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Human infrared thermal imaging technology
and its clinical applications
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With improvements in infrared camera technology and the promise of reduced costs and noninvasive
character, infrared thermal imaging resurges in medicine. The skin temperature distribution of a healthy
human body exhibits a contralateral symmetry. Any disease inside body is associated with an alteration
of the thermal distribution of human body. So human thermography is of unique value in studying the
physiology of thermoregulation, diagnosing some diseases or evaluating the situation of human health. The
physical principle of human thermography and its clinical applications are dicsussed. The latest progress
of thermography, thermal texture maps (TTM) and its effectiveness are introduced.
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Human body temperature is a long established healthy
indicator. One takes on a thermal symmetry of skin sur-
face temperature in healthy state. Any abnormalities
such as malignancies, inflammation and infection may
cause a local uniformity in temperature, which show as
hot or cold spots. Infrared thermal imaging is a non-
invasive technology, which detects the natural thermal
radiation from the body and has been used in medicine
since early 1970s. However, thermography has declined
in medicine in the last two decades probably because
of its increasing applications in military attracting too
much people’s attention. Until 1990s, especially for great
improvements in infrared sensor and computer technol-
ogy, thermal infrared imaging resurges in medicine for its
many advantages compared with other imaging technol-
ogy 24, Clinical use of thermal abnormalities has thus
advanced from empirical thermography, which uses ther-
mal images primarily as a qualitative descriptive tool, to
the clinical science of thermology, a quantitative tool to
study the physiology of thermal behaviour and to eluci-
date pathophysiologic processes that can not be read-
ily probed by any other means. Thermography can
now be used to attain a better understanding of many
disease processes that manifest thermal abnormalities,
and consequently use thermal imaging information not
only to recognize pathology but also to manage disease
better2—71.

All objects at temperatures above absolute zero emit
electromagnetic radiation spontaneously, which is known
as natural or thermal radiation. The emissive power of a
black body Ej},, is the energy of linearly polarized radia-
tion within the frequency interval v to v + dv, in watts
per steradian per square meter of surface per Hz. By def-
inition, a black body absorbs all incident radiation and
radiates in a continuous spectrum according to Planck’s
law

hv?
c2(exp(5) — 1)
where h is Planck’s constant, ¢ is the velocity of light, k
is Boltzmann’s constant, and 7" is the absolute temper-

ature. The law may also be expressed in terms of wave-
length intervals. The Planck energy distribution func-

Ey dv = dv, (1)
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tion has a well-defined maximum at a frequency, which
is a function of temperature and decreases quickly on the
high frequency side and rather less so on the low fre-
quency side. Integration of the Planck function over all
frequencies leads to the Stefan Boltzmann law for the
total emissive power from a black body Ej,

E, = UT47 (2)

where o is the Stefan-Boltzmann constant.

The emissive power of a black body decreases exponen-
tially with temperature, and the wavelength of maximum
emissive power moves to longer wavelengths as the tem-
perature falls in accordance with the Wien’s law

AmaxT = 0.002897, (3)

where A\max is the wavelength (in meters) of the maxi-
mum emissive power at temperature T' (in K). The emis-
sivity of human skin is more or less constant at a value of
0.98+0.01 between vavelengths from 2 to 14 um for black
skin. Thus, human skin behaves as a physical black body
in this wavelength region. Furthermore, Steketee con-
firmed that there is no difference in emissivity between
black, white and burnt skin, whether measured in vivo
or in vitrol®. An infrared thermograph is a record of
the temperature distribution of the outer surface layer of
the skin, which is affected by both internal and exter-
nal factors. The internal factors may be pathological or
physiological, while the external factors are a function of
ambient conditions, such as temperature, humidity and
air flow. The majority of the detected infrared radiation
comes from the top layer of the skin, which means that
environmental factors are very important. However, if
environmental conditions can be adequately controlled,
heat emission from the skin surface is mainly determined
by the underlying cells metabolism activities. The corre-
lation between skin temperature and underlying diseases
was first successively used to identify breast diseases.

In thermal diagnostics, accurate correlation between
the thermal image on skin surface and interior human
body pathophysiology is desired, in other words, the
relationship between the surface skin temperature dis-
tribution and interior heat source is desired. Up to
now, many numerical methods, such as the finite element
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method (FEM), the finite difference method (FDM) and
the boundary element method (BEM) have been suc-
cessfully presented to solve this problem[®l. However,
all these methods are extremely time-consuming, which
limit them to be used in practice. Body surface tem-
perature distribution is the superposition of all kinds of
heat sources inside body, which transfer to the surface
in some probabilities. It refracts the metabolism status
of the cells of human tissue organs. Herein, we discuss a
novel approach, thermal texture maps (TTM) technology
based on thermal-electrical modeling, which is proposed
by Liu et al.'l. Following this method, a relationship
between the body surface temperature and the interior
heat sources can be easily established.

