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SPECIFICATION

Method and apparatus for treating athlete’s
foot by laser beam irradiation

This invention relates to a method and appara-
tus for treating athlete’s foot and particularly
to a method and apparatus for curing derma-
tophytosis or athlete’s foot by application of
heat thereto. More specifically, the present
invention relates to a medical application of a
jaser beam for curing athlete’s foot by killing
ringworms by burning.

Various methods have been propsed to treat
athlete’s foot. Athlete’s foot is dermatophysis
of the foot caused by ringworms living in the
skin surface, and currently the most common
method of treating is by chemical therapy,
including application of a medical substance
to the affected part and dosage of an anti-
biotic substance. Other methods include appli-
cation of heat to the affected part by hot
water or infrared lamp. However, none of
these prior art methods is satisfactory and
there has been a need to develop an improved
method for curing athlete’s foot.

Among the various methods of treatment,
attention here will be focused on thermal
treatment in which heat is applied to the
affected part of a foot. Fig. 1 of the accom-
panying drawings is a table showing the mea-
sured results of lethality in % of ringworms
with applied temperature and time taken as
parameters. It is seen from the graph that the
application of heat approximately at 90°C or
more for one second can kill the ringworms
completely.

However, to heat the affected part of a
patient’s foot to such a high temperature by
hot water or infrared lamp is practically impos-
sible because other side effects, such as burn,
will be brought about.

Therefore, in accordance with the thermal
treatment of the prior art, it has been common
practice to heat the affected part to 50°C for
about 10 seconds, which is considered to be
a tolerable upper limit for a human being.
Under these conditions, the lethality of
ringworms is 60% as shown in the table. If
the time of treatment is reduced to 5 seconds,
the lethality of ringworms drops to 30%. It is
also seen from the table that the lethality of
ringworms decreases as the temperature is
decreased below 50°C. Thus, the conven-
tional thermal treatment method has not been
effective because, in order it to be effective, a
higher temperature must be maintained for a
longer time, which then causes the patient to
undergo an uncomfortable process. On the
other hand, if the treatment conditions are set
to be comfortable for the patient, then the
effectiveness of the treatment decreases dra-
matically and the lethality of ringworms
bccomes 50% or less, which is unsatisfactory
in many respects.
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in the meantime, medical applications of
various lasers, such as CO, laser and YAG
laser, in various fields of medical treatments
and therapies are becoming increasingly
popular. However, so far, no proposal has
been made to use CO, laser and YAG laser for
the treatment of athlete’s foot. For example,
the CO, laser has been mostly used as a laser
surgical knife, and it has also been used to
remove a trauma and a burn. In this case,
however, the heat energy of a laser beam
emitted from the CO, laser is used to have
that portion of the tissue which is irradiated
by the laser beam evaporated to carry out
cutting of tumour tissue or removal of trauma
or burn. In this technique, the laser beam is
used at such an extremely high temperature
as to cause evaporation of a laser-irradiated
portion of the tissue, and, thus, this technique
cannot be directly applied to the treatment of
athlete’s foot.

According to the present invention appara-
tus for treating athletes foot is provided com-
prising:

a footrest for placing a foot in position,

a laser unit adapted to emit a laser beam
having an energy density of 2 Joules/cm? or
more for a period of 10 milliseconds or less,
and

an optical system for leading said laser
beam to a predetermined position of said
footrest.

The invention includes a method for treat-
ing athlete’s foot which comprises applying a
laser beam having an energy density of 2
Joules/cm? or more to an affected part for a
predetermined period of 10 milliseconds or
less at least once.

The invention will be further described with
reference to the accompanying drawings, in
which:

Fig. 1 as stated above is a table showing
the measured results of lethality in % of
ringworms with temperature and time taken
as parameters;

Fig. 2 is a perspective view showing the
overall structure of a device for practicing the
present invention; and

Fig. 3 is a schematic illustration showing
the experimental results of the present inven-
tion.

The present invention has been made on
the basis of the recognition that ringworms
only live in the epidermis or the surface layer
of the skin, and more exactly in the stratum
corneum or horney layer, which is the outer-
most layer of the epidermis and heat-sensitive
nerves extend up to the corium or the true
skin and they do not extend into the horney
layer, and that if irradiation by a laser beam
having an energy density of a predetermined
amount or more to the affected part of a foot
is momentarily carried out for a predetermined
time or less, the horney layer can be heated to
a temperature which is suitable for the treat-
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ment of athlete’s foot, e.g., 70°C or more,
while maintaining the temperature of the true
skin, where the heat-sensitive nerves exist, so
low as substantially not to cause any burning
of the true skin.

