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Overview

The Historical Development of Thermometry and
Thermal Imaging in Medicine

E.F.J.Ring
Medical Imaging Research Group, School of Computing, University of Glamorgan, Pontypridd CF37 1DL UK

Summary

The observation of human body temperature and ist relation to disease is as old as medicine itself. However, thermometry did not
develop much before the 16™ Century, and remained imprecise for over a hundred years. The first major progress to be made in the
systematic study of body temperature was made by Carl Wunderlich in Leipzig. His treatise documented the basis of the clinical
use of temperature recordings, and many hundreds of case studies were reported which were supported by charts of temperature
changes from the patients studied, during onset, and progression of disease. Wunderlich also proposed the well-known clinical
thermometer, which was designed to operate around 37°C with a constriction to act as amaximumthermometer.

Electrical sensors, thermocouples , thermistors and thermopiles were developed later. Many early physiological studies in the late
19™ and early 20™ century were made with multiple thermo-electric devices and multi-channel pen recorders to make a record.
Non-contact measurement became possible through the discovery and development of infrared radiation. In 1800 the heating part
of the spectrum was identified, and in 1840 the first thermogram recorded using solar radiation.

In the late 1950s indium antimonide detectors for remote sensing became available to industry and medicine. The Smith’s
Pyroscan was the first British camera to be manufactured for medical applications in 1960. Later developments brought faster
scan times, and oscilloscopedisplays. Other infrared detectors including cadmium mercury telluride were introduced. More
recently, uncooled and cooled focal plane array systems have been introduced which offer high speed and high-resolution
imaging. Computer image processing has transformed the practical use of thermal imaging, with reliable facilities for temperature
measurement. Improved infra red optics and advanced processing for image manipulation have brought this technology to a high
standard in under 50 years, and more improvements and miniaturization can be expected.

Keywords: Infra red radiation, Thermal Imaging, Detector, History, Temperature Measurement
Die historische Entwicklung der Temperaturmessung und der Thermographie in der Medizin

Die Beobachtung der Korpertemperatur und ihre Beziehung zu Krankheiten ist so alt wie die Medizin selbst. Trotzdem hat sich die
Temperaturmessung erst im !6.Jahrhundert entwickelt und blieb die nachsten 100 Jahre dulerst ungenau.Der erste wirkliche Fort-
schritt in der der systematischen Erforschung der Korpertemperatur stammt von Carl Wunderlich aus Leipzig. Sein Buch lieferte
die Grundlage fiir den klinischen Einsatz der Bestimmung der Korpertemperatur. Hunderte von Fallstudien wurden berichtete,
die alle durch Aufzeichnungen des Temperaturverlaufs der Patienten, von Beginn bis hzum Ende ihrer Erkrankung dokumentiert
wurden. Wunderlich hat auch das bekannte “Fieberthermometer” eingefiihrt, das als Maximalthermometer fiir Temperarturmes-
sungen im Bereich um 37°entwickelt worden war.

Elektrische Temperaturfiihler, Thermoelemente und Thermistoren wurden viel spater entdeckt. Viele der frithen physiologischen
Untersuchungen am Ende des 19.Jahrhunderts und beginnenden 20. Jahrhundert wurden mit mehreren thermoelektrischen Geré-
ten durchgefiihrt und die Ergebnisse mit Mehrkanalschreibern aufgezeichnet. Die Entdeckung der Infrarotstrahlung lieferte die
Grundllagen fiir die berithrungslose Temperaturmessung. 1800 wurde die Warmestrahlung im elektromagnetischen Spektrum en-
deckt und das erste Thermogram zeichnete 1840 die Sonnenstrahlung auf.t

In den spéten 50ger Jahren wurden Indium-Antimonid-Detektoren in Industrie und Medizin zur berithrungslosen Temperatur-
messung verfligbar. Smith’s Pyroscan war die erste britische Kamera die speziell fiir den medizinischen Einsatz produziert wur-
de. Spitere Modelle zeichneten 1960 durch raschere Bildgenerierung und der Ausstattung mit einem Ozilloskop aus. Andere
Infrarotdetektoren z.B. eine Cadmium-Quecksilber-Tellur-Verbindung wurden eingefiihrt. Die neuen, gekiihlten und unge-
kiihlten infrarotempfindlichen Chips bieten eine bildhafte Darstellung von hoher Geschwindigkeit und Auflésung. Computer
gestiitzte Bildbearbeitung hat den praktischen Wert auf Grund zuverlédssiger Temperaturmessungen deutlich erhoht. Verbesse-
rungen in der Infrarotoptik und Fortschritte in der Bildbearbeitung haben fiir diese Technologie innerhalb von 50 Jahren eine ho-
hen Qualititsstandard beschert. Weitere Verbesserungen und Miniaturisierung der Kameras ist zu erwarten.

