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A system for treating a selected dermatological problem and
a head. The head may include an optical waveguide having a
first end to which EM radiation appropriate for treating the
condition is applied. The waveguide also has a skin-contact-
ing second end opposite the first end, which is in contact with
the skin, and has a reflection aperture which is substantially as
great as the radiation back-scatter aperture from the patient’s
skin. The portion of the back-scattered radiation entering the
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waveguide and drawing a fold of skin therein.
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SYSTEM FOR ELECTROMAGNETIC
RADIATION DERMATOLOGY AND HEAD
FOR USE THEREWITH

RELATED APPLICATIONS

The present application is a continuation of patent appli-
cation Ser. No. 11/093,693, filed Mar. 30, 2005 entitled “Sys-
tem for Electromagnetic Radiation Dermatology and Head
for Use Therewith,” which is a continuation of patent appli-
cation Ser. No. 10/245,825 (U.S. Pat. No. 6,878,144), filed
Sep. 17, 2002, which is in turn a continuation of patent appli-
cation Ser. No. 09/268,433 (U.S. Pat. No. 6,508,813), filed
Mar. 12, 1999, which application claims priority to Provi-
sional Application 60/115,447, filed Jan. 8, 1999 and Provi-
sional Application 60/077,794, filed Mar. 12, 1998. Said
patent application Ser. No. 09/268,433 is also a continuation-
in-part of patent application Ser. No. 08/759,036 (U.S. Pat.
No. 6,015,404), filed Dec. 2, 1996; a continuation-in-part of
patent application Ser. No. 08/759,136, filed Dec. 2, 1996,
now abandoned; and a continuation-in-part of patent applica-
tion Ser. No. 09/078,055 (U.S. Pat. No. 6,273,884), filed May
13, 1998, which application claims priority to Provisional
Application 60/046,542, filed May 15, 1997; and Provisional
Application 60/077,726, filed Mar. 12, 1998. The present
application is also a continuation-in-part of patent application
Ser. No. 09/473,910 (U.S. Pat. No. 6,517,532), filed Dec. 28,
1999, which application claims priority to Provisional Appli-
cation 60/164,492, filed Nov. 9, 1999; and Provisional Appli-
cation 60/115,447, filed Jan. 8, 1999. Said patent application
Ser. No. 09/473,910 is also a continuation-in-part of said
patent application Ser. No. 09/078,055 (U.S. Pat. No. 6,273,
884), filed May 13, 1998, which application claims priority to
Provisional Application 60/046,542, filed May 15, 1997; and
Provisional Application 60/077,726, filed Mar. 12, 1998. The
present application is also a continuation-in-part of patent
application Ser. No. 09/634,981 (U.S. Pat. No. 6,511,475),
filed Aug. 9, 2000, which application is a continuation of
patent application Ser. No. 09/078,055 (U.S. Pat. No. 6,273,
884), filed May 13, 1998, which application claims priority to
Provisional Application 60/046,542, filed May 15, 1997; and
Provisional Application 60/077,726, filed Mar. 12, 1998. The
above applications to which the present application claims
priority are herein incorporated by reference.

FIELD OF THE INVENTION

This invention relates to the utilization of electromagnetic
(EM) radiation for treating selected dermatologic problems,
and more particularly to a system which utilizes temperature
detection at a waveguide through which radiation is being
applied to the patient’s skin to perform various control func-
tions and to a head usable in such system or elsewhere, which
head includes efficient reflectors for back-scattered radiation
and/or for otherwise enhancing irradiation of a target volume
containing the dermatologic problem.

BACKGROUND OF THE INVENTION

Lasers, lamps and other sources of electromagnetic radia-
tion are being increasingly utilized to treat various dermato-
logical conditions, and in particular for the removal of
unwanted hair, spider veins, leg veins, other veins or blood
vessels which are visible through the patient’s skin, lesions,
port-wine stains, tattoos and the like. One problem with such
treatments is that the only way to get the radiation to a target
volume in the dermis where treatment is desired is to transmit
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the radiation to such volume through the overlying epidermis.
Further, since many of the treatments involve absorption of
energy by melanin in the dermal volume being treated, for
example in a hair follicle, and there is also melanin in the
epidermis, particularly in the portion thereof at the dermal/
epidermal (DE) junction, the EM radiation used for treatment
is generally also absorbed to varying degrees in the epidermis.
Further, the deeper in the dermis the treatment is desired
and/or the larger the element being treated, the more energy
must be used, this generally involving use of a more powerful
laser or other radiation source with higher fluence and/or
operating such source for longer time durations. However, as
the energy applied through the epidermis increases, the
potential for damage to the epidermis as a result of energy
absorption therein also increases.

Therefore, one limitation on the energies which can be
used for various dermatological treatments in the dermis, and
in particular on the depths in the dermis at which treatment
can be performed, and on the size of the elements which can
be treated, is that the energy applied cannot be so high as to
cause appreciable damage to the epidermis. Various ways
around this problem have been proposed in the prior art, most
of which involve some cooling of the epidermis prior to
and/or during treatment to limit or prevent thermal damage
thereto. Examples of such procedures include applying cryo-
genic or other cooling sprays to the skin, applying a cooling
gel to the skin, applying radiation through a cold-pack in
contact with the skin or through an applicator which is cooled
by flowing water, flowing air, or the like. However, these prior
art systems have not been wholly satisfactory. One reason for
this is that, since most of the absorption is in the melanin
located in the lower portions of the epidermis, it is desirable to
have cooling through the entire epidermal layer, which is
typically about 0.1 mm thick. However, it is not desirable that
the cooling extend significantly below the DE junction into
the dermal layer since cooling in the dermal layer can poten-
tially inhibit the desired thermal damage to follicles, blood
vessels or the like in this region. Further, there are significant
variations in radiation absorption by a patients skin, not only
among different individuals, people having darker skin
absorbing more radiation and being more prone to epidermal
damage than people with lighter skin, but even for different
areas on the body of a single individual. Therefore, cooling
which is not customized to the treatment area generally
results in the cooling not being to the proper depth, a problem
which can interfere with treatment and/or permit thermal
damage to the epidermis.

