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T“rel Biological tissue stimulation by optical encrgy.

@ Abreégé :

Biological tissue of a living subject is irradiated with optical
energy at a wavelength and at a power dissipation level to cause the
amount of optical energy absorbed and converted to heat in the tissue
to be within a range bounded by a minimum absorption rate sufficient
to elevate the average temperature of the irradiated tissue to a
level above the basal body temperature, but which is less than the
absorption rate at which tissue is converted into a collagenous
substance. Acczording to this method, a therapeutic, warming effect
is produced within the irradiated tissue, but without causing tissue
damage by the—mal overheating.

The method of using a low level
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reactive laser system from 100 milliwatts to 800 milliwatts in either
a pulsed or continuous mode with optical energy produced by a Nd:YAG
lascr at a fundamental wavelength of 1,064 nanometers has been {ound
to reduce pair in soft tissues, reduce inflammation and enhance the
healing of tissue by stimulation of microcirculation without

subjecting the living tissue to damaging thermal effects.

@ Inventeurs (swite):

@ Titulaires (suiite):
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Degcription

Biological Tigsue Stimulation bv Optical Enerqy

RBackaround of the Invention

Tield of the TInvention

The present invention relates generally to the
creatment of living bioclogical tissue by optical
irradiation, ané in particular to a method for stimulating
soft, living tissue by laser irradiation.

2. Description of Related Art

Various non-surgical means have been employed in the
Therapeutic treztment of living tiscue.  Suck techniquer
2V Li.llugel ;L:‘ap;;¢;c;Aun Ol Gelluovie. s 2Lzl gy,
electrical stimulation, high frequency stimulation by
cdiathermy, X-rays and microwave irradiation. Techniques
such as electriceal stimulation, diathermy, X-ray and
r.crowave radiation have shown Some therapeutic benefit for

s2fz tissues. However, their use ha: been somewhat limited

Deczuse cof cissuse damage caused by excessive thermal
eifects. Consequently, the energy levels associated with

therapeutic treatments invelving diathermy, X-ray,
microwave and electrical stimulation have been limited to

such low levels that little or no benefit has been

o-Ztained. Moreovar, the dosage or exposure to microwaves

e

a2 X¥-ray rediation must be carefully contrclled to avoid

T

4

1
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rediaticn related heal prcblems. Ultrasonic energy is
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nex-preferentially absorbed and affects all of the
surrounding tissue.

Optical energy generated by lasers has been applied
for various medical and surgical purposes because of the
mcnochromatic and coherent nature of laser light which can
be selectively absorbed by living tissue depending upon
certain characteristics of the wavelength of the light and
preoperties of the irradiated tissue, including
rellectivity, absorption coefficient, scattering
cosificient, thermal conductivity and thermal diffucion
constant. The reflectivity, absorption coefficient and
scattering coefficient are dependent upon the wavelength of
the optical radiation. The absorption coefficient 1s known
to depend upon such factors as interband transition, free
electron absorption, grid absorption (phonon absorption),
anc impurity absorption, which are dependent upon the
wavalength of the orzical radiation.

In living tissus, water is a pPredominant component
whizh has an absorpticn band according to the vibration of
water molecules in the infrared range. In the visible
rangse, there exists absorption due to the pPresence of
nemcglokin.,  Further, the scattering coefficient in living
tlszue is & dominant facror.

Thus, for & given tissue type, the laser light may
gICzagate through the tissue, substantially unattenuated,

v be almost entirely absorbed. The oxtent to which
tne Tissue is hezted and ultimately destroyed aepends on
7€ extent to which it absorbs the optical energy. It is

> laser light bwe essentially

n

(

m~n——=1.. - 2 S 3
tensrelly preferred zha- th
n ni

tissues wh
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aZfected, and absorbed by the tissues which are to be
aZfected. For example, when applying laser radiation in a
tissue field which is wet with blood or water, it is
desired that the optical energy not pe absorbed by the
water or blood, thereby permitting the laser energy to be
ilrected specifically to the tissue to be treated. Another
Cvantage of laser treatment is that the optical energy can
be delivered tc the treatment tissuers in a precise, well
defined locaticn and ar predetermined, limited energy
ievels.

