WO 03/ 001984 PCT/ US02/ 20706 MNMETHOD AND APPARATUS FOR THE PHOTOMODULATI ON
OF LIVING CELLS 5 Related Applications This application is related to
copendi ngwepplodwat i on serial number US 09/ 759,094, fil edprdarusaz/go708, 2001,
which clains the priority of provisional application serial nunber

60/ 176, 175, filed January 13, 2000, both of which are hereby incorporated
by reference in their entirety. 10 Field of the Invention The present
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from these same functions. The novel photomodulation apparatus and method can be
used to control, stimulate, or inhibit cell growth to treat conditions caused by undesirable

20  or suboptimal cell growth or cell function.

Backeground 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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WO 03/001984 PCT/ US02/ 20706 emtting diodes ("LEDs" -- devices capable of
emtting electromagnetic radiation in a narrow spectrum of wavel engt hs),
LEDs havewpasmo1dbeen w dely accepted as suitable for usePCa/ussziz@ed
treatment due to their limted power output and the low intensity of

el ectromagnetic radiation they are capable of delivering to the living
tissue res@ittingriodes(¥ledDsiendevinsr capstde of eroitipng eecthamagnciepitadtiongeace of
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considered to be an optical challenge for sone applications. Ms Ieaser
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| asers. Alnost all |aser research is directed at delivering the | aser beam
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While it 1S conmo nar r ow e nete rom exiting the
Llas er geaﬂ;e thmgélit ofsttinging aag@mﬂWthb@an@rﬁmmget?& Hek &Sﬂgdfr\b'bétg t he
esired-required treatnent 25 paraneter aser qualitie econes a

si gni IPi ca“t"?fméﬁfteiié%}tmaé’s}%eéﬁ%}l‘fqli’é#défqdéogﬁ%f)?‘ilfc"ﬂ dhllengREsoms cover | ar ge
areas W tal% LibgsRs Paranmeters. Sinply put, no one has been thinking of
trying to gover say a square foot of surface with a | aser beam and
currently a sddastdaser techndlsgycapplied érrenedijesl uise s adgeed Somnmditaryddiec al
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contrary dgutdPencdfal G2 Hesths cafthohPBedRS LED KRlohsBATONIANE AdhYed Bi2s have
never been thoroughly explored as an option for producing el ectromagnetic
em sA0ondivieg tissye sevsmot paeeexisting 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 designllogic and the most likely reasoning why LEDs have
never been thoroughly explored as an option for producing electromagnetic emissions for
medical use.
Perhaps due to the belief that lasers are the only viable source of light

applicable for use in medical treatment, or perhaps due to the belief that effective medical
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Per haps due to the belief that |asers are the only viable source of |ight
applicable for use in nedical treatnent, or perhaps due to the belief that
ef fecti vewoadioemB4 2 WO 03/ 001984 PCT/ US02/ 20706 treat me®CTruesque7ed hi gh
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they pose. It would, therefore, be desirable to have a device, and a nethod
of usPhg destiuactéon 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 treatment 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, multichromatic electromagnetic radiation to living tissue to induce
biostimulatory or bioinhibitory effects as part of a regimen of medical treatment. Such a
treatment regimen could provide significant dermatological benefits by the
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30 device, that can provide the benefits of |aser treatnent at
significantly reduced cost and power requirenent while retaining the
ability twodelbwes sufficient intensities of narrowband, martisohewnatic

el ectromagnetic radiation to living tissue to induce biostinulatory or

bi oinhibitory effects as part of a reginmen of medical treatnment. Such a
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pr ef er r ed,QRGbIRIAL ridksSeydlinjufaslec@iR@hbdg bt dami.t ti ng diode. A plurality of
t hese di odes may be arranged’in an array to emt a wavel ength from about
300nrn to about 1600 nm Although the wavel ength is chosen based on the
nature of the treatnent desi ri Ergf Qrig @ | engt hs i ncl ude 590nm
644nm or 8l4nmw th a bandw t 19m Ly of & &/- 5 nm An alternate
process enpl oyk @cbiiafde With @ prtRALin0éntion, the photoaiodamnitich bhliving tiksie ior
plurality of LEDs. This method nmay enploy a conti nuou% wave or a pulse of a
peri o ofchitvsthtlappelbthievse af garovand, mpli gtiojsoproes of phgctromagnghie i ntensity
of less t . t ; ¥l L t to
exceed 60LERPnY oy preflieq s ol LRERPICALRE Kby difilg A0 A DRSHR P e
from 10 steendisdésandy boarangéhén ar afsrtoethit aveaed] enpift fromt dbiost 00moew®s enpl oys
are 400 nm 445 nm n 660 nm 670 nm .780. n 785 n 10 n 830
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desired, preferred wavelengths include 590nm, 644nm, or 810nm with a bandwith of at

20  least+/- 5 nm.
 Analternate process employs 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 about 1 x 10® ms, a light intensity of less than 1
watt/cm2, and the temperature of the living tissue not to exceed 60°C. If further
25  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
30  electromagnetic radiation produces a light intensity of from about 1 nanowatt to less than
about 4 watts/cm?2.
Dermatological treatment may be carried out using a light emitting diode, laser

diode, dye laser, flashlamp, fluorescent, filamentous, incandescent, or other emitter



1060 nm Anot her enbodi nent of the nmethod of present invention the emtter
of 30 electromagnetic radiation produces a light intensity of fromabout 1
nanowatt woO iB®s®ss han about 4 watts/cnR. Dermatol ogi cal PCagatSomni7oéray be
carried out using a light emtting diode, |aser diode, dye |aser,

flashl anp, fluorescent, filanentous, incgndescent, or other emtter 4 WO
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enhance t ebgetngstdati on of a wavel ength of |ight chosen for such treatnent.
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mul ti chronat i crekies deommaaogichiGrdaaién sh@itsidiapPlyéngptspicalnagiehit thra@nirea of
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about 30 MR tan tq enbaaeedhe aeetrafian ok waslienstibgblight thessnder sush &edgsnll | ast
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i nt er\;/oal r%?ﬁ%glg%gte ﬁos%%%ﬁ%%ﬂ#%@%g%{ﬁgé W%a{rﬁ’mgé%gﬁﬁg@keepi ng the
skin tfarrpdéafdmagnbﬁé odidtioa viithr ewhedlehgdt frodi appraxivestelyl 300mnutoy occurs.

Topi cal agents suitable faor use jn _conjunction with the emtters of the
present AyRHmRtsYY i“?ﬂq ‘HB%O%%S_BELB’L‘}@S%{Q%%WBF &@@%‘6@%@&6?9‘8&% ¥ and, in
addi tion, oehk@at BN 601G WAlTAGaR Sret | 2lillRBedAt 16 8B 8D nfhutdd up RASt some

portion o? the stratum corheum | ayer of 20 the patient's skin may inprove
t r eat nent 1@ tiroescyitmsn witérpulstentersal fofm abouw denilliseopridctalabyut 1861 ni stered to

adj ust_the.absorption. spectr.umor refractiye index.of f. atient's skin.
Furintt . Fopreant ke e B e ARl bl e SR e ne
t reat ment gcpfocess of the present invention may function w thout exhibiting

the characteristics of an exo]g)enou.s chronophore. 25 An additi onal
enbodi ment  f or Toricalezonts gritedle for wsg imeanjunetioghwit themmigers of gte pyesent

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
segment 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.



segnment of theskin to be treated enhances the transm ssion through the
stratum corneum of the narrowband, nultichromatic el ectronmagnetic

radi ati orwermnomes A wavel ength from about 300 nmto aborCTABOD20TH f Or
about 1 mllisecond to about 30 mnutes is used. If necessary, re-exposure
may | ast fromabout 1 mlligecond to about 30 mnutes up to about 30 1000
times with an inpul se int er BiletDescrintion of the Bramings.ond t o about 1000
mlliseco s i ef
Descr i pt | DS LR I B g R e e e P o LSRR 1o

vari ous t lezel light metlegli aféhs presant inveintion whieh intay aldcemedrpbiatghthe meg dittdpical t he
present i ven{i.on whi ch may al so i ncorporate the use of topical

f or mul at i WagOpS.qure 2 is a schematical representation of treatment

regi mens pertaining to the use of low level |light according to the present
invention, Figure 3 is an illustration of an enbodi ment of an LED array of
t he presehRiguravisrischematicebrepregantation plstreptment|regimens PURIRNg ip Geiveelpiemt of a
panel - sty r.ay: C I. to the present invention. Figure 5
is a grap e?fglglfﬁltﬁ{cgségé?égﬁigﬁg%lﬁ%%ﬁg absorption spectrum of hunman
fibroblast 15 cells in a nonolayer culture. Figure 6 is a graphical
illustration of the _absorption spectrum of human fibroblast . overlayed with
t he wavel BiggthdispadBusitatiqn of ahvemhediment of sadrklAatiay of the pEsseRk iBYtisp. t he
preseps invention. 20 Figure 7 is a graphical illustration of the
absorption spectra of human fibroblast overlayed wth the wavel engths used
by nar r owBayuek 4 isdntilladtravion bif @ elnbBdiemdnt bfa panei-styteel BID @sren for usawestrding and

al so the absoprtion spectrum of chlorophyll a. 25 Figure 8 is a graphical

i |l ustrat o e§¥es?rﬁén‘§5‘§8’f"pti on spectrum of human fibroblast overlayed with
t he wavel engt hs used by narrowband, nultichromatic LED emtters of the
present invention and al so the absorption spectrum of chlorophyll B. Figure
9 is a grEighichis a grhpiscal atlustnatiof shaveng bembperption sgﬁ@trwmmﬁh@fnanﬁﬁlmblast

fibr og]ast fo overIZ ed ]ngqtgh t he wavel engt hs used by narrowband, '

mul ti Chr ofEER APEROLEE CUFESof ¢ he

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 chlorophyll 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, multichromatic LED emitters of the
present invention and also the absorption spectra of both reduced and oxidized

cytochrome C.



present invention and al so the absorption spectra of both reduced and
oxi di zed cytochrone C. 6 WD 03/001984 PCT/ US02/ 20706 Figure 10 is a
gr aphi calwploBostsat i on of the absorption spectrum of humacCiritsoviizest
overlayed with the wavel engt hs used by narrowband, nultichromatic LED

emtters of the . present .invention_ and also the absorption_spectrum of
i ndocyani H&UgE Hbis 2 Fapheal ilinsirgtion; o%t%a PBSORPTEcR SPEFTR Of BymahfiBiob e
absorptio > i 1 hs
loed by nOyRBREE DL wRTBhe ol BY ARfrowBHRL LANR LT LES M S on
and al so pheserliseniion eml slpetherabsorpfiopserophef pidpcyminegreeme of the active

chronophores in acne bacteria. 10 Figure 12 is a graphical illustration of
t he absorption spectrum of human fibroblast overlayed with the wavel engt hs

used by | afRke eMstd GhshicdliEatidBOY BB dbBrptidrikpestint of Buhi fiBlobla¥t Of
i ndi vi dual “optoel ectronic devices connected in series and in parallel. 15
Fi gure 13Ave] withshowrvelengthsdised b mroewbinsl, owitichotmafjcshebheptitterp ef heesent

conti ned issrl e e g SRl o PRLE TR TR Ris TR SAFPERE, g

(top and ba&iveidassstwsestil@ciedikcteriand a top plan 20 view of an arrangenent
of LEDS in a close packed array of the present invention. Figure 14
illustrates in perspective the spacing of the optoel ectronic devices of the

prese ! y | : > Walonyl Qe L FRGS) igures 15
A-C sﬁ%m,§§¥§€?%§q8?Q%%%§Z é@?ﬁéﬁg@iggﬁqﬁﬁgiﬁgangeg |nt%@PR¥%g$€anels. The
cross hat ohathyad edth the puedengthyuset bglasecemitess. s. The covers nmay transm t
light or may diffuse light. The set of three panels shown in Figure 15a

are hinged to allow adjustnent, so that the arrangenent resenbles a three

panel makeidipe A LAY B 1@%&%&%&?&&9 & iAfividuhUsis AL diRBicevidel B&ineaded in

exanpl es of” possible configurations of arrays for various treatnent

appl i cat i eeries akd gupamallél. A-C il lustrate exanpl es of individual LEDs in
accordance with the present invention and the angle of divergence of an
emttéd beam 7 WO 03/001984 PCT/ US02/ 20706 Figure 18A-C illustrates three

di fferent pextRePs £3h&ks PBloLR FIOS Rbgrhin@TthLRREGY sydems bt the Fesent invention.