It would therefore be desirable if the temperature at a
selected depth in the skin, for example the DE junction, could
be measured, and this temperature utilized to control skin
temperature, for example through the epidermis, by some
combination of controlling the laser energy applied to skin
and/or controlling cooling applied to the skin. However,
while infrared sensors have for example been utilized in the
past to detect temperature at the surface of the skin, such
detection does not provide an accurate indication of tempera-
ture even at the skin surface, these readings varying with such
factors as skin layer thickness, skin roughness and skin color
in addition to temperature. Infrared sensors also provide vir-
tually no information as to skin temperature at a depth below
the surface. Therefore, such detection has heretofore been
used only for gross controls, for example to turn off the laser
if an emergency temperature threshold is exceeded or the like,
but not to fine tune energy application and/or cooling so as to
maintain a desired temperature at a selected depth, for
example at the DE junction, thereby facilitating a desired
treatment without epidermal damage.
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A need therefore exists for an improved technique which
permits more accurate determinations of skin temperature at
various depths, including at the DE junction, so as to permit
more accurate and more automatic control of EM radiation
treatments for various dermatological conditions. In particu-
lar, because of variations in skin pigmentation, differences in
epidermal depth, and other dermatological differences
among patients, laser dermatology procedures are now per-
formed almost exclusively by physicians or other highly
trained individuals, and such individuals must exercise great
care to assure that epidermal damage does not occur, while
still achieving the desired therapeutic effect. More accurate
measurement of temperature at desired depths would make
treatments by such skilled personnel easier to perform and
would permit such procedures to be safely performed by less
highly trained, and therefore less expensive, personnel. Such
skin temperature measurements could also be utilized to
determine skin type/pigmentation for the patient and/or for
the part of a patient’s body being treated and/or for other
purposes.

Where cooling of the epidermis is achieved by placing a
cooled applicator or other cooled body in contact with the
patient’s skin, the contact must be made with sufficient pres-
sure to assure good thermal contact between the cooled body
and the skin. However, differences in skin thickness and
elasticity, differences in bone backing and other factors affect
the pressure required to achieve good thermal contact for
different patients and for different areas on the body for the
same patient. This is another reason why highly trained and
skilled individuals are required for performing the treatments
and contributes to the high cost of the treatment. It would
therefore be preferable if an automatic technique could be
provided for detecting, and thus assuring, good thermal con-
tact between a cooling element and the patient’s skin. Such a
technique or mechanism, by assuring good thermal contact
with the skin before the radiation source is fired, could solve
two critical safety problems for radiation dermatology. First,
it assures adequate cooling of the epidermis before heating
thereof through energy absorption; and second, it assures that
the radiation will not be accidentally applied to the eyes or
other unwanted place.

Related but opposite problems arise in performing certain
skin resurfacing/wrinkle removal procedures where the
objective is to heat and destroy only the most surface layer of
the skin, for example the epidermis, with minimal damage to
underlying layers. This requires tight control of factors such
as laser energy, pulse duration and repetition rate. However,
variations in patient’s skin make such tight control difficult
even for highly trained and skilled personnel. Similar prob-
lems also arise in other dermatological procedures involving
lasers or other radiation sources.

Another related problem in using an EM radiation source
for dermatological treatment is that the skin reflects back a
significant portion of the radiation applied thereto. Since this
reflected energy does not reach the treatment site, a higher
energy radiation source is required to achieve the desired
dermatological treatment than would be the case if a larger
percentage of the applied radiation reached the treatment site.
It has previously been suggested that one solution to this
problem is to provide a retro-reflector which collects and
returns such back-scattered radiation to the patient’s skin.
However, existing retro-reflector devices have not optimized
the collection and return of such back-scattered radiation and
improved techniques for the more efficient reutilization of
back-scattered radiation is therefore desirable. One particular
problem with prior art retroreflectors is that they reflect all
back-scattered radiation at substantially the same angle the
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radiation was received; however, radiation at an angle more
parallel than perpendicular to the skin surface generally does
not reach the treatment area and therefore only heats the
surface of the skin, contributing to thermal damage of the
skin, without having any beneficial/therapeutic effect. A ret-
roreflection technique which does not contribute to or
increase this “parallel” radiation would therefore be desir-
able.

Two other factors can contribute to the efficiency of der-
matologic treatments. The first factor is “spot size” or in other
words the optical aperture of the applied radiation. Spot size
is typically limited by the optics of the handpiece utilized and
by the desired fluence as a function of the available energy
source. However, a larger spot size permits treatment of large
body areas such as back or legs to be accomplished much
more quickly, something which enhances both patient satis-
faction and practitioner profitability. A technique for facili-
tating larger spot sizes is thus desirable.

Secondly, anything which reduces the distance from the
irradiation source to the target area reduces the amount of
energy required to achieve a desired therapeutic effect and
anything which permits more of the applied energy to reach
the target area has a similar eftect. Techniques which facili-
tate the achievements of these objectives are therefore also
desirable.

SUMMARY OF THE INVENTION

In accordance with the above, this invention provides both
a system for treating a selected dermatologic problem and a
head for use in such system. The head, for preferred embodi-
ments includes an optical waveguide or other light path for
directing EM radiation of a wavelength appropriate for treat-
ing the selected patient dermatologic problem to a first end of
the waveguide, the waveguide also having a skin-contacting
second end which is opposite the first end; and a sensor at the
second end of the waveguide, or otherwise closely adjacent a
skin-contacting surface of the head, which senses the tem-
perature thereat. For preferred embodiments, the head also
includes a mechanism for removing heat from the waveguide.
In order to achieve commercially useful sensitivity, it is pref-
erable that the sensor be located no more than a few millime-
ters from the skin-contacting surface of the head, for example,
the second end of the waveguide, the end contacting the
patient’s skin. Therefore, for preferred embodiments, the sen-
sor is located within 5 mm of the second end of the
waveguide, and for the most preferred embodiments the sen-
sor is located within 1 mm of the second end.

Where a mechanism for removing heat is provided, such
mechanism preferably includes a thermoelectric device hav-
ing one side in thermal contact with the waveguide and an
opposite side in thermal contact with a temperature sink. For
a preferred embodiment of the invention, back-scattered
radiation is substantially internally reflected within the opti-
cal waveguide, and there is a reflector within the waveguide
for returning back-scattered radiation through the waveguide
to the patient’s skin. While the reflector may be at a variety of
locations within the waveguide, for a preferred embodiment,
it is located at the first end of the waveguide. The reflector
may also be along sides of the waveguide and the coefficient
ofreflection for areas of the reflector, either at the first end, the
side walls or both, may be selected such that back scattered
radiation which, before entering the waveguide, at angles
nearer perpendicular to the patient’s skin are reflected more
strongly than backscattered radiation which, before entering
the waveguide, are at angles more nearly parallel to the skin
surface. The second end of the waveguide in contact with the
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patient’s skin may also have an aperture which is at least
substantially as great as the aperture of radiation back-scat-
tered from the patients skin or a “reflection aperture” substan-
tially as great as the radiation back-scatter aperture may be
achieved in other ways. For example, a reflector plate of size
to provide the desired reflection aperture may surround the
second end of the waveguide. More generally, the invention
may include at least one waveguide passing through the head
and terminating at a skin-contacting surface thereof, EM
radiation being applied through the at least waveguide path to
the patient’s skin; and a reflection means for returning back-
scattered radiation to the patients skin, which reflection
means has a reflection aperture at least substantially as great
as the radiation back-scatter aperture. Reflection means may
include at least a portion of the skin-contacting surface of the
head, which portion may be in the form of a reflection plate,
and may also include at least one reflection surface for back-
scattered radiation entering the waveguide, at least part of
which surface may be in the waveguide.