Ruby and argon lasers are known to emit optical energy
ir the visible portion of the electromagnetic spectrum, and
Zave been usecd Successfully in the field of ophthalmology
=0 reattach retinas to the underlying chorcidea and to
=rzat glaucoma by perforating anterior portions of the eye
7 relisveé intsrcoouize Pressure.  The ruby lass: cherov
t & wavelengorn of 694 nanometers and is in the red
£Zrtion of the visible Spectrum. The argon laser emits
Shergy at 488 and 515 nanometers and thus appears in the
Zlue-green portion of the visible spectrum. The ruby and
grgon laser beamsz are minimally absorbed bv water, hut are
_ntensely absorbsd by blood chromogen hemoglobin. Thus,
tie ruby and argcn laser energy 1is poorly absorbed by non-

G ted tissue such as the corneaz, lens and vitreous
numsr of the eye, but is preferably absorbed by the
ted retina where it can then exert & thermal effect .

go
snother type of laser which has been adapted for
£irzical uses is the carbon dioxide (CC.) gas laser which

&l Dbearm which is intensely absorbed by water.

cC
Tns wavelength ¢ the CO. laser is 10.¢ micrometers and
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therefore lies in the invisible, far intrared region of the
electromagnetic spectrum, and is ab:orbed independently of
tissue color by all soft tissues having a high water
ccatent.  Thus, the CO, laser makes an excellent surgical
scalpel and vaporizer. Since it is completely absorbed,
its depth of penetration is shallow and can be precisely
centrolled with respect to the surfacc of the tissue being
treated. The CO; laser is thus well adapted for use in
verious surgical procedures in which it is necessary to
vaporize or coagulate neutral tissue with minimel thermal
damage to nearby tissues.

Another laser in widespread use is the necdymium doped
ytIrium-aluminum-garnet (Nd:YAG) laser. The Nd:YAG laser
has a predominant mode of operation at its secondary
wavelength of 1,320 nanometers in the near infrared region
oI the electromagnetic spectrum. The Nd:YAG optical
erisslon is absorbed to a greater extent by blood thun by
water making it useful for coagulating large, bleeding
vessels. The Nd:YAG laser at 1,320 nanometers has been
transmitted through endoscopes for treatment of a variety
ci gastrcintestinal bleeding lesions, such as esophageal
verices, peptic ulcers and arteriovenous anomalies. Such
apclications of laser energy are thu: well adapted where
hizh energy thermzl effects are desired, such as tiscue
varorizatlion, tissue cauterization, coagulation and as &
surzical scalpel.

The followinz U.Z. pa
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.0S€e apparatus andg

meznod for therapeutizc treatment of living tissue by

3,45¢6,€351 2,720,213 4,141,3€C
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4,144,888 4,367,729 4,561,440
4,573,465 4,589,404 4,601,288
4,604,992 4,672,969 4,692,924
4,705,036 4,831,053 4,966,144

Three patents; Dew, 4,672,969.00; L'Esperance, Jr.
4,831,053.00 dated June 5, 1990; and Rochkind, et a]
4,966,144.00 dated October 30, 1990, best describe the
prior art. This prior art teaches the use of laser energy
in certain, specific applications. Dew discusses the use
of a laser, specifically, a N&:YAG type laser operated a
secondary wave length of 1,320 nanometers. Dew discloses
that Nd:YAG lasers ordinarily operate at 1,060 nanometers.
The purpose of the Dew patent is to use a laser to effect
wound closure and reconstruction of biological tissue. The

lzs=r eneréy is converted tc hea whaich vltimately breake
down the tissue inte collagenous elements which act as
"biclogical glue".

L'Esperance teaches use of two laser beams used in the
visible red or low infrared and extremely low power lasers

tCc lrradiate tissue. L'Esperance teaches the use either &
Nelium-neon or krypton lasers. The wave length used by
Z'Esperance 1is 610-650 nanometers delivering an output of
.15 milliwatts.

Rochkind dated October 30, 1990, uses either coherent
ST noncoherent life, but describes a helium-neon laser
narometers with an intensity of 16
milliwatts per SJuare centimeter or an araon type laser
Zenerating light at 485 or 520 nanometers with & light

tensity of about 40 milliwattes pber square centimeter. I1p
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acddition, Rochkind describes g two-step process ig
achieving the methods sought by the invention; & first
treatment while the tissue 1s open and exposed during
Surgery and a second treatment after closure.

Czect of +the Invention

The application of conventional lasers for the purpose
©I stimulating soft tissue Lo cause o reduction in pain and
irflammation, in stimulation of microcirculation Lo reduce
nezlincg time has been attempted at very low power levels,
tyoically well under 100 milliwatts. Although some

r

hesrapeutic benefits have been achieved, the Lreatment time

nia

)
tn

been unacceptably long.

