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INTRODUCTION

The aim of medical thermography is to ac-
curately measure the changes in distribution of
surface temperature. From this may be deter-
mined the physiological state of the body and
how this may apply to the diagnosis of various
diseases. Thanks to recent advances in the field
of optical-electronics, including development
of an infrared radiometer and infrared camera,
it is now possible to obtain, in a very short
time, a continuous pattern of the surface tem-
perature resolution. With the present appa-
ratus this may be as high as 0.03 — 0.1°C.

In Japan, medical thermography has been
studied by the authors since 1965. The first
Japanese Medical Thermography Conference
was held in May 1968, and the second confe-
rence in September 1969. Further conferences
were held in 1970, 1972, 1973, 1974 and 1975
with one exception (1972-Osaka) all were held
in Tokyo. An International Symposium was
combined with the eighth annual meeting of
lapanese Society of Biomedical Thermography
in June 1976 in Tokyo.

The Japanese Medical Thermography So-
ciety currently has a membership of about 150.
At the [irst conference 19 papers were read,
at the second conference 10 papers, at the
third conference 11 papers, at the forth confe-
rence 16 papers, and 19 papers were presented
at the fifth conference. 17 papers were given

Lecture presented in the « International Symposium
on Bio-Medical Thermography », Tokyo. July, 1976.
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in the sixth conference, 27 in the seventh. At
the eighth conference in 1976, 30 papers were
read, and two invited speakers — Dr. N.J.M.
Aarts and Dr. M. S. Lapayowker — took part.

Two books have been published in Japan.
« The Atlas of Medical Thermography », edited
by the Tokyo University Society of Thermo-
graphy (Chairman, Dr. K. Atsumi), was pu-
blished in Japanese in 1971 by Igakushoin Li-
mited. « Medical Thermography » edited by
Dr. K. Atsumi, was published in English, in
1973 (Tokyo University Press.).

MEDICAL THERMOGRAPHY
APPARATUS IN JAPAN

In the early studies on medical thermography
in 1965, an infra-red camera « Thermograph
Model-M » made by Barnes, and an « AGA
Thermovision », were used. However Japanese
infra-red cameras for medical-use have come
into use since 1968.

In 1968, Fujitsu Limited constructed the
first prototype « Infra-eye », a medical infra-
red imaging apparatus for clinical applica-
tions, utilizing In-Sb as the detector. This
was followed by other trial models, the « Me-
dical Infravision » of Nippon Electric Co. Ltd.
(NEC), « Thermoscope » of San-ei Instrument
Co. Ltd., « Thermoviewer » of Japan Electron
Optics Laboratory Co. Ltd. (Jeol), « Thermo-
camera CT-2 » of Canon Inc. and « Hithermo »
of Hitachi. These have all been applied to cli-
nical studies in Japan.

These six companies have been marketing



domestic medical use

ce August of 1971.
I'he principle specification of the apparatus
ly used in clinical work are listed in
' e ]

Infra-red cameras for medical purposes can
e reughly divided into two categories as fol-

a) High-speed;
b) High-resolution.

I'he former, aimed at shortening picture-
taking time, does so at the expense of abso-
lute temperature measurement and is inferior
to the latter in both temperature and image
resolution. The latter type requires a longer

time to take pictures, but provides measure-
ment of the absolute temperature, with better
temperature and image resolution.

Infravision (NEC) and Thermocamera (Ca-
non) were designed as high-speed tvpes while
Infra-Eye (Fujitsu) and Thermoscope (San-ei)
were produced to a high-resolution specifica-
tion.

The thermoviewer of JEOL in 1971 was
made to satisfy both high resolution and high-
speed requirements.

In 1972, Fujitsu and JEOL both introduced
new high speed types.

In 1974, medical thermocameras utilized in
Japan have all been replaced by high speed and

Fig. 1. Infra-eye 105 (Fujitsu).

Fig. 2. Thermoviewer (Jeol).



Fig. 3. Cannon-CT B6A.

high resclution types with a light weight opti-
cal head e.g. Thermoviewer JTG-MT, MC, MD
(JEOL), Infra-Eye 102 (Fujitsu) and Thermo-
camera CT-6A (Cannon) (Figs. 1, 2, 3, 4).

By 1974 medical infra-red cameras were in
use in institutes and hospitals in Japan.

By June 1976, most of the equipment used
was Japanese, with the exception of three
american (Barnes Engincering) and five swe-
dish cameras.