The system may be for treating a selected dermatological
problem in a selected volume of a patient’s skin at a depth d
which is below the DE junction. A source of EM radiation of
a wavelength appropriate for treating the problem is provided
along with an optical waveguide, a mechanism which cools
the patient’s skin, at least in the portion thereof'in contact with
the waveguide when the second end of the waveguide is in
contact with the patient’s skin, and a temperature sensor at the
second end of the waveguide. The temperature at the sensor is
indicative of the temperature at the patients DE junction.
Finally, controls are provided which are operative in response
to the sensor indicating that the DE junction has been cooled
to atleast a selected temperature for permitting radiation from
the source to be passed through the waveguide to the patient’s
skin. The cooling mechanism preferably removes heat from
the waveguide; when in contact with the patient’s skin, the
waveguide removing heat from and thus cooling the skin. The
controls may also be operative in response to the sensor for
maintaining the DE junction within a selected temperature
range during application of radiation to the patient’s skin. The
controls may also detect a selected temperature/time profile at
the sensor, the profile being indicative of contact of the
waveguide with the patient’s skin, and may prevent radiation
from passing to the patient’s skin unless the predetermined
profile is detected. This assures that radiation is not applied to
the patient’s skin unless there is good thermal contact
between the radiation-applying waveguide of the head and
the patient’s skin. For preferred embodiments, the controls
operate the cooling mechanism to cool the waveguide to a
desired temperature, the controls being responsive to the sen-
sor for determining when the desired temperature has been
reached.

The controls may also be operative in response to the
sensor sensing a selected increasing temperature profile at the
sensor when the waveguide is placed in contact with the
patient’s skin for permitting radiation from the source to be
passed through the waveguide to the patient’s skin. This con-
trol may be instead of the control based on detection that the
DE junction has been cooled to a selected temperature, but is
preferably in addition thereto.

The enhanced retro-reflector features discussed above may
also be used in the head independent of the temperature
measuring features previously discussed, but are preferably
used in conjunction therewith. The invention may also
include a head having at least one optical waveguide for
receiving EM radiation and for directing it to a skin-contact-
ing surface ofthe at least one waveguide and a standoffhaving
a first and a second end, with the first end surrounding the at
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least one waveguide at its lower end and forming a substan-
tially air-tight seal therewith. The second end of the standoff
is adapted to be in contact with the patient’s skin over the
selected volume to form a chamber between the skin-contact-
ing waveguide surface, the patients skin and walls of the
standoff. A means is also provided for creating negative pres-
sure in the chamber to draw the patient’s skin therein and into
contact with the skin-contact surface. The walls of the stand-
off are preferably reflective to return back-scattered radiation
to the patient’s skin. The means for creating negative pressure
may include a hose mounted at one end to open into the
chamber and connected atits other end to a source of negative
pressure. Alternatively, the means for creating negative pres-
sure may include the walls of the standoff being deformable
when pressure is applied to the head/waveguide to permit the
skin-contacting surface of the waveguide to contact the
patient’s skin, forcing most of the air from the chamber, with
the walls of the standoff returning to their underformed state
when pressure is released, resulting in the creation of negative
pressure in the chamber. For example, the walls of the stand-
off may be in the form of abellows, suction cup or elastic ring.

Finally, rather than a single optical waveguide, the output
surface of a first optical waveguide to which irradiation is
initially applied may be mounted to a first surface of a second
optical waveguide which also has a second skin-contacting
surface opposite the first surface. Optical radiation received
from the first waveguide is transmitted through the second
waveguide to the skin-contacting surface thereof. The second
skin-contacting surface of the second waveguide has a larger
area than the output surface of the first waveguide and the
second waveguide is formed to provide a larger optical aper-
ture than of the first waveguide. The ratio of the spacing
between the first and second surfaces of the second
waveguide and a selected surface dimension of the skin-
contacting surface of the second waveguide, for example the
length of a side of the second surface or a diameter thereof, is
approximately 1.5to 1. Means may be provided for reflecting
radiation back-scattered from the patient’s skin into the sec-
ond waveguide back into the patient’s skin. The means for
reflecting may include forming at least a portion of the first
surface and/or other surfaces ofthe second waveguide so as to
reflect radiation impinging thereon, and such reflection from
the second waveguide may also be made angle dependent.

The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
particular description of preferred embodiments of the inven-
tion as illustrated in the accompanying drawings.

IN THE DRAWINGS

FIG. 1 is a schematic semi-block diagram of a simplified
EM radiation treatment system suitable for use in practicing
the teachings of this invention.

FIG. 2 is a side sectional view of a head or applicator
suitable for use in the system of FIG. 1 in accordance with
teachings of this invention.

FIG. 3ais agraphillustrating a calculated relationship over
time between the temperature at the waveguide at two Ad’s
where a sensor may be located and the temperature at three
different depths in a patient’s skin, including at the DE or
basal junction.

FIG. 3b1s a graph illustrating a measured relationship over
time between the temperature at the waveguide sensor for a
preferred Ad and the temperature at two different depths in a
patient’s skin, including at the DE or basal junction.

FIG. 4 is a graph illustrating temperature sensor output
over time for selected conditions.
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FIGS. 5a and 55 are simplified side sectional views of two
alternative heads or applicators for providing a reflection
aperture matching the aperture of radiation back-scatter.

FIGS. 6a and 65 are simplified side sectional views of a
head or applicator which utilizes negative pressure to draw a
fold of skin into a cavity before negative pressure is applied
and after negative pressure is applied respectively.

FIGS. 7a and 7b are simplified side sectional views of a
head or applicator for another embodiment of the invention
which utilizes negative pressure to draw a fold of skin into a
cavity at an intermediate step in the creation of the negative
pressure and after negative pressure has been created respec-
tively.

FIGS. 8a, 86 and 8¢ are simplified side sectional views of
a head or applicator for still another embodiment which uses
negative pressure to draw a fold of skin into a chamber shown
before negative pressure is created, at an intermediate stage in
the creation of negative pressure and after negative pressure
has been created respectively.

