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Introduction

Infra red thermal imaging has been used in me-
dicine since the early 1960’s. Early imaging
systems were large with very limited facilities
for display and temperature measurement, In
the 1970’s computer image processing of ther-
mograms became available, with increased possi-
bilities for quantitation and archiving of ima-
ges (1). This resulted in an increased aware-
ness for the need for standardisation of tech-
nique. Two publications were initiated by wor-
king groups within the European Thermogra-
phic Association (now European Association
of Thermology ) to address this question. The
first, Standardisation of Thermography In Lo-
comotor Diseases - recommended procedure
(2) set out the basic requirements for technique
agreed by a European panel of rheumatologists
and radiologists. This paper which was published

in 1978, contained many elements of standar-
disation which applied to other clinical appli-
cations of thermography. The second, Skin
Temperature Measurement in Drug Trials was
presented by a group of authors who described
the essential techniques for the use of thermo-
graphy in clinical drug trials (3). The procee-
dings of a special conference on breast diseases
published in 1983 included a chapter on Stan-
dardisation of Thermal Imaging: Physical and
environmental influences (4). A further state-
ment from the European Association of Ther-
mology was published in 1988 on the subject of
Raynaud’s Phenomenon: Assessment by Ther-
mography. More recently an overview of re-
commendations gathered from The American
Academy of Thermology, The Japanese Socie-
ty of Biomedical Thermology and the Europe-
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Summary

Infra red imaging can only produce reliable and valid results if the technique follows established standards.
In medical applications these standards are based on the physics of heat radiation and the physiology of
thermoregulation of the human body. This paper describes the requirements for the location, setting up the
equipment and the preparation of the human subject to be investigated. A list of references is given to sup-
port each part of the recommended procedure. Despite the fact that thermal imaging has been available for
many years, there are still some applications of this technique which require more research.
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Die Methode der Infrarot-Thermographie in der Medizin

Mit der Infrarot-Thermographie kann man nur dann zuverlässige und valide Ergebnisse erhalten, wenn
man diese Technik in standardisierter Weise einsetzt. Für den medizinschen Gebrauch basieren diese auf
der Physik der Wärmestrahlung und der Physiologie der Infrarot-Thermographie des menschlichen Kör-
pers. Diese Arbeit beschreibt die Anforderungen an den Untersuchungsraum, an die Ausrüstung und für
die Vorbereitung der zu untersuchenden Person. Eine Literaturliste sichert jeden Teil dieses empfohlenen
Vorgehens ab. Trotzdem besteht für manche Anwendungen noch immer Forschungsbedarf.

Schlüsselwörter: Infrarot-Thermographie, Standards, Thermoregulation, Wärmestrahlung,



an Association of Thermology was collated
and published by Clark et al. in 1997 (6). This
paper is based on the practical implications of
the foregoing papers taken from the perspecti-
ve of the modern thermal imaging systems avai-
lable to medicine.

1. Location for thermal imaging

1a Investigation room

The room used for thermal imaging must meet
certain basic requirements. These are- adequa-
te size for working - where up to 2 meters may
be needed between the patient and the subject
and adequate space to locate the image proces-
sing equipment and space for one or more pa-
tient cubicles. A rough indicator for the least
distance in one direction can be derived from
the optical features of the lens i. e. the distance
between the camera and the patient to take an
image of the upper or lower part of the human
body or of an object of 1,2 m height. This me-
ans that a minimum size of 2x3 meters is requi-
red, but that a larger room , 3x4 meters or more
will be preferable.

1b Ambient temperature control.

This is a primary requirement for most clinical
applications of thermal imaging. A range of
temperatures from 18°C to 25°C should be at-
tainable and held for at least one hour to better
than 10C. At lower temperatures, the subject is
likely to shiver, and over 25°C room tempera-
ture will cause sweating, at least in most Euro-
pean countries. Variations may be expected in
colder or warmer climates, in the latter case,
room temperatures may need to be 1-20C hig-
her (7).