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

20  view of an arrangement of LEDS in a close packed array 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 16 is 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



the field of illumnation. The irradiation illustrated in Figure 18B is
relatively uniform and honogeneous. The irradiation illustrated in Figure
18C i s rewatmweldgs uneven and non 5 honmpbgeneous. Figure 1®cCiraisaz/gsitoms a
techni que for coupling the light output of an optoelectronic device wth
an optical fiber. 10 Figure 20 is a schematic drawi ng of the output of
several individual optoelectronic devices collected into a single beam

Figure 21.illu S a basic hemat i c _of an t oel.ectronic.device in

e dor danciens AR s Pusttic AfuRITbabols P fPh SR hRk] efibly 58

al t er nat ethel fldldbfidliuh@natidoal Te MSadigtonaedrdidd ividaiyird 98B herdldtivetuni®rmof t he
substrate supporting the optoel etronic devices and by varying the position

and angl andbromegengoiise elhedtrpdiatien Hastratedin rgwedB(-ds rélatiyehy wigven gndypon

il ust{at ﬁ?ﬁﬂg‘?en%é |l e of a pattern enabling illum nation of a broad and
generally at surtace area. Figures 22B and 22C illustrate exanpl es of
focused illumnation patterns. 25 Figure 23 shows the use of a |light panel

array in accordance with the present jnventjon for _irradiating tissue
cul tures FHEYHY 1S25HpEs a#%h&ﬂpure?orpqogﬁiln&r@@é&gﬁw@wtrpféa|09W§ﬁr6ﬁ%9 deyigar e 24
i's a graphi®ah dokksisidept i on of an representative absorption spectra of

human fibroplast cells in nonolayer culture. 30 Figure 25 is a graphical
illustration of the difference between photoactivation and photoinhibition

and thermp| effects on tissue. i.ch so i.ndi.rect] roduce

ot ot 1 Bieods 2 i Rl SRl Gl orBY Sk it REY o BRERRRE i on at &
hi gher | eyglides B1¥EROBAOR 28 Red US02/ 20706 Figure 26A illustrates an
exanpl e of an array of devices positioned to illum nate the skin. Figures

26B illustrates alternate configurations for achieving biostinulatory

effects, [ & var | Y| e cur. . ! [ ts the
oki - sur 1 BUSRE S M@ A Bife BBl G SHGHA IR  Fp at¥ant REBRS,
ef fect s rprgbdtiii@nfioem treat ment according to the present invention. 10

Figure 27A illustrates an exanpl e of use on skin diseases such as psoriasis

(a prétiferative
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 pattern 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 illustration of an representative absorption spectra of Human
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).



skin disorder that is known to respond to ultraviolet |ight therapy).
Figure 27B il lustrates another application to delay or inhibit hair growh.
15 Fi gur ewda@obioBustrates the treatnent of scars or stret ®@aTresoks076 al so
possi bl e Figure 27D shows the use of LED light in conjunction with an
exogenous chronophore to dimnish oil gland activity or to reduce acne. 20
Fi gure 27Eigifd 2st histatenan eseamie ef af arfdyl afideviges positipped breillugrinaié theeskine
fibers where nerve injuries need to be stinulated, regenerated, or heal ed.
Figure 27F illustrates nail disorders with fungal infection. 25 Figure 28

i |l ust r at Bigusss 26BAllugRktdsQtedbitel JdafiplAGE M fol MohesEn®biobtint¥aiogeSedesel | ul ar
conponents_in_aninmal and plant cells may are tar get ed. Figure 29

i |1 ust r at wBergingyagietpelenticalsysnigioseistas ight miersses Jogskin spu&eei(@raiiner e t he
radi at{ Onsﬁﬁa‘dé)es destruction (rather than biostinmulation or bioinhibition)
invlioving the” 30 treatnment of veins (including facial veins, spider |eg
veins as well as other |arger veins), the treatnent of unwanted hair growth
for the purpose of .producing tenpor hair. reduction or pernmanent hair
removal , lg‘rggmt%@'&éﬂu%@t%blgﬁgggﬁ&é{%ﬁrrﬁ% QmyirFatend AeeNd1ge fo tS‘Pands in
an acne pali&RinvedtiP 03/ 001984 PCT/ US02/ 20706 Figure 30 illustrates use
of aliquid crystal iInterface as a nonitoring device for an LED source.

Figure 31A-F illustrate exanples of electron mcroscopic photographic

i mages. of .5 fihrohlasts in culture after.irradi ati.on w th.one enpodi nent of
t e plboeREUA/En TR R hgraRals Sban boudiichins G Mot P ORELLE by
595m  yel qigidlsbdef tHat IsiiiBwinRo tddBondol lirsasidelight Ferdygr oWaf t range. Figure
31A and the left half of Figure 19b show living but altered cells. The

right side of Figure 31B illustrates an exanple of dead or dying cells

These cel | ot ERRREE Uil RSB R B B et af changes

reflecting alteration of the cells but not destruction, Figure 31D
illustrates an_exanpl e of severely damaged cells. | rT{ages .e" and "f' are
hi ghel> mekjierrs £4: 1pstrges thy dregiment aEscasor siretch gnagis is glsppossible ang "¢ Figure
32 is a graphical illustration of a percent change of a coll agen over
control non- 15 thermal photonodul ation v. thernmal photothernolysis used by
nar r owbanBiguredilD sletwsothratiseccoflIHD dght ihepsjuactibnswitly ke exngesad dhameophend tot er s.

Fi gure 33 0) bsorpti.on spectra of hunman fibroblast cells in nonol ayer
ti gsue Cuﬁ]’?ﬁp}‘é\ﬁ oﬁ g andpactlvf:c]yo to reduce acne. y

20  Figure 27E illustrates an example of illumination 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 subcellular

components 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  treatment 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.



from3 different patients to illustrate the natural variation in absorption
maxi ma. 20 Figure 34 illustrates an exanple of an alternative collection
mechani srwpaeBeoed to as a "hol |l ow wavegui de". This provipdearsamehé ecti ve
mechani sm for collecting the output of many individual LEDS w thout
requiring coupling to each LED. 25 Figure 35 a depiction of a hand-held
battery pbigeresld illEsrajesise ef adigeiddirystpl inferfige asprmemdtaringigeiesifaran IQure 36 a
bl ock flo&hg&ggran1overviem/shomﬁng the interrelation of various
treatments.” 730 Figure 37 illustrates an exanple of one possible design to
produce cooling. Cooling may be acconplished by various nethods, wherein a
cool i ng g@paratus utilizes a seal ed chanber and |iquid cool ant which al so

funct i on ¥iguieetldhF dWestiaterexgmplos of legiasn wmicrossopismbatogeanhia impgevef and t hus

agent < - 107R0 S P00 T0s AheiP B, b 26C KEGRLR ofHE PSS thichiof bk "

| nvent i onvepéowtewsBRI lighve@rtdyotrodwled bgs 396na yelbiwvdcERRMittipgar thieus for the

treatnment of livjn cells or tissue using electr et i radi at.i on
pr oduced r&g}{ls%ndpfé S {IGHRR AR JFagig Al A @ga&ke@éaﬁ%%rfwﬁigb ow living
opt oel ect {,@Riered QUL CPhd SR gid@ o% P%j[’é S8 NlustrA¥e M LM ATBYF 108l edGing for

exanple, light emtting odes | aser diodes, flashlanps, "dye | asers,
f 1 uor esceells (thee ddfter seue egosedto hudhdrighvr energy leyiets thauthe dornfan). t These cellst hout

wavel ength filtrati.on). itable |i spurces for u i.n_accordance with
e pltboette Sroettn B eweribanthotes el EieE s e ip ot TR 5,0 071
and U. S. Ratenlesictidh, 1&lwd2MD imﬁshﬁtésaﬁ@gaﬁﬁnsbfsev%&ly asRsRATBIE dinges
reference in their entirety. Mre specifically, the present invention is to
a treat me'tdl’ aad df x5p hicheumagnficationed dreoaligrest hub divingeslieinc'al' lagd "c".

Phot onodul ation refers to the process of using light to either activate
(photoactivation) or inhibit (photoinhibition) a cell's natural function.

For  exanpigére 3Wik algrhicl Bluseaivnest aeedentn evinge bt agsiges oV @rdsBtoMidnhi N ski n
tissue. The 15 Brocess of photoactivation stinmulates collagen growh by
%

usi ngl%an temal at_oﬁtﬂdé‘@ﬁ%f"e@hen%Ipéletoglﬁﬂaﬂyéﬁ,US%GHEV P@%‘f‘éﬁ’kﬁn y to activate
human or anj oﬂdti*%rﬁ%ﬁ @Eﬁttéfsellﬂdssiﬁg??@g@%@ﬁb‘&%miﬁ@ﬂs] agen wi thin the skin.

Conversely, photolnhibition is app e to treatnents requiring the
inhibition of cells that produce a negative effect, such as those which

roduce sgar tjssue (scars are abnormal anmounts and structural arrangenent
gf col | ag re 33 s ows(a%sorptlon spectra oto human ﬁa‘brotllast cells 1n monolayer tissue cu tureg

from 3 different patients to illustrate the natural variation in absorption maxima.

20
Figure 34 illustrates an example of an alternative collection mechanism referred to as a
"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 battery 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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20 fibers). By the careful selection of the LED wavel ength, pul se rate,
pul se duration, and intensity, the activity of oil glands and

pri opi oniwagB®nivsdsn acnes (the acne bacteria) can be inhi pcrasor/e7educe
acne formation, oil gland activity, pore size, etc. Acne scarring could be
treated by the photo activation of cells which produce collagen in the
vicinity of the depressed acne scars while photoinhibition could be used

for raised thickened acne . s, there r C their visibility. In
non- der mat ol ogi cal applica a&§fﬁ : ltl g ER% é 19be used to treat a
wide variety qhepesesahvention YebRs i @mythoandd bpgigus forthimeatgewiivagn be
inhibited, cells within_ inproperly functioning organs can be stinulated to
i mprove t kel Qritssyeorsing clegiespagsetinidiation produg gashane opfpele¢roniqivent i on
for in er r single
LEDs i T § 'a 1g§p?ﬂr1]é @ﬁé& @f‘odatéé?%r ’ﬁ?de rﬁélvf‘cps H?e%%n %%Br@éeki{ ﬁwéx?cuo?rlo ﬁr’n ﬁlcﬂ{dgw e

The deV| céomamphaehghtmnamnggh@dm{ﬁEmtlaseathodas siakidamps rdybmsemnﬂucﬁbdoedt by a
renot e ti} smtter t sutéect thetum)r%’r rovvtht gflre vvavelength
of 1ight %E T SOUFGTe oglameniins g PR (gt OBEW%"

| ntensi ty shRafea u%é%@ fRRRE Y éﬂébﬁaﬁéé)@nﬁ’ih ﬁgééent AW HbhdY ﬂBoEé"e t unor.

This could be acconplished wwth or wthout t Interaction wth
03/001984dRcKﬁ@B@ZﬂSOPaﬁntM«dgéhbM@zmdﬂ@étP@hﬁ@ﬁnﬁﬁﬁﬂé§9rwhmbduﬂsmdby any
of thq met hods of tothis art. Further, it has been

benef i8] alnfcg‘?rROSﬂﬁ%Ig %Fre{lfeelé’te‘ﬁ%ﬁ?& §fYcel I's using LEDs does not require

heating the celMérelspedifiellyOihliprodBeifyvdniieh iddo d tidatth¥nt@GE dpSaratd$fdar | or art
devices 5 required. For exanple, to heal wounds using |aser therapy, the

cel | s hadphetopedhleting tssug cellh Phvsomeduiptiongeterciortbe pioagssiof usiag lighida t o
trigger the, gr.om e hogq%‘éilﬁlr?n?gﬁﬁggy@ﬁ@%hﬁ@@%féeg(%%}auﬁﬁlcﬁﬁ&idﬁg Hop the

present i fRVention. agen produci ng

cells or amnplbvwﬁgkleﬁhﬂearemmémmhemmgﬂlagat BEtbron ¢ \uitMnakmmstsme dgoer . The
met hod of dermatol ogi cal, treatpent wi thout creating an__open' wound is
tradi tif onarqcyswoﬁ tpagiavatiqp stipyages wﬂagenmw@rbwﬂ% w LEDba pybse g3ieisi ng

t her mal Btk wﬂw rhnGQﬁ’énﬁfy%glgtr@{?e ?f@anmgl%raﬁlgft'ec@lggby\@??gceesar e as a

trigger f r coll'agen growt ing I's
Mor eover, colieges vathin tetskal. | Gortvarselyi photummbutgmas applicablerte #lehtatentse” ski n

rejuvenati on. roduces t her nal n t he c rentl
il cedrwmﬁf”%ﬁ‘a%eﬂvé’?ﬁﬂﬂé IR B oS High R et b
phot onodu #,ﬁ;due@séﬁ%@@@ (Qdars dke abilSnid! 86 ts bV EAlch R arrabéhént bR Bollagen

phot onodul ation treatnent nmethod does not require thernmal injury to occur
t o pr 88lucibashnBy Hesatarefy] setectivn of thed Jile wavélengibrnvdde rafej pitlge duption, and

intensity, the activity of oil glands and priopionibacterium 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 cells 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 to 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