In 1968, the first thermographic instrument
for medical use was installed in the Cancer
Institute and in 1969, a second instrument was
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Trends of numbers on thermographic instruments installed in Japanese health

installed in the Kansai Labor Hospital. There-
after, the number of thermographic systems
installed in hospitals and medical facilities has
increased annually (Graph. 1).

It is estimated that there arc now twenty
different types of instruments for medical ther-
mography available in the world market, and
the selection for medical applications is more
difficult.

A research survey was made in our institute
to identify the requirements for the medical-
use of an infra-red camera (Table 1I).

CLINICAL APPLICATION

In Japan, the technique of thermography has
been applied to many differing fields of me-
dicine and health care. An example of the cli-
nical investigations with thermography in Uni-
versity of Tokyo up to 1972 is shown in Ta-
ble I11.

1) Normal studies

The distribution of a healthy person’s skin
temperature in front and back is shown as al-
most symmetrical pattern from the midline of
the body. This is generally true with regard to
the temperature distribution in the area of
head, face, back and limbs.

When an asymmetrical pattern is detected in
these areas, the seat of a disease can be quan-
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Tab. 1. Specification of thermographic cameras used clinically in Japan.

Infra - eve 102A (Fujitsu)

Temperaturc range:
Detector;

Thermal resolution:
Field of view:
Focal distance:
Number of horizontal
scanning lines:
Picture elements

in a horizontal-line:
Frame time:
Display:

Angular resolution:
Power consumption:
Type:

Weight:

0°C - +50°C

Cd Hg Te (Coolant Lg. N;)
c.o07°C

200H x 15°V

05 -5m

78(0.5), 157(1), 314 lines (2 sec)

174 elements/line

0.5, 1, 2sec

5" CRT

“Thermal picture and wave form
*Wave [orm enlarged for
accurate temperature
measurecment

2m rad « 2m rad
AC100/220V, 50/60Hz, 200VA
Movable type

Scanner... 20 Kg

Indicator ... 25 Kg

Infra - eye 105 (Fujitsu)

0°C - 4-50°C

Cd Hg Te (Coolant Lg. N))
0.05°C

20°H x 157V

0.5 -5m

185 lines

174 elements/line
10 sec
3" CRT
*Thermal picture and wave form
*Wave form enlarged for
accurate temperature
measurement
2m rad = 2m rad
AC 100/220V, 50/60Hz, 400VA
Setting type
Scanning . .. 190Kg with

special stand

Indicator ... 145 Kg

Thermo viewer M.C. (Jeal)

Temperature range:
Temperature width (Sensitivity):

Temperature resolution:
Frame time:

Number of scanning lines:
Horizontal resolution:

Field of view:

Focal range:
Display mode:

Infrared detector:

Dimensions and weight:
Optical head:

Display unit:

0°C - 30°C

1,2, 3,57, 10,15, 20,
30, 50°C (10 steps)
C.07°C

1 sec, 2.1sec, 4.2 sec

125 line, 250 line, 500 line

More than 550 elements per

scanning line

257 (vertically) x 30° (horizontally)

40 cm - == (by remote control)

Isothermal, Multi isothermal
(5 lines)

step (3 steps), Deflection

modulation (30 lines)

Image magnification (2x)

Inversion, Change-with-time

display (1 sec - 40 min)

Cd Hg Te (cooled by liquid

nitrogen)

294 mm (W) x 259 mm (H) x 268
mm (L), 18 Kg
365 mm (W) x 195mm (H) x 440

mm (L}, 30 Kg

Thermo viewer M. D. (Jeol)

0°C - 50°C

1.2,3.5 7,10, 15, 20,
30, 50°C (10 steps)
¢.05°C

1 sec, 2 sec, 4 sec

120 line, 240 line, 480 line

More than 300 elements per

scanning line

20° (vertically) x 25° (horizontally)

20 cm - == (byv remote control)

Isothermal, Multi isothermal
(5 lines)

step (3 steps), Deflection

modulation (30 lines)

Image magnilication (2x)

Inversion, Change-with-time

display (1 sec - 20 min)

Cd Hg Te (cooled by liquid

nitrogen)

165 mm (W) x 195 mm (H) x 262
mm (L}, 4 Kg
291 mm (W) x 18 mm (H)x 325
mm (L), 9 Kg

Thermocamera CT-4A (Canon)