Accordingly, the object of the Present invention is to
rrevide a method for safely andg effectively applying
reactive laser energy to living tissue for therapeutic
LuIposes, Ior example, to reduce pain, reduce inflammation
at nigher levels of pPower, and enhance the healing of

issue by stimulation of microcirculation, without eXposing
t ue to damaging thermal effects. This method

}a
n
n

SnCTtens treatment time beyond what if known by the artc.

Summa~v oF ~he Invention

Tne method of using & low level reactive laser system
Iroz 100 milliwatts - 800 milliwatts ip vither a pulsed or
ccniinuous mode with optical energy produced by a Nd:vag
1as2r at a Iundamental wavelength of 1,004 nanometers has
Desn found o reduce pain in soft tissuer, reduce
-ammaticn ané enhance the healing of t1ssue by

- N £
~miiation of

3
’,_J

icrocirculation without Stbjecting the
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living tissue to damaging thermal effects. In an
elternative method, optical energy is pProduced by &
necdvmium doped vetrium-lithium-fluoride (NA:YLF) laser at
& wavelength of 1,055 nanometers or by tome other laser in
& rreferred wavelength range of from about 1,000 to 1,150
rarometers. The living tissue is irrudiated with optical

eénergy at a wavelength and at a power dissipation level in

the tissue to cause the amount of optical energy ab.sorbed
&nc ccnverted tc heat to be within o range bounded by a
rinimum absorption rate sufficient tou elevate the average
teroerature of the irradiated tissue to ¢ level above the
baszl body temperature, but which is less than the

edscrption rate at which tissue 1s converted into a

collagenous substance. The wavelength, spot or beam size,

cowsr, time exposure are carefully controlled to produce a

nitlcezable warming effect ir the irradiated tissue, kut
wiich is limited to avoid tissue damuge by thermal effects.

Kone of the prior art cited teaches the present
invention. As set forth in the specification, a Nd:YAG
laser operates at its primarv wavelength of 1,064
nancmeters with & power of 80-100 milliwatts or a Nd:YLF
lzser operates at a wavelength of 1,055 nanometers with the
S&me rpower range. Neither L'Esperance nor Rochkiné teaches
2ss of the NE:YAG laser in this particular mode. EBoth
Zsperance and Rochkind detail the preferred method of
crerztion as being a wavelength approximately half of the
¥ressnt Invention. In fact, L'Esperance uses two beams
&insr than one. None of the prior art discloses the use

& NZ:YAG laser at its prima wave lenath of 1,064
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The following chart compares the Dew, L-Esperance and
Rochnkind art with the present invention:

| Patent Laser Wave- Power Use

Tvpe lenath (MW)

(NM) .

i
| Dew NG :YAG 1,320 1000-5000 Scapel
IL'Esper- He-Ne 633 .15 Treatment
| ance
fRo:hkind He-Ne £32 16 Treatment
| Ar 520 80
fBellinger NA:YAG 1,064 100-800 Treatment

While L'Esperance might teach Rochkind, none of the
prior art even hints that the Nd:YAG laser could be used in
this fashion with this much power and the desired results.

Descriprion of the Preferred Embodiment

According to the preferred method, the laser enerqgy 1is
Produced by a NG&:YAGQ laser at a fundamental wavelength of
=,064 nanometers at an output power level of from 100 - 800
milliwatts. The laser optical energy is applied to regions
cf the body which reguire a decrease in muscle spasm,
-hClreasec circulation, decrease in pain o2 enhanced tissue
nealing. The surface area is demarcated and the surface of
the tissue is irradiated with the laser beam for the amount
2f time and intensity necessary to produce the desired
lnerapeutic effecs, with the energy density of the
Lrrac:iates tissue being limited to the ranae of from abour
- Joules/cm to abour 15 Joules/cm'.  The intensity ang

Turation cf treatment is determined bv the Character of the

RECTIFIED SHEET (RULE 91)
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Tisste tc be treated, the depth of penetration desired, the
e€ss of the injury and the condition of the patient.
herapeutic treatment by a low leve] reactive Jlaser
S€YStem has been demonstrated for the purposes of reducing
£2in, reducing inflammetion, and enhancing healing of
czmagsd tissue by stimulation of microcirculation, all
tzing successfully accomplished without producing damaging
thermzl effects in the tissue. A Nd:YAG laser resonator

S the laser source. Its pPrincipal wavelength was
2,064 nancmeters, and had an adjustable beam energy output
cZ 100 milliwatts - 800 milliwatts. The laser was capable
¢ cperazion in a culsed or continuous mode, and its output

wz% ccntrelled by an exposure timer in the range of 0.1 -

.2 minuzes. The tulse on-time was adjustable from (.1 -
$.2 sezends in 0.1 second intervals. The pulse cffi-time

e
“2% alsc adjustable from 0.1 - 9.9 seconds in (.1 second
al

21s. The N&:7AG laser beam operates in the near

inirarsd pertion of the electromagnetic Spectrum at 1,064
~&ntrezers, and thus is invisible.