11



still occur during treatnent according to the present invention, if high
intensity LEDs are wused and the target cells receive extended exposure.
Nevert helw93/001984 s i nportant to distinguish that the cripCiraso2/ei7hé er ence
bet ween abl ati ve and non-abl ative treatnent is the 20 mechani sm by which
col l agen generation is triggered -- in the non-ablative method it is by
usi ng a spgregehpes forget emmophores introdugedhyramytod the methodsof drive dedblenakrewn
produci ng . | whereas with the ablative nethod it is by using light with
a suffici énﬁn E}%ernsi ty to produce thernal injury (cells naturally react to
thermal injury Faghe! RAUSbae teatfiagenfouad Bepabitnichtof delb Usidg 1. EBs doeendk
illustrates the various treatnent regi men according to the present 25

i nvent i onf%*\‘éreélle%"ﬁl&th6§@ sueithgypainicehere fierapl inlmy pecutss aypPiior abigvieeeti on with

t he nog- at ed
vari ous t?&lﬁ? ? reg i ?éV\%‘II ?r?ﬁh&é@%ﬁegfgge\égl%%@gtﬁ{deggpﬁd%Gofnﬂea%?tt ive or
non- abl at itheepaimtrwisdstre tHh!hﬁal ipjuef esauedd ac gy thy gtawthtménawesﬂaigenl Menapyon are
LEDs whi ch cag%oduce a narrowband, nulti c ry;tl c eni,ssjon having a
bandwi dt h P8 mwsﬁ% R PLEsely I’B‘éﬁﬁlﬁﬁil»d?‘ﬁb SineehActuation s celisasn
nanomet et SrddhcttB LM of By 1HRfd QU vHllER RER th%ﬁﬂdl'ﬁ% BEGCITHRIRIRI e

| i ght sources are capable of dellvery I ntensit radl |on to a target
and oper apédwnnaaolpgmdrtrqaungm V\oﬁloﬁimnataigcam o530 wosindsatraditianaily calebout 1

wat t / « re,f abl.e, the an of .the e r sho Id be in the
fange 81 peiarois St ¢ PR a3 et ot Bhich o et oo ce
havi ng a @&Ne@d#&ﬁﬂqre@mﬁg woﬁn@@é@a&&f(@e@%@ﬂl?ﬁ fi’ thl4ad 3t d Bealing is

bandw dt h) em ssion centered at about 590nm an 4nm These enbodi nents
are pr ef ealtasd ablative’h dMorsioyen, theemare aglually tredigidact typish of“nha-abdativgdslenand eye

on 2 wi de"DRGRtGF opb SRl Rh hRRGeR e bl GRS Bt o

heal i ng. hivtlyddpind sheoititias mok prodoed thEnnaImeo;e(mwﬁhdmﬁodwatidnanmod oght
intensities which and, device deS|gns and optoel ectronic . devices .the

combi Aat i $ie wesephinyantiag). Vade th edﬂ@roa%%quht@attieaweali mgthadgless netireguireevel nay
require tg ties as
i gh ag 4 e g BpqERE R prORIE Gl Helling BRTRU ek D ety b EBE

i nvent i on still ecar dangg&eatmenpmeﬂchnm\thmgreﬁm mvahmn iflifigh irtersiip WEDKCGHO LEDs
per panel . ref erred 10 e iment for _clinical, use, 525 LEDs per
panel are ?Fadg%l ﬁ‘a B SHE 1SCHET e’ﬁ? edieEPEY N ?‘?‘?ﬁfqﬂléssk }té%l{W%S?st em as
ilustrat %ijs,tlhgulﬁﬁ Eﬁdf ﬁle‘l:ntlgélgﬂff@regcesc{é@%@en%lzﬁﬁf% aid Rbn-bEIREy ORcaAmest i He®
panel. Figure 3 shows a panel simlar to that in Figure 2 where the array
of LERS :rrs:Cb@m%n &yt wyclacalagtmgenerationps biggersd snivdhtinoreelatieqypetheditiion of

t he el ect rbonal%n

a spec1ﬁc pattern of light exposure to “turn on” the collagen producing cell,
whereas with the ablative method it is by using light with a sufficient intensity to produce
thermal injury (cells naturally react to thermal injury by producing collagen to 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 to a target
and operate in a power range of from about 250 nanowatts/cm2 to about 1 watt/cm2.
More preferable, the power range of the emitter should be in the range of about 500

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

12



radiation to the target skin or living tissue to be treated. Another
preferred enbodinent is 15 shown in Figure 35 in which a hand-hel d device
for use vwDloW001984 i ni cal supervision that contains as fewCcagst/®7neEDs or
as many as 50-100. Two enbodi nents are shown in Figure 35 -- one with

mul tiple LEDS and one with a single LED. Wiile LEDS are shown in the
previ ous| pardsyidihg ganissiingentesed a§ abowI6PPimiand Ghdnmar Thegelamhodiaents e t hat any

of the %@ It| C e 8 in,are suitable
for use |§£etrf?o1 aﬁ(P o ﬁ%‘ngﬁg%%evweﬁt&h %Bglr?gﬁgarar%g ggﬁ%aéd %raeﬁigoﬁuerfgd
devi ce of td high }%ES@Hut istill erdduodclated] tmpevhatite by apdderage afdisojdersm t
treatnent without the need for the patient to make an offjce visit. Such a

device i sm"ﬂ)‘éi”@g winkleirgdugdipp agd, o h‘%ﬂllflgh@ erdenioRpHMiEE ClHis, hair

r emoval S,

her pes f eve 1rOVP&glxtﬁ!teb'rﬁg ﬁﬁié%#% ﬁg%taﬁtﬁn% %Sg‘gﬂlng% g?d E%?és(gegig% 3 31? (LB@%&QC er1 é(eye
circles, Mdeviess th@odimbmam@mdxﬂ whick maydéad tamlﬁssiﬁbﬂrondﬂaamg}mt ngk keaél mandi tions.

Wi | e many  way ths can be used a sent ntj on,
depend! ng e setGpb e epy Bat meh At o ah et GrBrGEs Exhishtot Shgths 1 or
LEDs i ncl ude 378MEDsARomeAL3nmbIE 33 lmémseﬁaﬁmmﬁmang@dlﬁm
630nm 644nm 650nm 875nm  880nm 940nm etcC. which can be used

i ndi vi dualphyel®haviimg ﬁm’bnaitlQQrto ablmav]nOﬁ@)LEDymeepﬁleBOInsth@wfﬂr@ absor pt i on
spectr mfo huna ast er, ti gsue culture,

¢ Feat int STORGPERDfos BRERLRR: T 10s o8 PRRAIGR YRR DA AR Per At e ¢ on
of cells) infi ufemﬁ@lblsmém Cefshllﬁstﬂafeddﬁ%‘i%@éiél Bigate? klesvd dndhtitay wmmamvul | be
able to enmit_ wavel engths where the fibroblast absorption is hi

t he | ocal sirgleinpacla gereBribowpa prpsal |smlaém {hat in ﬁgg@r%wleerp Fhwabflag é@qﬁhe

absorptio f WO

07 001064 HIRFELHS AR byt B produ il AOGR oxbfaB TN BYRE clellublidiehe WO
c g mrer ci akadi&tidnde \thcctfegﬁt skip fef ll;mng |$1@ﬂletth be @onted. FA?UﬂléSprfEilﬁbd&h@ddirﬂf@t is |
aSOI‘ptIOI’l spectrao u ntl 0 In a nono er_.culture superi ose
with the &baw &Elgﬂreéééegﬁa 1b4£ hei‘ijée"é%@éﬁ%‘é’l ﬁ%’% PBWBE)‘h%‘P@%“Squ% taaffg 12,
for conpar, bﬁtgﬁs aS RVSs 189 s aﬁ@tEngfobaT% é?:?:&s@(ﬁ}?ém@ hiFRBKASE 1N a

nonol ayer culture superinpose e wavel engt conmmon,

commer ci aFigura¥ai- adelveith mshtpledbEDSaad of¢ gfuthea st@lehBlds Whide BEDSrapt $1mwn
spectra for ,3 di.fferent hu fibrobl | ines and jllustrates the
Vet at | ondh s ioHEHPeOEH toaithy g ot g e ar e Redie gt B, 5

si ngl e waygheRBAd, Bfultidhi@tthatiSerRiiteAUERussell hbRiSare WaAIERE bbe HABS hatl
correspond wel | wth the fibroblast spectra of the patient, that patient 10
may naép r sldemebodihéntiand parsderreyt . Usi ng a narrowband, nultichromatic |ight
sour ce,

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 device is
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 spectrum 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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however, will permt effective treatnment for a nuch |arger group of
patients because it is not necessary that the aborption peaks and m ni ma
of the pawDaawsl9sfi br obl ast correspond exactly to the domcmarsv2/eervel engt h
of the light source. Since LEDs and other narrowband emtters of the
present invention emt light in a narrow spectrum around the 15 dom nant
band, m naelong withtthe wavelsngihviofcomimerily availsblet dommdrsiol BEDolevisks t he t ar get

ti ssue of __various, patients wl t reduce their abiljty to.reduce to
tr eat ment SRS BBIeREn Fiaef sl Rot FE Ry el LA tbPRHE i) e
readi |y ablogola9er adistysulperidposedpatathe abdoeptiongipected Seirions eegescusof the
present invention, as illustrated in block diagramformin_ Figure 13a the
pr ef er r ed cleopRoIehH cFigdEs] Za forsemmsrisase shayys the pbyorplpneetraeiiymsdwer to t he

emtters i | i oy . | east one
panel %f ?E%bgar%n{ %Jﬁghgg%éﬁg%% S]td%et%{ﬁ%&s?:%%{l#lgﬁé B’%g&%nrﬁqﬁsoﬁg&gﬁ?@ gener at or
unit for caatieraiglyt dvailhbsle tisendoyicendFiduredl sowafthpabsegsioanpediadoby t he LED
emtters; d nci |l | ar 0 .cords.and cahles tqQ permt eration. Figure
13b il usflffﬁér@é Bpgn fProtist 3@@%@5&#88@%@9 Saﬁnﬂ‘_%%’rg_gfg i VBER arr by
and al so i g%d}lfocﬂﬂa&aﬁl:ﬁ%gtnﬁggdéieﬁg&g?gl le waybddBPYE 1igMt id ABdudel TH s array.

The nedi cal Treatnent regi ent 1nvention relates to a nethod
of sti nuwavéleggth doesiitisptréespgnd Wellbvid] thg ifibedblast speeira pi the pgtievt hatopatient/i ng

cells, sub cellular ,c onent s iving tissue. and/.of organs,, As_ previousl
et § Shedmay ot tieaine el RUBGRREH: HaPethatsibio qRoligianfid® B SBrdat o or
i nhibit t Rewbiep! Wil SermitdFlobiivd teabio®t oM ueh 1a38er bddB ofYatiems BBause it is
fibroblasts. Such fibroblasts may include native Tibroblasts, autol ogous

fi br obl asnet neserstryrthgidhe abhasplionpassel pid ménimpiof disi pasients’ fiproblestcosiespandi ng
cells or Ljvin S aduc I | Ladi Ly through
interacti S%ac\uyt%%ﬂgngﬁﬁg?&%V?@%%@é)q\%}]eﬁ%%&%%gm%Ir‘gglgg{ml?gﬁ,eyproducgs such
ef fects oRadréwhdnd c@ittbrs of thel pridentink erftiomemil Bghtih @ 34R0W IPdcti AloHRPh20706

Pretreat ment . regi mens . can include |ight alone, Light in_conbination with
exogehdus delmr@ngw&r winorfhgtuatiens g Variaiens i Hes bseptigRap srtagetiissie ot

dependi ng ey RN Sodkalditnlil BAiTANLAES kS BmEiogenOUS Chromophor es

may i ncl udes nones, Qgro actor catal'ysts, cofactors or other
needed agents fAdthotgiethappskilbed iattke ot ofieng swh dsvimedwitbbaivadilycaldatchways,

sone of which i ncl ude net al | oprot.ei.nasg,i nhi bitors .(for . exanpl.e one of
hese i s BSERHIE T PSR JE L aHGR HaET o6 PG GH B KGR

met al | opr @i Rk A8earh Wi Plo@R!158 theynbic-Age R8s inclRBIE t&tA) byx anridabl e

topi cal conpositions particularly contenplated for use according to the

presefd i pondingpowertoulieemitters 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.
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Appl i graf, Dernol ogen, |solagen, Zyderm and Zypl ast. Suitable active agents
for use in 10 topical conpositions applied to the skin in accordance with
the presewDoBU®sLi on include one or nore of Vitam n C VcCTarsomn2E&Epe Vitam n
A Vitamn K Vitamn F, Retin A (Tretinoin), Adapal ene, Retinol,

Hydr oqui none, Kojic aC|d a grow h factor, echinacea, an antibiotic, an
anti fungal , aanﬁleamqnategnaeIm@acmlwiplﬁ)éﬁbnedlghahmmmmmwlﬂam d, a beta

hydroxy acjd, sal acid nti oxjdant tr

o1 vat i verotsnd R drionbinepEl St RYATH E¥Rno s cBhal RIBRY Mope HpBRURE ARy ani .
a phyt onutheirefire ofthe@teamh & ledifedd BXbgenods bigbhReRAES may dbhedes harrﬂ&{eﬁDne an
enzynme, a mneral, a genetically englneered substance, a cofactor,

catal yst, e th factars, Galrl vt spiasioss o qibgrmerdediacgpts for theraparepriaie h@pkmwgl i oni ¢
cal ci

col o1 i ARERESbURY o8 hys THRED b o RN el R S| 70

synt het i cexamtplabmne ofith2€: isekethl inpedltcm'gths degradtiontod collgyen biy tigs matrix

hydr oxypr ol i an anest he iCc.S ance, | oro I
chl or ophymeraﬂbp@éfflﬁe% einealy %19&' o %%%&Sr%efg P%an fygde ¢ toptal above i t ems
both nat yg oﬂ%s%ﬂ{&%fg%on{eﬁlﬁﬁg@fcg%%gc%%&lﬁg {ohRe Bfe@érﬁ“ﬁvehﬁbﬁ’?ﬁfchﬂ@ the

desi gn, configuration, ower of one or nore optoelectronic
devi ces Mypbgaﬁmmpkxgends@ew dydersn a;misZyxé@t 2Suitabéy apyive agierquobr asd mg
beam. of r at ed e .14