FIG. 9 is a simplified side sectional view of a head for an
alternative embodiment of the invention which provides an
expanded optical aperture for the head.

FIG. 10 is a simplified side sectional view of a head for an
alternative embodiment which head is suitable for moving
across a patient’s skin during treatment.

DETAILED DESCRIPTION

FIG. 1 is a simplified block diagram of a system 10 which
may be utilized for treating a selected dermatological condi-
tion in accordance with the teachings of this invention. The
system includes an electromagnetic (EM) radiation source 12
which is connected through a fiber optic light pipe or other
suitable optical conveyor 14 to an applicator or head 16,
which head is in contact with the skin 18 of a patient. Controls
20 are provided which receive information from source 12
and head 16 and which control operation of the system in
response to these inputs and others. EM source 12 may be a
ruby laser, alexandrite laser, diode laser or other laser source
providing radiation of a suitable wavelength for the laser
treatment to be performed, or may be a lamp or other non-
coherent electromagnetic radiation source providing signals
at the requisite wavelength. Particularly for non-coherent
light sources, various techniques may be utilized to filter,
frequency shift or otherwise control the output from the
source to achieve radiation within a desired wavelength band.
The radiation wavelength may be narrow band, down to a
single wavelength, or wide band, and may vary over a wide
spectrum from infrared through ultraviolet, depending on the
treatment to be performed and the radiation source utilized.
Source 12 may be a pulsed source, either under operator
control or at a fixed or controlled repetition rate, or may, as
taught in copending application Ser. No. 09/078,055, be a
continuous wave (CW) source. Controls 20 may be a suitably
programmed general purpose or special purpose computer,
may be hard wired circuitry, or may be a hybrid of special
purpose circuitry and programmed computer circuitry. Skin
18 has an epidermal layer 22, and a dermal layer 24, the
junction of these two layers being sometimes referred to as
the DE junction or basal layer 26.

Radiation from source 12 passes through head 16 and is
emitted therefrom as a converging beam 28 which is applied
to an area 30 in dermis 24 containing the element to be treated.
Area 30 may, for example, contain a hair follicle which is to
be destroyed in order to achieve removal of unwanted hair,
may be tattoo pigment which is to be removed, may be a
spider vein or other blood vessel which is to be coagulated and
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removed or may be some other dermatological condition
which is to be treated by the radiation. As discussed earlier,
treatment of a patient is complicated by the fact that there may
be significant variations among patients, and in different
areas of the body of the same patient, in the thickness of
epidermal layer 22, in the pigmentation of this layer (and in
particular in the quantity of melanin at DE junction 26), and
in other characteristics of the skin. These variations make it
difficult to achieve a desired therapeutic effect without poten-
tial damage to the area of the patient’s epidermis overlying
treatment area 30.

FIG. 2 illustrates a head 16 suitable for use in the system of
FIG. 1. Referring to FIG. 2, head 16 includes a waveguide or
lens 40 of an optically transparent material which also has
good heat transfer properties and preferably provides a good
index of refraction match with skin. Sapphire is a currently
preferred material for the waveguide, although other materi-
als could also be used. Waveguide 40 is supported by a holder
ring 42 mounted in an exterior housing 44. A thermocouple,
thermistor or other suitable temperature sensor 46 is mounted
in contact with waveguide 40, between the waveguide and
holder 42. The distance (Ad) of sensor 46 from the end of
waveguide 40 in contact with the patient’s skin is critical and,
for reasons to be discussed later, should be no more than 5
mm. Ad is preferably in the 1-2 mm range, with approxi-
mately 1 mm being the currently preferred distance. While a
single temperature sensor 46 is shown in FIG. 2, two or more
such sensors spaced around waveguide 40 at the same dis-
tance Ad from the end of the waveguide may be preferable to
average out temperature variations which may occur in the
waveguide.

Thermoelectric cooling elements 48 are also provided in
contact with waveguide 40. While two such elements are
shown in FIG. 2, typically at least four such elements, sub-
stantially evenly spaced around the periphery of waveguide
40, would normally be provided. Thermoelectric elements 48
may for example be Peltier elements. Electrical connections
are made to sensor(s) 46 and to thermoelectric elements 48 in
a manner known in the art and to simplify the figure are not
specifically shown therein.

The sides of thermoelectric elements 48 opposite those in
contact with waveguide 40 are in thermal contact with heat
sink or radiator 50 having channels 52 formed therein through
which a cooling fluid such as air or water flows, the cooling
fluid entering the head through a fluid junction 54 and exiting
through a fluid junction 56 (or entering though fluid junction
56 and exiting through fluid junction 54).

Optical radiation is applied to the head through an optical
fiber, fiber bundle or other light pipe 58 which terminates at a
chamber 60. Radiation exiting optical fiber 58 expands in
chamber 60 before entering waveguide 40 for application to
the patient’s skin. Fiber 58 is mounted in a sleeve 62 of
optically opaque material, the rear portion of which is
mounted in a tube 64 and the forward portion of which
extends through a holder assembly 66. Tube 64 is mounted in
a chamber 68 formed in the rear of holder assembly 66 to
permit assembly 69, which includes fiber 58, sleeve 62 and
tube 64, to be moved forward and backward, moving fiber 58
in chamber 60 to adjust the optical aperture of the head.
O-rings 70 and 72 seal chamber 60 to keep air and moisture
out so as to avoid condensation on cooled optical surfaces 74
and 76. Nitrogen or another gas which does not condense at
temperatures down to —40° C. is utilized to fill chamber 60.

Surface 74 of the waveguide is an optical reflecting surface
as are all surfaces of chamber 60, including surface 76 at the
rear thereof. As will be discussed later, these surfaces retrore-
flect back-scattered light from the patient’s skin. The side
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walls of both waveguide 40 and chamber 60 may also be fully
reflective or may selectively reflect in a manner and for rea-
sons to be discussed later.

In operation, assembly 69 is initially positioned to achieve
a desired optical aperture for head 16. Thermoelectric ele-
ments 48 are also energized to cool waveguide 40 to a selected
temperature, for example 10° C. to —40° C. The criteria is to
bring the waveguide 40 to a sufficiently low temperature to
achieve the desired cooling of epidermis 22 without resulting
in tissue temperature being brought down to a level where
water in the cells might freeze. Good results have been
achieved with a waveguide temperature in the 0° C. to —=30° C.
range, with a preferred temperature of approximately —10° C.

