e of scanning electron
m cr ogcopi ¢ i (rigesssible tbideeniihashg of theschif testing ibtisshacudditesn the r adi ati on with

one enbodi nent, of th resent inyention. In the illustrated case, the range
of ener giBBIORHe SL%‘Q’(?“%WBSWXRW‘W@H%H geget sud Atelhar WPRcHVa98 41| ot her

par ammet erc bidiatstiotSis itk déGted QoaID@EOuddBr b dgidal ke withi inibfty bQskRlfdkal changes
are seen without destruction, in an adjacent area which was sjnultaneously
i rradi at ddir gigvth incomingbtion wifhethe prssant ipventiop may ba selamordsdieptiie thigist r uct i on of

the cell SusPs Gkt i GivedtMnalone. One such example for hair growth inhibitionis a
20 derivative of the chaparral plant).

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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spectrum of producing both non thermal stimulation and thermal destruction
of cells with different energy of irradiation may be seen in a single | ow
power image of these 30 fibroblasts where at one end of “AdaspBRer3WMbng
altered fibroblasts are visible, while at the other end thermally
destroyedvansioamsad cells are visible. Mich of the knowcmwsoewospeci fically
desi gned and perfected over decades of research to thermally damage or

kill (rather than bioactivate or bioinhibit) these cells. This thernal
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i nvent i onTHEEORGe dealr Iy Rheclls AYHSWS s be killed or thermally injured.

This is a basﬁiea&ﬁk&ﬁdn%moﬁmﬂ?ﬁ&m&ﬂ%ﬁ PRt RhcsRRbn iR ldnedwaRthet he pri or
g

art where heatin Iving 15 tissue above the threshold for thermal injury

was requi present mvention does noheeayiessthatrany cdls bekilled o¢ fapranslly infged. oFhisds i bl e,

infrared and ultraviol et vel . t ' - U3 | . For

exanpl e, %g?ccﬁ% thonfblehec%\lﬁ%ﬁess I\%gélvgﬁténg ;Iﬁ%lp%{a% ?@%ﬁ’ﬁgga“ggﬁ?ﬁg foll ow ng
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illustrate exa‘?rﬁ'll@s‘"%e(}fé’w e=bqf\_'5'1‘e<§liai“83‘?l _ °ﬁ*ﬁ?ﬁ‘w magBPtﬁ%tf“éX@Foni c

devi ces MpyRerGQRRAGHCRr hlinAibrSitastiehvilingdlRy 1A ethnde@f RPN Ging

mul tichromatic, narrowband emtter of electromagnetic radiation, suitable

for use ueldingi twgnotdinkitad de;t458 miny 23 20ty $95 0, 68T 0ua, 708RBoR0REAt s of t he
resent i f Q. Di to allow current to flowin only one
i R b B Aot Y

di rection, The
20 Figures 13A and B illustrate examples of bow a plurality of individual

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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25 di rectional current flow s il Iustrated by arrows in Figure 13A Fi gure
13B is a schematic diagramillustrating an exanple of conbined serial and
parallel wiring. An exanple of series wiring is seen i nZ2ofecemnaeddGdons
fromleft to right across the row. An exanple of parallel wiring is seen
bet ween twe os/emposand bottom rows. The done shaped area pepu®seiTic the
transparent housing of the LED. The done nay be constructed froman 30
epoxy material. Figure 14 illustrates an exarrigl e of a method of spacing the
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hundreds o |'aser di ode he power supply and controls may be
connect edTh@pQerstﬂmm'@whwbﬂ qopsectedito thayletiee thinueh wirkshpxymesee devi ce. 15
Fi gure 16 lL{SE]brceaﬁf es_an exanple of a parabolic light for providing

i1 um nat| $®in a surgical operating room The light may be small,
l'i ght wei ght  anFigaei 6 ileates & deuapie bﬂu\patsiiohaughtcforﬁrmmmgﬂlmapamel s. Many

ot her configurations not shown are i ncl udi | npl ant abl e
devi ces i FISBABER SURSicAl BPBHIE AP, rrrgllleel}gh%’%)l’o “b??]rg%h t{ Ylustrate an
exanpl e Ofydfe ﬁeﬂ'wwqrumge'oﬁ@oﬂn@o&%ﬁag au%Qs mmmare nvention

and t he angl e of divergence of an emtted eam L tend to emt |ight

t hr ough aalsepaestibledigiuding mmlsawab@l devicatiinbedded #xappopraik atdslseni t ted | i ght
fror e Figures 17A - C illustrate an example of an individual LED in accordance with the

\JU-

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
emitted 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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directional than light emtted by a typical incandescent |ight bulb, from
which light is emtted in alnmst all directions. Figure 18A - 18C

illustrate three different exanples or patterns of |ight 28eqcgnbes2efnsity
on the field of illumnation. The irradiation illustrated in Figure 18B is
rel ati velwo osroiidsar m and honogeneous. The irradiation ibdussadred i n Figure
18C is relatively uneven and non honbgeneous. The energy density patterns

may vary depending on the pattern of LEDs, the packing density of the
LEDs, t heopficskfthee eTherapfical A rLapgablaﬁumahmmﬂgwp@mwlmh@tgevﬁl@gﬂr t he LEDs.
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that connects the donme portion of the LED to an 24 29 Decenber 2005 WO
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substances as well.”10"Figure 20 i1llustrates an exanple of how the out put
of sever al7ci lﬂmﬁed%laﬁbxamebﬂﬁgem @@Qm‘d&g@fm\hé@éLﬁ%s eyél of, Mhiiiiét eappleft o a

single begm, Heheah 34 GRARTRAL AUV uRG ERBARESPlbRUL O eat er

t han t hat nple pané e5| re | gure ustrates an
exanph® o‘diunﬂlmsafheﬁﬂﬁaagq&hbafdnthmdombmhﬂb&hataam@eplﬁrgdﬁbﬂnms coupled to

an optical fjber. The o fibers. f mthe dj ar e assenbl ed
"t ot bapmdls Brmpaeso LR Enege ot iR IR HeCo ©hat o
single, |g5aehay bd@upRl toPvarib h@alqgmgslﬁleﬁggsseveral fibers transmts the
light fromall ‘the i nd| vidual LEDs. The fibers may be coupled to various

optical devi cdB seme instarass thy wavegild maysheariobaw wariesuids e showndn Figirhe a hol | ow
vwavegui de; Asp3Roya, Wﬁv&fﬁuﬁg bfovides an effective mechanism for collecting the output of