Schliisselworter: Infrarotstrahlung, Thermographie, Detektor, Geschichte, Temperaturmessung

Thermology international 2003; 13: 53-57

Introduction
Fever was the most frequently observed condition in crates, when it is said that wet mud was used on the skin to
early medical observation. From the early days of Hippo- observe fast drying over a tumoural swelling, physicians
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Figure 1

Temperature Charts recorded by Carl Wunderlich

have recognised the importance of a raised temperature.
For centuries, this remained as a subjective skill, and the
concept of measuring temperature was not developed
until the 16™ Century.

Galileo made his famous thermoscope from a glass tube,
which functioned as an unsealed thermometer. It was
subject to atmospheric pressure as a result.

In modern terms we now describe heat transfer by three
main modes. The first is conduction, requiring contact
between the object and the sensor. The second mode of
heat transfer is convection, and the third radiation. Both
of the latter had led to remote detection methods.

Thermometry

Thermometry developed slowly from Galileo’s experi-
ments. There were Florentine and Venetian glassblowers
in Italy who made sealed glass containers of various
shapes, which were tied onto the body surface. Temperature
was assessed by the rising or falling of small beads or
seeds within the fluid inside the container. Huygens,
Roemer and Fahrenheit all proposed the need for a cali-
brated scale in the late 17" and early 18" century. Celsius
did propose a centigrade scale based on ice and boiling
water. He strangely suggested that boiling water should
be zero, and melting ice 100 on his scale. It was the Dan-
ish biologist Linnaeus in 1750 who proposed the reversal
of this scale, as it is known today. Although International
Standards have given the term Celsius to the 0-100 scale
today, strictly speaking it would be historically accurate
to refer to degrees Linnaeus or Centigrade [1].
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The Clinical thermometer, which has been universally
used in medicine for over 130 years was developed by
Carl Wunderlich in 1868. This is essentially a maximum
thermometer with a limited scale around the normal internal
body temperature of 37°C or 98.4°F. Wunderlich’s treatise
on body temperature in health and disease is a master-
piece of painstaking work over many years. He charted
the progress of all his patients daily, and some- times two
or three times during the day (figure 1). His thesis was
written in German for Leipzig University and was also
translated into English in the late 19" century [2].

Today, there has been a move away from glass thermo-
meters in many countries, giving rise to more disposable
thermocouple systems for routine clinical use.

Thermal imaging and related techniques

Liquid crystal sensors for temperature became available
in usable form in the 1960°s. Originally they were painted
on the skin which had previously been coated with black
paint. Three of four colours became visible if the paint
was at the critical temperature range for the subject. Mi-
cro- encapsulation of these substances that are primarily
cholesteric esters, resulted in plastic sheet detectors. Later
these sheets were mounted on a soft latex base to mould
to the skin under air pressure using a cushion with a rigid
clear window. Polaroid photography was then used to re-
cord the colour pattern while the sensor remained in con-
tact. The system was re-usable and inexpensive. How-
ever, sensitivity declined over 1-2 years from manufac-
ture, and many different pictures were required to obtain
a subjective pattern of skin temperature [3].
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Figure 2
First thermogram produced by John Herschel 1840

Convection currents of heat emitted by the human body
have been imaged by a technique called Schlieren
Photography. The change in refractive index with density
in the air around the body is made visible by special
illumination. This method has been used to monitor heat
loss in experimental subjects, especially in the design of
protective clothing for people working in extreme physical
environments.

Heat transfer by radiation is of great value in medicine.
The human body surface requires variable degrees of
heat exchange with the environment as part of the normal
thermo-regulatory process. Most of this heat transfer
occurs in the infra red, which can be imaged by electronic
thermal imaging [4]. Infra red radiation was undefined
before 1800 when Sir William Herschel performed his
famous experiment to measure heat beyond the visible
spectrum. Nearly 200 years before Italian observers had
noted the presence of reflected heat. John Della Porta in
1698 observed that when a candle was lit and placed
before a large silver bowl in church, that he could sense
the heat on his face. When he altered the positions of the
candle, bowl and his face, the heat was no longer ex-
perienced.

William Herschel, in a series of careful experiments
showed that not only was there a “dark heat” present, but
that heat itself behaved like light, it could be reflected and
refracted under the right conditions. William’s only son
John Herschel repeated some experiments after his father’s
death, and successfully made an image using solar radia-
tion. This he called a “thermogram” a term still in use
today to describe an image made by thermal radiation.
John Herschel’s thermogram was made by focussing
solar radiation with a lens onto to a suspension of carbon
particles in alcohol. This process is known as evaporo-

graphy [5].
A major development came in the early 1940’s with the

first electronic sensor for infra red radiation. This was
made from indium antimonide, and was mounted at the