Stated more in detail, as long as an irradia-
tion of laser beam is such that the laser beam
has an appropriate magnitude of energy den-
sity and the irradiation by the laser beam is
momentary and limited to a predetermined
time or less, even if the horney layer is heated
to a temperature effective to kill the
ringworms living therein, the heat thus pro-
duced in the horney layer is effectively dissi-
pated through the skin so that the tempera-
ture substantially drops to a low level by the
time in which the heat reaches the heat-
sensitive nerves in the true skin thereby pre-
venting the patient from feeling heat. Accord-
ingly, in order to relieve the patient from
feeling heat during treatment, it is necessary
that heating due to irradiation by a laser beam
take place only at the surface of the epider-
mis, or more preferably within the horney
layer, and not in the true skin. With such
heating, an excellent treatment of athlete’s
foot can be carried out without the patient
needing to tolerate heat.

Under the circumstances, in accordance
with the present invention, the conditions of a
laser beam which can be advantageously used
for the treatment of athlete’s foot without
requiring significant endurance of heat by the
patient are set such that the laser beam has
an energy density of 2 Joules/cm? or more
and the time for a single laser beam irradia-
tion is 10 milliseconds or less. The condition
for obtaining the energy density of 2 Jou-
les/cm? by a laser beam irradiation for a time
period of 10 milliseconds is considered to be
substantially an upper limit in which the pa-
tient can tolerate heat and an excellent treat-
ment of athlete’'s foot can be carried out by a
single laser beam shot. In other words, if
pulse duration of the shot is increased beyond
10 milliseconds, it will become possible for
the patient to tolerate heat by making the
energy density less than 2 Joules/cm?. How-
ever, this will then cause the cure rate of
athlete’s foot to decrease.

It is thus considered that in the case where
the irradiation time is set beyond 10 millise-
conds, even if the energy density of approxi-
mately the upper tolerable limit against heat,
which is 2 Joules/cm? or less, is given, the
temperature of the true skin increases signifi-
cantly through the horney layer is not suffici-
ently heated to a temperatue suitable for the
treatment of athlete’s foot.

On the other hand, in the case where the
pulse duration is set shorter, the energy den-
sity can be increased more than 2 Joules/cm?
up to a point where air breakdown due to the
high electric field takes place at the surface of
the skin. As the pulse duration becomes shor-
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ter, the problem of heat practically disappears.
In such a case, however, since it is difficult to
heat the horney layer to a temperature level
suitable for the treatment of athlete’s foot by
a single shot, it is necessary to use a multiple
laser shot. In such a case, the patient will
come to sense heat as the number of irradia-
tions increase. However, as long as the treat-
ment conditions are set within the above-
described energy density and pulse duration,
when the patient starts to feel the tolerable
heat, it is an indication that the horney layer
is heated to a temperature at which the ath-
lete’s foot can be cured in an excellent man-
ner.

In the present invention, it is preferable to
use a laser, such as a CO, laser and a YAG
laser, which emits a laser beam in the infrared
region, having a wavelength of 0.7 micromet-
ers or more, and which is excellent in thermal
effect. It is also preferable not to use a laser,
such as a N, laser and an excimer laser,
which emits a laser beam in the ultraviolet
region because of the possible inducement of
cutaneous cancer.

In general, the thickness of the horney layer
differs depending on the parts of a body, such
as the sole of a foot and the neck; however, it
generally ranges between 50 and 2,000 mi-
crometers. On the other hand, the light dis-
persion length or penetration length of a laser
beam from a CO, gas laser into the skin is
approximately 50 micrometers and that of a
YAG laser is approximately 800 micrometers.
It is thus preferable to use the CO, laser for
treatment of thinner portions of the epidermis.
For thicker portions of the epidermis, the
outer side of the horney layer is heated by
irradiation of a laser beam and the inner
portion of the horney layer must be heated by
conduction of heat. Such heating due to heat
conduction indicates that heat is also trans-
ferred to the heat-sensitive nerves in the true
skin, which tends to limit the application of a
CO, laser for thicker portions of the epidermis.