20  many individual 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



34. The hol | ow wavegui de provi des an effective nmechanismfor collecting the
out put of 20 many individual LEDs w thout requiring cou lil:f% t% egq%g LED.
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of a basic schematic for a sinple device. The |ight source receives power
fromthe power source. The power .source_i.s regulated 5 dulated to
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angl e of e”’optoel ectronic devices thenselves. Figure 22A illustrates an
exanpl e of a [Fifirephilkistedddsian @xdohple o1 AadbkszptionGhecha Biichad tapdhihassl |y fl at

surface eaq. Figures 22B and 22C . jllustrate_exanpl es of 25 29 Decenber
2005 WD 0 M%}Wﬂ?%@%? eriidistrated expomle s splar iodheabsaplon en surf ace

area. Thi ge6@iin 8f il FbAERI T RtHude BRUONineORkdnfR], cdi RStBccRhilaVaY egui des
or lenses as described in earlier figures. Figure 23 illustrates an exanple
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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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absorption and indicate that something within the living tissue is
absorbing light energy at this wavel ength. For exanple green plants absorb
sunlight in their green chlorophyll, but if one extract %gj?ﬁfe&t’ﬁhé%s
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radiation 1s ope ae 0 avela orem Arm ze ther nal I npury. e way of
det er M ni ¥y epdnaildy enefideavenaticx matohive substamwe may be aplied toba sitin surfage, iohe

i nt rader na Ki n rat yre the target., ti ssu uring treatpent and

i a1 TP RO Bipanttis: Bligmpt Piiob i e Sroh AP ERHEE "ol ow ¢ e
tissue t OrensGadEftbm i gkih SHEREADHE BevdtekEulToOleRbing @ Patidh oZiME kidull

vapori zation occurs. 10 Figures 27A-F i]lustrates exanpl es of  devices

posi t i onetpracymand permitins inpreveddisht pangiratign inse thedgwes fayrm af bigrkinfeat nent s.
Fi gures %@Bwﬁ??%"nﬂ&ézféﬁﬂhﬁad’&y?hés?@éviée?fcygi[cﬂi‘hgﬁgve B arr ﬁ&g?-}ig%dt achi evi ng

stinmulatory effects. variety of opti events occur as
20  projections (which can be in the form of tiny knives or needles) that can simply remove

the topmost epithelial layer or remove the layer of skin and simultaneously deliver a
topical composition such as an exogenous chromophore, cosmaceutical, or suitable
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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Intersects the skin surface (or any surface) . Light energy may be
reflected or scattered and thus nay not reach its intended. target, Various
nmet hods exi st to reduce such | osses. 15 For exanple, a r & &' 1 X

mat chi ng substance may be applied to the skin surface, or imrediately

bel ow t heWowshEesd. Alternatively, a portion of the strRCTHCRIEUM may be
renmoved fromthe skin surface. One device useful for renoving a portion of

the stratu cqorneym and permtting. i nprqoved |ight penetration_ into the

| over | ay &F enoi aige ey q%gossebﬁﬁﬁﬁﬁ _@d&r%swge}aeg _ﬁ%@?t.hlsim‘@g‘@oraevi ces
typi cal 'y giakginiit S geivddiial BsChORh&bia AinARad B RiCkid RO%sWla6d can be in the
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epi t hel i alstupuligisd tohecomerbeaithiener tp zagenerats org baregioed HyrhBD therapiues! y del i ver a
topi cal cepg 'Edl&ﬂessdﬁ 13Se Jeuﬁxogenous chronmophore, cosnmaceutical, or
suitable refractive index nafchi ng substance. Another m crodernabrasion
met hod 5i nvol veBigtfee27AIsE alsb illusitatoexamiples df pdssiblei"inhibjtenyl efftoss Fifure/Ar i ous
materi al s_such as various salts, .25 al umd num oxide, dianpnd.particles, etc
ol tver cd I R SR oLy n bindpoBurith Suspracts{ SR EHEBE L o' pacs,
various napbider t6dlis BRWNAE fespdidGo ulttaviflet IR Hefidy)e Andthef iplicatiBARMONY St rat um
corneum such as previously recited. Nunerous veterinary applications are

possi bl e [AA&Y ordnhibit heinae ope gy in spmbipghen it iepiea) pefivepews whid 3%vention i s
the use at,aboiitnd gﬁ?% . n | t her apy
various topi cal tf%tcgglgﬁtfgase g{%ddﬁﬁg/h% cifica ngdg%%%r?ggca%ﬁ%%%ﬁbi tion or
sti muliat i onrksioadseqedsibly (dither th EHibshit Sardbrnzdien peventagivelylve tocredueb sqaed by i n
vitro test. erein the target |]ls .for the. LED.treatnment are cultured
0 o S RS s e Rhe b oduimbld RS AR ERFRA 8 of such
active agenit®tchmeiits).00né pariclidlyiapor@it Mplibation & thaselof CBDaieghtikD | i ght
source(s) are determned. The final drawng il]lustrates an exanple 27 29

Decenber S Hih masgenopesromephpredy dunigish o glapd ackiviy erdo vedifet y of
possi bl e gept Sken%%%%:e %%Q&l’% agﬁl@éﬂcﬁﬁﬁﬂg%% @ Carkilll veniclR\oE R laBfdier t heE

treatnent of periodontal disease erel amaged or lost gumtissues could
be stlf nubfabeut & micpws Gwhiclnssddctiily or mon randombycpsaenmialetes inroiliglenids) whicht or ed by

LED t hera r. «hact.eri a | oni es |.d be re d. | gures .27A - F al so
T ust r ¢ B e PRE b Sl mG R iR Gl GRYEE By altnhlti£5r:
i |1 ustr at esotlen eakadipbst (©fnjuie pdapiags b desteyshasieglasdibils iddpr@psy dcasam] (a
proliferatjve ski .di sorder that is kno to respond fo ultraviolet |ight
therapy).(";li?fd’tl @WCfee%zpﬁmqﬂg@iwm- aﬂé}%rapquw%mvo &5 a5t h (al one or
i N conbi Nadti@mly Ydoldting PBiphHin Emiodsis fnPRiof hidh £GrotbfFptih 1Ry inf aci l i tate
del ayi ng or reducing hair %rowt h). The treatnent of scars or stretch

20  priopionibacterimm acnes wherein the acne bacteria itself is the target chromophore and

its destruction or alteration 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 illumination 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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10 marks is al so possible (either to inhibit scar formation preventatively .
or to reduce scar tissue that has already forned..... or possibly to
stinulate the filling in of depressed scars or stretch, 3%«4?%‘@‘?13903@05
particularly inportant application is the use of LED light in conjunction
W th an ewoganwess chr onophore to dimnish oil gland aceCwisop2omet o reduce
acne. Seen in this figure is an active agent encapsulated in a carrier
vehicle of a_ diameter 15 of about 5 mi crons (which selectively or non

randoni y &Bticleand ficatmentiinkibition peptiauss vl thedisgase pastion. ofthq npdisigmeyedne LED
light (arr . ' j habikhi ol .ﬁyd.” ra i anot her
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and ot hedisotiders ghchrad pstitizeis elewe) and dradnawgittodhlioroptyilior copet dhtorophyliiodi ment

i nvol ves targetin at ur al ocecurring porphyrin ¢€o unds (one exanpl e of
which is 8?‘5‘?‘%%’?‘%@ eﬁnﬁ%a!l?{rnsyg e'b°r4688?tg"ﬁf %a%l@g?ﬁ%?ﬁgggnes wherei n the acne
bacterka it sel Figins 28 litustrategdtexetiple MO sibadifilar cépoiess in@ina andr

alteration or [nactjvation reduces acne. aring | oss and .qt her  ear
di sor der s PlaRtRellERRbE tBieetero Cyiopme s Riviee AT gL SUbRARCESSY gﬁﬁ%ﬂ by the

i nventi oncglaf\éheRical Eb%ﬁ%ﬁhb&ﬁﬁ@l&%div%el\éﬁéﬁ SR, ITisQignbareiegit sxal |y

adm ni stered chronophores or non chronophore substances which enhance the
desi r abl ethsfranet pargnetert ean produee chongesithat femergizp® oxdp eusirgiesitihe he LED or ot her
i ght sourgce A gﬁ@ ' via fd ' r | r ot her
met hods i%ﬁﬁpﬁﬁe&g&]}% aan g%u %ﬁ%‘s‘?@ﬁ%ﬁ@%ﬁ%@%@%ﬁ%ﬁ ﬂbe\(la\%é‘g rlr%&ﬁs?g devi ce.
Fi gur a0 27theicklls Shng ies simpligicangnhe iadreasing the poaver alow yhet "faetorffeell) tmer ve

fibers where nerve.injuries.need to be stimlated, regenerated, or heal ed.
Nai | i 5PN THEY A ok O e an FRORFRE e POV ORI EIICHRE en
unresponsi ve tpg shifhstated HdEIbRRMREYRoduat" |i@€olﬂa%b§1, REAghd gbisubdtaricdae agent.
The use of LED light to inhibit or destroy the growh of the fungus so

that the Hasalscpossible dav'signel” anshift'He themreducden pughias ope wryld pake gmme | s

i1 lustrat LROL i ' fi.Cl : limnate the
di seased ﬁ%ﬂ?&?nfth? &gggg?lg%p %Ro¢éﬁﬁ%gg$%g]€§&dg§gl o&fé&gﬁ%ﬁwﬁat t he nail

gr ows 1o ut assamblgling rasprodeidgtingprsdugt. dinis also\passitde tolshifiaBe @flo BEthenber 2005 WO
03/ 001984 PCT/ US02/{ 20706 cyticle and treatnent/inhihition,continues until