base of a small Dewar vessel to allow cooling with liquid
nitrogen. The first medical images taken with a British
prototype system the “Pyroscan” were made at The
Middlesex Hospital in London, and The Royal National
Hospital for Rheumatic Diseases in Bath in 1959-1961.
By modern standards these thermograms were very crude.
A mark 2 Pyroscan was made for medical use in 1962,
with improved images. However, the mechanical scanning
was slow and each image needed from 2-5 mins. to
record. The final picture was written line by line on
electro-sensitive paper. During this time the potential for
thermal imaging in medicine was being explored in an
increasing number of centres. Earlier work by the American
physiologist J Hardy had shown that the human skin
regardless of colour is a highly efficient radiatior with an
emissivity close to that of a perfect black body — 0.98.
Cancer detection was a high priority subject, and with
hopes that this new technique would be a tool for
screening breast cancer many centres across Europe the
USA and Japan became involved. In the UK K.Lloyd
Williams showed that many tumours are hot, and the
hotter the tumour the worse the prognosis. By this time
the images were displayed on a cathode ray screen in
black and white. Image processing by computer had not
arrived, so much discussion was given to schemes to
subjectively score the images, and to look for hot spots
and asymmetry of temperature in the breast. This was
confounded by changes in the breast through the menstrual
cyclein younger women. Using an experimental imaging
system for breast thermography it was possible to
generate isotherms on paper by manually tracing the
temperaure codes in an image (Figure 3). Area measure-
ments were then made by using a manual planimeter to
calculate the mean temperature of a selected area. The
use of false colour thermo- grams was only possible by
photography at this time. A series of bright isotherms
were manually ranged across the temperature span of the
image, each being exposed through a different colour
filter, and superimposed on a single frame of film.
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Figure 3
Manual Planimetry used to measure isotherm areas

Figure 4
Pdp8e computer with teleprinter terminal used in Bath 1973
adapted from a Swedish nuclear medicine system
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By the mid 1970’s the first computer systems had arrived.
In Bath, a special system for nuclear medicine made in
Sweden was adapted for thermal imaging. A colour
screen was provided to display the digitised image. The
processor was a PDPS, and the programme was loaded
every day from paper-tape (Figure 4). With computeri-
sation many problems began to be resolved. The images
were archived in digital form, standard regions of interest
could be selected, and temperature measurements ob-
tained from the images. Manufacturers of thermal imaging
equipment slowly adapted to the call for quantification
and some sold thermal radiation calibration sources to
their customers to aid the standardisation of technique.
Workshops which had started in the late 1960’s became a
regular feature, and the European Thermographic Associa-
tion was formed with a major conference in Amsterdam
in 1974. Apart from a range of physiological and medical
applications groups were formed to formulate guidelines
for good practice. The included the requirements for
patient preparation, conditions for thermal imaging and
criteria for the use of thermal imaging in medicine and
pharmacology [6, 7].

A thermal index was devised in Bath to provide a simpli-
fied measure of inflammation for clinicians. A normal
range of values was established for ankle elbows hands
and knees, with raised values obtained in osteoarthritic
joints and higher values in Rheumatoid Arthritis. A
series of clinical trials with non-steroid anti- inflamma-
tory oral drugs and steroid analogues for joint injection
were published using the index to document the course of




Figure 4
High resolution thermal image taken with the SPRITE detector

treatment [8]. Improvements in thermal imaging cameras
have had a major impact, both on image quality and
speed of image capture. Early single element detectors
were dependant on optical mechanical scanning. Image
resolution, spatial and thermal were inversely dependant
on scanning speed. The Bofors and some American
imagers scanned at 1-4 frames per second. AGA cameras
were faster at 16 frames per second, and used interlacing
to smooth the image. Multi element arrays were developed
in the UK and were employed in cameras made by EMI
and Rank. Alignment of the elements was critical, and a
poorly aligned array produced characteristic banding in
the image. The first significant detector for faster high
resolution images was produced by Prof. Elliott, this
subsequently became known as the Sprite detector, re-
presenting Signal Processing In The Element. This
detector was used in the Rank Taylor Hobson High
Resolution system called Talytherm. This camera also
had a high specification Infra red zoom lens, with a macro
attachment. Superb images of sweat pore function, eyes
with contact lenses, and skin pathology were recorded
with this system (figure 5).

From the multi element arrays, came the first focal plane
array detectors, with increasing numbers of pixel/ elements,
yielding high resolution at video frame rates. Un-cooled
bolometer arrays have also been shown to be adequate
for many medical applications. Without the need for
electronic cooling systems these cameras are almost
maintenance free.

Good software with enhancement and analysis is now
expected in thermal imaging. Many commercial systems
use general imaging software, which is primarily de-
signed for industrial users of the technique. A few dedicated
medical software packages have been produced, which

Overview

can even enhance the images from the older cameras.
CTHERM is one such package which is a robust and
almost universally usable programme for medical thermo-
graphy [9]. As standardisation of image capture and
analysis become more widely accepted, the ability to
manage the images, and if necessary transmit them over
an intranet or internet for communication become para-
mount. Future developments will enable the operator of
thermal imaging to use reference images and reference
data as a diagnostic aid. This however depends on the
level of standardisation that can be provided by the
manufacturers, and by the operators themselves in the
performance of their technique [10].