Doy ¢ Fori AL oot s ' BOsch ibacepBnds wifk s el By el adde Vory

| ow power gpe ¢MABRVEFVifalnif &) ARinis 89 Vivedih AaVEth’a‘&ﬁﬁKdVﬁé]iﬁiﬂF qti@mat i ¢ devi ces
to produce photonodul ati on of Iivi ng tissue, (watts) can be
@zwf%émtor

used t o ni{Trednaink Adapalene Retindl, Hb’qumn@nalKQJH‘se@td f e¢hinzreaeasi r ed,

wthout hesReth LauRREACKRLEH M h\000n39:0R! A AE NERLTRAL « iU €2

15a-c il gst enerré pane (S ar ay ’s use

with any hadrogyvbedkaliopid dcid) atigtidmt edad dd?ﬂipofuﬁﬂ a&de@ﬁfbécbdim@ﬁﬂ% casamdl ation
suitable for use in accordance with the present_invention, gure 16 shows

al t er hait e WalsHEEAY3VA: 4 @rtioxKlantya pRYtoARD a%amaﬁabytpsvm@weabaw# Badeh tters

to perforj t he
Lyphcal _raeit AL A Broduth Enafibollih b SR 5 SPh N B 0/ BRBBRG 106 The
overl ap ofsuHsEalasemccbfaetoararcm;alysamnaahﬁegmg titstaneq madisneas ebdmepki n t r eat nent

.e., avoi d bl atchin unevenness .in t treatgent that . .c be caused
by ¥ hot s fB Bding forip Galctutty Aiagham R o h GHRSTHI Refaned P PaR ST DS HEHE o o

Fi gure 17ustahife, a A4S wiH Bbit QL EBstahfEa d?é“ atﬁaﬁrralr@é ﬁth@%lefaﬁmwat h an
optical wavegui de, sucth as that shown in Figure 17c. The 5 waveguide is of
the f@om kistallopioteindre ualnbltemprqime,tlwﬁrcvfarpto)hncwmesfb@hmubatmep thloriphyilber .
copper chlorophyllin, 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 optoelectronic devices may be modified to generate a desired
25  energy and operating parameters in a beam of radiation, i.e., as illustrated in Figure 14, to
accomplish the method and also for the apparatus to deliver the beam. Very low powers
(nanowatts) 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.
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Such a device permts the insertion of the waveguide into the the body of a
living patient for highly localized internal treatnent (tunor inhibition
treat mentworo3ootyes internal ailnment.) For external treat ERUSOZR0TY6
multiple LEDS, a wide variety of beam divergence patterns are possible, as
shown in Figs 18a-c. The nost preferred is that which produces 10 the nost
even appl ileaovertepat LERs iatthe arasocantafesitha seamilagpnessediskig treatinangri.eudoy from
pati ent . ' Lfferent, afflictiaqns hei treated. .The
B e G R T S e A L
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I nventi on unman SKi or
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di sor der s S ey Reronpled withsarn epticplowipyegpide, yish ggBrbshawauinRigue hze-bEee or
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t he paﬁcr gdggggﬁ&%?g%g%ﬁ@gﬁ%g? Htﬁrlllgﬂ%t [ rrudg% ﬁ}ob?\&g?%?rggﬁg{% O?)?ldh?)) tl%%iﬁ}) g‘gr owt h,
and for r &ddce devicoperontsithe insatiomaf the wdvgpadints tieithe badsi o, livingpaizht

L, o el e B s il
muscul oskgligbal) PoOSGAR thalfed ﬁgiﬁg hgll}iriileiﬁzvk? giv&i'ué vaZetPbf @éa&ﬂ‘&i{v%ﬂ#gﬁ?n g 0

i nprove heal ing of surgical wounds, therapy to I nprove hea
[or to reteitensyampessigle, asshpwhin Bigsd8arct Tha mdshpreteriedgs thiat whichprastuces t hi n

the skjn, ;in vitro fertilization e ncenment, .other skin cell lines |ike
mel an lci)a(): yt Sl mpstexen ?‘P&’iﬂ’??té%’, Ofa%‘?}ﬁﬁ%‘b{}{]‘g% fs:klgggl.ng'ﬁ‘?éteg raﬁi 91 VAR o P%Wnﬁay

I nt eract Wilf]dlieﬁﬂﬁidh@fdﬁw@éiﬁ@ﬁﬁeﬁdrgb@h{gﬁea{d&e structure or 25 function of
the skin, the hair and the nails or any living cell, tissue, organ both
human and ani FBP InvPRBopME bapsedpndrrmanskimipr Hee tweathent of wrinkgss end ethenound
heal i ng, Lpel udi t . [ i rs.q..dabetic

ul cers, t Elg@ﬁg?f%?(gﬁi pr%OEO? ig%délé %%@§?31§$1§g?§1@b@rﬁ§tge&1r gﬂr?ts0 ?dlﬁgarslegdont al

di sease andthaliteskin distades,dosibas@luciitreoPions and rdlateddisodbrsrsayh ferosdtetsef ul in
enhanci ng .t he ef f ect . devices which create an injury or_wound in the
proceds Sqlﬂﬁéﬁmwiﬂgﬁ%ﬁ%% b?&ﬁwrgg?lyf@r%rf QEPHR Lo HaBeHsAHsoyaeTs Hashras|
woundi ng heahiRisae trefft thb bRt BHabBeW b ik SEmuffidh Sr regh&%nccghq&r ks and
ot her skin disorders. Undef suc clrcurstances, It may be preferable to
use convegtavch, andrfontsiductioneoftcebulite) wirtsg hypeehitsosisnveing pigmedtt porblamhd, h t he non

t hermal phot omodul atjon net hod.of the present jnventiqn. The 16 WO
03/ 001_984? S0 TR el SCF Yl éﬂl%r%%%%n%?gl%@eqﬁﬁ%om uncti on
Wi th nicr ga@érid wibasohs ARNaS LAy, rﬁ@gcmkaéﬂamogrenﬁqaﬂé@&hﬁ)l@i@ t&lae A&l

peeling of the skin or topical Cosneceutica
20 or arthritis), to improve healing of surgical wounds, burn therapy to improve healing and

/or 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, periodontal 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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applications, with or without ultrasound application to enhance treatnent,
as the renoval of the stratum corneum (and possibly additional epithelial
| ayers) cap opioorwes beneficial for 5 sonme treatnment regi menPCIIUSON20706
enbodi nent of the invention, the stratum corneum|ayer of the skin is at
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subst ahcephaipinbibvitidnswhdn the iulogieal ebtingtyrie imalyned byclightdilhe igoneraliternato | east one
narrow bacri]éjscg e bGth %Elgt%%ﬁ St gn D Sc)itgz'{g:ti%tgorr]l ig rﬂﬁot%{n%%lgﬁgﬁ --nn?éarrll?n% tﬁglcd 17

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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WD 03/ 001984 PCT/ US02/ 20706 system of the present invention by applying
themto an area of the skin to be treated. Selection of the exogenous

chr omophowe o8t er mi ned by the absoroption spectra of tReT/tSaz/2rophor es
on human fibroblast and is dependent on the wavel ength of the narrowband

mul ti chromatic emtter used for treatnment. In accordance with a preferred 5

enbgfn rrentSyfthtOEﬁ the mz@ng inyentianthy apphonshieny te aniarea ofitke skin to bairentet by
e
R L R SR S A
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pul ses, alPERetrals ! ?aéaehteétré@n} patR n?aaﬁr O{tB%ﬂBrﬁnﬂ RETMHMELE® | nt erval .

I nt er val 5 pﬁ%ﬂ%ﬁla&éd%ﬁ%f% ﬁssﬁ@'ﬂel@@ tBS sttARE BhelRUA sofld Vistandss, WREKS,
nont hs, efc and the tota nber of treatnents is determ ned by the

response ohotortedulatedi tissdeiedn hml:teilmall of thgreptibelial 1ay91§t0|féhﬂ skimgi mens using a

conmbi nation of, nore th ths either si neous or

sequerde may é@n}?seé‘amp%ﬁ 03/895511’ ﬂ%er%tﬁ%r%am?tﬁséﬂasy u eh‘@aveg&lgg]ts Otg n as
measur ed afe &16&rdnhabinBic fAdftiea td WhhGBé llﬁngﬁﬁéiiéro@ﬁtairﬁng] @élls&& bPesgen&aitd] et er
squared, watts per centineter squared, etc.), the pH of the cell, tissue or

skin, 20 sHawled ot mﬁeteéﬂméuraana of pscst (PBle dpip pﬁl@ratqf&w qlertiopmagneiiht wit h
i ght |
oy 0 i, P o SRSRRN sSBEAMBANGL PO P Bl oo

nat ure of rhtBer idt@dtiRe itedald Ih&r\falllsl’lﬁehﬁéerl ﬂréamémtabadbe s Iohgas E)mmﬂa%

Wavel ength -- Each target cell or s bcel | ul ar conponent, nol ecul ar. bond
25 t hdfei rweekwersnth% Sltavied dic by e Wﬁ%ﬁé‘ i3 ACteHA S DY htespose Of | on

spect runt ,at 1nMU1@51 B&twn X rP?Jpr.'h&s tr‘é@cﬁlte é?l%tuﬁﬂ E’fb‘l&dﬂ%ﬁ of hidd thakeaE Pt i on

peaks or maxi na exarrp ows t orption spectrum of
one |ine ofavelengths bltlmcshha]s;etnemm drsin sequenmmhsabeusekil geueell; dhe tmegy Dif ferent

T f.t 1l - f l.e f.ibrapl f i ff t
bati ent o) ey ot S AoR pa i) Foiog RUe USEgPRRON pSae I SHFERGs 30
usi ng nar reeyfiaRAsdidtdd leaftt@gﬁ‘ c'eﬁtlﬂlhtﬁmqu@lfe@t e, thé ?H JTAROEIN, BEdkios slhh?ht ) is

al so useful in producing t optimal clinical ect. Wen these cells or

subcel2oul dhe si@ntmnmntgreaa@ titne ifrgu anpdigatignt th tmam@qné wiithreclight sowsep dfiesedg t o
the absor pt, % O%QI?'OI%JSS c%romop)flomwhlcﬂle ra:ct&ybeI 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 spectra and thus
30  using 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
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transferred fromthe |ight photon and absorbed by the target. The
particul ar features of the delivered energy determ ne the cellular

ef fects. Woasoorpd exity of these 18 WO 03/001984 PCT/ USO2/P2OA®62/20706
conbi nati ons of parameters has produced much confusion in the prior art.
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exogenous _chr hore., In.sone ses, it e desirabl.e to target nore
ThanCone HRYFRABRSbGH ot ETr AR il ABPrelih w5 UG AL ALAE, o
di f f er ent stfRBLIAESMPGiASor tIf3Be, R @SORAEuThreAbBHdRe. Sl Rs@Gt inap bspect r a
are common for a given cell or subcellul ar conponent or exogenous

chr onophodesiable todameiamear thamors magms neitbensimultaagouslyios seqrepighoenibe

di fferent . | . . desired
phot o rrg du Isélﬁé g#&%?? éélfé Eﬂlse Qﬁlr?ayé{%%se' gﬁ%’rre%ﬂgi %ﬁnnﬂlgfsééx?%@g%g%%? &%gtrr\é gtc%i uently,
use of br casinbvarfdr agivenkell ensubtellulat eng@nbitghexsgamboechromypliee bed S

desi rabl e than thosF speci f.i ed f(ﬁr .use vvitr& th ,@resent i nvention, in
contrast f "’trﬁ%tWP_é’é b8 R]rmf"il’frﬁll’é'a AL RBBAEPdang Fifisreat repits. | aser diodes are
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el ectromagneti c em ssi ons. vel ength may al so determ ne tissue penetration
dept h. |t cossiderpbta land ndroowhidnd, maBictmatie dmitiereLEDR§t While notemotvchitvandting get
cell, tissue or aqrgan. Tissue netration depth for ..intact. ski be
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that also c%r?t%é%%,%os%%o&%e%cieﬁ NRrs 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  desired 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, etc.). 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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30 wavel ength (e.g. dark ethnic skin, plastic Petrie dishes for tissue or
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.ncreaéedfr@awn&ya?nda&P%ttryulﬁmgp Wﬁpmcmszw%%ased anounts of 'raw
materials' @-- s RHRIGGAR, lgrl?tb {nfre &ﬁfo%%%sfé vnfefrébé,'théf (e.g.
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St uatzz) ° nzuch as collagen when photostimulated. The cells themselves also may multiply. During
this increased cellular activity they may utilize increased amounts of 'raw materials' to
produce the products of their increased activity. (e.g. Vitamin C is needed in the
production of collagen , 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. It is
anticipated that in order to reap the maximal benefits from photoactivation of cells,
subcellular components, tissues , organs, cultures, transplants, autografts 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 subcellular 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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with different substrates and cofactors exist for alnost every living cell
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bel i eved that Wiglelt imishémy fod Hound by apartieylac eebime itiinbeligvedthaetier gy to a
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power pl ant s ' ng ; L Vi ants the
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produce a cellul ar response derated by flow of electr i he

06 hondPIEa Be GirpoRGRE AT SRS RHOHHOBE S TB DA R oMt a of
energy dghiy¥&l6e RYstéesE RRNOLIAS ot Qellhese el ectrons occurs, conpl ex
interactionS may result. "These interactions may include an alteration of

t he "éher gy ch3¥hye'irradiatedethesetnsedusadroedular 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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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 59045 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 cells 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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the range o% oeﬁe%%o&%lde%gesn l%ay 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 to right across the row. An example of
parallel 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 optoelectronic 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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including, but not limted to, 450 nm 532nm 595 nm 620nm 670nm 760nm
820nm  890nm 1060nm +/-5-15nm are of interest. 20 Figures 13A and B
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into the devi C&ygyres 17A - C illustrate an example of an individual LED in accordance with the

RO

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 pattern
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 pattern choices.