Che i seaSb e o greel potiess 5 86 Faskiot B Broblasitel S et S genous

chr onophoegiRg&pAIS@ullite $tillilaa dnd REs dflbBaghk 8L MBHIL isRER sthadAypedi sor der s

such as psoriasis above) and for acne with chlorophyl| or copper
chl or ophyHT isgroredesialie fos prenthid Fin thastype heinagtype 1a7 “stfferi thae typedidk i vat i ves or

anal ogs t her e%onﬁnﬁfmg'g%%ﬁﬂ%@gﬂ{el“fa waLER aggn%kﬁyw"r%%rﬁﬁbcel | ul ar

conponents in anim nt cell’s may ed. Cytochrone and
phyt oehr owemamficmcdittmodies Thius,atidioptopicalagents as described previously can be a

significant factor in optimizing this process. When the "factory” is stimulated more raw

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.
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certain chem cal bonds that absorb selected wavel engths of light. This
| ight energy if of the proper parameters can produce changes t hat
"energi ze" O "de energize" the m tochondrl al activity i ®otPreembentg

cells..... the mtochondria being the "power plants” of 10 the cells. Thus,
I n a sinpwoss/omesganner increasing the power allows theeCfraseerge (cell) to
produce nore of what it manufactures...... and reduci ng the power inhibits
production. In the illustrated fibroblast the "product” is coll agen,

el astin and grApefderéndegyaendd efemhzglga)ll@tslmg@ﬁlﬁméset@d@n@n@pgoa 'shift" in
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manuf act Uggedis &Eﬁfb‘ﬂﬁ&b hél@sni @RiueR the f’ﬁ?glil%h?ﬁﬁgl%oﬂiﬁfegt

preV| ously can be a |cant act In-optimz I's process. \Wen
the "fact m’h;chca:sal&prmlncawurdm&emwlveffe;mtmqrdmgtcethepwwd@chfthohen it is
desirabl e to sl.0 bi{ wi thholding certain raw nmaterials and
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[ €S0Ur CeShipinhiliibn). UBile ﬂzﬁéﬁ%te%m;sl@mfvew thé #&fifer beveid (BRABHHcid or mul at ed

to work better for certain plant types - sone wth trace el errents or ot her
speci al suisy, apidedegtinsds (e m@h@d@ngwhwghmwahaymb@%@wd to some

that 15 antrgopige ”gﬂﬁ%%"ﬁﬁwﬁ%"&ﬂh%ﬁa@fé’effxmﬁéeto?&%%%h%%a@%f which
attacks neuﬁwanftaﬂlm@rmhE@gmpur@isasfpraducﬁg@&nporaymreﬁmhoaei- ection of the
Pemet 1 at eBEHBSTE By eGER. A0 s Gy AR of B HG PGP
penetrate n |
product i Vifr¥mephord¥8 desttoddk1Sslas mfhnea&ﬁ‘e ﬁﬁaﬁ%{s% fnichhizRko i Wlibitbnbf W th the

cof actors and enhanci ng subst ances used in conjunction with this
i nvent i onoil gendertimdy demensiratebe g loaEetipawtivarne bastezia 20 PoEeISt her anal ogy

woul d be extra
light to E}ﬁsﬁﬁxﬂ%’ﬂo fig cﬂﬁ%ﬁ%hﬂm@g %ﬂgﬁﬁt‘ﬁ% %ﬂgﬁlggﬁé 61]1@ “hat is not
necessaryetcand also if it becomes too hot growth will be damaged ... sort
of Iike pruni rﬂglﬁ'!i 3 }]lsusfrétés an example of the use of a liquid crystal interface as a

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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wound them and they regenerate..... but if it gets too hot everything dies).
This illustrates 5 an exanple of the critical differences between current
and prior art which heats cells such as fibroblasts (as 3f8Pgcegwer 2005
surrounding tissues that are not even the target) wherein this invention
does not woteshotsa t her mal nechani sm (t hough there i s arti/gsnzponer

enbodi nent which can al so produce controlled thermal effects according to

the principles of the ‘theory of selective photaothernolysis). 10 Figure 29
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topically between the L@ﬁ&@ﬁﬁ%&rﬁgﬁpﬁ%%ﬁﬁft he refractive index of
the surfaces (BB shotd 8atdmaldSl.yeRMalkd GpbiidacRaR@inkRE dink liges, b6¥h. The LCD

is connected to a nonitoring device (not shown) which neasures the percent
absor pt i opigmettisplotahes famerpillaeies, sxgaing skindes skip elaelfciiy: ote- e tedi@ht into the

LED i J . i . _
(or w g\re%eﬂﬁh sitag%mrsr%%@l%ﬁ?esanﬁgﬁeﬁgdef’vﬁg t?éaﬁﬁénﬁ@l?&@é@g’%% Egr anet er s)

It is al sopossible ure tenperature-on elt LCD whi ch
may bes usadnidblative mettiofl fof the presarit inveRdnt dMeasupabsnisarstabandiromihencheskbe used in

a feedback | gop to, adjust .t erature.or. cooli devi c as the one
shown in E’B%Vglgﬁl,’-‘e%t“ arlgagl%g%co B@é’ﬁé’?’)}“ﬁif‘ﬁ&%@&“ﬂ@?ﬁﬁ"ﬁt undesi r ed
ther mal i Rbdihdnt SMBldeRSubfdstiny e BBaeared ofthd Sutieitt s Min b QUIDLigBt Hofing aF

illustrate exanpl es of electron m croscopic photographicg i ma%gs of
fi br obl asPalsq width gf259 mseganda pulse speciag phirOapsen 105,98 Dalssro Jiisht HPEMELM he present

I nventi ong3012 e 0866 HeChiird 342 Wi 598 1 QduitBéhromatic LED at an intensity ranging

20  from 1.05 - 2.05 pWatts. Having a bandwidth of +/- 5-15nm, the LED therefore produces
light in the wavelength range of from 575nm to 605nm. Further, the treatment maintains

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.