The type of examination used will determine
the ideal ambient temperature. Many clinical
examinations are performed with partial disro-
bing of the patient. When larger areas of the
body are unclothed and exposed to the air for
longer periods, the lower ambient temperatures
will cause discomfort (8, 9) and may result in
reflex vasoconstriction. Inflammatory lesions
are more clearly visualised in a cool environ-
ment, typically 20°C. Examination of the ex-
tremities, where the sympathetic nervous sys-
tem influences the result, a warmer ambient of
22-24°C is generally recommended.

Additonal techniques for cooling particular re-
gions of the body have been developed (10,11)

(e.,g.water immersion of the hands in a stress
test).

1c Room Temperature Indication

Indication of the air temperature is important, a
large digital display which is visible anywhere
in the room should be used. Air temperature is
affected not only by heat generated by electro-
nic equipment, but also by the human body. For
this reason the air-conditioning unit should be
capable of compensating for the maximum
number of patients and staff likely to be in the
room at any one time. These effects will be
greater in a small room of 2x3 meters or less.
Air conditioning equipment should be located
so that direct draughts are not directed at the
patient, and that overall air speed is kept as low
as possible. A suspended perforated ceiling
with ducts diffusing the air distribution evenly
over the room is ideal (12), although more ex-
pensive to construct, than the simple wall moun-
ted systems.

1d Computer Equipment

Image processing equipment needs space loca-
ted away from the patient area, to avoid heat
disturbance. A sink with water supply is often
required for water stress tests. Furniture may
also include a multi-position chair with atta-
ched leg rests, and a bowl or table on castors at
a suitable height for a sitting patient.

1e Patient Cubicle

Finally a cubicle or cubicles within the tempe-
rature controlled area is essential. These should
provide privacy for disrobing and a suitable
area for resting through the acclimatisation pe-
riod.

2. The Imaging System

2a. A new generation of infra red cameras have
become available for medical imaging. The ol-
der systems normally single element detectors
using an optical mechanical scanning process,
were mostly cooled by the addition of liquid ni-
trogen (13,14, 15). This had the effect of limi-
ting the angle at which the camera could be
used which restricted operation.Electronic coo-
ling systems were then introduced, which over-
comes this problem. The latest generation of
focal plane array cameras can be used without
cooling, providing almost maintenance free
technology (16).
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Almost all systems now use image processing
techniques and provide basic quantitation of
the image (17,18, 19). In some cases this may
be operated from a chip within the camera, of
may be carried out through an on-line or off-
line computer. For older equipment like the
AGA 680 series several hardware adaptations
have been reported to achieve quantitation of
the thermograms (20,21,22).

2b Temperature Reference

Earlier reports stipulate the requirement for a
separate thermal reference source for calibrat-
ion checks on the camera (23). Many systems
now include an internal reference temperature,
with manufacturers claiming that external checks
are not required. Unless frequent servicing is
obtained, it is still advisable to use an external
source, if only to check for drift in the tempera-
ture sensitivity of the camera. An external refe-
rence, which may be purchased or constructed,
can be switched on with the equipment, and left
running throughout the day. This allows the
operator to make checks on the camera, and in
particular provides a check on the hardware
and software employed for processing. These
constant temperature source checks may be the
only satisfactory way of proving the reliability
of temperature measurements made from the
thermogram(24).

2c Mounting the Imager

A camera stand which provides vertical height
adjustment is very important for medical ther-
mography. Photographic tripod stands are in-
convenient for frequent adjustment and often
result in tilting the camera at an undefined an-
gle to the patient. This is difficult to reproduce,
and unless the patient is positioned so that the
surface scanned is aligned at 900 to the camera
lens, distortion of the image is unavoidable.
Studio camera stands are ideal, they provide
vertical height adjustment with counterbalance
weight compensation. They are stable with a
weighted base on wheels which enables the
operator to rapidly set up the camera in any re-
producible position. Most stands can hold the
camera to within 10cms from the floor ( the pa-
tient can also stand on a low stool to avoid par-
allax even in a standing position). Maximum
height required will depend on the use of a low
couch, or whether all positioning is achieved
with the patient standing or sitting in a chair. A

pillar height of 2 meters or 2.5 meters can be
used. It should be noted that the type of lens
used on the camera will affect the working dis-
tance and the field of view, a wide angle lens re-
duces distance between the camera and the
subject in many cases, but may also increase
peripheral distortion of the image. Ceiling moun-
ted stands used in radiology and nuclear medi-
cine can also be used, but are likely to require
positioning motors if the camera is beyond the
operators reach.