Use:

Objective temperature range:
Black and White
temperature range:

Minimum detective
temperature difference:

Medical
0 - 350°C

Can be switched to 1, 2, 3, 5,
B, 10, 15, 20, 50°C

0.03°C

Thermocamera CT-6A (Canon)

Medical
0 - 50°C

2:50°C continuous setting

0.1°C
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Scanning angle:
Focus range:

MNumber of horizontal
scanning lines:

Horizontal resolution:

Number of picture elements:

Picture scanning time:

Display size:

Display picture:

Liquid nitrogen
preservation time:
Photographing camera:

Power requirements:
Size:

Weight:

Thermocamera CT4A (Canon)

30° (horizontal) x 18°
(vertical)
C12m - o

50 lines per second
300 lines per [ive seconds

400 picture element

(TV indication method)

120,000 (in picture for 5 seconds)
l-second, 5-second switching

130 mm (horizontal) x 100 mm
(vertical)
(including data section)
Monochrome picture,
isothermal picture,
temperature wave form
isothermal line indication

(4 stages, 10 stages)
6 hours
Polaroid camera
35 mm still camera
AC 100V, 120 W, 50/60 Hz
Thermocamera head
535 mmW x 5322 mmH x 323 mmL
Display unit:
520 mmW x 370 mmH x 550 mmL
Thermocamera head 25 Kg
Display unit: 20 Kg

Thermocamera CT-6A (Canon)

25" (horizontal) x 20°
(vertical)
0.15m - =

77 lines
230 lines
460 lines switching
290 picture element
(TV indication method)
140,000
0.8-second, 2.4-sccond, 4.8-second
switching
130 mm (horizontal) x 100 mm
(vertical)
(including data section)
Monochrome picture,
isothermal picture,
temperature wave [orm
isothermal line indication

(5 stages, 10 stages)
6 hours
Polaroid camera
35 mm still camera
AC 100V, 150 W
Thermocamera head
190 mmW » 190 mmH x 350 mmL
Display unit:
250 mmW x 310 mmH = 573 mmL
Thermocamera head 8 Kg
Display unit: 17 Kg

Camera Unit
IR Lens:

Range of focus:
Instantaneous filed of view:

Detector:
Display Unit

Picture size:

Picture field frequency:
Raster lines per [rame:
Resolving power:
Thermal resolution:
Temperature:

Power requiremecnts:
Dimensions

Camera unirt:
Display unit:

Features
(1) Real time presentation

Thermovision 680 Medical (Gadelius)

25" x 25" f.o.v. (33 mm [/1.8)
15° x 15° f.o.v. (87 mm f/1.8)
06m ~ oo

25 m rad (25" lens)

20m rad (15 lens)

InSb or HgCdTe

90 x 90 mm, 67 x 74 mm

16/sec.

210 (interlaced)

160 picture-clements/line

0.1°C at 30°C

Differential or absolute temperature
measurement with calibrated level control
100V AC, 200 VA, 50400 Hz

200x240x 490 mm (WxHx L), 13
450 x200x530mm (WxH=x L), 23

(2) Lens extension ring for close-up examination

(3) Compact and noisc less
(4) Easy to operate
(3) Wide range accessories

kg.
g kg
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Tab. 11. Requirements of thermographic instrument for medical use.

1. Spectral region of detector: preferable longer than 101
2. Filter: cut off blow 3
3. Cooling method: liquid nitrogen is allowed
4. Picture temperature range: 8 steps
(19, 20, 30, 50 7o 109, 152, each subdivided into 10 ranges)
5 Target temperature range: 5-50°C
€. Thermal discrimination: 0.1°C
7. Frame time: 1/10-2 seconds
8. Optical angular resolution: 1 miliradian
9. Number of lines and elements per frame:

100 x 150 = 15,000 — 500 x 600 = 300,000
10. Displayed data
a) black and white pattern
b) central temperature in thermogram
¢) temperature range
d) room temperature
g) gray scale
f) count mark number (patient number)
g) with or without reflecting mirror
Stability and reliability
Easy operation
Camera head: multidirectional

Ll g =

slightly higher temperature compared with that
of the right side.

The distribution of superficial veins on the
female breast is not symmetrical, therefore dia-
gnosis of breast diseases requires special atten-
tion. The temperature of the hip, and subcuta-
neous fat around the knee, in which bone and
skin are in close contact, and of the frontal
area of the tibia, all show rather low tempe-
_ln:-n.-.-:n: BATA PROCESSOR . [ ratures.