31



PCTI US02/ 20706 using very low |l evels of light energy produced by a 595nm

yellow LED emtting in the mllicandela or mcrowatt range. Figure 31A and
the left half of Figure 31B show living but altered cel % .Degsmbel 4835 si de
of Figure 31B illustrates an exanple of dead or dying cells (the latter

wer e exposedseosstuch hi gher energy | evels than the forpeEyso2dliese cells 5
are seen again in Figure 31 C with cytoskel etal changes reflecting

alteration of the cells byt not destruction, Figure 3 ID.i I | ustrates an
“exanpl e of seviik BIS aaridpmales s tsted o grductionaf whpes. ffhfa t

magni f i Ca{n'cl%ﬂes%b;% tg%ét%g@t%é&‘b‘ftﬂeg&ﬁéﬁ?s?ﬁhk&amb 1ight 13 ¢ The invention
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tested for inprovenent in_skin_ elastici té_pbefore and after. receiving

t r eat ment theysfose prodepss Heght iy félﬁWﬁYréengél ARG o4 BpE 5 79Rem %@%a@ Srrthdidhpr esent

i nventi ong, SRR tdd 2i NQ

subj ective %{\sa u"eril I onsésb]%{] uc bf&f“?’r%% negﬁ(ﬂg?il cglﬁl on'1r11ﬂel . The LED
treat nenta\{embmdam@ubmtbiqwrgﬂdds@ shawgatTaiulee’h of the patl ent's skinto a
LED light having a pulse width of \;é?’? iznsec and a pul se spacing of 250 nsec
for 90 pulses. Eight treatnents “2 weeks to the entire face with 590
nm nmul tichromatfi ¢ LERVadk/dlud Nt engi t YA verigidalwdof/Redittion05. . 05 j WAt ts.
Havi ng a bandwildth-of —+/[- 5-] l—'\nm the LED therefore prnrlnr\n | |ght in the
wavel ength rande of fr®Wees5nm t o |605nm Furtﬂe@ the treatpent maintains
a skin tenperatiure bel gy hiie threghotd—of tne‘{ —Tnjury. The average

i nprovenent in | skin elasticity ig shown in e 1. Table I Sldn
ElasticityPre t reat mens skest treatinments Perceﬁit%l rrprovenent D%4.05% 25
EXAMPLE 2 WRI NHEE-REBYGH-ON PULSED—FREATVENT -A—team ef—b] i nded expert
graders vi ewi nd befor dZaveaks c ¢ o phot os of pa‘ﬁ Pnts subjected to the

non- ah$ ative LI ("LCow 1 ntenS|ty Cight Therapy") of the present 30

i nvention score the global inprovenment of visible skin winkles. 31
EXAMPLE 3

WRINKLE REDUCTION ~-CONTINUQUS WAVE TREATMENT
One photo aged female is tested for reduction of wrinkles in accordance with the

J

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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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 haySixgype H3nd Eet@e0s ndwiedppengninud e igeamaitz2. 051. 0
5. 032. 048. Q%-dﬁgﬂd@ﬂ 20706
EXAMPLE 5 @%ﬁﬁ%ﬁﬁ%&%ﬁ%&rﬁ% %ﬁ%ﬁgﬁ{“}ﬁg@%&&ﬁ%&m ED DYE LASER W TH
VARY! NG | NERMSIzPdsed to single 0.5 msec pulse at the energy levels shown in Table 5. The

baseline temperature 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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A coherent 595 nm Pul sed Dye Laser is used on a patient's skin to determ ne
the 5 tenperature rise of the skin when subjected to treatnent. For
nmeasurements, an | T-21 intradernal tenperature probe is 3-&arerberdure
the baseline intradernmal skin tenperature, as well as the intradernal

t enper at W@ 08001384 n exposed to the |l aser treatnent. ThE/essbpREet has Skin
type Il and testing is conducted on an untanned left forearmwith md
derm s probe placenent. The laser is configured for a 10 mm beam w dth and

the 10 skiskinisexpessddeysinge pylsgjiagalde durplione agshpwa igtabley abRsPeey I¥6lel s shown
I n Tabl e 2b | | : ' rature
after expggg';glg'%ra%é?%ﬁ%d\?ﬁﬁﬁe?]&%ﬁg%%ﬁnc eﬁ?%ﬁjlﬁ?@@s&? lrmgféﬁ]ege%ﬁ?{iﬂge I n

i nt r ader mate shecwm int Babfeet, slearlillasttating @rigeds intradermal shin tempeetureglitise t hat vari es
proportionall 0.t he ener i nfensity o | aser. pul. le 5

Sout ol o npsates e Mo Bt b Rplrtoflly g s ELpRANE D5 3o

1. 031. G37pals@. 031.041. 0 2.531.043.0 3.031.047.0 4.031.050.0 5.031.046.0

6. 031. 052.0 15 EXAMPLE 6 SKIN TEMP R@%URE (1 NTRADEMAL) | NCREASE PULSED DYE
LASER W TH VARYI NG PULSE DURATI ON AI#®J&8rent 595 nm Pul sed Dye Laser is

used on 4 PFNEHuratickinbect O |OCERpdFatife °O For Bile [ [ETRmbalaWhd °CifHETat |t he skin

when subjlected to treatnent.| For  neasurenments, @an 1 T-21 intradernfpl

t enperat yre probe0ids used td neasure3t.he baselijne intradd¥mal skin

t enper at LH“@““ﬁ‘S“‘Wﬁzi as—the—tmntradern IOtCIIpUI atiure—of bh: rexposed to the
| aser treatnent. 'Phe subj edt has Skin'type Il Jand testl‘i‘ig I s conducted on

an untanned left ggearmw tth m:d dggen s probg placenesate The | aser is
configuredfor a 10 mm beamwi dih-and the 34 29 Decenmber- 2005 WO 03/ 001984

PCT/ US02/,20706  40.0 - 300 45.0
EXAMPLE 7

ABSENCE OF SKIN TEMPERATURE (INTRADERMAL) INCREASE

10 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

15  skin type 1. Treatment is applied to the subject’s untanned left forearm with mid dexmis

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
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skin is exposed to a single pulse variable duration, as shown in Table 6,

at an energy level of 0.5 J/cnR2. The baseline tenperature and intrader mal
skin tenperature after exposure are shown in Table 6, cl?@d/gepmber g5 ating
ariseinintradermal skin tenperature after exposure to the |aser pul se
that variweopowagartionally to the energy intensity of PeEUSR®E06 5 pul se.
Tabl e 6 Pul se Duration nsecTenperature C for BaseTenperature C for Test

0. 530.042.0 2.030.044.0 20.030.047.0 40.030.045.0 EXAVMPLE 7 ABSENCE OF SKI N
TEMPERATURE (| NTRADERVAL) | NCREAEXAMPLES) TREATMENT W TH VARYI NG PULSE

DURATI ON A myb ;@W P ERHET uces |ight at
an |ntenS|ty¢t%‘Pm]‘6§% nanowat t s/ c z;ﬁyn(i%rgured tl)j;ég)%e%ort nodel

1 835C nultifunction optiSKIN VEMRERATHRE REREASKE18 phot odet ector. An

| T-21 intrader ratur gbe sed to .ne re. ader mal
tenperature ofﬁmﬁ%ﬁﬁfg Eurﬁé? T?J%%#?‘\wf%/%]é]weﬁ¥ & élﬂlilé applied to
t Ihe subj egbfasned Edr@éiﬁﬁd corefabe the Em{empdtahﬁt% ﬂibﬂaséeamzsby ] purmdrdge lsser probe

pl acenent. As sho , ha intra t enp rise.is

per cei vedWHPatlili@ ﬁm%ga “fc?aﬁlcéhefeqﬁé%%mmlﬁ‘a{‘iqrgﬁasﬁis‘éeﬁé?aﬁ;g‘r(gﬁ B for
BaseTenetakig enfm londBales Ao Q. ARG 20203019 3GuRed

40. 030. 030 00.030. 030. 0 35 29 Decenber 2005 WO 03/001984 PCTI US02/ 20706

EXAMPLE 8f@0i53aEsnc Dyl ams&wmmm@wm micpfV a(gm2rthycompagive
intradermal temperature resulting from each light emitter are compared in Table 8.