Figure 19 illustrates an example of a technique for coupling the light output of an
optoelectronic device with an optical fiber. In the illustrated 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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15 Figure 16 illustrates an exanple of a parabolic light for providing
illumnation such as in a surgical operating room The light may be snmall,
| i ght wei gWD oafaii9sy operate from |l ow vol tage or from sol &cTasazbeos Many
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single beam Such an arrangenment may be
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
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useful when energy output greater than that froma sinple flat panel is
desired. Figure 17c illustrates an exanple of an assenbl age of i ndivi dual
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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
necessarily the same maginitude or duration or clinical benefit by releasing chemicals
wﬁich signal that the body has been wounded or injured and thus initiate a well defined

30  sequence of events termed wound healing. The end result of this wound healing
mechanism may be the production of new collagen, but this occurs as a result of non-
lethal thermal damage to many types of cells. In contrast, the direct bioactivation of a
specific cell or subcellular component is triggered by photoactivation without

photothermal injury or cell damage. Also, bioactivation tends not to produce
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spectrum of human fibroblast cells in culture. Each living organism cel

or subcellular 10 structure has characteristic absorption of various

wavel engtwe odfot198ght . External ly applied or exogenous chiremishw2Eses al so
have simlar properties. Wen attenpting to stimulate, inhibit or nodulate
such living tissue with light it is desirable to know the absorption
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mul ti ehr opetjéationn{whieh caf besinglhe fanmm;fnmvlkmweadr atdding) fhet appesimplydemoveavoi d or
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 micron 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 at 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 illustrates an example
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mnimze thermal injury. One way of determ ning whether thermal injury can
occur is by nonitoring the intradermal skin tenperature of the target
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heal ing. An _inportant adjunct to the invention is the use at oyt the
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of a wide variety of possible dental and oral surgery applications of this
i nvent2p onpriopieaibaetertmeasnesofheseintheieme pctaiis dspllis indprgehclyamaplere end | ost
gum tiss UgR d%ﬁﬂlcﬂoﬁ) Bt 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
fungus 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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stinmulated to becone healthier or to regenerate or to be restored by LED
therapy or bacterial colonies could be reduced. 5 Figures 27A - F al so
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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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sti mul at egh/3RgIebioaNibiteRY effe@h. SFigue: 1%eitidathtesdesxainhld of thettdtabhtoft 0 S| ow
down or inhibrt wthholding certain raw, materials and cofactors (of adding
a subdf andavinied haigigeihdaT e pyipose gl predyang topmesaty dpkreduchon pi
illustrati ); in i i

"1 br obl adt P Pl pndins) NRERABE KAnRAPRL fodfe SRR AR,
"fertili zebfonzuphotdte destarygeil glandd in aaradné patient @his ioimednirgstto teushibidisowfces -
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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  match the refractive index of the surfaces (and optionally between the LED panel and the
LCD). The LCD is connected to 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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pl ants which are being fertilized. Thus it is with the cofactors and
enhanci ng substances wused in conjunction with this invention. 29 WD

03/ 001984wB@3hwS8L/ 20706 Anot her anal ogy woul d be fertil iPEirrugopEmds in a
greenhouse and then putting on extra light to stinulate growmh (one could
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t oo hot gvsing verwilow lenslsdefitishbenergy produeeddry 4 196ampyallepnlgElR Ieanitiag in the wound
them and tF regener NI o] | S j P . This
1T ust o e ktgR AR R Sragerap 8 il AT g BR AR SR o S B
prior artpyhilteredreds. sThetibla sidedT Figse BiBilBtrast an €xanple bl dasl @ dyingundi ng

ti ssues that are not even the ta{‘g{at') wherein this invention _does npot act

by a t her ¢glls Ghedwmivese exnoserdie ey kighes cpengy develsdhgn the dorgearhehtese Gllsch can
al so od £ 0l | Bk ' : I J3Gi of the
t hZor 5§ of &%EF%{S a\li}g{npﬁgptgp ﬁer rm}f %ﬁ%’eie?ai%ﬁ%ﬁ ?égg:fgﬁ)% %lﬁgtﬁda({}g%@geﬁﬁex anpl e
of a "hi ghutpoudestretibndigeaB 1 HiBugratdsen exampldiodisevercly dsmbgesl delis.t neageal

destruction (rather than photonodul.ation -bioactivation or . bjoinhibition).
The il us'?‘f a@%@%é&%‘%ﬁ@ mgﬁ%ffl%en Pk@etﬂﬁe%%&hﬁ“% C?a}iﬁ lﬂg a ??‘H’e °udi ng faci al
veins, spider irRgiMRhfich #11 ¥EbditeRIuEAEY aﬁ@ﬁlgﬁerﬁmyde&)ﬁbwe}dm fOBYwHgS O

i nprove these through bioinhibitory effects. Figure 29 illTustrates an
exanpl e ofxanipdes. riderempal tepipetBunen weerin ddgrees eelgusoml¢ss otherwise npligdpose of
produci ng tenporary hair reduction raanent hair renoval . And al so

il lustates an exanpl e of the use Menous chronmophore to destroy

oil glands in an acne pailMPROVEMBENTIN SKDVWIASIIGITY he i nhi bition of
oil gland activity denonstrated earlier) by targeting native acne bacteria

or exogenous &hresipbptecaesd femaderiicoiemnlps PXrsricRGp rinkles dinsdies, hrawar

met hyl ne 1av o2 O IO I 4St rat | e of
The se. opfipf Yflotihes; S Gt halhite dandbcabid iyl R 48 ARIRATE
sour ce ( bithprooethenthie skinyeldsticibyt beforgrand aftacclevelving teatmemt ar accotdamge with these

pul sed |ight source) passes through the |CD which is applijed ta the surface
Of ¢ héS skiAn-apanEReitig CAgERreSeRy TREn R MBS AR Vﬁg‘éffa@éﬁﬂf FReekED and
skin to h : : d ' j iSHT ( ionally
bet ween tﬁgﬂEﬁgﬂggﬁr@de%?V%ﬁgﬁ&%t&g @ud'ﬁ' e L&%ﬁ?iﬁg%ﬁéﬁ gt?sggﬁ?loqgg #Dg% toring
devi ce ( notatsteatinpludhs sibjevting thedsrgeharea plthe patiendlsskingo iad Al Eghtdwvingra and

Sour ces. myisa il goNBEE il Epre e hast tres or ip bRles, tigh Felibps {0
g}%‘?fs g : gnt %g%el?%élék@ t® hentiRefacS iR 590 nitaulkickovdkic LB Mantkhsfythngihg h
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.
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30 tone patients and may al so be used in a feedback | oop to adjust
tenperature or cooling devices, such as the one shown in Figure 37, but

al so as aweaBwowsfeature to hel p prevent wundesired therngCTiuspueoyo6uUCch as
skin damage or blistering. Figure 31A - F illustrate exanples of electron
m croscopi ¢ photographic ina of fibroblasts in culture after
irradiation wi Shcéw@ ﬂ’ghwerﬁteﬁth‘éfqu@b@ﬁ@n phvankles ThedERNDeTB001984
PCT/ US02/ t r.od ced a 595nm
vel | ow CEDCLEs pitTesthe i tedefien B Bichaftlor s N oI S PLRSIR N & 51R ana
the left hadth o@fzscfngeus end3d fulsdpacing of DO mlswfoahtpeﬁ@@loﬂm ﬁ)ﬁisesTMgHtl ght side
of Figure 31B illustrates an exanple of dead or ing cells (the latter

ver e expoYeymestsAYEnlhvgesrio Siresngye fasq Bith SPHalﬁlmﬁ 1°¥1’€9nh?é#0) Brhfe@e ceI s 5

glr tee?g Po%g%kﬂﬁe ceﬁgﬂé& 1301 go\gft\*]%ésﬁauc@e %E'l&tg(r%g Bﬁr{l’l us rat es an

exanpl e othesaul%r;@bduoaanglged tieabdvlengiBgage of@d'm <'5f7|§1mi'1fco 805hnf\i Bl€Her, the
magni fication of the altered but living cells in "a" and "c". The | nventl on

wi [l be bEestaient ppigidingg ddn tgmperaiiie below the %@M%eﬁhwaﬂ Euye| Thewi n

exanpl es. ef%%% es cel sius unl ess ot hervvi se
noted. 10 %Q@%OB @%W?@Wﬁq% ?CI TY Three photo aged
females, i.e., females experiencing WahlkRes, fine lines, brown pignent
Spl OtCheS, f| ne ~ca hanl ll arlnc cannl n cl/l a Incf cl/l a n! ahf:nlfu etc. are

tested for i npi ovenenVeskiValuen el ast | c{‘f"?algé@yraé““a?fcp%ﬁ“ccé‘fmr eclei vi ng
treatment in ac¢ordancegyWeklls tNe 15 [non-ablativeyRethod of the |present
i nvention. I\/Easurements are taken frlomtheir cheeks by utilizijng
subj ective eval yati ons dovedlict ed by it rai ned nedi42a¥ personnel . |{The LED
treat ment incl uges—subieecthg—thetarget—area—ofthe—patient—siskin to a
LED |ight having a pul gé"eﬁ]‘ﬁth of 250 nsec andsé ﬁUI se spaci ng of 250 nmsec
for 90 pul ses. Eght TTRaLIHBRATS oOver 12 Weeks tgdhe entire face wth 590
nm nul ti chromatic LED at an Intensitly ranging 20 from1.05 - 2./05 Watts.
Havi ngoa bandwi dth of +/- 5-15nm the LED therefore produces light in the
wavel ength range of from575nmto 605nm__Further, the treatnent maintains
a skin tenperature bel ow the t hr es HXAMBLE Bo g injury. The average
i mprovenent i n wiNKEEREDUCHION -CONTINDOGSWAVE TRRATMERK N
Elasticity Pre treatnents Post treatnents Percent |nprovenent 0% 105%
One photo aged female is tested for reduction of wrinkles in accordance with the

procedures described in Example 2. Measurements by expert graders are taken from her
15  cheeks before and after 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 administered 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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25 EXAMPLE 2 WRI NKLE REDUCTI ON -- PULSED TREATMENT A team of blinded expert
graders viewi ng before and after photos of patients subjected to the

non- abl atwoe3k01984 ("Low I ntensity Light Therapy") of the pCce&asnt/20780

i nvention score the global inprovenent of visible skin winkles. 31 WO

03/ 001984 PCT/ US02/ 20706 Six photo aged fenmales were tested for reduction
of wrinkles. The LED treatnment incIEﬁ&h&ﬁﬁecti ng the target area of the

patient's skin to ] i i ec and a pul se
spaci ng of 250 m@#@?f;@@%@f@ﬁ%@%%ﬂp%%ﬂgm over 12
weeks to the entire HECSEDIDYE IXASERWITHIVARYING INTERBIBY an 5 intensity
ranging from1.0 - 2.0 Watts. Havi ng{a bandwi dt h of +l- 5-15nm the LED

therefore prodécwderenghds nn Puled ypdiassigh Hsedmgepasient’ s dein rdniermie B65nm
Further, {eﬁf})er&tﬁgﬁs@%ﬂhe@i%ﬁéﬂ&ﬁl fec?éfl't& e GRS .aﬁ&rrﬁeagﬁl{e%nfshﬁl %ﬁﬁ?shm d of
jury. The ge re I

thermal in avera ucl:) on In visible winkles 15 shown in
Tabl e 2. Tmfaldernil Weperatateprolbe efcaadied exfahpie, oPhyRedernp Tharmdlertmelal TI9654 weeks

42 % 8 weeks 51% 12 weeks .48 % 10 EXAMPLE 3 WVRI NK REDUCT |
 CONTI NI YR PTG 1378 BT JORBB b AL 350 Gt Bl FBFA ecluct | on
of wri nkl gstdvit BFMELRANS Bsallith dafife tRINSE ML 8RB AT kREArpRrak 85 Rk ag-

Measurenents by expert graders are taken fromher 15 cheeks before and
af t er tr ethteripmadennaltempsiatye ef gomexpogedio thelesergudatreerftoThe seljeethas 8kin00

vat 1o 0 & GRE T PR e Couebd s b nst B s m aht R dm Pt or ot
'([)h S\B 2?; i S&Iab&n&m The 14se€R confl@ib®fo? a\MBaki\rhtieridveimitd sialisiexpotedieduct i on
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 éxposure 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
2.0 32.0 43.0
2.5 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 53.0
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4 weeks 22 % 8 weeks 30% 12 weeks 45 % 32 WD 03/001984 PCT/ US02/ 20706
EXAMPLE 4 SKI N TEMPERATURE (| NTRADERMAL) | NCREASE PULSED DYE LASER W TH
VARY! NG |I'\WOHEBIBIPY¥4 A coherent 595 nm Pul sed Dye Laser is u®ed/usn2/207pati ent's
skin to determne the 5 tenperature rise of the skin when subjected to
treatnment. For neasurenents, an IT-21 intradermal tenperature probe. For
this exanple, a Physiotenp Thernmal cEXAMBEE STH 5 nonitoring thernmoneter is

inserted md-derm s j @@’%ﬁf‘gf FFE% ecure it to the
skin is used to maas% Wkﬁéﬁ‘g@%ﬁ raderna sﬁﬁﬁé errpSeEfate, as well as
the intradermal tenpPURSBIEDYE EASEREWITIEWARYING INTENSIIMeat nent . The
subject has Skin 10 type Il and testing is conducted on_an untanped |eft

forearm wit h nificelarentsoppppRulss larehesst is uppdon apatients skiyipidgigramedls a 10
mmn beag WlydhBerdfifl 8oL Beih S BAGEG S B wrBlie i meBREmalN, 98 111! he
energy | evél's; "as neasured at a calibration port on the radi’ation enitter,
ar e shown intfadeakhleeshperbhee pabelis used temeesuat thedasditheiimtadadealskin ski n

tenperature after exposure are sh i n Tabl ,. Cl Ll Lustrati
i se i n i HEPRUERHR TSR e PRHGEAL HBCRE O dhip saioed {olie e GEReTl s
that vari eﬁme%ﬁlﬁj%@trﬁds%ﬁ'kﬁ{ !\X}se 10 raRest 2B 8¢ Q%hdubt@a e0eh uitalhed IR thRAGH wRMl SE.