: The breast temperature of a woman is grea-

Tab. T11. Clinical cases of thermography in univer-
sity of Tokyo.

Infrared Camera M1 (Barnes Engineering)
Thermovision (AGA), Infra-eve (Fujitsu)
Thermoviewer (jeor), Hithermo (Hitachi)

Fig. 4. Infra-eye data processor.
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tly affected by her menstrual periods. A low
breast temperature is usually detected imme-
diately after the periods. However, if she be-
comes pregnant or has taken an oral contra-
ceptive, the temperature rises as a result of di-
latation of the breast skin vein.

2) Tumors

a) Benign tumors. In the case of a benign
tumor, lipoma and cystic struma, the difference
in temperature with the surrounding normal
1°C at most. The
superficial benign angioma, in which the blood
flow is increased, shows a higher temperature
compared with that of surrounding tissues.
Therefore, the area ol an angioma can be esti-
mated quantitatively and the information used
for the indications for surgery (Fig. 7)

=

tissues is very small, about

b) Malignant tumors in superficial areas. In the
case of superficial malignant tumors such as

Fig. 5. Healthy male.

cancer of the breast, carcinoma of the thyroid,
cancer of the upper jaw, Ewing's
etc., 2 - 3°C rise in temperature above the sur-
rounding normal tissues is detectable.

sdreamad,

In some cases, metastases of the regional
lymphatic nodes from malignant tumors could
are observable as hot spots of high tempera-
ture.

One particular application of thermography
is as a screening test for breast cancer, on
which many international reports have been
published to date (Fig. 8).

The tumor may be judged malignant o1
benign, although the criteria of temperature
difference varies according to opinion. When
the temperature of a tumor site is 1 - 2°C
higher than that of the surrounding normal
tissues, the tumor may be classified
gnant. Yamazaki and Ouchi
dying the difference in detectability of

cancer using mammography and thermography,

as mali-
have been stu-

breast



Fig. 6. Healthy female.



Fig. 7. Hemangiom in shoulder.

Fig. 8. Breast cancer (1. 3. 5.), mastitis (2) and silicone in left breast (4)
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and the correlation between the temperature,
tumor depth and size examined with a breast
phantom model.

The combined examination with infrared
phlebography of superficial veins using infra-
red radiation is a useful method in the de-
tection of breast cancer. This technique has
been used in National Kyushu Cancer Center
Hospital and in certain other hospitals.

¢) Deep-seated malignant tumors. One lung can-
cer was detected by the author, by finding a
hot spot on the skin which exactly correspon-
ded to the site of a tumor. One case of chronic
inflammation of deep pancreas was also de-
tected from a thermogram of the back. Howe-
ver, no cases of carcinoma of the liver could
be detected with thermography.

Kurauchi reported a hot spot of high tem-
perature indicating a suprapharyngeal tumor
lurking 4 em deep in the body.

3) Inflammation

The area of acute inflammation also shows
a high temperature because of its active meta-

bolism and the increase of local blood flow.
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Therefore, the differential diagnosis of acute
inflammation from malignant tumors is very
difficult.

Nagasawa proposed a method for differen-
tiating the diagnosis of malignant tumors from
inflammation, he described as a « thermal reco-
rery method ».

The area of a malignant tumor, although ra-
pidly cooled, takes a long time to recover to
the original high temperature.

However, the area of an inflammation which
can also be cooled rapidly, rapidly recovers to
the original temperature. By applying this
method — heating and cooling — diagnosis of
malignant tumors differentiating from inflam-
mation has been achieved.

If inflammation is treated by the admini-
stration of antibiotics, the local temperature of
the area decreases. The therapeutic effects of
antibiotics can therefore be judged both quali-
tatively and quantitatively.

4) Diseases of peripheral vessels

of the physiolo-
changes in the vessels ol

Thermographic diagnosis

gical and pathologica

RTI1A 2



upper and lower extremities in man is simple,
as the temperature distribution is almost sym-
metrical. However, there is a local tempera-
ture difference of 4 - 6°C in the upper and
lower extremities. In general, the lower ex-
tremity shows lower temperatures of 2 - 3°C
compared with that of the upper extremity.