Modern thermal imaging is already digital and quanti-
fiable, and ready for the integration into anticipated
hospital and clinical computer networks.
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Influence of Hyperthermia on Morphology and
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Summary

The aim of this study was to evaluate micro-, macroscopic and functional changes in rat thyroid gland subjected to hyperthermia.
The experiments were performed on forty, 12-week-old male Wistar rats. The thyroid lobes were heated by means of an elec-
tronic heater at a temperature 0f47°C for 45 min. The thyroid was excised 4 weeks after hyperthermia and examined microscop-
ically. Thyroid gland function was evaluated using a radioimmune assay of rat thyreothropin rTSH['*I]. Parathyroid gland
function was assessed by determining calcium serum concentration with a colorimetric method. Vocal cord mobility was
evaluated by micro-laryngoscopy. The course of temperature changes within selected areas of the thyroid and the trachea wall
during hyperthermia was evaluated by means of special micro-thermocouples. Based on microscopic evaluation of the thyroid
gland specimens, the following changes were found: necrosis, new fibrous tissue proliferation, and features of angiogenesis. Af-
ter hyperthermia, there was no functional abnormality of the thyroid, parathyroid glands and laryngeal recurrent nerves.
Breathing was found to play a role in the natural protection of the trachea and recurrent laryngeal nerves. Heat treatment of
localised lesions of the thyroid gland may be of value in the therapy of thyroid tumours.

Key words: function, hyperthermia, morphology, rats thyroid.
Zusammenfassung.

Der Zweck dieser Arbeit ist die Beurteilung der mikro-, makroskopischen und funktionellen Veranderungen der Schilddriise
der Ratte, die einer lokalen Hyperthermie untergezogenen worden war. Die Experimente wurden bei vierzig 12-Wochen alten
Wistar Ratten durchgefiihrt. Die Schilddriiselappen wurden mit einem elektronischen Heizgerat auf eine Temperatur von
47°C, 45 Minuten lang erwarmt. Die 4 Wochen nach dem Experiment wurden die Schilddriise entfernt und mikroskopisch
untersucht. Die Funktionsbeurteilung von der Schilddriise wurde durch die radioimmunologische Bestimmung des Thyreo-
tropin rTSH!'**! der Ratte gestiitzt. Der kalorimetrisch beurteilte Blutkalziumspiegel wurde zur Beurteilung der Neben-
schilddriisenfunktion verwendet. Die Funktion der Plica vocalis wurde mittels eines Mikrolaryngskops beurteilt. Die

Temperaturdnderungen im Zielgebiet der Schilddriise und an der Wand der Luftrohre wurden mit Mikro-Thermoelementen be-
stimmt. In der mikroskopischen Untersuchung zeigten sich folgende Befunde: Nekrose, Proliferation von neuem Bindegewebe-
und Angiogenese. Nach den Hyperthermieexperimenten wurden keine Stérungen der Schilddriise, Nebenschilddriisen und
Nervus laryngeus recurrens festgestellt. Die Atmung bietet einen natiirlichen Schutz der Luftrohre und des Nervus laryngeus
recurrens. Die Moglichkeit lokale Krankheitsherde in der Schilddriise zu iiberwdrmen, empfiehlt die Hyperthermie zur
Therapie von Schilddriisentumoren.

Schliisselwdrter: Funktion, Hyperthermie, Morphologie, Schilddriise der Ratte.
Thermology international 2003; 13: 58-62

Introduction

Thyroid diseases continue to be a serious therapeutic
problem in Poland. Multicenter studies, performed from
1992 to 1993, indicate that iodide deficiency in the ma-
jority of Poland results in the moderate and minor en-
demic goiter [1]. Itisrelated to an increased incidence of
patients referred for surgery for goiter, based on a routine
diagnostic algorithm (clinical examination, ultrasound -
US, fT4, TSH, fine needle aspiration biopsy - FNAB). A
single thyroid tumor is diagnosed in 1-2% of these pa-
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tients [2]. FNAB, commonly applied in thyroid tumour
diagnosis, with ultrasound guidance can differentiate be-
nign and malignant thyroid tumors. There is however, a
considerable risk involved with surgical procedures,
with low probability of mis-diagnosis of malignancy af-
ter repeated FNABS, so it is necessary to search for novel
non-surgical methods for the treatment of patients with
thyroid nodules. Currently, the most common non-inva-
sive treatment of benign, non-toxic thyroid tumors is hor-




mone therapy with tyroxine, and in hyperfunctioning
adenomas thyreostatics and radioactive iodide are ap-
plied. Tetracycline injections are used for thyroid cyst
obliteration [3]. Recently, benign thyroid tumours have
been more frequently treated with the injections of abso-
lute ethanol [4].