When the above preliminary steps have been completed,
head 16 may be brought into physical contact with an area of
the patient’s skin where treatment is to be performed. This
contact may be under low pressure, preferably at least suffi-
cient to establish good thermal contact between waveguide 40
and the patient’s skin, where the objective is to coagulate
blood in for example a spider vein, leg vein or other vein or
blood vessel, or may be under pressure greater than the
patient’s blood pressure for hair removal or other applications
where it is preferable to remove blood from the region of skin
between waveguide 40 and area 30 under treatment.

In any event, head 16, and in particular waveguide 40
thereof, should be placed in contact with the patient’s skin
with sufficient pressure to assure good thermal contact
between the patient’s skin and waveguide 40. In accordance
with the teachings of this invention, the fact that such good
thermal contact has been established can be detected through
use of sensor 46. In particular, as seen in FIGS. 3a and 35,
with the sensor positioned approximately 1 mm from the
contact surface of waveguide 40, (i.e. Ad=1 mm), the tem-
perature at the sensor has a profile 90 in FIGS. 34 and 90' in
FIG. 35 which increases sharply for the first quarter to one-
half second after such thermal contact has been established.
The reason for this is that the waveguide is acting as a heat
sink for the patient’s skin during this time interval and the
heating of the waveguide at the skin-contacting end thereof'is
greater than the cooling eftect of thermoelectric device 48 at
this surface (i.e. there is a small temperature gradient across
waveguide 40). The detection of the temperature profile 90,
90' by sensor(s) 46 can be interpreted by controls 20 as an
indication of good thermal contact between the waveguide
and the patient’s skin. If such a thermal profile is not detected,
controls 20 inhibit the activation of radiation source 12 and/or
prevent radiation from the source being applied to head 16.
This assures that radiation is not delivered to the skin unless
the epidermis has been adequately cooled to prevent thermal
damage thereto.

Referring for example to FIG. 3aq, it is seen that the place-
ment of sensor 46 relative to the skin-contacting surface of
waveguide 40, or in other words the distance Ad, is critical in
order to achieve this objective. In particular, while profile 90
is achieved for a Ad of approximately 1.2 mm, profile 91,
which is achieved with a Ad of approximately 4.8 mm, evi-
dences far less sensitivity to temperature changes at the DE
junction and is therefore not particularly useful in assuring
good thermal contact between the waveguide and the
patient’s skin. Actual profile 90" (FIG. 3b4), while slightly
more stepped and less smooth than the theoretical profile 90
of FIG. 3a, is sufficiently similar to this profile so as to permit
easy identification of good thermal contact. Differences
between FIGS. 3a and 35 may also arise from the fact that the
waveguide in FIG. 3a starts at a temperature of -10° C. while
the waveguide in FIG. 34 starts at a temperature of approxi-
mately -27° C.
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Referring again to the Figures, and in particular to FIG. 3a,
it is seen that a major portion of the waveguide cooling occurs
within a period of between 0.5 and 2 seconds from full con-
tact, the time varying somewhat with the initial temperature
of the waveguide and the desired final temperature at the DE
junction. Therefore, assuming good thermal contact has been
made, an operator may operate source 12 some predeter-
mined time after making contact with the patient’s skin, for
example a half second thereafter, but not more than approxi-
mately 2 seconds thereafter, to avoid significant cooling of the
dermis.

However, since cooling of the skin may vary depending on
a number of factors, including variations in the equipment
being utilized, the color and nature of the patient’s skin, the
thickness of'the patient’s skin and the like, it is preferable that
the temperature at the DE junction be measured and that the
radiation source 12 be operated as soon as this temperature
has dropped to a desired level. As can be seen from FIGS. 3a
and 34, the temperature profile 90 at sensor 46 tracks the
temperature profile 92 at the DE junction as does the tem-
perature profile 90' for DE junction temperature profile 92'.
Thus, the output from sensor 46 can be utilized by control 20
as an indication of temperature at the DE junction, and radia-
tion source 12 can be operated by control 20 when this tem-
perature reaches a predetermined value. This assures that
radiation is not applied to the patient until the patient’s epi-
dermis has been fully cooled to the desired level and that the
operation of laser source 12 is not delayed so long as to cause
cooling of portions of the follicle which are to be destroyed.
In particular, 94 is a profile taken approximately 1 mm from
the surface of the patient’s skin, which is approximately the
depth of the bulge in a hair follicle, and may be a depth where
other dermatological treatments such as tattoo removal, treat-
ment of port wine stain or vascular legions may occur. From
FIG. 3a it is seen that for a time over two seconds, there is a
significant drop in temperature at this depth, which can be 10°
C. or more. For many dermatological applications, such a
drop in temperature 1 mm into the dermis is undesirable, and
in particular can adversely affect the desired treatment.
Curves 96, 96' are temperature profiles with time deeper into
the dermis, for example 2 mm therein. At this depth, the
cooling effect of cooled waveguide 40 is not significant, per-
haps a few degrees Celsius. This lack of cooling effect at
deeper depths stems both from the greater distance of these
point from the cooling source and from the proximity oftissue
at this depth to the warming effect of blood-carrying vessels.
The teachings of this invention thus permit and assure that the
radiation source is not operated to cause heating of the
patient’s epidermis until the epidermis has been cooled to the
desired depth and temperature, but that firing of the radiation
source occurs before there is any significant cooling of the
dermis. The invention further permits these controls to be
performed completely automatically, thereby reducing the
skill level required to safely perform such dermatological
procedures, and permitting such procedures to be performed
by less skilled and therefore less expensive personnel.

During the firing of the radiation source, control 20 con-
tinues to monitor the temperature at sensor 46. If at any time
during the firing of the radiation source, there is an increase in
temperature at sensor 46 which deviates from what would be
anticipated from profile 90, controls 20 can immediately turn
off the source 12 to prevent any thermal damage to the
patient’s epidermis 22.

While for certain treatments, the system of this invention
may be able to detect successful completion of the treatment,
this is not easy to do, particularly for treatments being per-
formed several millimeters into the dermis. The radiation
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source is therefore typically fired for a predetermined time
interval and/or head 16 is maintained in contact with the
patient’s skin for a predetermined time interval. Control 20
may determine when such time interval has expired, turn off
source 12 when such time period has passed and perhaps
generate an audio or visual indication to the operator to
remove head 16 from the patient’s skim These steps also
reduce the skill level required for using the system.