In patients arteries with arterial occlusion in
their extremities, the blood flow in the peri-
pheral vessels either decreases or disapp
resulting in low temperature. Diagnosis of scle-
rotic obstructive arteritis, Burger’s disease and
Raynaud’s syndrome is simplified with thermo-
graphy (Figs. 9, 10).

et
=

dars,

Fig. 10. Pulse-less disease (obstruction of A. caro-
lis externa).

In arterial occlusion of the extremities, the
cold temperature occasionaly shows in more
central areas than the predetermined one, due
of the development of a collateral bypass. The-
se results are useful in surgery for deciding
exact amputation lines.

Local blood flow increases and high tem-
peratures have been seen in the arterial venous
fistulae, varix and hemangioma.

The thermovenography technique reported
by Miki et al. of Osaka University combines a
venoangiographic method with thermography.
After dipping the patient’s hand or foot in
warm water bath, the blood flow through sur-
face vein increases and the venous pattern on
the surface the extremities be more
clearly examined.

of can

5) Burns and frostbite

In the treatment of burns and frostbite the

|
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degree of severity is of clinical importance.
Burns of first degree bring reactive hyperaemia
and indicate high temperature, but burns of
third degree show lower temperatures of 2 - 3°C
due to the absence of a blood flow in the pa-
thological area.

6) Skin grafts and organ transplantation

In skin grafts and organ transplantation, the
success of their gralting after reconstruction is
often judged empirically by the surgeon. Ho-
wever it can be monitored by thermography as
a measurc the local blood flow. A skin graft
test is also made to determine the histocompa-
tibility of an organ to be transplanted, in which
case, thermography can be used to indicate the
reject reaction (Fig. 11).

In the transplantation of organs such as the
kidney, rejection causes a high temperature,
while malfunction of the transplanted organ
results in a low temperature. Thermographic
techniques can provide useful informations in
the detection of immunological response to or-
gan transplant.

7) Collagen discases

Collagen discascs are usually combined with
peripheral vascular disorders. Through the stu-
dy of thermograms from collagen discase pa-
tients, Katsuta reported abnormally low tem-
peratures in the fingers of patients suffering
from Raynaud's syndrome.

For these patic medical thermography
combined with a cooling test (submesing the
hand in water) has proved a useful method and

abnormal skin temperature patterns can be
studied.
Inagaki reported that the knee joint of

rheumatoid arthritis showed a high temperatu-
re, and an injection of steroid hormone produ-
ced a fall in temperature corresponding with
the pain relief (Fig. 12).

8) Orthopedic diseases

Thermographic diagnosis of a number of
orthopedic conditions, fractures, arthritis, and
soft tissue injuries is simplified with a loca
skin temperature rise occuring in the patholo-

gical sites.

9) Brain and nervous diseases

Meningioma of the brain tends to show a

raised temperature when it located very

15



Fig. 11. Skin

close to the cranium. In a patient suffering

hemiplegia following an attack of apo-
plexy, the temperature distribution of the pa-
ralysed extremities can be detected by thermo-
graphy and used in quantitative diagnosis. Im-
mediately after paraly the temperature in
the high, but rather
lower temperatures of 0.5 - 1.0°C are detected
in the chronic condition compared with the

- "y
Irom

als,

extremities fairly

drc

control values from the unaffected side of the
patient.

roll transplant.

In facial paralysis, where a change in ther-
mal distribution of the face has been suspec-
ted, the thermogram showed no temperature
difference compared with normal side of the
face (Fig. 13).

10) Hormonal diseases

Thyroid glands normally register high tem-
peratures due to their active metabolism. In
patients affected by hyperthyroidism, the affec-
ted side shows a high temperature, but in pa-



tients with a cyst, the corresponding area is
cool.

The breast temperature of pregnant females
is raised by about 2°C. However a hydatid mole
showed no increase in temperature detection.

11) Examination of placenta attachment
Detecting the localization of the placenta is
possible by thermography, because of increase

Furthermore, in clinical studies, the effect of
vasodilator or vasoconstrictor drugs can be te-
sted safely and repeatedly, without pain or in-
convenience to the patient.

This application has been used to check the
drug’s in vivo effect in individual patients prior
to medication.

In this respect medical thermography may
be frequently utilized to certify the effects in

Fig. 12. Rheumatic arthritis in knee joint. Hot spot showen in left knee disappeared after
steroid injection.

in the local blood flow. This examination me-
thod is called thermoplacentography.