(Some absorption by the re in the probe was attenpted to be bl anked).
Tabl e 4 Jonidetetoispripleccnant.eTI® laberde bonfignreficioped tun degn Widthpoddle ski n)

25 5500 S ool ol ool o i 10

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/cm’ Temperature °C for Base | Temperature °C for Test
0.5 32.0 35.0
1.0 31.0 37.0
2.0 31.0 41.0
2.5 31.0 43.0
3.0 31.0 47.0
4.0 31.0 50.0
5.0 31.0 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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33 WO 03/001984 PCT/ US02/ 20706 EXAMPLE 5 SKI N TEMPERATURE (| NTRADENMAL)
| NCREASE PULSED DYE LASER W TH VARYI NG | NTENSI TY A coherent 595 nm Pul sed

Dye LaserwDa3umewe4 on a patient's skin to determ ne the
of the skin when subjected to treatnent.
tenperature probe is used to neasure the baseline intradernal
t enphinds axpeosedito neihglepylse ivariahle durdtiomes shesrpiy Bable @ adfn shergy tsygbsed

erdte fewdgom hirey |
P R entiel 8 et o, sl

i ntrader nal

skin

to the | as

8030/ SR R agelfiasie

For

an | T-21

5pcerngser/at’aé e ri se
nmeasur enent s,

conduct ed . The
laser is qendtoguri@dablyy6,alehfly My vb&linin@adtrbhieskiOtesipefanird aposed to
single 0.5 nsec pulse at the energy levels shown in Table 5. The_  baseline
t enper at urcEPesyee toribe tagernvase thativarieepoperivnally terthe pnesgyintensidy af Bedassthn i n
Tabl e 55, %S%arly illustrating a rise in intradermal skin tenperature after
exposure £5Che 1 aser pul se that varies proportionally to the energy
intensity of the laser pulse. Table 5Tdblelée/ cm Tenperature C for Base
Tenper at yre-GCfor—Test 0532035010 3103702030410 25
31.0 43.0 PysaDupation msey of FHempaature ° for Base) |4d empepatyraiCfprbesy | 15
EXAMPLE 6 SKIN II:IV‘F?I—(/—\IUHI; (T NTRADEVALY ) NCREASE [PULSED Dy -ASER W TH
VARYI NG RULSE DURATION A coherent 595 mm Pul sed Dye Laser is used on a
patient'g skin to 2léterm ne the 20 tefmérature ri|se of thelddki n when

subj ect ec—t-g—t-Leax-Lte-m.—Egr—a}e-asur epents—an 21 —intraderral—terperat ure
probe is |used to fddure the baseline P¥Pradermal |skin tefddtature as|well
as the i ntradermaiyfEmperature of SKiMzpgposed 10

10

15

the 1 aser45§d eat nent.

EXAMPLE 7

ABSENCE OF SKIN TEMPERATURE (INTRADERMAL) INCREASE
LED TREATMENT WITH VARYING PULSE DURATION

A multichromatic 590nm +/- 15nm, 5mm diameter LED produces light at an

intensity level of 640 nanowatts/cm2 as measured by a Newport model 1835C

multifunction optical meter with a series 818 photodetector. An IT-21 intradermal

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

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

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

perceived by the probe. u
” 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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The subject has Skin type Il and testing is conducted on an untanned | eft

forearmwith md derms probe placenent. The laser is configured for a 10
mm beam wwvotob/oersss t he 34 WO 03/ 001984 PCT/ US02/ 20706 ski mCrassexpuosed to a
singl e pul se variable duration, as shown in Table 6, at an energy |level of
0.5 J/cnR2. The baseline tenperature and intradermal skin tenperature after
exposure are shown in Table 6, cl EXAMRLESstrating a rise in intradernal

skin tenperat

proporti onal Igﬁﬁgiﬁé&gé?‘%@%lﬁ?gﬁgﬁmW‘tﬁﬁilﬁg;?;fﬁ"@pu? Se. b?alg e 6 Pul se
Duration nsec Tenperature SKI_‘[NrTMH'&mmmCRE@S‘E)r Test 0.5 30.0 42.0
2.0 30.0 44.0 20.0 30.0.47.0 40.0 30.0 45.0 EXAWVPLE_7 ABSENCE SKI'N
TEMPERATURE (| fihrigbradsmpal tempseetpeyfor &@um%hm?mmv%lmnw% LSE
DURATI i ght
at an gl\ln?g{rg\}sgll% F%avel 55&“@%%@%%%%& S Céﬁ%@g@dg@%&g%?f%@ﬁ%@ﬁ%@?# nodel
1835C nu k;smhfanr[cmb tighiogolureealA cotesant GH 3 hmspuﬁed idge 1:B&Eis phbecbﬂze@écm@ec atAn

| T-21 intradermal tenperatu rqobe j s used to. neasurge the rad r mal

t enper at uVaYHIS SREEYSIgIsREtes Wr?g‘ ﬁ'&éﬂ %S‘i’]g@r > éChfqmat*Prsgth%HF @pggﬁ‘iqmed to
the subj e%r &5 %E@Qﬁﬁq I}lﬂlﬁlufn%n%fgymd%ﬁt bt TO%Q%WM%S/ cth® R lpdFfiver 0be

pl acenent . shown 1 n Tab , No intradernmal tenperature rise is

per cei ved 1rtt;adehm1 peroperatuicalsbwting Pomseaciblighttanutierae comparpéimlahle8C for Base
Tenperature C for Test 0.5 30.0 30. Ql‘b21 9 30.0 30.0 20.0 30.0 30.0 40.0
30.0 30.0 100.0 30.0 30.0 35

. (All measurements taken at a radiation intensity of 2 microwatts/cm?®)

J/em2 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
2.5 32.0 375
3.0 32.0 36.5
34 32.0 38.0
4.0 32.0 41.0
4.5 32.0 42.5
EXAMPLE 9
15 PULSED DYE LASER COMPARED WITH LIGHT 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 intensities of 2.5 J/cm? 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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WO 03/ 001984 PCT/ US02/ 20706 EXAMPLE 8 PULSED DYE LASER COVMPARED W TH LI GHT
EM TTI NG DI ODE SKI N TEMPERATURE | NCREASE The intradernmal tenperature for a
subj ect MwOIBYI®RI N type Il is measured on the 5 untanneacfrarsezzamé o
conpare the skin tenperature increase caused by a pul sed dye laser wth an
LED |ight source. A coherent 595 inn pul sed dye laser is pulsed for 0.5
nmsec at varyi ng ener gy intensities aEabslthn in Table 8. A nulti Chl’Oﬂ’B.tl C

590 nm LB Seec X umrener gy —out of

i cr oWt { s/%ﬁlﬁgp}%a%‘m “é“*&?'. e |nt1t“’§ye§t P}t enper at ur oI5 (T Ry fron} each
light emltter are g@onpared 1 n Table 8.33l¢9 Table 8|(A |l neaggrenents taken
at a radilation intensity of mcrowatts/cn?) J/¢nP LED (tenperature)
Laser (terrperature%-ﬁ 0 5 32.0 33.0 132‘32 0 34.0| 1.6 32. 64(94 5 2.0 B2.0
36.5 2. 5320375 32036-5 0—38-01T40-3Z —4—532.0
42.5 EXAMPLE 9 152519LSED DYE |LASER CO\%A@QED W TH LI GHT EM ‘h NG DI CDE | SKI N
TEMPERATURE TNCREApg The 1 ntrjadermal tgngperature ffor a subjzg@ having skin

CDO\)3<

type |1 i tanned forearmto conpare the skin
t enper at | i ncr el caused by a pul sedl.@ye Iaser W|th an LED i ght
sour ce. cohetrent—595nmput-setd—dyetaser—+sputsed—at—an—energy—26

intensities of 2.5 J/cn2 for the pulse durations shown in Table 9. A
mul tichromatic 590 nm LED is pul smlqmﬁmegy out put of 2.0 mcroWatts

for the durations specified in Tabl'e 9. The conparative intradernal
t enper at ures r NON-ABLATON SEIN TH@RAR:W@ KLFOREIHITIGNTabl e 9. 36
5 Pulsed Treatment

Human skin is exposed to 180 pulses of a narrowband, multichromatic 590 nm
LED at an energy output of 1.05 microwatts to 2.05 microwatts with a pulse duration (the
length of each pulse) of 100 milliseconds and an interpulse interval (time between each
pulse) of 100milliseconds. The treatment is repeated 8 times for 12 weeks to the entire
10  faces of a group of 6 photo aged females. The amount of wrinkle reduction as measured
by a team of blinded expert graders viewing before and after photos of the treated skin is
shown in Table 10.

Table 10
Treament Time (weeks) Avg. % Reduction (cheeks measured)
0 0
4 42
8 53
12 48
15 EXAMPLE 11

NON-ABLATIVE SKIN THERAPY FOR WRINKLE REDUCTION
Continuous Wave Treatment
Human skin is exposed to 200 second continuous wave of a narrowband,
multichromatic 590 nm LED at an energy output of 1.0 microwatts to 2.0 microwatts.
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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WO 03/001984 PCT/ US02/ 20706 Table 9 Pulse Duration (nsec) LED (tenp) Laser
(tenp) 0.5 32.0 33.0 2.0 32.0 34.0 20.0 32.0 34.0 40.0 32.0 35.0 100.0
32. 0 EXAMPDE3Q09BION- ABLATI VE SKI N THERAPY FOR WRI NKLE REDBCTIUSHR/2B0¢ul sed
Treatment Human skin is exposed to 180 pul ses of a narrowband,

mul ti chromatic 590 nm LED at an energy output of 1.05 mcrowatts to 2.05
mcrowatts with a pul se duratlon (théfahleihlgth of each pul se) of 100

mllisecot e—nt-et vai; |||:: 19 each ttse)—of

100mi | 1 ?&ﬁﬁ@en%gn?ﬁ%%n. is repeﬁ'&f c‘i‘?’fﬁ;@!‘e?ﬁ&’ mﬁs% ks ti) t he
entire 10 faces of ga group of |6 photo aged fenal eg. The anmpbunt of winkle
reduction_as nmeasured by a team of blinded expert graders view ng hefpre
and aften photos of4 the treatpd skin is shown i n2%able 10. Table 10
Tr eanment ks)—Avg—% Reduction—(cheeks——megstred)—06—06—442—158{ 53
12 48 1% EXAMPLE NON- ABLATTT VE SKI N THERAPY FOR WRI NKLE REDUCTI ON
Conti nuoys Vave Treatment Humpn skin is exposed tgy 200 second conti nuops
wave of a_narrowband multichromatic 590 nm I ED at an energy output of 1.0
mcrowatts to 2.0 mcrowatts. 20 The treatment is repeated 8 tines for 12

weeks to the entire face of a si nglmw femal e. The anount of
wrinkl e reduction as neasured by a I nded expert graders view ng

before and aft eNONIABBATIVE/SKIN THERA PXIFORWRINNLE REDUCFION. 37
5 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 treatment.
Suitable operating power for the laser diode includes the range of from about 10

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

15  aged female. The amount of wrinkle reduction is shown in Table 12.