Since the early 1970s, there has been increased interest in
the influence of hyperthermia on cells and the clinical ap-
plication of this technique. Currently, hyperthermia is
one of the novel non-invasive methods used for the treat-
ment of benign prostate adenomas and chronic prostatitis
pioneered by Israeli urologists Yerushalmi and Servadio
[5]. Hyperthermia has also been applied as anti-cancer
therapy [6]. It has been shown that the simultaneous use
of pharmacotherapy and hyperthermia increases the ac-
tivity of anti-cancer drugs [7,8]. Furthermore, it has also
been found that the combination of ionizing radiation and
hyperthermia increases therapeutic efficiency by 2 to 6
times [9,10]. According to the Medline database, the ap-
plication of hyperthermia has not been described in the
therapy of focal thyroid lesions in non-toxic and toxic
goiter. There are no reports of histopathological changes
in the thyroid and surrounding tissues, or of hyper-ther-
mal action on thyroid function.

Aim of the study.

e To evaluate the macroscopic and microscopic changes
in rat normal thyroid tissue after hyperthermia.

e Assessment of the influence of hyperthermia on the
function of the rat thyroid, recurrent laryngeal nerves
and parathyroid glands.

e The evaluation of temperature distribution within par-
ticular areas of the thyroid at the time of hyperthermia

Methods

The experiments were performed on forty 12-week-old
male Wistar rats (mean body weight 155112 g) at the De-
partment of Experimental Surgery of the Clinic of Endo-
crinological and General Surgery, Medical Uni- versity
of Lodz. The project was accepted by the Local Ethics
Committee and the permanent licence to run experiments
on animals was granted. The rats were allocated to 4
groups of 10. In group I (control group), the thyroid was
subjected to neither hyperthermia nor surgery. In group
11, one thyroid lobe was heated, and the second one was
not subjected to hyperthermia. In group III, one thyroid
lobe was heated, and the other was excised. In the rats in
group 1V, both thyroid lobes were subjected to hyper-
thermia.

Hyperthermia Procedures

An electronic heater with sterile, needle type electrodes
was used for intraoperative thyroid hyperthermia. The
heating equipment was constructed in the Department of
Laser Diagnostics and Therapy,at the Technical Uni-
versity of Lodz. The method of direct heating of tissues
with needle electrodes was used to prepare the heating
equipment. The temperature value of the needle electrodes
shown on the LED-indicator is reached in circa 2 minutes
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after indication is stabilized. The sensitivity of the ther-
mometer is <0.3°C.

The animals were operated on under general anesthesia,
with ketamine given intramuscularly in a dose of 30
mg/kg body weight. During the operation the thyroid
gland was dissected to obtain access to the anterior sur-
face of the thyroid . The tissues adjacent to the gland
medially and laterally were not separated. The mean
sizes of the thyroid lobes were 5.1 x 4.3 x 7.3 mm.

After surgical preparation of thyroid lobes, an hyper-
thermia procedure was performed. In group II and III,
one lobe, and in group IV, both lobes were heated with the
electrodes inserted in the upper part of the lobe. The lobe
was heated at the temperature of 47°C for 45 minutes. In
group III the other lobe was additionally excised. The
second operation was conducted after four weeks. The
thyroid was removed along with the subhyoid muscles
and a part of trachea adjacent to the thyroid. The speci-
mens were immediately fixed with 10% formalin solu-
tion and then stained with haematoxylin and eosin for
later microscopic study at the Department of Histopatho-

logy.
Evaluation Of Temperature Distribution

The temperature measurements in selected places of the
thyroid and on the trachea wall required special micro-
thermocouples with very low inertia and high accuracy.
The thermocouples had been subjected to individual
static calibration in the temperature range of —30 C° to
50°C with the accuracy of 0.1°C before the measure-
ments were recorded. The heating electrode was placed
in the upper part of the thyroid lobe, approximately paral-
lel to the long axis of the trachea. The distance between
the electrode and trachea wall was 2 mm. One of the
thermocouples was placed between the thyroid lobe
heated and the trachea wall. The other thermocouple was
located inside the thyroid gland at the distance of 4.5 mm
from the heating electrode. The output signal from the
two transducers was measured simultaneously with
HP34401A (Hewlett Packard) multimeters connected
via an IEEE488 interface with an IBM computer. This
was used to control the measurement procedure and al-
lowed for programmed changes in the measurement pa-
rameters, i.e. in the number of samples (which cor-
responded to a change in the measurement duration) and
sampling frequency. In the development of the measure-
ment program, a Hewlett Packard graphic GUI interface
(VEE 5.1 program) was applied. The measurement re-
sults were processed on-line providing immediate on-
screen temperature data as a function of time.

Evaluation Of Vocal Cord Mobility.