A study on thermoplacentography was car-
ried out by Sakamoto, Usuman and Suda. Ac-
cording to Sakamoto, in twenty ont of twenty
six cases was confirmed by this technique
(Fig. 14).

12) Assesment of pharmaceutical drugs

It is possible to assess and monitor the reo-
pening of the peripheral vessels after a sympa-
thetic nerve block.

vivo of many drugs, such as antibiotics, hor-
mones, etc.

13) Oriental medicines

Serizawa and Nishijo have applied thermo-
graphic techniques in the interesting field of
oriental medicine. They reported that the Kei-
ketsu, technique demonstrated hot spots in
thermograms at relatively cold room tempera-
tures (15-20°C). Recently, they have studied
similar effects from acupuncture.




DATA PROCESSING ON THERMOGRAMS

Thermograms obtained by scanning with the
infra-red camera may be shown in black-and
-white or as color patterns.

From the viewpoint of human engineering,
man can discriminate almost five levels in
black-and-white patterns and ten or more in
color patterns. It is therefore more difficult to
detect fine thermal abnormality from the con-
ventional thermograms.

Fujimasa et al. attempted to solve this pro-
blem by the use of digital data processing.
Thermal signals from the output of the infra-
red camera were transmitted to magnetic tape
and converted to digital values with A-D con-
verter. These data were typed out in a two-
dimensional thermo-matrix (Graph 2).

Thermograms in human body are symme-
trical through body's midline in front and
back of it’s surface. Utilizing this phenomena,
processing of thermographic images was car-
ried out by subtracting one normal hall-pattern
from the abnormal pattern of opposite side
with digital computer (Graph 3, 4).

However, the thermal patterns in breast were
not symmetrical and were so complex that it
was impossible to use this method for screening
malignant tumors. If the subtraction method is
applied to processing of thermograms, the pa-
tient's normal thermographic pattern is needed
as a control.

Miki and Ouchi have also studied data pro-
cessing on thermograms with the computer.
They attempted the diagnosis of breast cancer
by digitizing the thermopattern and discrimina-
ting the abnormal temperature area from the
breast thermograms.
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Graph 2. Thermomatrix of thoracic surface.
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In these studies, before software can be de-
veloped, the criteria for diagnosis must be de-
finitive.

Digital display of thermograms will be re-
quired for certain applications in the future.
To meet this demand, a digitizing thermogra-
phic unit has been made available for one
Japanese medical thermocamera as an optional
extra (Fig. 13).

SURGERY

Even in the surgical operating room, ther-
mography can be applicable.

Yamazaki of Tokyo University has reported
an thermoangiography of the mesenterial artery
in the opened abdomen of the animal, and
prognosticated necrosis of the intestinal tract
in cases of ileal occlusion.

The clinical applications of this technique
are currently under investigation.

In ICU or CCU, it is useful to examine the
state of shock of a patient.

Tsuji and Togawa used thermography com-
bined with a deep body temperature thermo-
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meter developed by Fox for the useful indi-
cator to check the patient’s condition after car-
diovascular surgery.

FUTURE PROBLEMS ON RESEARCH
AND DEVELOPMENT
IN MEDICAL THERMOGRAPHY

From more than ten year's experience, we
would like to draw attention to the problems
requiring more research and development in
medical thermography. They may be divided
into two major groups, for engineering and
medical problems.

A) Engineering problems

1) scanning surface for body curvature; 2)
color display; 3) image processing of thermo-
grams; 4) analysis of the thermogram by com-
puter; 5) miniaturization of apparatus; 6) re-
ducing the cost of apparatus.

B) Medical problems
1) Data aquisition and analysis of normal
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controls (a- conditions for static examination,
b - dynamic techniques); 2) standardization of
technique; 3) quantitative analysis for diagno-
sis (criteria); 4) development of complemen-
tary methods.

CONCLUSIONS

Medical infra-red thermography has the fol-
lowing merits: 1) it is a non-contact method;
2) it causes no harmful complications; 3) it
is a painless examination; 4) repeated exami-
nation is simple; 5) operation of the apparatus
is simple and examination is completed in a
short time; 6) a continuous temperature distri-
bution pattern is obtained; 7) by stimulating
the object being measured, the response and the
reaction can be observed; 8) quantitative mea-
surement of the correlation between areas and
temperature is possible.

With various improvements to be added in
the future, thermography is expected to be
widely used in Japan in every field of medi-
cal study and health care.