As indicated earlier, one problem with utilizing radiation to
treat dermatological conditions is that a significant portion of
the radiation applied to the patient’s skin is back-scattered
and lost, therefore increasing the power required from the
radiation source utilized, and thus the cost of the system. One
solution to this problem is to efficiently collect radiation
back-scattered from the patient’s skin and to reflect such
radiation back into the patient’s skin with minimum loss.
FIG. 2 shows a retroreflector which is particularly well suited
for performing this function. In particular, waveguide 40 has
an aperture which is larger than the optical aperture of the
radiation applied to the patient’s skin and which is instead
substantially equal to the aperture of radiation back-scattered
from the patient’s skin. Thus, substantially all of the back-
scattered radiation is collected in waveguide 40. Waveguide
40 has an external coating or is otherwise designed in man-
ners known in the art so as to totally internally reflect the
back-scattered radiation collected therein. Some of such
radiation impinges on reflecting surface 74 and is returned
through the totally internally reflecting waveguide from such
surface to the patient’s skin. The remainder of the back-
scattered radiation extends into chamber 60 which is also
totally internally reflected and ultimately impinges on reflect-
ing surface 76 which returns this radiation with minimal loss
to the patient’s skin. Thus, the retroreflective design for the
head 16 in FIG. 2 results in the collection and retroreflection
back into the skin of substantially all back-scattered radiation.

In the discussion above, the side walls and back walls of
both waveguide 40 and chamber 60 are fully reflecting so that
substantially all of the light retroreflected into waveguide 40
is returned to the patient’s skin. However, since radiation
entering the waveguide from the skin (before refraction on
entering the waveguide), is retroreflected back into the
patient’s skin at substantially the same angle, such radiation
at relatively sharp angles, (i.e., at angles more nearly parallel
to the patient’s skin than perpendicular) contributes primarily
to heating the patient’s epidermis, potentially causing ther-
mal damage thereto, without reaching region 30, and there-
fore without having any therapeutic effect. It is therefore
preferable that such sharply angled radiation not be retrore-
flected or that, as a minimum, the retroreflection of such
radiation be substantially attenuated. This can be accom-
plished in the embodiment of FIG. 2 by for example utilizing
an angle dependent coating for the side walls of waveguide
40, the rear wall of waveguide 40, or both so that these walls
of the waveguide either do not reflect or minimally reflect
large angle radiation entering the waveguide, while more
strongly reflecting radiation coming in at a more closely
perpendicular angle. Alternatively, the side wall may have
varying coefficients of reflection, being less reflective for the
portions of the wall closest to the tip or skin contacting sur-
face of waveguide 40 and more reflective toward the rear of
the waveguide. Other techniques could also be utilized to
assure that waveguide 40 and chamber 60 more strongly
reflect retroreflected radiation applied thereto at an angle
more nearly perpendicular to the skin surface than radiation
applied thereto at an angle more nearly parallel to the skin
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surface, the perpendicular radiation being substantially fully
retroreflected, while the parallel radiation is substantially
attenuated.

FIG. 4 illustrates the voltage output at sensor 46 as a func-
tion of time under selected operating conditions. The solid
line 93 illustrates a representative output when the waveguide
40 of head 16 is placed in contact with a patient’s skin at time
t,. From time t; to time t, the temperature at the sensor
increases as the skin in contact with waveguide 40 is cooled.
At time t,, source 12 is operating to apply a radiation pulse
through the waveguide to the patient’s skin causing an
increase in the temperature of the patient’s skin which is
reflected as a spike in the voltage output from the temperature
sensor 46. The temperature then decreases rapidly until just
before a time t; when backskattered radiation from the
patient’s skin starts to be received in the waveguide. The time
between t, and t; is a function of the thickness of the patient’s
epidermis to the DE junction where melanin is being heated
and the amplitude of the spike at time t; is a function the
patient’s skin type, more energy being reflected for a patient
having darker skin, for example spike 95, than for patients
having lighter skin. Thus, the amplitude of the spike which
occurs at time t; may be utilized as an indication of the
patient’s skin type, and this information may be reviewed at
least periodically by the system controls, since skin type will
vary even for a given patient as different areas of the patient’s
skin are being treated.

Patient’s skin type may also be determined by taking two
successive readings, one with head 16 not in contact with the
patient’s skin and a second with the head in contact with the
patient’s skin. Curve 93 is an example of the output which is
obtained when the head is in contact with the patient’s skin,
while curve 97 which would start at time t,,, is indicative of an
output which would be obtained when the laser is fired at time
t, with the head not in contact with the patient’s skin. Since
the output in air is proportional to the coefficient of absorption
for air times the applied laser energy (V_=k,E) and V, when
the head is in contact with the patient’s skin is given by
V. =k,E+k, RE, where R is the coefficient of reflection from
the patient’s skin, R=(V .-V /kE). Since k, and E are known
values, the difference in voltage for the two readings provides
a reliable indication of the coefficient of reflection from the
patient’s skin in the area under treatment, or in other words of
the patient’s skin type. The output from temperature sensor
46 may also be utilized for other purposes.

FIG. 5a shows an alternative embodiment of the invention
for performing the retroreflector function where the surface
area or aperture of waveguide 40 is substantially equal to the
optical aperture of radiation applied to the patient’s skin. It is
therefore smaller than the aperture D of radiation back-scat-
tered from the patient’s skin. Therefore, a reflector plate 97 is
provided, which may be a specular or diffuse reflector. Plate
97 has a hole which is sized and shaped to permit waveguide
40 to fit therein. Plate 97 may, for example, extend for
approximately 1 to 6 millimeters on either side of waveguide
40, but this dimension will vary with application, and can be
outside the above range for selected applications. The reflec-
tive effect can be enhanced by providing a liquid or other
reflective index-matching substance 98 between the skin 18
and the waveguide 40/plate 97, which substance has a reflec-
tive index equal or greater than the reflective index of the skin.
This decreases the total internal reflection from the skin sur-
face, allowing better return of radiation into the deep layers of
skin by reflector 97. Thermoelectric elements 99 in contact
with reflective plate 97, which may be formed of a material
having good thermal conducting properties such as metal, can
be utilized to heat plate 97 to a temperature of, for example,
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45-50° C. Plate 97 can thus preheat the area of the patient’s
skin surrounding the area where radiation is to be applied,
thereby increasing the temperature at the treatment area in the
dermis, and thus decreasing the light energy required for
performing the desired treatment. FIG. 55 illustrates an alter-
native embodiment wherein the reflector 97' has an enhanced
efficiency by being formed in a cone or other concave shape.
This results in the back-scattered light reflected into the skin
being concentrated in the region of the radiation or collimated
beam delivered into the skin through waveguide 40, thus
increasing the quantity of radiation delivered to the treatment
area.