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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SHI N TEMPERATURE | NCREASE The intradermal tenperature for a subject having
skin type Uis neasured on the 5 untanned forearmto conpare the skin
tenperature increase caused by a pul sed dye laser wth & Qe@@nbﬁb%ﬂ%
source. A coherent 595 nm pul sed dye laser is pulsed for 0.5 nsec at

varyi ng emengopiismt ensities as shown in Table 8. A nul th@hrseraresc 590 nm LED
Is pulsed for 0.5 nmsec with a maxi num energy output of 2.0 m croWatts/cnR
the conparative intradermal tenperature resulting fromeach |ight emtter
are conpared in Table 8. 10 Tabl e J4bM9 neasurenents taken at a radiation

O e A A L T N S N SO N

3.432.03B.0 4. 0320.941. 0 4.532. 042. 5 B 0AVPLE 9 15 PULSEBG3MYE LASER|COVPARED

W TH LI G-Ff—EM#l?Né‘, Ph-EObE—SK-N—FEMRPERATURE—HNEREASE—The—-nt+aderal
tenperatlre for a*subject having ski‘ﬁc’r'dt ype Il is rn::asurbéc:{i on the juntanned

forearm [0 conpanggl he SKI n|temnperatggipe | NCr eage causedygiy a pul sed dye
laser w.th an IED Iight solirce. A coherent 59b nm pul sed dye lasgr is

pul sed a} an ened8y¥ 20 intensities R02.5 J/cnk for the3Sdul se durations
shown i nFabte—9 ed'-\b mut-tehromat e —580—umtEDri—spulsed—at—=am—emggy out put
of 2.0 m croV\att% for the durati onsjggleci fied fn Table 9. The conparative
intradermal tenperatures resulting fromeach light emtter are conpared in
Table 9. 36 29 Decenber 2005 WD %3/ 001E§4IOPCT/ Us02/ 20706 Table 9

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
1 @
8 53
12 48
15 EXAMPLE 11

NON-ABLATIVE SKIN THERAPY FOR WRINKLE REDUCTION
Continnous Wave Treatment
Human skin is exposed to 200 second continuous wave of a narrowband,
muitichromatic 590 nm LED at an energy output of 1.0 microwaits to 2.0 microwaits.
20 The treatment is repeated 8 times for 12 weeks to the entire face of a single photo aged
 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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Pul se Duration (nsec)LED (tenp)Laser (tenp) 0.532.033.0 2.032.034.0

20.032.034.0 40.032.035.0 100.032.0 EXAMPLE 10 NON- ABLAT
FOR VWRI NKLE REDUCTION 5 Pul sed Treatnment Hunan skin is

e

pul ses of a narrowband, multichromatic 590 rim LED at an energy output of
1. 05 m croodsomssdo 2. 05 mcrowatts with a pul se durati BEIU30RR070¢ engt h of

each pulse) of 100 mlliseconds and an interpulse interval (tine between
each pulse) of 100m|liseconds. The treatnment is repeated 8 tines for 12
weeks to the entire 10 faces of a bf 6 photo aged femal es. The anount

of wrinklre
Vi ewi ng L

efore angmfter ho

gur ed
tos of _the freate

e

DY o2 Re&idtiof (cHieks W&

(gc SKIN 1S (0]

Tabl e 10

Treanment @Tine (week

s) Avg.

rT graders

' vm_;ﬂ_%bl e 10.
% Reduct i on {{ cheeks rreasured) 00 442 853

i nuous

ut of 1.0
s for 12
of

1248 15 EXANMPEE-HENON-ABEATHVE—SKHN-THERAPY-—FORARHNKEE—REBOETH-OI
Continuods Wave Trdatnent Hyman skin is exposed“to 200 second cont
wave of g narrowbagd, nultiichromatic 590 nm LB at an energy outp
mcrowattils_—to0..2 0 mcrowatt 20 The treatnent is repeated 8 tine
weeks to|the entifd@ face of |a single phot o ageéoferral e. The anmount
wri nkl e reductionas measured by a teanTof bfTded expert T graders

bef ore and after

Decenber

10

15

2005 WD 03/001984 PCTI UERANPI¥512
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

Vi ew ng

photos of the treated skin is shown in Table 11. 37 29

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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Tabl e 11 Treanent Tinme (weeks)% Reduction (cheeks neasured) 00 425 833 1250
EXAMPLE 12 NON- ABLATI VE SKI N THERAPY FOR WRI NKLE REDUCTI ON 5 Pul sed laser
Di ode Al so.suitable for use in accordance with the preser?lg[i’ﬁ’ﬁ‘i’é'mefgqpﬁ s a
| aser diode. Typical pulse durations will be from about 100 m|liseconds
to about wo9gewesd, for pul sed treatnment, and from aboraT/UsigeEend t o about
30 m nutes for continuous wave treatnent. Suitable operating power for the

| aser diode ingludes the.range of. from about 10 10 m.lliwatis, to about 1
vt it aboustE sl ERERTEe Ryd s MRERRaERY fut e e difiee g
Commer ci aldeptrodiidhdladels SulljdERg the taBst® Brek ahe fatRniVodkel 18 AWsh: dedepn 400nm and

1000nm can be used. For this exanple, human skin is expgsed to 90 pul ses

from an 8hevinge pelseyidthpfdf@maee vaimg el Berp Peasm tigeteymd 2 pulspirequspeit ¢fd.  An

i nterpuls | Oﬁﬁpe | o t?éﬂ& s repeated
6 tines fg%ag‘%ﬁé\fggﬁgsgo?%ﬁ't e ée%l{lsl%rggl% ace %?recgslgﬁﬁeg ep {g? g&rlﬁgr%egegﬁ f emal e.
The amdunto e entiré filck with 88 fasndicde atlointensity Bapihg 20Dmillivalsiom212 Tr eanent

FEET RO Tt Einr SR el indid i B it o2,

vi ewi ng béuphe sidi toailid @fe ip hedded). The patdge Mdductiohibirewt gt & ehdwirinnon- abl ati ve
LILT ("Low Intensity Light Therapy") of the present invention score the

gl obal i PYGd¥ent of visible "crows feet” prom nent about the eye region.
38 29 Decenber 2005 . WO 03/001984 Tgple 13

Week/Value Averaged Value of Reduction
0 weeks 0%
4 weeks 15 %
8 weeks 28 %
12 weeks 2%
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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PCTI US02/ 20706 -Si x photo aged fenmal es are tested for reduction of crows
feet. The laser diode treatnent includes subjecting the target area of the
patient's skin to a laser diode light having a pulse w HPeEeMb§D2009e ¢
using a 10cm beam di aneter and a pul se frequency of 1 hz (1 pul se per
second) . Who#etigeal ses are adm ni stered. Three treat mentGr/usmRe7e® weeks 5 to
the entire face with 810 nmlaer diode at an intensity ranging 200
mlliwatts/cn2. Thermal injury i S R h@d@ced wi t h ‘bl ood vessel s incl uded
anong the target chronophores (but kin wound care is needed). The
average reduction I n Weaealheet Sh@v&ragdll Vala®bfRelactioab!l £ 13