On the other hand, a YAG laser beam has a
relatively long penetration length and thus
there is a possibility that the laser beam
directly reaches the true skin at a location
where the epidermis is relatively thin, which
indicates difficulty in the application of a YAG
laser where the epidermis is thin. However,
the YAG laser has an advantage to use it at a
location where the epidermis is thick because
all over the horney layer can be heated di-
rectly by a YAG laser beam; on the contrary,
the heating by CO, laser beam must be relied
on thermal condition. It is thus most prefer-
able to use the CO, laser and the YAG laser
selectively or another laser capable of emitting
a laser beam having an optimum penetration
length in consideration of the thickness of the
epidermis and horney layer at the location
where treatment is to be carried out.

As between the CO, and the YAG lasers,
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since the penetration length is longer for the
YAG laser, the patient tends to feel more heat
when irradiated by a YAG laser beam. How-
ever, at a location where the skin is relatively
thick, the energy density and pulse duration
of a laser beam which can be advantageously
used to treat athlete’s foot without requiring
the patient to significantly endure heat have
been found to range within the before-men-
tioned conditions both for the CO, and YAG
lasers.

Fig. 2 is a perspective view showing the
overall structure of a device for treating ath-
lete’s foot constructed for the present inven-
tion employing a high power, pulsed TEA CO,
laser 1. A top reflecting mirror 2 is mounted
in front of the laser 1 to direct a laser beam
emitted from the laser 1 vertically downward
to a bottom reflecting mirror 3 which directs a
laser beam L in the horizontal direction. After
reflection, the laser beam L passes through an
aperture 4 where the amount of laser energy
is varied. Then, the laser beam passing
through the aperture 4 passes through a fo-
cusing lens 5 to be focused at a predeter-
mined position in front of a foot rest 6 on
which the patient can place his or her foot to
be irradiated by the laser beam. As shown,
the foot rest 6 includes a vertical wall whose
surface is perpendicular to the optical path of
the laser beam L, and the vertical wall is’
provided with a window through which the
laser beam L passes and becomes focused at
the predetermined position. Thus, the patient
is only required to place his or her ailing foot
pressed against the vertical wall. Although not
illustrated specifically, there is preferably dis-
posed an evacuating device in the vicinity of
the foot rest 6 so as to remove the smoke
produced when the foot is irradiated by the
laser beam. Furthermore, also preferably dis-
posed is a trigger switch in the vicinity of the
foot rest 6 for triggering the operation of the
laser 1 to emit the required faser beam L.

in operation, when the trigger switch (not
shown) is truned on, the laser 1 emits the
laser beam L, which is reflected by the mirrors
2 and 3 and whose output energy level is
adjusted by the aperture device 4, and the
thus regulated laser beam L passes through
the focusing lens 5 to be focused on the
affected part of the patient’s foot placed on
the foot rest 6 against its vertical wall with the
window.

Using the setup shown in Fig. 2, experi-
ments were carried out. The pulsed TEA CO,
laser 1 used had the parameters: output wave
length of 10.6 micrometers, pulse duration of
1 micro-second, and output energy of 2.5
Joules/pulse. In one experiment, the output
energy of 2.5 Joules/pulse was focused on
an area of approximately 7 mm X 7 mm,
which corresponds to an irradiation energy
density of 5.1 Joules/cm?. In another experi-
ment, the above-mentioned output energy
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was lowered by the aperture device 4 and
focused on an area of approximately 2 mm

% 2 mm, which corresponds to the irradia-
tion energy density of 10—20 Joules/cm?2.
In a further experiment, the above-mentioned
output energy was lowered by the aperture
device 4 and focused on an area of approxi-
mately 1 mm X 1mm, which corresponds to
an irradiation energy density of approximately
30 Joules/cm?. In all of these cases, virtually
the same results were obtained.

In the above-described experiments, since
the pulse duration was a relatively short time
of 1 micro-seocnd, almost no heat was felt by
one single laser shot in any one of the above-
mentioned three different energy densities and
thus the laser beam irradiation could be car-
ried out 3—4 times repetitively at small inter-
vals and the repetition limited ranged 4—>5
times. Under the circumstances, with a single
laser beam irradiation, the surface of the irra-
diated skin burnt and carbonized to white and
the color gradually changed to dark brown as
the number of shots was increased. Although
endurance against heat differed from one pa-
tient to another, there was only a faint smart-
ing feeling for the most sensitive patient.