Except for the shape of the reflection plate 97', the embodi-
ment of FIG. 55 otherwise functions in the same way as the
embodiment of FIG. 5a. As for the embodiment of FIG. 2,
retroreflection from waveguide 40 can be angle dependent for
the embodiments of FIGS. 5a and 56 and, particularly for the
embodiment of FIG. 5a, reflection from plate 97 can also be
made angle dependent by suitably coating the reflecting sur-
face thereof.

FIGS. 6a and 65 show another embodiment of the inven-
tion which differs from those previously described in that
reflection plate 97" is even more angled than for the embodi-
ment of FIG. 5 and is generally in the form of a truncated cone
which is secured to the lower end of waveguide 40 in a manner
so as to form a substantially air-tight seal therewith. Such
securing may be by providing a pressure fit between plate 97"
and waveguide 40, but is preferably achieved by applying a
suitable adhesive between the two components. Another
alternative would be to have some form of screw thread
formed in or on waveguide 40 which mates with a corre-
sponding tread on plate 97", but such tread might interfere
with the optical properties of waveguide 40. A hose 100
passes between plate 97" and waveguide 40 and is sealed
there between, hose 100 being attached to a source of negative
pressure (for example vacuum pressure) (not shown). As may
be best seen in FIG. 6a, when head 16 of this embodiment is
pressed against skin 16, a chamber 99 is formed which is
defined by the light reflecting walls of plate 97", the lower
surface of waveguide 40, and the surface of the patient’s skin
18 which is inside the cone of plate 97". Plate 97" will some-
times also be referred to hereinafter as a standoff.

In operation, once head 16 is in the position shown in FIG.
6a, vacuum is applied through hose 100 to chamber 99 to
remove air therefrom. This has the effect of drawing a portion
or fold 105 of the patient’s skin into chamber 99 and into
contact with the lower skin-contacting surface of waveguide
40. This can reduce the distance between waveguide 40 and
the target volume in skin portion 105 at which treatment is
desired and also brings this target volume into chamber 60
where back-scattered radiation retroreflected from the
reflecting walls of plate 97" concentrate this radiation on the
target volume. This reduces the amount of energy required
from EM source 12 and significantly enhances the overall
efficiency of the system. The depth of chamber 99 from the
bottom of waveguide 40 to the skin surface would typically be
in the 5 mm range and should normally not be more than
approximately 10 mm. The diameter D of standoff or plate
97" at the skin-contacting end thereof is, as for the embodi-
ment of FIGS. 5a and 55 substantially equal to the aperture of
back-scatter radiation.

FIG. 7 shows an embodiment of the invention which differs
from that shown in FIG. 6 in that, instead of a vacuum line 100
being utilized to obtain reduced or vacuum pressure in cham-
ber 99, standoff 101 is in the form of a bellows which col-
lapses when head 16 is pressed against the skin as shown in
FIG. 7a forcing air out of chamber 99. When pressure on head
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16 is removed, or if slight upward pressure is applied to the
head, bellows 101 straightens as shown in FIG. 74. The
vacuum in chamber 99 holds bellows 101 against the skin
resulting in skin fold 105 again being drawn into chamber 99
as bellows 101 returns to its normal position. The embodi-
ment of FIG. 7 functions substantially the same as the
embodiment of FIG. 6 with the inside of bellows 101 having
a reflective coating or otherwise being reflective. While the
base of bellows or standoff 101 has only a slightly larger
aperture than the aperture d of waveguide 40, this is not a
problem since substantially all of the back-scattered radiation
from the skin is emitted into chamber 99 where it is reflected
in a concentrated manner back to the target volume and there
should be virtually no back-scattered radiation outside of
chamber 99. Sharply angled radiation is also productively
utilized for these embodiments. An effect substantially the
same as that of FIG. 7 can be achieved by using a standoff in
the form of a suction cup in lieu of the standoffs 97" or 101 as
shown.

FIGS. 8a-8c show still another embodiment of the inven-
tion which differs from that shown in FIG. 7 in that a ring 102
ofan elastic material is substituted for the bellows 101. When
ring 102 is pressed against the skin as shown in FIG. 85, the
ring deforms permitting waveguide 40 to move substantially
into contact with skin 18 as air is forced out of chamber 99.
When the pressure is released, elastic ring 102 returns to the
condition shown in FIG. 8¢, resulting in skin fold 105 being
drawn into the chamber as shown.

While three standoft configurations have been shown and/
or described above for achieving vacuum pressure, or at least
negative pressure, in chamber 99 by collapsing a standoff and
then permitting it to return to its normal position, the embodi-
ments shown and/or described are by way of illustration only,
and other standoff configurations for achieving the same
objective might also be utilized. Further, in addition to the use
of vacuum hose 100 as shown in FIG. 6, other methods known
in the art may be used for achieving the desired reduced
pressure in chambers 99 so as to cause a fold of skin 105 to be
drawn therein for irradiation.

FIG. 9 shows still another embodiment of the invention
which differs from those previously shown in that, rather than
a bottom surface of waveguide 40 being in contact with the
patient’s skin 18, the lower end of waveguide 40 is in contact
with a second waveguide 103 which is preferably of sapphire
or other material having good optical and thermal conduction
properties. Sapphire is particularly preferred, because it also
provides a fairly good optical index match with skin. Index
matching material 98 may be utilized between waveguide 103
and the patient’s skin to further enhance this match. While not
specifically shown in FIG. 9, waveguide 103 would also have,
for preferred embodiments, one or more temperature sensors
46 positioned close to its skin-contacting surface and one or
more thermoelectric elements 48 or other temperature control
elements in contact therewith to preheat and/or cool the
patient’s skin 18 as required. A reflective coating 104 may
also be provided on the rear surface of waveguide 103 to, in
conjunction with the retroreflector previously described for
waveguide 40, retroreflect substantially all radiation back-
scattered from the patient’s skin. Angle dependent retrore-
flection might also be employed for this embodiment using
techniques previously discussed, such angle dependent ret-
roreflection occurring at least for waveguide 103, and prefer-
ably for both waveguides. The advantage of the embodiment
shown in FIG. 9 is that it significantly enlarges the optical
aperture for treatment, permitting treatment over a relatively
large area, for example hair removal over a patient’s legs or
back, to be accomplished far more rapidly than when a head
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having a smaller aperture is utilized. The skin-contacting
surface of waveguide 103 may have a variety of shapes, and
may for example be circular or square. A circular waveguide
103 might for example have a diameter of approximately 1
inch while a square waveguide 103 might have sides 2 cm
long, the height of waveguide 103 preferable being roughly
1.5 times this dimension. These dimensions are, however,
being provided by way of illustration only and the specific
dimensions of waveguide 103 will vary with application.