2d Camera Initialisation

Start up time with modern cameras are claimed
to be very short, minutes or seconds. However,
the speed with which the image becomes visible
is not an indication of image stability. Checks on
calibration will usually show that a much lon-
ger period from 10 minutes to several hours
with an uncooled system are needed to achieve
optimum conditions for quantitative imaging
(4,25).

2e Image Processing

Software packages for thermal imaging are
provided by some manufacturers, few of which
are specifically designed for medical applica-
tions (17,18). One specialised software system
designed for medical use meets international
standards when used according to recommen-
ded techniques (26). Archiving of both images
and relevant clinical data is an important requi-
rement for medical thermography.

3. The Patient

3a Patient Information

Human skin temperature is the product of heat
dissipated from the vessels and organs within
the body, and the effect of the environmental
factors on heat loss or gain. There are a number
of further influences which are controllable,
such as cosmetics (27), alcohol intake (28) and
smoking (29,30,31). These should form part of
the request made to the patient when calling
him or her for examination. In general terms
the patient attending for examination should be
advised to avoid all topical applications such as
ointments (32,33) and cosmetics on the day of
examination to all the relevant areas of the
body. Large meals and above average intake of
tea or coffee should also be excluded, although
studies supporting this recommendation are
hard to find and the results are not conclusive
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(34,35,36). Patients should be asked to avoid
tight fitting clothing, and to keep physical exer-
tion to a minimum. This particularly applies to
methods of physiotherapy such as electrothe-
rapy (37,38,39), ultrasound (40), heat treatment
(41,42,43), cryotherapy (43,44,45,46), massage
(47,48,49) and hydrotherapy (50,51,52) because
thermal effects from such treatment can last for
4-6 hours under certain conditions . Heat pro-
duction by muscular exercise is a well docu-
mented phenomenon (53,54, 55,56,57).

Drug treatment can also affect the skin tempe-
rature. This phenomenon was used to evaluate
the therapeutic effects of medicaments (3). Drugs
affecting the cardiovascular system (58,59, 60,
61) must be reported to the thermographer, in
order that the correct interpretation of thermal
images will be given.

3b Pre-Imaging Equilibration

On arrival at the department, the patient should
be informed of the examination procedure, in-
structed to remove appropriate clothing and je-
wellery, and asked to sit or rest in the pre-
paration cubicle for a fixed time. The time re-
quired to achieve adequate stability in blood
pressure and skin temperature is generally con-
sidered to be 15 minutes, with 10 minutes as a
minimum (62,63,64). After 30 minutes coo-
ling, oszillations of the skin temperature can be
detected, in different regions of the body with
different amplitudes resulting in a temperature
asymmetry between left and right sides (63).
Some evidence has been found for a circadian
rhytm of both core and skin temperatures (20,
34,65,66). During this preparation time the pa-
tient must avoid folding or crossing arms and
legs, or placing bare feet on a cold surface. If
the lower extremities are to be examined, a
stool or leg rest should be provided to avoid di-
rect contact with the floor (67). During the exa-
mination paper or linen towels may be required
to avoid overcooling of the feet.

3c Positions for Imaging

As in radiology, it is preferable to standardise
on a series of standard views for each body re-
gion. The EAT Locomotor Diseases Group re-
commendations include a triangular marker
system to indicate anterior, posterior, lateral
and angled views (2, 68). Modern image pro-
cessing software provide comment boxes which
can be used to encode the angle of view which

will be stored with the image(26). It should be
noted that the position of the patient for scan-
ning and in preparation must be constant. Stan-
ding, sitting or lying down affect the surface
area of the body exposed to the ambient, there-
fore an image recorded with the patient in a sit-
ting position may not be comparable with one
recorded on a separate occasion in a standing
position.