The mobility of the vocal cords was evaluated before the
heating procedure, immediately after the first surgery
and 4 weeks later, just before the second surgery, with a
microlaryngoscope PROMIS-LINE (AESCULAP and
visual transmitter 3 CCD-CAMERA, LIGHT SOURCE
300; AESCULAP). The visual transmitter was inserted
into the rat throat and the entrance of the larynx was ex-
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posed with an appropriate metal spatula. Vocal cord
movements were therefore visualized on a monitor screen.

Evaluation Of Thyroid Function

Serum thyrotropin (TSH) concentrations were deter-
mined by means of a rat thyrotropin (rTSH) ['*°I] assay
system (Radioimmunoassay, Biotrak, Amersham Phar-
macia Biotech) to evaluate thyroid function. They were
measured twice - before heating (baseline concentration)
and 4 weeks (follow-up concentration) after it. Blood
samples of 0.5 ml were taken from the tail vein and
centrifuged at 2000 rpm for 3 min to obtain serum. The
serum was stored at —20°C until thyrotropin assay was
performed. Statistical analysis was undertaken using the
Student’s t test for paired data. Statistical significance
was assigned for p < 0.05

Serum Calcium Concentration

The venous blood serum concentration of calcium was
determined prior to hyperthermia, five days and two
weeks later to evaluate the function of the parathyroid
gland . Calcium serum concentration was determined
with a colorimetric method using the KOBAS INTEGRA
colorimeter (ROSCH) in a serum sample of 0.2 ml (nor-
mal range: 4.5 — 5.5 mEq/l).

Results

Macroscopic Evaluation

Intraoperative macroscopic evaluation during the re-opera-
tion revealed the following abnormalities found in the
heated lobe:

1 - scar tissue (27 cases)

2 - lobe size decrease of about 60% (27 cases —mean lobe
sizes after heating were 2.5 mm x 2 mm x 3.5 mm)

3 - atrophy of the heated lobe (3 cases)

Macroscopic changes were found in all thyroid lobes
subjected to hyperthermia. No macroscopic changes were
observed in the unheated thyroid lobes or in the struc-
tures adjacent to the thyroid.

Microscopic Evaluation

In the remaining heated thyroid tissues the following ab-
normalities were found:

1 - thyroid follicular atrophy accompanied by prolifera-
tion of new fibrous tissue (27 cases)

2 - plano-cellular degeneration in the thyroid follicular
epithelium (10 cases)

3 - cylindrical degeneration of the thyroid follicular epi-
thelium (11 cases)

4 — changes in size, shape, and maturation of the thyroid
follicles (25 cases)

5 - focal necrosis (26 cases)
6 - haemosiderin deposits (27 cases)

7 - infiltration by lymphocytes (26 cases) and eosinophils
(10 cases)
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8 — areas of angiogenesis (20 cases)

No thyroid tissue was found in 3 cases in which atrophy
of the heated lobe was observed macroscopically.

There were no microscopic abnormalities in the non-
heated thyroid lobes or in the parathyroid glands located
within the lobes or adjacent to the thyroid capsule. Also
there was no microscopic evidence of damage to the
other structures adjacent to the thyroid.

Temperature Measurements

The results of temperature changes versus time in se-
lected areas of the thyroid are presented in Figure 1.
These diagrams illustrate temperature differences be-
tween heated and non-heated areas. The temperature of
the heating electrode rose continuously, but with a vari-
able effect at the initial phase of the heating procedure.
The fact that the temperature at the tracheal surface is
1°C cooler than the surroundings is an important findng
in the initial phase. This results from equilibrated thermal
exchange at this point affected by breathing, temperature
of the surrounding tissues, blood flow and the tempera-
ture of environment. The temperature of the thyroid tis-
sue was approximately 45°C at distance of 4.5 mm from
the heat source after 20 minutes, whereas the temperature
of the tracheal surface reached a peak value of 38.7°C
after 20 minutes.

The last part of the graph presented in Figure 1 illustrates
the cooling of the thyroid and the adjacent structures. The
temperature changes inside the thyroid and at the tracheal
wall are the compound effects of thermal exchange be-
tween the respiratory tract and blood vessels, environ-
ment, surrounding tissues and the electrode, (which also
has a defined thermal capacity).

Evaluation Of Vocal Cord Mobility

No abnormalities in vocal cord mobility were found after
hyperthermia in the animals studied. Vocal cord mobility
was preserved before and after the heating procedure.
Rhythmical, symmetrical and full movements of both
vocal cords were observed.

rTSH "1 sgsay

The statistical significance was determined between the
mean TSH value in group I and in group Il and IV also
between the mean TSH value in group II and in group
I and IV, respectively.

Serum Calcium Concentration

Serum calcium concentrations determined 5 days after
heating procedures were within a normal range in 38 rats
(4.5 4.9 mEq/l), and were moderately decreased in 2
rats (4.0 and 4.2 mEq/l). Two weeks after hypothermia
blood serum calcium concentrations were normal in all
animals studied (4.5 — 4.8 mEq/l).