To describe the heat conduction from the heat source or
the heat radiation temperature 7'(x), a thermal-electrical
model shown in Fig. 1 can be made, where the temper-
ature corresponds to the voltagel'l. To describe the heat
conduction from the heat source or the heat radiation
temperature T'(z), a thermal-electrical model shown in
Fig. 1 can be made, where the temperature corresponds
to the voltage!).

- Z?:lRi
T(x)= S [Us -
(z) Z [Us Rs+Ra+ > 7 |R;

z=—n
x(Us — Ua)], (4)
where n:int(ﬁ) is the number of resistors, D is the

depth of the heat source, and Ry is the unit heat loss in
a certain medium or the heat resistance; Us and Rg are
the equivalent voltage and heat resistance of heat source
respectively; Ua and R are the equivalent voltage and
heat resistance of environment respectively; R, and C,
are the unit heat resistance and heat capacity of tissue
along radiation direction. TTM is a structured inter-
pretation technique based on an equivalent heat transfer
model — thermal-electrical model, which enables one
to visually identify and obtain an approximate strength
and depth of an abnormal ball-shape heat sourcel'2:6].
TTM is an emerging infrared imaging technology. It has
been successfully used in clinic diagnostics or diseases
prediction, especially for early state of cancer and the
status of human health. Many articles have reported the
effectiveness of TTM technology!®:¢l. Here, we focus on
the method to detect early the prostate disease by use of
TTM.

Prostate diseases including hypertrophy and cancer are
common in older men. The National Cancer Institute of
USA says that more than seventy percent of men with
the disease are age sixty-five or older. The W.H.O. says
that about two hundred fifty thousand men each year
die from prostate cancer. The death rate is about ten
times higher in Europe and North America than in Asia.
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Fig. 1. One-dimensional equivalent thermal-electrical model
of heat transfer.
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Scientists are not sure what causes cancer of the prostate.
But they have found things that can influence the de-
velopment. For example, prostate cancer appears more
common in groups that eat a lot of animal fat, such
as red meats and high-fat milk products. Doctors say
that one of the most important ways to reduce the risk
of death from prostate cancer is to detect the disease
early. Herein, we discuss how to use TTM technology
to diagnose prostate diseases. If the temperature differ-
ence between the right and the left groins is above 0.5
°C, a converse “eight” patter may be detected on the
abdomen, which is the main clinic feature of prostate
diseases. Two cases are shown in Fig. 2 The results of
our study are given in Table 1.

From Table 1, we can know that in all 150 cases 88.6%
have a character of a converse “eight” patter on the ab-
domen. Some show one side, others show double. There
are only 17 cases have not this feature. While comparing
with the results diagnosed by B ultrasonic, 51 cases are
left out. Therefore TTM technology is a more powerful
tool than B ultrasonic to diagnose the prostate diseases.

Thermography is an utterly harmless and inexpensive
physioloyical probe. Using TTM technology associated
with the knowledge of the anatomy and pathophysiol-
ogy, one can extract information from the thermograms
relating to diseases or the state of one’s health. In addi-
tion, understanding the mechanism of abnormal thermal
behavior is key to the optimal use of thermal imag-
ing in clinical medicine. It must be pointed out that
without knowledge of the underlying mechanism of each

Table 1. Data of 150 Cases of Prostate Disease
Diagnosed by TTM

Relative Difference Cases Degree Rate (%)
AT (°C)
0.5-1.0 44 Mild 29.3
1.1-1.5 59 Moderate 39.3
1.6-2.5 30 Serious/Cancer 20

Fig. 2. Prostate disease of a 52-year old man (a) and a 33-
year young man (b).
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clinical thermal manifestation, application of thermal
imaging will remain an anecdotal empirical practice.
When medicine is being practiced more and more on the
basis of molecular biology and quantifiable physiology,
there is little room for a technology that shows just hot
or cold spots on the surface of the human body, without
a plausible explanation of the underlying causes of these
manifestations of pathology. Therefore, to some extend,
TTM technology is a unique and powerful tool for dis-
eases prediction or diagnostics, and it will open a new
medical field, that is, evaluation or prediction medicine.
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