-

Now referring <o FIGURE 1, the laser 100 produces g

-2Fer Zzzm 102 tha- £xits the output coupler of the luser
fe2zd arz is steerec by & pair of alignment wedges 104
zeicre zassing t rcuch z circularly variable, neutral
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Zour components: z 90 degree reflecuing prism 120, =

shutter arm 120, shutter mounting bracket {not shown) and

\}]

2N actuating solenoid 124. The prism 120 is mounted to the
shutter arm so that, in the normally closed position, the
crism 120 intercepts the laser beam 102 and reflects it
Zownwardly into & beam dump in the laser deck (not shown).
“nhe solenoid 124 is energized when an output channe! hag
Zzen selected and foot pedal (not shown) is deprecsid,
whlch causes the shutter arm 120 to raisc and allow: the
Zsam Lo pass. When the solenoid arm is de-energized, the
snutter drops inte the closed position.

The optical snergy is produced by a coherent light

bly & laser having a wavelength of 1,064
h

rznomst € near infrared region of the
€_ectromagnetic Scectrum. The laser is provided with an
crtical fiber guide and coupler for dir recting the beam of
c-tical energy to <he tissue surface. The energy of the
cztlcal rediazion is controlled and applied to produce a

m I rate in the irradiated tissue which will

o
veraces temperature of the irradisted tissue to
e zaszal body temperature, but which does

ed thz maximum absorption rate which is arzat
on o

1
—
QJ

vert the irradiated tissue inte a c gonous

ned through extenvive testi ne that
tns foregoing condizion is satisfied by a NG:YAG lase
ccerated at its primary wavelength of 1,004 nanometer at =z
PCwer cutput level of from 100 - §00 milliwatts, with the
lasz2r peanm peing fczussd to produce an energy density of
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Certain physiological mechanicsme in the tisouc and at
the cellular level have been observed when the above
orocess is used. In the evaluation of the microcirculatory
system, for example, it has been demonstrated the blood
vessel walls possess photosensitivity. When the blood
vessel walls are exposed to laser irrudiation as set forth
acove, the tonus is inhibited in smooth myocytes, thus
increasing the blood flow in the capillaries. Other

th
It

e€cts which have been observed are: peripheral capillaerid
“ecvascularization, reduction of blood platelet
aggregation, reduction of 0, from the triplet to the
sirglet form which allows for greater OXygenation of the
tissue, reduction of buffer substance concentration in the
tlcod, stabilization of the indices of erythrocyte
CeZormation, reduction of products of perioxidized lipid
cimzenation of the blood. Other effects which have been

cosarved are increased index of antithrombin activity,

tn
!
!

lation of the enzymes of the antioxidant system such
&s superoxide dismutase angd catalase. An increase ip the
venous and lymph and outflow from irradiated region has
. cpbserved. The tissue permeability in the area 1ls
suzztantially enhanced. This assists in the immediate
sduzzion of edemz and hematoma concentrations in the
-ls=ue., At the cellular level, the mitochondria have also
tzez rnoted to produce increased amounts of ADP with
sudseguent increase in ATP. There also appears to be an
increzsed stimula-ior of the calcium and sodium pumps at
2 tlissue membrane a- the cellular level .

£ the neurcnal level, the following effectrs nave been

or

Ctserved as e resulr of the fcregoing therapeutic



10

15

20

010619

-12-

treatment. First, there is an increased action potential
of crushed and intact nerves. The blood supply and the
number of axons is increased in the irradiated area.
Inhibitior of scar tissue is noticed when tissue is
Created. There is an immediate increase in the membrane
permeabilicy of the nerve. Long term changes in the
permeability of calzium and potassium ions through the
nerve for at least 120 days have been observed. Th: RNA
and subsegquent DIA production is enhanced. Singlet C. 1=

roduced which is an important factor in cell regeneratiorn.
Pathological degeneration with nerve injury is changed to
regeneration. Both astrocytes and oligodedrocytes are
stimulated which causes an increased production of
peripheral nerve axons and myelin.