In the discussion to this point, it has been assumed that the
head utilized is applied to a point on a patient’s skin where
treatment is to be performed and that, after a suitable period of
time has passed for cooling of the skin to the DE junction to
have occurred, an optical radiation pulse, for example a laser
pulse, is applied through the waveguide to treatment area 30.
FIG. 10 shows an embodiment of the invention which, like the
embodiments taught in application Ser. No. 09/078,055, is
intended to be in contact with the patient’s skin 18 and to be
moved in direction 112 over the skin while remaining in
contact therewith. Radiation applied to waveguides light
paths 114 in this head may be continuous wave or may be
pulsed at a high enough rate to permit movement of the head
over the treatment area. For the embodiment shown in FIG.
10, the head has an area 116 ahead of waveguides 114 which
passes over the treatment area before radiation is applied
thereto. Region 116 is preferably of thermally conductive
material and is insulated from a second region 118 of the
head, which is preferably also of a thermally conductive
material, by a thermally insulating layer 120. A thermal elec-
tric element or other suitable heater/chiller 122 is in contact
with portion 116 and may be used to either preheat or precool
the treatment area. For example, if element 122 is a heater, it
can heat the skin down to region 30 to a temperature below
that at which thermal damage would occur. Further, a tem-
perature sensor 124 is provided, for example up to 5 mm from
the skin contacting surface (and preferably less, i.e., to 1 to 2
mm) to indicate skin temperature at for example the DE
junction. Sensor 124, by detecting the heating of melanin in
the epidermis provides an indication of skin type for the
patient, which indication can be used to control the radiation
applied. It also assures that overheating in the epidermis does
not occur. A thermal electric element or other suitable cooler
126 connected to region 118 cools the epidermis ahead of
waveguides 114 coming over a treatment area. A temperature
sensor 128 can also be provided in region 118, for example up
to 5 mm from the skin contacting surface, to assure that this
region has cooled sufficiently before radiation is applied
thereto and to protect against thermal damage to this region.
While a single pair of waveguides 114 are shown in FIG. 10,
typically a plurality of such waveguides would be stacked
adjacent to each other in a direction into the figure. Two or
more heaters/chillers 122,126 could also be provided and two
or more sensors 124, 128 could also be provided. Further, the
sensor technology of'this invention could also be utilized with
other ones of the embodiments shown in application Ser. No.
09/078,055.

While the invention has been described above with refer-
ence to a particular system 10 and to particular head designs
16, neither are limitations on the invention. In particular, other
techniques known in the art, for example circulating water or
air, could be utilized for cooling waveguide 40 in lieu of
thermoelectronic cooling elements 48, although such thermo-
electronic cooling elements are at this time preferred. Some
elements 48 (or other thermal control elements) might also be
used to heat waveguide 40 to preheat the target area, after
which either the same or different thermal control elements
would be used to cool the waveguide as previously indicated
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to cool the patient’s epidermis in the treatment area. A lens
may also be substituted for waveguide 40, although
waveguide 40 is currently preferred because of its superior
thermal properties and its superior performance in retrore-
flection.

What is claimed is:

1. A dermatological system, comprising:

an optical waveguide for transmitting radiation received at
a first end thereof'to a second end configured to directly
contact a subject’s skin surface so as to irradiate a por-
tion of the skin, and

a reflecting plate adapted to contact a portion of the skin
surface and surrounding at least a portion of said second
waveguide end,

said reflecting plate returning at least a portion of radiation
backscattered from the irradiated skin portion to the subject’s
skin.

2. A dermatological system according to claim 1, wherein
said plate comprises an aperture sized and shaped for receiv-
ing at least a portion of said second end of the waveguide.

3. A dermatological system according to claim 1, wherein
said reflecting plate has a concave shape.

4. A dermatological system according to claim 1, wherein
said reflecting plate is formed of a thermally conductive mate-
rial.

5. A dermatological system according to claim 4, further
comprising a heating element in thermal contact with said
reflecting plate for heating thereof.

6. A dermatological system according to claim 5, wherein
said heating element comprises a thermoelectric element.

7. A dermatological system according to claim 1, wherein
said reflective plate comprises an angle-dependent reflective
coating.

8. A dermatological system according to claim 1, wherein
said reflective plate provides specular reflection of radiation.

9. A dermatological system according to claim 1, wherein
said reflective plate provides diffuse reflection of radiation.

10. A dermatological system according to claim 1, wherein
said second end of the waveguide comprises reflecting side
walls for returning at least a portion of radiation applied to the
patient’s skin that is retroreflected into the waveguide back to
the patient’s skin.

11. A dermatological system according to claim 10,
wherein said waveguide further comprises a chamber opti-
cally coupled to the second end for internally reflecting at
least a portion of backscattered radiation extending through
the second end into said chamber back to the patient’s skin.

12. A system for treating a dermatological condition
located in a volume of a patient’s skin, comprising:

a solid optical waveguide having a first end for receiving
radiation generated by a radiation source and a second
end configured to directly contact a patient’s skin, said
waveguide transmitting said received radiation from the
first end to the second end for application to the patient’s
skin, and

a reflector disposed within said waveguide for returning at
least a portion of backscattered radiation entering the
waveguide back to the patient’s skin, and

a chamber optically coupled to the first end of the
waveguide for internally reflecting at least a portion of
backscattered radiation extending through the second
end of the waveguide into said chamber back to the
patient’s skin.

13. A system according to claim 12, wherein said reflector

comprises reflecting side walls of said waveguide, said
reflecting walls returning at least a portion of radiation
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applied to the patient’s skin that is retroreflected into the
waveguide back to the patient’s skin.

14. A system according to claim 12, wherein said second
end of the waveguide has an aperture at least substantially as
large as a backscatter aperture of radiation backscattered from
the patient’s skin.

15. A system according to claim 14, wherein said reflector
has a reflection aperture D at least substantially as great as
said backscatter aperture.

16. A system according to claim 12, wherein said reflector
comprises at least a portion of said second end of the
waveguide formed as a reflection plate.

17. A system according to claim 12, wherein said reflection
plate has a concave shape.

18

18. A system according to claim 12, wherein said reflector
comprises a portion disposed along at least a portion of a
sidewall of said waveguide.

19. A system according to claim 18, wherein said reflector
has a coefficient of reflection for reflecting backscattered
radiation more strongly at angles nearly perpendicular to the
skin surface than at angles parallel to the skin surface.

20. A system according to claim 12, wherein said solid
waveguide is formed of a thermally conductive material.

21. A system according to claim 12, wherein said solid
waveguide comprises sapphire.