Discussion

The influence of hyperthermia on neutral or hyperactiva-
ting thyroid tumours, or benign and malignant thyroid
neoplasms has not been studied iz vivo. The existing re-




ports refer to the influence of hyperthermia on thyroid
cancer cells in vitro. These experiments revealed that
thyroid cancer cells heated at the temperature of 44° C
for 20 minutes and subsequently incubated at 37°C for
18 hours displayed a significantly increased tendency to
spontaneous lysis in response to allogenic T lympho-
cytes [11]. Another study described the influence of tem-
perature 42.5°C within a 90-minute period in vitro on
isolated thyroid cancer and normal thyroid cells. Hyper-
thermia inhibited proliferation and increased protein ex-
pression (hsp 72, thyroglobulin, CD 54, HLA DR) [12]

Our in vitro studies on the hyperthermic influence on via-
bility of thyroid follicles isolated from toxic and non-
toxic tumours has shown a correlation between follicle

Figure. 1
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viability and the applied heat [13]. The range of critical
temperatures for viability of thyroid follicles heated for
45 minutes was between 44°C and 45°C [13]. The values
of the thyroid and trachea temperature measured in that
study clearly show the influence of respiration and micro-
circulation on the processes of the thermal exchange in
the thyroid gland, and on adjacent structures during
hyperthermia procedures. Respiration and microcircula-
tion is thus a natural protection of the trachea and recur-
rent laryngeal nerves against the excessive increase of
temperature during hyperthermia.

Our own studies and those by other authors have de-
monstrated that hyperthermia of tissues surrounded by a

Temperature versus time in the thyroid gland at the distance of 4.5 mm away from heating electrode (continuous line) and between
the heated lobe and the external surface of trachea (intermittent line)
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Table 1.
The TSH serum levels, all values expressed in ng/ml
GROUP I II 111 v
1 4.60 4.04 51.08 14.03
2 3.09 5.34 13.22 32.34
3 6.02 4.65 15.41 16.08
4 2.17 5.32 19.23 19.23
5 5.83 5.71 15.94 20.98
6 6.51 4.95 32.05 21.34
7 6.21 6.10 48.21 25.18
8 5.52 4.80 13.28 27.28
9 4.70 5.20 10.15 18.14
10 2.50 2.80 16.20 35.11
MEDIAN 4.72 4.89 23.48 * 23.98 *
STANDARD +/-1.60 +/-0.930 +/-15.01 +/- 6.86
DEVIATION

* statistical significance level p > 0.05
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capsule may be of limited value. It is, therefore, anti-
cipated that hyperthermia of thyroid encapsulated focal
lesions will not cause hypothyroidism because the
healthy thyroid tissue is preserved. The tests performed
in our study 4 weeks after hyperthermia have confirmed
that heating of one thyroid lobe did not affect the normal
function of the thyroid. The mean TSH serum level in
groups III (one lobe was heated and the other one ex-
cised) and IV (both lobes were heated) significantly ex-
ceeded those in groups I (control group) and II (one lobe
was heated), which proves that hyperthermia of both thy-
roid lobes (group 1V) is as efficient as hyperthermia of
one lobe and the excision of the other (group III). The
lack of difference between group I (control group) and
group II (hyperthermia of one lobe) indicates that a single
lobe is able to maintain normal thyroid function and, in-
directly, it proves that hyperthermia of one lobe does not
affect the function of the other.

Based on the results of this study, we can conclude that
the microscopic changes in the heated rat thyroid lobes
were similar to those observed in the prostate after hyper-
thermia [14]. Degeneration (focal necrosis) and pro-
liferation (fibrous tissue) could be observed in the heated
thyroid lobes 4 weeks after hyperthermia. We did not ob-
serve for macroscopic or microscopic evidence of dam-
age to the structures adjacent to the thyroid gland. The
results confirmed that controlled hyperthermia does not
disturb the function of the parathyroid glands and laryn-
geal recurrent nerves. The morphological and functional
changes observed indicate that it is possible to use hyper-
thermia for the therapy of non-toxic and toxic thyroid tu-
mours. Hyperthermia, as a simple and safe treatment
method, could be used in patients with contra- indica-
tions to surgery due to circulatory or respiratory diseases.
Due to a suppression thyroid function by hyper- thermia,
itmight be suitable for treatment in pregnant women with
thyroid toxic nodules.

Hyperthermia equipment for the application of electro-
magnetic energy is currently under construction. If the
topography of localised thyroid abnormalities is pre-
cisely identified (Ultrasound, scintigraphy), the hyper-
thermia procedure may be performed with electromag-
netic energy directed by a gamma camera to a defined
site of the gland. It should be emphasized that hyper-
thermia procedures do not require additional anesthesia
and surgical conditions. Hyperthermia treatment is not
associated with blood volume loss or probability of
shock and may be repeatedly used. The wound heals
without complica- tions, and the cosmetic and functional
effect is an essential advantage of this method. Hyper-
thermia may be recommended as a simple, non-expen-
sive and safe method for treatment of the thyroid gland.