Phago*vtos*s of the blood cells is increased, thereby
suostantla ly reducing infection. There also appears to be
& significant anti-inflammatory phenoment which provides &
decrease ir the inflammation of tendons, nerves, bursae in
the joints, while at the same time yielding a strengthening
of collagen. There is also an effect on the significant
increase of grantiation tissue in the closure of open
wcunde under limited circulation cenditions.

Analgesia of thz tissue has been observed in
Ccnnection with z complex series of actions at the tissue
level. At cthe lczal level, there is a reduction of
inflammation, causinc a reabsorpticn of exudates.
Enkephalins and endorphins are rec ruited to modulate the
pain produc:zion koth at the spinal cord level and in the

brein. The serc:z-o genic pathway is also recruited. VWhile

[

it is not ccmpletsely understood, it i

r

rm

believed that the
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irradiation of the tissue causes the return of an energy
balance at the cellular level which 15 the reason for thec
reduction of pain.

In an alternative method, laser energy is produced by
& Nd:YLF laser at a wavelength of 1,055 nanometers. Other
lasers could be used or developed to operate in a preferred
rarge of from about 1,000 to about 1,150 nanometers at the
same power level,

Although the invention has bee described with
reZerence to preferred method, and with reference to
specific therapeutic applications, the foregoing
description is not intended to be construed in a limiting
sense. Modifications of the disclosed embodiment as well
as alternative applications of the invention will be
suggested ;o persons skilled in the art by the foregoing

specification. It is therefore contemplated that the

fu

prended claims will cover any such modifications or
emcodiments that fall within the tLrue scope of the
invantion.
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The Claims

1. The use of a 1low level reactive laser in a method for treating
a smzll treatment area of g biological tissue of a living subject without
exposing the tissue to damaging thermal effects, the method comprising: using
the low level reactive laser to generate coherenf optical energy radiation
havirz a wavelength in the range of the near infrared region of the
electromagzetic Spectrum at a power output in the range of from about 100
milliwatts toc about 800 milliwatts, and
fozuszing said coherent optical energy radiation on said small

treatrent zrez to achieve a rate of absorption and conversion to beat in the
irradiated <issue in the range between a minimum rate, sufficient to elevate
the average temperature of the irradiated tissue to a level above the basal
body temperzture of the living subject, and a maximum rate which is less than
the rate a:t which the irradiated tissue is converted into a collagenous
substance, wherein the density of the optical energy radiation is in the range
of fre- apcot 1,0 joule/cm?* to about 15 joules/cm®at the irradiated tisaue

gite.

z. The use according to Claim 1 wherein said wavelength is about

1,064 rancme-ers.

The use according to Claim 2 wherein said low lovel reactive

laser comprisze: a2 Nd:vag laser,

4. Tne use according to claim 3 wherein said tigsue jig irradiated
with sa®:z conerent optical energy radiation at a plurality of small treatment
areas in z g-_Z fer the amount of time and intensity Necessary to provide a
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5. The use according to Cleim 3 wherein cach gmall treatment QAL

. L b
has an area in the range of about 0.5 mw to about 2mm

G. The tse according to Claim 3 wherein said low lovel rcactive

laser is pulsed with each pulse on time being in the range of 0.1 to 9.9

seconds and =ach pulse off time beinqg in the range ol 0.) Lo 9.9 seconds.

7. The use according to cCla.m 3 wierein said low lovel reactive

laser is operated inp a continuouus mode.

g. “he use according to Claim 1 wherein sald wavelength is about

jo)
w
W)

nanonecCeors., )

8. The use =

0

cording to Claim 4 wherein sald low level reastive lanner

CORMPriscs & i:iYLE laner.

JC. T-i? use according to Claim 9 wherein sajd Ligoue ig irradiatn.

. . b aqo.
will nai-d conmreny optical energy radiation at a plurality of amaly Lreatmon,

areas it oz ur_d fer Lhe amount df Lime and intenasity hoevessary to provide g

therapeutic e fect .
1i. T..2 use according to claim 9 whereii each amall Lreatment are:

bas an area ir tie range of about ¢.5 >t about 2mm *

P The une aregr

ling to claim 9 wherein raid low level reactive

lancr in puise~ “itlh each pulse on time being in the vange of 0.1 Lo 9. a

seconds and eazh pulae olf time being in the range of 0.1 to 9. » secon

13. Th= use according to cClaim g wherein said low level reacus-
laner ia cperraced ir a continuous mode
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tho use according Lo cladin 1 whoerein sald tow level reactiv.

comzrises a Nd:YAG laser.