Table 12
Treament Time (weeks) % Reduction (cheeks measured)
0 0
4 20
8 35
12 30
EXAMPLE 13
CROWS FEET REDUCTION -- PULSED TREATMENT
20 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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WO 03/ 001984 PCT/ US02/ 20706 Table 11 Treanent Tinme (weeks) % Reduction
(cheeks nmeasured) 0 0 4 25 8 33 12 50 EXAMPLE 12 NON- ABLATI VE SKI N
THERAPY AR 09198 E REDUCTI ON 5 Pul sed Laser Di ode Al so ®airtisbt/z076@©r use
in accordance with the present invention is a |aser diode. Typical pulse
durations will bhe from apout 100 mlliseconds tq about 1 second, for pul sed
treatnment, and ¥ thtaag?jff%@aké@%@st@%f%{a CUQEO}%PWMS eets Ohe laggt d19§ous wave
treat ment reqmitlnk H 10 AR dind IndPQURE albRbf IH3Dati8R & skl BUQadR BlJAE &N e range
of fron1ab§3t f% 1% ﬁ?ﬁ%ﬁw&tgs toﬂgiogt 1 mg?f mﬁfﬁggbou? 200 n?%l?matts to
800 mi | | i havihg alpsisegvigthedfeiO0 exkec uSogrd Ocmdlehy damétbadde psseieqiengest havi ng

a wavel engt h. bet ween 400 nd 1. 000nm, can b ed.. For this a e,
hunan ski 212:2]5 pB&f)BE‘éS(?C?%{)]Q _ pulsgs ?ﬁe&mnérﬂgrﬁrfg ﬁr’fefea%e@gn?rm ‘_E)%Fé?gtw §ks ener gy
out put 50f 1@H} ditifd ARG itR 8100n RELIIPEE HnTRBAIIRTaMing 200 MilliWageends is

used. The treatnment is repeated 6 tines for 12 weeks to the entire face of

a singl e ghemealiguagiserddised withbheodaressetr ineluded imengthe sageitchemmaephosdiown i n

Table 12. , Tabl e. t Ti % | ured) O
0 20§30 it b T Be b SRR e b RRRH B T SRR T
20 A teamTabledl3. nded expert graders view ng before and after ‘photos of
patients subjected to the non-ablative LILT ("Low Intensity Light

Therapy") of the present invention debleld he gl obal inprovenent of visible

"crows feet pr qm nen[ﬁmalﬁéqe €ye r%gziep&edé@alue of Reduction
0 weeks 0%
4 weeks 15 %
8 weeks 28 %
12 weeks 32%
10
EXAMPLE 14

CROWS FEET REDUCTION -- PULSED TREATMENT

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

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

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

20  Three pulses are administered. Six treatments over 12 weeks to the entire face with 940
nm laser diode with a 10cm beam diameter at an intensity ranging 250 milliwatts/cm?2.
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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WO 03/001984 PCT/ US02/ 20706 Six photo aged fermales are tested for
reduction of crows feet. The | aser diode treatnent includes subjecting the
target arweoofowbe patient's skin to a |aser diode |ight Poaxisez2Eopul se

wi dth of 400 nsec using a 10cm beam di aneter and a pul se frequency of | hz
(1 pul se per second). Three pul ses aé,e ﬁ*nm ni stered. Three treatnents over
12 weeks 5 to the entire face with | aer diode at an intensity

rangi ng 200 m | [firwatt Rermarjinj bl opd vessel s

i ncl uded anong fhe taf‘gg‘%wgﬁr onophorie A?%ﬁdtg%%yag%]ﬁ%%ééﬁgare i s needed).
The average reduyction i iwaekws feet |s shown in 0Table 13. Table 13

Week/ Val ue Aver aged—Valge—of—Reductton—0—weeks—Hl%-4—weeks—159% 8 weeks 28
% 12 weeks 32 % 10 EXAWEES 14 CROWS FEET RE Ié\l -- PULSED [TREATMENT A
team of blinded[expert gradRrs Vi ew ng before angg @f ter photos pf patients
subjected to the_non- abI ative LILT ('Low Intensity Light Therapy") of the
present 15 invention scirwedklse gl obal |rrproverrer82‘&£f visible "cfows feet"
prom nent about 4he—eye—regi-en—Si-photo—aged—Fenales—are—tested for
reduction of crows feet. The |aser diode treatnment includes subjecting the
target area of the patient's skin g&avipigeis di ode light having a pulse

wi dt h of 600 nsec and a pul se frequency of 1 hz (1 pul se per second). 20
Three pul ses abBzamgle I is caried ouindet i@aﬂimnd)mii’(bmerem@t\ﬂ@élaé?%mntd&mieenti re

face with,940 m | aser a 10c mdia ter i ntensity
Fangi g 24gen it FbEEPE sieronlbg efboser e STREH Homer 2 e alssoag!
t enper at UnglsedHyfth Gh tbrphiRe ﬁ)ﬂtéﬁ'ﬁpﬁ 20 fiﬁmm@&ltﬂ%' 8 trdaR@hbBdvel M Wedks akBe
average reduction in crows feet is shown in Table 13. 39 WO 03/001984

PCT/ US02/ perfosnedTeith sintilhr vesulty. Wa¢chanigmds agreihenadl paotopctRationt i on

EXAMPLE 16

10 Example 16 is carried out under identical conditions except that a 810 diode laser

with a power of 2000 nanowatts/cm2 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 actton 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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0 weeks 0% 2 weeks 17 % 7 weeks 28 % 12 weeks 32 % EXAMPLE 15 Exanple 15
Is carried out under identical conditions except that a 940nm diode 5

| aser w tWwoaspomes of 10m crow cnR exposes the subjects t@CTsn2/7260
mllisecond pulses with an interpulse interval of 250 mlliseconds. Six
treanents over 12 weeks are perfoM&ﬁgi mlar results. Mechanismis
non thermal photoactivation. EXAMP anple 16 is carried out under

i denti cal CondiEtxiaHlEH?e BX5eRtrick At ufied ifindlAdendiAsRY for ’f.’l{etﬂi'lrﬁos%‘f\@éar()f 2000
nanowatts/cn2 and a beam di anmeter of 10cm exposes the subjects to 60, 100

m | | i secomeflustipsed SHSmm Fashiamparatsed e laseewith b pofven ol A budsksaorxgpesesSi x
treanments over.12 weeks.a rforped, wth simlar, results he nmechani sm
of “act 1 on Hbiess AR CrBTRpTBller sy iy e Rt B b e 17 | o
carried OteatdBAtS byérdBI W beka larSsHbrine@N S cabvidibifitydid 0aticed Byie7doamdrscari th a
power of 2mw cn? exposes the subjects to a_continuous wave for 100 seconds.
Four treaf¢fngssis gyduced by RR%k Meghanisya i therwed nap ebladven | ar resul ts.

Phot oactivation non 20 thermal method. EXAMPLE 18 Exanple 18 is carried

out under identical conditions with a 595nm fl ashlanp pul sed dye | aser
with a power of 3.0 Joues/cn? expoBEBXAMBLERG] ects to 40 mllisecond 25

pul ses, evenly spaced 4 weeks aparf{. . Four treatnments over 16 eks. are
perforned wit h Eprpled0 #s&gmeéwpwéyf&f%wﬁpmﬁaﬂn#@r%wq%sp ynkle o wo

03/ 001,884 ré’dﬁ@ﬁb{?@%&%@&) E@%&’%@Yk% %Wlt}?a DOwbSo SRt Rt o

I dentical conditrons for the purpose scar “reduction. A 595nm flashl anp
pul sed dyéechmasiiamatert df 18 quoergoses thE sibjdasitesd single exipmsadly oveteprediSilect s to a

over 20 wabkisese 1t BrenitinodtEl W RTRR, £ ERRaRERlrny s B coar

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 caused 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/cm2 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 tea 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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redness is reduced by 82% Mechanismis thermal non ablative. EXAMPLE 20
Exanple 20 is carried out under identical conditions for the purpose of
wrinkle wOosmeoh9etion (crow s feet). A 532 Nd: YAG | aser wprCh/tsopazwwes of 100
mlliwatts/cn2 and a beam dianmeter of 10 cm exposes the subjects to a
single mninmally overlap mlli o d_pul se, evenly spaced. 4 weeks
apart. S%QI‘F}Sé r?éﬁ%%o‘ﬁ&? cnw%%wsjeﬂﬁt %QF‘PIBP‘E%H“ ARPF HIIB- apFHESr ance i s
reduced b)écﬁglgnre&&wgg@%thernal non abl ative technique. 15 EXAMPLE 21
Exanple 21 1s carried out under the sanme conditions on 5 photoaged fenale
faces for the purpose of full face photoaglng and winkle reduction. 590nm
at 250nmsec pulses wth 250nsec off @ ;90 pul ses. 8 treatnents are
performed at 1 week intervals and ssessnent is made at 12 weeks.
I'n addition to pgainpkd 23 fs%d#feﬁ'oﬁlﬂuﬁe%deﬁﬁcél%oﬁd‘iﬁﬁﬁ’d Rr e RLYRE JF stahhigfin
significant chan es are noted including reduction in brown liver spots and
freckl es, haingr Sulijeets h@mn@lﬁ@amraémrdmswnd deecieddedrset agpwithmosaelpl

caplllarl d S ent ved ea i I is
Cansed by Bl At LA BRI WARSENES ar 2 B Mon R S0t o WiER ' 0
under i dend 2e@hseequtiet WM 5DAed S tibleHROSE&NnG ulRs e totabel§0 hulss. A 415nm
fluorescent |ight narrow band multichromatic |light source with an_ energy

i nt ensi t y topmentsver 2areeky arperpaned. [nerepse pramwragacs hardreviig 22¥%e entire
face 39 exposes the subjects to continuous wave light for 12 minutes with 4
treatnments at 2 week intervals. A topical preparation which includes 1.5%
copper chlorophyllin, 2.5% caroteEXANPIII25% green tea is applied for 5

consecutive ni re ea ssipon, . ment at ment
s provi ded R S R T TINCET L 12 L A
devi ce w ts?deﬁﬁ%rliflﬂ%?r SCA Wd@)&@&%@f&)\uﬂp&'?NWQL@ZSG%%W@HS)‘QQ&Z

03/ 001984 PCT/ US02/ 20706 esions to 2 m crowatts/cnR continuous |ight

for 2 m nands 1fem dametet bssnpexposestthe ekin dirthe affscied dresewith wostdmgousr HaHbE 23

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 adult 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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5 Exanple 23 is carried out under identical conditions for the purpose of

stinmulating hair growh. Subjects have nale pattern hair |oss and are

20- 40yearwoaB/oenyes Wi t h no scal p diseases. A 644nm LED dewcCtase2/2d10@ power
of 2.2 mcrowatts/cnR exposes the subjects to 250nmsec pul ses with 250nmsec

off tinme between pul ses for total m 6 treatnments over 24 weeks
are perforned. Increase in appeara £+ growth is 22% 10 EXAMPLE 24

Exanpl e 24 is carLi8dred Qe Eﬁﬁﬁé@c&%ﬁﬁﬁ%nﬂa&&s\ﬂfﬁhﬁﬂaﬁ ﬁ%ﬁ‘dﬂlé&'t 53]
involving the outside areas of their thig Onm di ode laser with a
power of %@e fichted iwaa canparizon sudy o s]:mwmhdlddlﬁamme bbmnévepmefﬂcecss kin in

Tr eat et ST EOBLI ST NS AP S OLRd FHF By ahe 2Py Hide koS LR g ar ance
of cel lsul idygr snt%ﬁg@m rﬁﬁer&e%s/oﬁ%%béa 2P 169@@;@ adP0iS iwefphise dntetal, on

acute wounds (non infected burns) for the Eur pose of stinulating wound

heal i ng. Abg2®nriherER! gl qtalgvlo wWpthekeamentiysalg thy ysae hO pplses: a AMar ea
bg2enrtherEp! ph el tb ED usad A0 prises aa o

over the s fd bl time

and 250%@?5%9#9? ilaser’r %%erﬁi‘{sscea%&eaﬁ%erggnﬁ v%infges J%wegﬂgﬁ/lg}n2 ah(?gﬁ’ frggcovery

of intact lesdthof0.S mnmmaidsf&qﬂmtdﬂwm\awyatmem A@lﬂmﬁmﬂemua@mmﬁi dept h of
the burn. 25 EXAMPLE 26 An adult male with severe acne_scarring was_treated

wi th a 590Weduction by the iprobiastcsilay dayscafier tregignept as bren admyystergd showed no

250m 1, S%g%{ﬁcaﬂ%lﬁﬁge Wirtihe @d}l o eflfé%h%ﬁ)tﬁé}ﬁﬁl;]dfcl lase(.i’ftregé@ ﬁﬁdbhds?@ﬁﬂnds wer e
adm ni ster one weekK apart. e wee ter t firnal treament di aneter
and scar chezhiblttedanS?/«edhamasle imycolipganobnddileirgductien relatbedo it cmmhpkscﬂ"hleecel ved

30 an identical men sub |tu 4nm LE xhi bited a
30% reducr}% ?nbala%t %?at"df ‘éiﬁﬁﬁ@rn"ar@ e ﬂ??ﬂ@’%‘iﬁ%@‘@% 2/ 20706
EXAVMPLE 2%, & cfifink&fionlexhlittd h UBFHAcretdeliH c6Bagded N laadl N BEbdweRsH ﬁl’a@l"vé t@thehunman
fibroblast cells were treated in a conparison study to show the difference

bet ween t raeatrodsnThedefriesydis ypre dapisiedcgnphicallsdindiigire 32595nm pul sed dye | aser
and a 590nm LED. The LED was at an 5 energy intensity of 2 mcrowatts/cn2,
pul sed for 100ns with a 100ns interpulse interval. The non-thernal

phot onodul ati on treatnent using the LED used 10 pul ses. The 595nm
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pul sed dye | aser used a single pulse at an energy intensity of 2.5