3d Field of View

Image size is dependant on the distance bet-
ween the camera and the patient and the focal
length of the infrared camera lens. The lens is
generally fixed on most medical systems, so it
is good practice to maintain a constant distance
from the patient for each view, in order to ac-
quire a reproducible field of view for the ima-
ge. For example a single hand may be recorded
in a 20x20cm field of view, while a picture of
both lower limbs from knees to ankles may re-
quire a 50x50cm field. If deviations in camera
angle from the normal position on the stand are
required, these should be recorded for future
use. If different thermograms different field of
of the same subject are compared, the variable
resolution can lead to false temperature rea-
dings (69). Most hospitals now use a standard
format for patient identification and demogra-
phic detail. As much detail as possible should
be recorded with the thermogram to avoid mis-
identity. The time and date of examination
should also be recorded, which most computer
software will provide as standard (70).

4. Report Generation

4a Colour and Temperature Scale

Individual software programmes now largely
dictate the layout for a clinical report. This will
normally consist of the images, the demogra-
phic data and any measurements made from
image processing. Every image or block of
images must carry the indication of temperatu-
re range, with colour code/temperature scale.
The colour scale itself should be standardised.
Industrial software frequently provides a grey-
scale picture and one or more colour scales.
The default colour scale is often to show white
as hot, then yellow, and then red, following the
hot metal scale. The so-called rainbow or spec-
tral order of colours is more widely recognised,
especially by colleagues who are not used to
the other colour scales used by engineers. A
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false colour finely graded scale is also possible,
this can be ranged from dark blue at the cold
end through green to red, and will convey a si-
milar degree of image contrast to a monochro-
me black and white picture.

4b Processing the Reported Image

Background temperatures which can obscure
the clinical image, should be avoided, and clea-
ning the image by processing e.g. squeezing
the temperature range or overwriting the lower
temperatures with a background of white, grey
or black will improve the visual presentation.
Care taken when the pictures are recorded will
minimise these problems. The use of hardbo-
ard or cold towels arranged just prior to image
recording will often improve the image clarity.
Regions of interest, spot measurements sites
etc. Should be indicated, and if these mask the
clinical picture, a separate image without these
processing indicators should be provided. It is
important to note that while a high number of
colour shades can be displayed on a computer
monitor screen, most printers to date are less
able to reproduce all the fine detail. Settings for
the image on the screen should be tested on the
printer to ensure that subtle differences in the
image which are important are not lost in a lo-
wer contrast printed image.

4c Archiving Images and Data

Computer file archives are now commonplace
and are a valuable reference for repeated inves-
tigations on the same patient. A multiple wind-
ow facility in the software will allow the ope-
rator to recall a series of earlier pictures for
comparison, and to ensure that the same posi-
tions and temperature settings have been used.
A matrix of 4x4 images is adequate with possi-
bilities to zoom on any combination of frames
for the report (24). The numerical data relating
to each image must be clearly identified with
the original image to which it relates.

If a standardised challenge test such as a cold
stress test for Raynaud’s phenomenon has been
used, the relevant images should be printed,
preferably to show the pre and post stress ther-
mograms together with the temperature data
extracted from them. Where normal values for
indices (71,72,73) or temperature values (74,
75) are known, these should be included in the
report.

Conclusion

Good technique is essential with infra-red ima-
ging, which is a physiological procedure. At-
tention to details as described will improve
physicians ability to use the technique as a di-
agnostic aid and for monitoring change from
treatment or from the natural course of the
disease. Good documentation, and self expla-
natory reports will improve the clinical accep-
tability of the technique. Such requirements
are expected from any imaging procedure used
as medico-legal evidence. The same standard
should apply to routine clinical investigations
with thermal imaging. Poor image reproducti-
on and incomplete reporting will serve to deter
clinical use. Few non-invasive imaging techni-
ques are easily quantified as is the case with in-
fra red imaging. The modern equipment avail-
able since 1999 is of superior quality and relia-
bility than any previously used in medicine.
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