Week/ Val ueAve;&tgadAAaJ_ue__aLBaduLL_on_ﬂ_meekso%.A_\Aeeksﬁ%_ﬁ weeks28% 12
weeks32% 10 EXAVPLE 140®Rrelias FEET REDUCTI ON - 9 “PULSED TREATMENT A team of

bl i nded expert [graders rmg—befpre—and—af tpye,photos of pati ents
subjected to the non- %I ative LILT] ("Low Intensity Light Therapy") of the
present 15 invention sTewekst he gl obal irrprovema%t of visible "crows feet"
prom nent about~the—eye—+egion- *x—pheteo—aggd_ferates—are{tested for
reduction of criows feek Weeks Iaser diode treskfent includeb subj ecting the
target area of The patient s skKin to a Iaser diode Irghi having a pul se

wi dth of 600 nsec and a pul se fr.equencg of 1 hz (1 pulse per second). 20
Three pul ses are adm ni stered. Si nts over 12 weeks to the entire

face with 940 di Qntensity
rangi ng 250 m]?’f%\ﬁaetafse 0%93@%4%1ﬁn€ﬁ%{939i§ %Qag %%%g%% uces da skin
t enper at ut@ersaififd ivenédf Tmigowitilexposethe subjeatsity fventyt S0 ma]hseaopah ry. The

ver age rediclian B cigte, Lol 1S SIRMAD Tl G T, RSSO 2000

performed with similar results. Mechanism is non thermal photoactivation.

1%

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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Week/ Val ueAver aged Val ue of Reduction O weeks0% 2 weeks1l7% 7 weeks28% 12
weeks32 % EXAMPLE 15 Exanple 15 is carried out under identical conditions
except that a 940nmdiode 5 laser with a power of 14m cridiPeeembexgees t he
subjects to twenty 250 mllisecond pulses with an interpulse interval of
250 m | | iwoomedsms Si x treaments over 12 weeks are perporuossdzowd h sim | ar
results. Mechanismis non thernmal photoactivation. . EXAMPLE 16 10 Exanpl e

16 is carried out under identicamm(gs except that a 810 di ode | aser
with a power of 2000 nanowatts/c am di aneter of 10cm exposes the

subjects to OEBxankfdd19s chiis®&R RHIR ieBfG ¥indiioadfor He@inpabesT start er val of 900
mlliseconds. Six treanents over 12 weeks are perfornmed with simlar

resul ts. TeECtnse WaifSem tashlamp pesedidye lagas Wit AnOwsT Ol hOISYER BRP%H. | s
EXAMPLE 1511 '%F@@&%éﬁa]sin é4mﬂﬁ§e&ﬁdgkh§ m?&%sﬂa%%w&@é E)\Ie' ons with a

940nm di o ser a power exposes t ubjects to a
cont i ndousreamants dvcr201®&ksw@nd$medF8wvlslbd&ymndused)l%ei’?%@ldmaks are

per f or med h Si .Phot oactjvation non 20 thermal nethod.
EXAMPLE 18 ucf‘g{wgﬁfg\a?ﬁ%@s%ﬂﬁtgwje?ml ¥fcal conditions with a
595nm fi |l ash| arrp pul sed dye | aser with a power of 3.0 Joues/cnR exposes

the subjects to 40 mllisecond 25 pulses, evenly spaced 4 weeks apart.
Four treatments over 16 weeks ar@%gm% with simlar results.

Phot ot her nal ﬁl's\éﬁ'n&?&ﬂﬁﬂderﬂﬁn@c%l {RERIBRSTor HRPRpHE A3BREIB4
PCT/ US02/ 20706 MPLE 1 Is carried out "'under identical

condi tIp onsedﬁmonl(ﬁewwpﬁtbs& 5& Né-EYé\rG laS@d&{WbtalP@Wer of 199 srilkiveaitsien? end pul sed dye
et o BRISE: 50 BB SR GBS b G 2 o1 1 40
millisecond pulss, evenly spaced 4 weeks apart. Five treatments over 20 weeks are
performed. Wrinkle appearance is reduced by 42% . Method of thermal non ablative
technique.
15
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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5 treanents over 20 weeks are perfornmed. Scar visibility is reduced by 57%
and scar redness is reduced by 82% Mechanismis thermal_ non abl ative.
EXAMPLE 20 Exanple 20 is carried out under identical cond®{es§abepr0Ghe
purpose of winkle |0 reduction (crows feet). A 532 Nd: YAG | aser with a
power of WQO3emsHi watts/cnR and a beam di aneter of 10PEUWSeXPIBES t he
subjects to a single mninmally overl apped 30 mllisecond pul se, evenly

spaced 4 eks rt. Five $reatnents. qv 20 weeks are performed. Winkle
Abpear ancemieRs ot iR Bt Foati RS MEPIRPor et Bt RGE% { echni que.

15 EXAMPLcndlis fedadeplhg 64%. i s carried out under the same conditions on 5

phot oaged femal e faces for the purpose of full face photoagi ng and wi nkl e
reduction. S90nm at 250nmsec pul ses wth 250nsec off tine and 90 pul ses. 8

treatments are perforned at 1 meqi%%@/ﬁl s and 20 final assessnent is

made at 12 weeks. In addition to Wi e reduction simlar to Exanple 10
sever ab ot her Ekaymilé 2%iacarricthent yeder identicabeaaditionsfou the pyrpesschd stimulatingn  br own

liver spet.s an reckles, inproved skin tone | i .Cl reased or
absent st s, ShEd e el ool el (RS Cff iy Bk Syl SBF L PER Y
ski n whi clisk®es A 6LROVEID Goviceomtt Bgaver b2 DBdicronattsRm2EXAdely the abjdosanpl e 22
is carried out under identical conditions for the purpose of acne

reducti on? %ﬁ%ﬁwﬁ%ﬂﬁwﬁ% f°§iﬁ&ﬁbewaweaéw&mﬁmqoﬁﬁ%n%u c light
source W frBatRints SRS DA WeklRled ek fodn Iré&aieﬂlhtgﬁwaﬁ&/qm&r glotivishavge panel
design covering the entire flace 30 exposes the subjects to continuous wave
light IPor 12 minutes with 4 treatnents at 2 week intervals. A topical
preparation which includes 1.5% g8ppg Lﬁ@“orophyl lin, 2.5% carotenoids and

5% green tea is applied for 5 CoMEetutTve ni ghts before each treatnent
sessi on. Suppl Exeanlial4 it cerdédamn bo fanabe subjedts avithwisiblbexdlnkite yrvobivertbel, snal |

beam di aneter,, ha hel d. ho use.device wth a 6 D ur.ce whi ch
exposes | RUFP A6 or}gltq*é{“ﬁs' Zﬁns‘tgé‘gb%%rla% V\EPU%I/QS 8%&%%? 02120706
| esions t gnda ol Gi5RMEHeih eRfos&ARE éldiﬁlﬁ/ﬁﬁe AfFail afead with Enfitiices lipefoacne

| esion. Active acne is reduced by 64% )
15 4 minute 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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purpose of stinmulating hair growth. Subjects have nmale pattern hair |oss
and are 20-40years of age with no scalp diseases. A 644hReeOMPpeiL0S with
a power of 2.2 mcrowatts/cnR2 exposes the subjects to 250nsec pul ses with
250nsec dWO 030e84bet ween pul ses for total o 50 pul ses.PEIUYR2AENt S over 24
weeks are perfornmed. Increase in appearance of hair growh is 22% 10
EXAVMPLE 24 Exanple 24 is carriedwm subjects with visible
cellulite involving the outside heir thighs. A 940nm di ode | aser