Joul es/cn?2 and a pulse length of 0.5 mlliseconds for photothernal

t reat mentwoAnabwsi s of the collagen | and 111 producti onPog/ushe2d7obdr obl ast
cells 7 days after treatnment had been adm ni stered showed no 10 significant
change for the controls. The photother ye | aser treated fibrobl ast
cells exhibited a 25% decrease in céﬂzgggg | and Il production relative
to the conryhgliSclailh& isfibroblast cells treated with the non-phot ot her mal
phot onodul ation treatment of the present invention exhibited a 46%
increase in collagen I and 111 production relative to the controls. These

results are dep a cal .n Fi.gur.e 32 43 .\AD 03/ 001984
PCT/ US02/ 210706 ﬁﬁf}%r é‘}i?ﬁ%% 1§Suef°mﬂnﬁﬁghod f or phot onodul ati ng

livingstissue GapeEtif e llvﬁlgsﬂé')@lll@@ta' Rerotband maltirdhffUSuic@ o8 nar r onband
mul tichromatic source of electronmagnetic radiation under conditions

ef f ect i ve elestromagngtiptradintion wager cendigonszfevtiee tawstimadptoliviagdisshel wherein t he
narrowband nul ti chromati c source of electronagnetic radiation is at |east
one light emtting diode. 10 3. The nethod of claim2 conprising a

plurality 2of I iigiatmam}d bf d1gintdl a@hefelratheanagedbm mahichfoh@¥ic séurcd b net hod of
claim3 corrprlsmg Iurallt of arrays of ht emtting diodes. 15 5.
The met hod @rromaailerﬁczra@m@ms 1%@ qn@d%ﬁt @ﬁiﬂtﬂ’é& deli odes enit a wavel ength
of fr@gmabout 300nmto about 1400nm +/-5nm 6. The method of claim5
wherein the light emtting diodes emt a wavelength 20 including 590nm
644nm or 3300nrihemdethed ef dainddcokhprisifig aphiraig of light émitting dlodeflasrangstdhiod of
claim1 wherein the narrowband multichromatic source of electromagnetic
radi ati on 3¢4Y| aser diode. 25 8. The method of claim 3 wherein the |aser
di odes emts a wavel ength including 400nm 430nm 445nm 635nm 655nm
660nm 670m, 780nm 785nm 810nm 830nm 840nm 860nm 904nm 915nm
980nm 10H6nm dFhern@bodrof dainTh eomptising a pturditgiofaraysadlighhemiténg dindés: i ons
effective to stinmulate living tissue 30 conprise pulsing the |aser diode
for a'duration of fromabout | Ors to about 1x106ns.

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, 655n0m, 660nm, 670nm, 780nm, 785nm, 810nm, 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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10. The method of claim9 wherein the conditions effective to stimulate
living tissue further conprising repeating the pulsing of the | aser diode
for a perwod3obi984 om about 10 seconds to about 1 hour. 42CWDS0B20004984
PCT/ US02/ 20706 11. The nethod of claim9 wherein the | aser diode is
operated at an energy level of |less than 1 watt/cnR2. 5 12. The met hod of
claim9 wherein the | aser diode is operated at an energy level at which

t he termerlqturemfm&thedbfmmww}&%f@ﬂféqs‘s%ra%eme@&%elaér 18&) BBt hod of
claim9 wherein the | aser diode is operated at an energy evegly that does

not cause lessdhamal watijom?y. 10 14. The nethod of claim 1 V\,her ein the
narrowband mnul tichromati c source of el ectromagnetic radiati on operates at
an energy level of Iess than 4 watts/cnR. 15. The method of claim14

wherei i t He. narTiewhehed 6E¢lhine O ididRdin theIer BRd01s dferféEatnUNBENaEvt at
radi ati on operates at an energy.level of fromabout 1 nanowatt to about 4

watts. 16.Whiglthedemperae of the kiving tigres daes nphexcaed ¢@Wband mul ti chromati c
source of electromagnetic radi ati on operates at an energy |evel of from
about 1 nanowatt to about 20 1000mlliwatts. 17. The nmethod of claim4
wher ei n t H8. narFlewhethdd ofitlhine ) mdwesdin thedauer dwdets oprtaed siemagagyilevel gdk at i on

oper at es an ene t hat does not cause thermal injury to the
living ti %ﬁ%mtﬁu%% "‘I"Pf"énﬁ’é’fyhod of claim1 further conprising
phot omgdul ating the [iving tissue wthout causing thermal injury. 19. A

met hod for dermatol ogi cal treatnent conprising: 30 exposing human skin to a
source of Mdarr %ancthndlbf ¢lgimr beierein éieexarmwbmghmult'mhrqmaﬂicabhma of

phot onodul tin Vi ssue th|n t he Ki talnlng an
i nt r ader met °% ‘hé(’rfﬁ%?h& lﬁﬁgp & A0pReEEy 8@%1}53{2’3&% W injury
occurs to the I|V|ng 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 nanowatt to about

20  1000milliwatts.

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 electromagnetic

radiation;
photomodulating living tissue within the human skin; and
maintaining an intradermal skin temperature below the threshold at which thermal

injury occurs to the living tissue.
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WO 03/ 001984 PCT/ US02/ 20706 20. The nmethod of claim 19 wherein the source
of narrowband nultichromatic electromagnetic radiationis a light emtting
di ode, | awer3divee, dye |aser, flashlanp, nechanically fipCrarsen20706
fluorescent source, nechanically filtered i ncandescent source, or 5

conbi nati ons thereof. 21. The nethod of claim 19 wherein the source of
narrowband mnmultichromatic electromagnetic radiation emts a wavel ength of
from abOUt20300nTﬂeF1ﬁetﬁ8@Hfcl@tﬂl@@@Where%pth%%our-gg'Sf:%{'(g%nﬁflmﬁﬁ&h%g@c wher ei n
the wavel ength emtted by the source of narrowband nultichronatic

el ect r omaghetiomagaeficreilighion & sléghs emétting dindeclesrs idindendyedser,3@hiamp 15nm 585

590 630 644 810 . 1400 15 23.
'rll'rrPe met R?&n %1% c%lflﬁgg%%v\ﬂg&ee?%nf ﬁoeurgegg}e aqq‘ré%lé!%ﬂge?éalﬂgaq’%iﬁeﬂ'éso?ﬁngen% r owband

mul ti char orebibingtioas theegpigneti ¢ radiation is from about 1 nanowatt/cnR to
about 4 watts/cn2. 24. The nmethod of claim 23 wherein the energy |evel of
the source of narrowband 20 nultichromatic el ectronagnetic radiation is
from abouty1200 1} ] Qb 1] ] 0. .. The met hod
of claim 22(%° \Ahejrqﬂeeiﬂaét%qﬁaeggé(%%{sz 111% g/hglto%rrprl ég‘gg%ﬁf}éﬁdg‘y@%é%“g@%%‘%% ¢

nar r owbanclertriotiaghetamadiatiorbaits o ormeleagth of fadi @iol0300hat toaabptd B®OdL; at i on of
fromabout 25 O0.lns to about |xlI O6ns. 26. The nmethod of claim25 wherein

t he exposure further conprises repeating the pulsing of the source of

nar r owganconmul trehh &AB bEclfine e WRABRAGE %v?l%ﬂétﬁtehﬂﬂe%o%g so+.r@é gFpul se

spaci ng of fromabout |ns to about 1000nms for~up to pul'ses. 30 28. A
met hod f omagewhandbinolichuimaticedtctrontaguaivprdistionyis salepted iffogn eorsdingaf agent to

an area of, quman. ski Q. e nce e etration of a vel th of |ight
chosen f or3°prr“8ai”rfé’ﬁ’?’$8§é’nﬁg @%‘Po%%%%g@ﬂ*ﬁ@??‘zé%%m gélgaﬂﬁ’s P%@‘%’P*?é‘%hurran
skin to a 1gooie of narrowband multichromatic el ectromagnetic radiation,

wherein the spectrum of electromagnetic radiation emtted by the source of
narrowband nul ti chromatic em ssion includes a wavel ength of from about

300nm;5o aBout AR 8f afinfS Ghbfh BL AEENABPH md St SREANAAE aPOU
multichromatic electromagnetic radiation is from about 1 nanowatt/cm?2 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/cm2 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°m:s.

26.  The method 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 1ms 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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5 reexposi ng the human skin to the source of narrowband nultichromatic

el ectromagnetic radiation for a duration of fromabout 1 mllisecond to
about 30 wprawe®s4 up to 1000 tinmes with an interpul se i nt @raisonto7he om
about 1 mllisecond to about 1000 mlliseconds; and maintaining an
intradermal skin te rature pelow the threshqgld at which thermal 10
injury occurs. % 98%@83%‘ S%ﬁ‘@@ﬁé‘é@ﬁ@ﬁ@%%énﬁﬂ“@%“% every 1 to 60
days untilelecHfiaBAGQ9diaRon, WIRALN R spbriP IPLE RAnagheti3lidialidh HBkLOsY Of
claim 29 whereinthe tolpi cnél agént csgrrpri ses a topa}g?:lgﬁl%y %)ar1 oregﬁrty

adm ni st erthelsauegafgiatiowhaibmel twhradtic\emissgeninckideec wevkl éngtinof fremgiboutp

consi stin f at .| one of Vitamin C Vitamn.E Vjtam ., _Vitam n K,
Vitanin F OB ak"“%ﬁb%?l}lﬁ | hgUratiLe %’F‘.é‘?o‘ﬁgt@ﬂ%ﬁe?o‘lﬁiﬁaﬁ%ﬁﬁ @&H&{“‘f%j i
acid, a3 grow h rta@bsihg tieinlkMGkn todhe sciidd i Mtrofbadmaiichisagal , an
antiviral, a bleaching agent, an al pha hydroxy acid, a beta 20 hydroxy

aci d, sal isspipBagetie radiniompior asurationiod doapahevtihillisecvnd de sbbutidP iviavtey e, a
salt wat | LVE. . I OXi. t '

phyt onut ri r¥ ? q bgd%egﬁ?tg %la ! pr %Dtlfu C tlﬁglq’tgl %@?‘E@é@@ﬁg %ﬁ@%ﬁ@’w“’aﬁﬁ% 1,%),9 e, an
enzyme, a nmiliseta@lds; shdgenetically engi neered substance, a cofactor, a

catal yst, an anti,agj ng substance, .insulin, trace elenents. (including ionic
cal ci um magnedRAiRPIEREN 1%&@@"&1 gin fegpperatiare belayyihe thyesholdhatovligh thermaly 25
subst agce jnanPgichrsd’ OW h i nhibiting substance, a dye, a natural or

synt hetic anin, a nmnetalloproteinase inhibitor, proline, hydroxyproline,
an anesthetic substance, chlorophyll, copper chlorophyllin, carotenoids,

and derivatives, and. anal pgs of th bove. i tens baqth atural and synthetic.
30 31. A ??ét ho ePS%%&ﬁﬁ%?%ﬁﬁ‘@ﬁﬁong‘é@%%geﬁ P &P 9gYs WhHadi ng a segnent
of human siimatbRgRal fréRakads bémplefrance the transm ssion through the

stratum corneum of el ectromagnetic radi ati on; exposing the human skin to a

source of narrowband nultichromatic el ectromagnetic radi ation, wherein the

spectr,um elgctr neti.c di ati mtted t he source.of nartrowband
ol t1 hr ot i o eradBEOEE i SRt R Fisab et A i
wavel engt hdsfiniktemcaliotiticd QWS dntactibebidend 6 fréh the %Mhﬁbbﬁﬁbtﬁ Jflapm
about 1 mllisecond to about 30 m nutes; reexposing the hunan skin to the

source of 1¢fst PrAMaYItANE G \aRreiRd Vétamin Ac VitamirgheVitaaliRatiogh for a
duration ?‘Freftihgm,%&lﬁtaleﬁe,'ﬁétﬁbﬁ ?—Eﬂ%uﬁrﬁm@,b@&ﬁtic ﬁ:@d,@ gqmsfactor, 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, a hormone, an enzyme, a mineral, a genetically engineered
substance, a cofactor, a catalyst, an antiaging substance, insulin, trace elements
(including ionic calcium, magnesium, etc), minerals, Rogaine, a hair growth stimulating

25  substance, a hair growth inhibiting substance, a dye, a natural or synthetic melanin, a
metalloproteinase inhibitor, proline, hydroxyproline, an anesthetic substance, chloropﬁyll,
copper chlorophyllin, 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 narrowband multichromatic electromagnetic radiation, wherein the spectrum of
electromagnetic radiation emitted by the source of narrowband multichromatic emission
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5 up to 1000 tinmes with an interpulse interval of fromabout 1 mllisecond
to about 1000 mlliseconds; and maintaining an intradermal skin
t enper at LIWe iB©b1O%4 t he t hreshol d at which thermal injury ®cTorse2/2@0e 32.
Repeating the treanent nethod of claim28 every 1 to 60 days until
dermat ol ogi cal, treatnent, i s.conpl eted. 48 )
g1|ncludes a wavelength clf from about 3%8nm to about 1600nm for a duration of from
about 1 millisecond to about 30 minutes;
reexposing the human skin to the source of narrowband multichromatic
electromagnetic radiation for a duration of from about 1 millisecond 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 intradermal skin temperature below the threshold at which thermal

injury occurs.

10 32,  Repeating the treament method of claim 28 every 1 to 60 days until

dermatological treatment is completed.
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