The treatment in this case was done in one
session per week for two weeks and for each
treatment examination by culture was carried
out. In this examination, since the conditions
of the affected parts differed not only from
one patient to another but also from one
location to another for the same patient, the
affected part was divided into a plurality of
examination regions, each having an area of
approximately 2 X 3 cm?, and the thickness
of the horney layer was regarded as being
uniform throughout the examination region.
Then, from each of the examination regions,
eight skin pieces, each having a size of 2 mm

X 2 mm, were collected as samples, which
were then subjected to culture examination to
measure the lethality of ringworms for each of
the samples. In collecting samples, that por-
tion of the skin having a standard thickness of
0.3—0.6 mm was selected.

Fig. 3 indicates the result of the culture
examination for the eight samples collected
from each of the examination regions. In Fig.
3, 'INEFFECTIVE" indicates the cure rate of
eight samples to be 19% or less and *'EFFEC-
TIVE" and “"HIGHLY EFFECTIVE" indicate the
cure rate to be 20—69% and 70% or more,
respectively. As can be understood from the
results shown in Fig. 3, with the first laser
beam irradiation, the results were distributed
substantially equally among “'INEFFECTIVE",
“EFFECTIVE’* and ''"HIGHLY EFFECTIVE",
thereby indicating the net cure rate of approxi-
mately 2/3. Then, with the second laser
beam irradiation which was carried out one
week later, the net cure rate increased to
about 90% with the % ratio of "HIGHLY
EFFECTIVE'' being nearly 70%. Of impor-
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tance, as described previously, the patient can
select the number of repetitive irradiations by
himself within the above-mentioned range of
3—75 in each every other weekly session,
and, thus, it is not necessary for the patient to
tolerate heat more than necessary and still an
excellent treatment of athlete’s foot can be
carried out.

In the above-described experiment, the laser
beam irradiation was carried out using a laser
beam having an energy density of 2 Jou-
les/cm? for a duration of 10 milliseconds or
less. In the other experiments within the
above-mentioned conditions, similar resuits
were obtained as far as the cure rate was
concerned though there were slight differ-
ences in the feeling of heat.

While the above provides a full and com-
plete disclosure of the preferred embodiments
of the present invention, various modifica-
tions, alternate constructions and equivalents
may be employed without departing from the
true spirit and scope of the invention. There-
fore, the above description and illustration
should not be construed as limiting the scope
of the invention, which is defined by the
appended claims.
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CLAIMS

1. Apparatus for treating athlete’s foot com-
prising:

a footrest for placing a foot in position,

a laser unit adapted to emit a laser beam
having an energy density of 2 Joules/cm? or
more for a period of 10 milliseconds or less,
and

an optical system for leading said laser
beam to a predetermined position of said
footrest.

2. Apparatus as claimed in claim 1 wherein
said laser beam has a wavelength of 0.7
micrometers or more.

3. Apparatus as claimed in claim 1 or 2
wherein said laser unit includes a CO, gas
laser.

4. Apparatus as claimed in claim 1 or 2
wherein said laser unit includes a YAG laser.

5. Apparatus for treating athlete’s foot sub-
stantially as herein described with reference to
and as illustrated in Figure 2 of the accom-
panying drawings.

6. A method for treating athlete’s foot by
applying laser beam having an energy density
of 2 Joules/cm? or more to an affected part
for a predetermined period of 10 milliseconds
or less at least once.

7. A method as claimed in claim 6, wherein
said laser beam has a wavelength of 0.7
micrometers or more.

8. A method as claimed in claim 6 or 7,
wherein said laser beam is emitted from a CO,
gas laser.

9. A method according claim 6 or 7,
wherein said laser beam is emmited from a
YAG laser.

10. A methad for treating athlete’s foot
substantially as herein described.

11. Apparatus for treating athlete’s foot
comprising a root for placing part of a body in
position,

a laser unit adapted to emit a laser beam
having an energy density of 2 Joules/cm? or
more for a period of 10 milliseconds or less,
and

an optical system for leading said laser
beam to a predetermined position of said rest.
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