Wi th a power OR s2ié} offtdil tiseed dultiresPontAmiae MmodddeRisdif humirefibibiascelkposes t he
skin in the affected areas with caontinuqgus light for 15 4 nlnute exposures.
Tr eat ment SVe5G Eeafdiin & FoRRAnEAN @&%@W@gﬁw@r foresn {eatpegnt ¢Y appear ance

of cell ul ivfign bendbGEH R~ bysﬁ?ﬁ{ﬂseﬁﬁf%ﬂr%et@a@cﬁa@%ﬁﬁl@?ﬁﬂémﬁﬁﬁéﬁﬂ out on

acute wounds (non infected burns) he 20 purpose of stinulating wound
heal i n§. AnggBimansisIAmigspweligienepulsedfor Hdms pyjih 2l OPme interpdsetintagal ar ar ea
over the ' ] / [ Ll kdSec on tine
and ZSOWSZII(I;% g?é'&telijmrggp r%ﬁ%%{?@%ﬁgﬁt%ﬁ‘?g %}egn‘elﬁgs'fs\;g\ﬁi g(sepl\ﬁgegk%é %ﬂ’? I'l recovery
of intact pukd dyeilsensedayihgls paise atRe emergy ptensityof 2 Jdelpganfont aguise he dept h of

t he burn. 25 LE. 26 An_adul t_nal ith severe ne scarcin s treated
Weh 8 BoURMI D S Tsegninior PG T eR e AN T coligen S
250m | i s pfganstiodby IRSAbMbH1kt 8dlls 7 Wafy 4Rt RehtrheH: Bidien adthindfedEhbwédRconds wer e

adm ni stered one week apart. One week after the final treanment, dianeter

and scdr digpificanishange B deontyola phreakpivtheana) dylaser meajadidheblasipslsct recei ved
30 an i denijliGaly [AseddaRA. ih §la a}l‘lzﬁgfcdﬂédfggeggdx}%iféﬂx@cla@kaﬁeexh' bited a
and dept h.

30% reduction in scar dianete cenber 2005 WD 03/001984
PCTI [ TS02 5ifbbGét deltyiusated viith the saxplettiemalgphbtombdidatipndishimentaf thoont ai ni ng

nonol ayers_of human fi | ast, cells. e tre dinac arison study to
show t he afﬁs?népngg%gm éﬁ&ﬁ%ﬁ@%’&?ﬁ%ﬁ?ﬁ“éﬁﬂ&%’&@?& fé’ﬂ“%‘(?ﬂ&%%@&’ @&et h a 595nm
pul sed dye,oﬂﬁs?@h@@des%l@&@'d@@ibt&pgraﬂ'ﬁl@ﬂblﬁpﬁigﬁﬁmt an 5 energy intensity of 2
m crowatts/cn2, pulsed for 100ns with a 100nms interpul se interval.
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The non-thermal photonodul ati on treatnent using the LED used 10 pul ses. The
595nm pul sed dye | aser used a single pulse at an energy intensity of 2.5
Joules/cnz and a pulse length of 0.5 nmilliseconds for p 9819R 005
treatnment. Analysis of the collagen | and |11l production by the fibrobl ast
cells 7 dwgds/emessr treat ment had been adm ni stered showetUsm/2@06 si gni fi cant
change for the controls. The photothermal dye |aser treated fibrobl ast
cells exhibited a 25% decrease | néﬁ(’@ﬁen | and 11l production relative
to the controls. The fibroblast c eated wi th the non-phot ot her nal
phot onodul whd 9vidimedisnent of the present invention exhibited a 46%
increase in collagen I and Il production relative to the controls. These
results are depicted graphically in Figure 32 43 29 Decenber 2005 WO

03/ 001984 PCTI G : i d &;ng;;% mkS: 1. A method for

phot ormdulléti n§$P| Vi ngpﬁogsﬁdg%g%ﬁ%%?\ség 5 Subj g'cti ng the living tissue to
a narrdwband neHbjdctihg thediving tiswe tcenapbwhaidasulticmenyatistsperce efdi at i on under

condi tions ective .St nul Livig. tis . thod of claim1l
wher ei n tﬁée%%éat??%'e carﬁ%ﬁ?&ﬂ qurhc;%%%gﬁsgﬁg‘g’dﬁ%Oes%émat%}“@‘]c‘_ fﬁso ignetic radiation
is at least one light emtting diode. 10 15 3. The nethod of claim 2
conprising a pluralijt f light emtting diodes, arranged in_ an array. 4.
The met hod- of A efg%wilsv%m%fhspwmapﬁm&fﬁcﬁwwg%mquh_t emitting
di odes.  Byecifiifa m&aeénighﬁbﬁt&new@ﬁf&ﬁiﬂinghﬁdu ght enitting diodes enit a
wavel engt h of rom about 300nm to about 1400nm +1--5nm 6. The nethod of
claim® wherein the light emtting diodes emt a wavelength 20 including
590nm 644nm ' +)- 7. The

met hod of 43(':I ai ?ﬁﬁq é\%ﬁ@%ﬂﬂ?ﬁ%ﬁlg?%%ﬂ%h Rﬁ‘{ft@%&rﬂ%&n@ idlcoqigso%rrag do

el ectromagnetraxc radi ation is a |l aser diode. 25 8. The nethod of claim3
wherein the | aser diodes emts a wavelength including 400nm 430nm 445nm
635nm 655nm 660nm 670nm 780nm 7/85nm 810nm 830nm 840nm 860nm
904nm 91%nm ?ﬁ&ﬁ%&@&%@co&%ﬂgﬂgmp&aﬁWMMgﬁﬁeﬂﬁagmozesv\her ein the

conditisons effective to stinulate l1ving tissue
1

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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30 conprise pulsing the laser diode for a duration of fromabout I Ors to
about 1xl Céns. 10. The nethod of claim9 wherein the conditions effective
to stinmulate living tissue further conprising repeating 2°Heessmber 3%f t he
| aser diode for a period of fromabout 10 seconds to about 1 hour. 44 29
Decenber wOO0F0#403/ 001984 PCTI US02/ 20706 11. The met hpcir/usozeé7aé m O wherein
the | aser diode is operated at an energy level of less than 1 watt/cnR2. 5
12. The method of claim9 wherein the |laser diode is operated at an energy
| evel at which the tenperature of the living tissue does not exceed 60C.
13. The nehod Thé neihai 6T Qaivd Ewkdréin tHeSadePdibde i bpdifted & a0 RRIrAL IRGEI3F an ener gy
| evel tha ﬂggs not cause thermal injury. 10 14. The nethod of claim1l
wher ei n t HeSS RSV rul ti chromatic source of el ectromagnetic radiation
operates at an energy level of less than 4 watts/cnR. 15. The met hod of

claim 14 wherein the narrowband multichronmatic source of 15 el ectromagnetic
radi at iSon 18per dbemetod abclamdt whersin the(lasef dipdegsropdpaied at an peengylavel at o about 4
watts. 16. i rei owband mul tichromatic
sour ce of Whg 23?%&%%@%?@%@ Sls%gr}&’gf)}é&ée %gdgﬁJ%n energy |l evel of from
about 1 nanowatt to about 20 1000mlliwatts. 17. The nmethod of claim4

wherein t nary owban l.tichromati ¢ soyrce of e]ectromagnetic radiation
oper at es gg an %‘E‘F%?‘gf’%?‘ %‘ﬁgﬁ‘@lﬂé@i&s O@ﬁﬁu%"r”ct H%anrﬁiglﬁY thah t he
l'iving ti gsehot dausd Bermdl tjurpt hod of claim 1 further conprising

phot onodul ating the living tissue wthout causing thermal injury. 19. A
met hodl%f or der mat ol ogi cal treatment conprising: 30 exposing human skin to a
source of jparr i r‘ﬂ[gg;-% agmnet i c . i.at i-on;

phot ormdullg'ti ngﬁ?ﬁ?@;ﬂ %‘{grb%‘?éé@ae W ﬁlﬁ%%ﬁ@%gmaﬁ“%< Ur’?;auégog'&%ao?nt ai ni ng an

i nt r ader nelectsdmagnetinmpdintdnperalze hicaw enbrgy ldvelbsfliask thantl watti/ah2.t hermal i njury
occurs to the living tissue.