15. The use according to Cizir i1 “lhecein said Jow level reactive

comzrises a Nd:YLF lasger.

16. The use according to c¢laiit 1 wherecin paid tisuue is irraala-

aid zobeorent optleal chergy radictlon at a plurality of troatment pointa

L

in a grid for the amount of time :nd inlonaity necessary to previde o
G Y P
therzpeutiz effect
17. The use according to Claim 1 wherein cach trecatment point hac an
area Ln ths rance of about 0.5 mmzto-.'.bout Zmm %,
1g. The uge according to ¢iriwm 1 whercin said lew leovel reactive
lager s pulsed with cach pulse or tine being in the range of 0.1 ¢t -
seccids an st oach pulae ofrf Llme Lzivr s the range of 0.1 to 9.¢% socen -
19, “hz use according Lo claim 1 wherein paid low level reactive
laser is creralted in a continucus mo e,
2C. The uso according tc cla g 1 wherein said wavelengts is in g
rangc ol IZrom alout 1,000 nanometers to abeut 1,150 nanometers
Z Selapraratss for treatng Riale: el trecn -
T featng tiolog “cal tissuc, comprising:
= (82 Culputting a laser hesm v : Oth ik
o 4 ~;._".r1 X e dV i i
tha wavelength ip th". range of the pear inTmarad
Terier o7 vhe aln -
ev 2l Nz .LC{[O[naSHQ“C spestrurs , '
-~ i {(1qp bain + : i
P I, the laser producing coheran: optical eniroy
raZiaticn zt o

redic

e renes ¢ At

& Fower output in the rarse of from

Hricans recell .
*receiving the lzser | sany gy controlling the coharene

L dcaer bes iviepe- N {
rbeam for deliy € o e biol gicat tissye atan e

nenery

1) . R . .
cdensing i

creut b joule/em? (o abowu: IS5 joulesien?

’:r\. '
Vv Opn..'. ooy

y

about 100 milliwatrs ‘1o abecur £oo

[RVIR:

v
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22 The apparatus in accordance with Clalim 21 wherein the control means comrals.

and tezusas 1oz coherent optical cnergy radiation on an arca of the biclogical Ussue 10 3 Qnieve

- a e ot zzso

¢ nothe range betwern o

minmuT f2le, saffizient to elevate the average temperature of the iradiated tissue 1o s level

ahove toe sazz! bodx tcmperature of the living subizct, and a maximum rate which 15 lo s 1)

¢ vt

the 12t ot whoch the iradiated tissue is convarted into a collagencus subgianze.

tosiliie o

I3 12 arparatus in accordance witk Claim 21 wherein the wavaie:

G
1
S
3
=
3
b
,
1
b

Tom it D000 1anometers to about 1,150 nanometers.

-~ -
- o e e

Z (¥ AFPAratus in accordance with Claim 21 wherelnn the Jow |

aser
10 comprises 2 N2VAC laser
o8 1ne cpparatus in accordance with Claim 21 wherein the low level Teatiive laser
soinrnlos o VLT laser.
7 -2z epparalus in accordance with Claini 23 whercin (oo WSAUS 13 el sl it
the colerer truzal cnergy radiation z:oa a plurality of small wreaunont wroae inow ST el o
=5 amount o7 L

vz 2nd nlensity necessary 1o provide a therapeutic efi

el

Z - I:2 2F paratus in accordance wiih Clain, 26 wherein eazh crma)

Ve aremaey -
LA ML ITRRIment aroa has

Rf@ies totnrrange of about 0.5 mm?te abort 2 mpl,
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28, The zpparalus in accordance with Claim 2] wherein the low lavel reactive lisor

thoeacs pulse on time being in the range of 0.] 10 9.9 seconds and each pulse 5

“

“me telng inthe tznge of 0.1 10 9.9 scconds.

an—~e

29, The apparatus in accordance with Claim 21 wherein the low level reaciive laver

13 operated in ¢ coztinuous mode,

30 The zpparatus in accordance with Claim 29 wherein the tigsue is imadiated with

LRI

Ui coberent Zpticd Aerzy radiation at a plurality of small reatment areas s =z grid for

amount of time anc intensity niecessary o provide a therapeutic effect,

31 The apparalus in accordance with Claim 21 wherein the contro! means comprises
Codensiy atlenualc -

10

wnloepperzius in accordande with Claim 21 wherein the contrei means COmprius

(S )

toa

o)
(&)
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