15.  The method of claim 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.

45




E

45 29 Decenber 2005 WO 03/001984 PCT/ US02/ 20706 20. The nethod of claim 19
wherein the source of narrowband nultichromatic electronmagnetic radiation
is alight enitting diode, |aser diode, dye |aser, flashl*@iscembeerdl§i cally
filtered fluorescent source, nechanically filtered i ncandescent source, or
5 conbi nawpDesrsoisdaer eof . 21. The net hod of cl ai m 19 wherel/usoebEsour ce of
narrowband nultichromatic electromagnetic radiation emts a wavel ength of
from about 300nm to about |400nm 10 22. The nethod of claim 20 wherein the
wavel ength emtted by the source of narrowband nulticbromatic

el ect r omagdet i The arihad bbdlaiins] 99easi B sbur@BraaRs ki AtltR romaONm  415nm 585
nm 590nm ,595nm 600nm. 630n 644nm_ 810nm _940nm_ and 1400nm 15 23.
The met hod < ERORERel; Bdia éihg%‘tteﬁ%mé&é%oéit Igser digdecdyedaser, Haghlamen, of nar r owband
mul t i chr o’bh@hiricaBy EGEke® A (W1 i Jppoyatt/cn2 to
about 4 watt;s/(_:n’z. grﬁ ﬁ?ﬁ?&r@?ﬂ%%@%@%@f%@%ﬁ?ﬁkﬁg enéérﬁgy | evel . of
t he sodr ceogbinglignsdefid 20 nul tichromatic el ect romagnetic radiation is
from about 200 mlliwatts/cn2 to about 1000 mlliwatts/cn2. 25. The nethod
of claim 20 wherein the exposure conprises pul sing the source of

nar r owban@lmul Themethodof daiml 18cthersimihe sdvre of agr@ttizadmibich®matié se dur ati on of
from about 5 0.lms t.0.about 1x106ns. . The method of claim25 wherein

t he exposﬁ}egé?’ﬂ?gflﬁtécrm‘i‘mqn? §Wa§§€%$¢ﬁ€€?%éb°%%ﬂo§mﬁ@am“tﬂw“§’ource of
narrowband nul ti cbromatic el ectronmagnetic radiation at an interpul se

spaci n% of from about Ins to about 1000nms for up to 1000 pul ses. 30 28. A
met hod®f oR2der At BetBed oplaim 28 atderein the wayslengthremiiteddyy| the seyreg of opi cal agent to

hosen f oty o SeliniyphafE LR ek B BERANGR &80 E ol o MR B D206 ©
eXpOSi ng ﬁﬂ@m&m,ﬁsﬁm@mmﬁmaBmmmamoﬁm,m, He

el ectroma ic radiation, wherein the spectrum of el ectronmagnetic
radi ati on émtted by

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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t he source of narrowband multichromatic em ssion includes a wavel ength of
from about 300nmto about 1600nm for a duration of from blﬁéjt pr
mllisecond to about 30 minutes; 5 reexposing the human he"our ce
of narrowband nultichromatic electromagnetic radiation for a duration of
from abouWOB3HIP#| second t o about 30 m nutes up to 10BOI/USRRE06N t h an

I nterpul se interval of from about mllisecond to about 1000

m |l iseconds; t er rra rat ure bel ow t he

t hreshol d at \Aﬁ&gﬁﬁgﬂﬁrﬂn{é}?ﬁ%l njsﬁ%eg a@émﬂwtebﬁ‘gg? ng the treatnent
met hod of etdcaom@azmemonlwhaeﬁah@@yaxumﬁﬂelecuﬁﬁagﬁaﬁ@a&gu@ﬁnﬁﬁéda@t ment is
conmpleted.,.i5 30..The f claim29 wherein the topical agent

conpri ses B¢ Ui5F ebRarpw g&“@?‘iﬁ? mWS?Pé?ci’@%%Wﬁ ?“g&d}f%'l‘? o%n .act i ve
agent sel @omﬁdw‘ab@m1r6bmmwmuﬁa@§bﬁ&dxﬂlﬂmqﬁﬁmlseh&mb B3 @ mintkdsam n G,
Vitamn E, Vitamn A Vitamn K, Vitamn F, Retin A (Tretinoin), Adapal ene,

Reti nolS, Hydr offerieskes thedwiman side fjthe @pug}e@ﬁpﬁmw@p@@d)mult@bmmnmea an

ant i bi ot , I t al pha
ycroxy. acigoadiudc MRRle PlaRRdnts Einapdy 1 BRR0RE PBEN 20 Mo PIT o
conpound, Uﬁ@&)ﬂ@ﬁ@ﬂ@hmaﬁwﬂs}eme&m affronmbent Ihmilliscadridie abomh1G00t | oxi dant, a
phyt oant h%ﬁ] I adohytonutrl ent, a botanical product, a herbaceous
product, r%%e an enzynme, a mneral, a genetically engineered
substance, a cobiatimig arﬁn@ﬁeﬁhalshnt@ipeﬁﬂ&émmﬁﬂleweﬁomwm&%ﬂn trace
el ements _(iincluding 1onic calcium nmagnesium etc), mnerals, Rogaine, a
hai r gPowdHMYOPFN ati ng 25 substance, a hair growth inhibiting substance, a
dye, a natural or synthetic nelanin, a netalloproteinase inhibitor,
proline, hydroxyproline, an anest heti ¢ subst ance, chlorophyll, copper

chl or ophyRPi n, Rematitgshoirentmend mpthdd of ¢laiti 2Beweryrido 80 dhysgmtibf t he above itens
both nat het L C 1. A nmethod for dermatol ogi cal treatnent
conpri si ng&ﬁlﬂ%’?éﬁ% %%lsrﬁé’mpﬁ% "human skin to be treated to enhance the
transm ssion through the stratum corneum of el ectromagnetic radiation;

o1 bot MBnadihet  Hheraiod otslein i aher b %%@%ﬁse%{oé@?ﬁé%f c

radi at i on a@fintsteRd dahnbiiBorIRNE Gacile ﬁfs@l@’@@@ﬁ'ofﬁ'qlé &gl ssion 47
29 Decenber 2005 WO 83/ 001984 PCTI U 2120706 I Nc es ength of from

about 300F#stose ebitamin €0V itamind?, Vatankin At YiswminK, VttmnFaB@mAl mllisecond to
about 30 m‘r@ﬁﬁoﬁﬁ; 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

47



reexposi ng the human skin to the source of narrowband nulticbromatic

el ectromagnetic radiation for a duration of fromabout 1 mllisecond to
about 30 minutes 5 up to 1000 tinmes with an interpul se i4%ReEMPEEE08S om
about 1 mllisecond to about 1000 mlliseconds; and maintaining an

i nt rader A0 03R9A84t enper at ure bel ow the threshol d at whPERUSBBEIMEI i njury
occurs. 10 32. Repeating the treament nethod of claim28 every 1 to 60 days

until  derpmi gl th.?!ra%ilenétﬂ 5E4STE Wout $00BA TR wEGE $s004E: for 2 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
5 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.

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