Conclusions

Hyperthermia of rat normal thyroid tissue leads to degen-
erative changes, including necrosis.

After thyroid hyperthermia no morphological changes in
the parathyroid glands,in the recurrent laryngeal nerves
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or tissues adjacent to the thyroid or abnormalities in
function of these structures were found

Controlled hyperthermia of the thyroid does not influ-
ence thyroid function.

Breathing protects the trachea and recurrent laryngeal
nerves against an excessive temperature rise during hyper-
thermia.

These results indicate that hyperthermia might be used
for the treatment of thyroid lesions in humans.

References

1.Szybifiski Z, Zarecki A. Prevalence of goitre, iodine defi-
ciency and iodine prophylactics in Poland. The results of a na-
tion wide study. Endocrinol. Pol. 1993; 4: 234 —240.
2.Pomorski,L, Rybifiski K, Narébski J, Stro;yk G. . Neoplas-
ma folliculare as a diagnostic and surgical problem. Pol. Prz.
Chir. 1995; 67:(8): 786 —791

3.Ryan WG, Schwartz TB, Harris J. Sclerosis of thyroid cyst
with tetracycline. N. Engl. J. Med. 1982; 308: 157-161.

4 Bartos M, Kuzdak K, Kukulski K, Narébski J, Pomorski L,
The treatment of solitary toxic thyroid nodules with the use of per-
cutaneous ethanol injections. Wiad. Lek L 2000 3(1-2):22-27.

5.Yerushalmi A, Servadio C, Leib Z.. . Local hyperthermia for
treatment of the prostate: A preliminary report. Prostate.1982 ;
6,623 —630.

6.Field SB. . Hyperthermia in treatment of cancer. Phys. Med.
Biol. 1987; 32, 789-811.

7.Bates DA, Mackillop WIJ, . The effect of hyperthermia in
combination with melphalan on drug sensitive and drug-resis-
tant CHO cells in vitro. Br. J. Cancer, 1990; 62: 183-188.

8.Greco C, Cavaliere S, Giovanella,C. Natalli RC, Zupi G. .
Effect of sequential application of hyperthermia and chemo-
therapy on the survival of thermoresistant human melanoma
cell line. Cancer Biochem. Biophys. 1987; 9: 223-232.

9.Kim, J.H., Hahn, E.W., Clinical and biological studies of lo-
calized hyperthermia. Cancer Res. 1979; 39: 2258-2261.

10.Hornback ND. Hyperthermia and Cancer: Human clinical
trial experience, CRC Press Inc. 1984.; Boca Raton Florida vol. 1.

11.Fujieda S, Noda I, Saito H, Hoshino,T, Yagita M. Heat
shock enhances the susceptibility of tumour cells to lysis by
lymphokine-activated killer cells. Arch.Otolaryngol. Head-
Neck Surg., 199539, 265 — 271.

12.Trieb K, Sztenkey A, Amberger A, Lechner H, Grubeck-
Loebenstein B., Hyperthermia inhibits proliferation and sti-
mulates the expression of differentiation markers in cultured
thyroid carcinoma cells. Cancer Lett. 1994; 31: 239-247.

13.Amsolik M, Kuzdak K,.Koter M. The effect of hyperther-
mia on the viability of thyroid follicles. Curr. Top. in  Bi-
ophys. 1998; 22 (Suppl. B); 7 -10.

14 Kazofi, M. Benign hypertrophy of prostate. Terapia.
19959; 12 - 23.

Address for correspondence:

Maciej Amsolik , M. D., Ph.D.

Clinic of Endocrinological and General Surgery
Medical University of Lodz, Copernicus Hospital, Lodz,
ul. Pabianicka 62, 93-513 Lodz, Poland

Tel/fax + 48 42 689 51 71 / +48 42 689 50 11

(Manuscript received on 03.12.2002, accepted on 10.03.2003)




Citations

Please cite this paper as
Kuzdak K, Amsolik M, Jézwik K, Koter M, Niedzwiecki S. Influence of hyperthermia on morphology
and function of the thyroid gland in an experimental animal model. Thermology International 2003
13(2) 58-62

This paper was cited by

1. Ammer K. Thermology 2003 - A computer-assisted literature survey with a focus on non medical
applications of thermal imaging. Thermology International 2004; 14 (1) 5-36



Abstracts

9th European Congress of Thermology, Krakow,

Poland, May 29 to June 1, 2003: Abstracts

Comparison of Infrared Thermography and scanning
laser Doppler flowmetry for assessment of the digital cir-
culation in patients with Raynaud’s phenomenon

Al-Awami M, Maca Th, Bartok A, Gschwandtner ME, Minar E

Department of Medical Angiology, University of Vienna, Austria.

Objective: In primary and secondary Raynaud’sphenomenon
(RP), measurement of activity or severity, or both, of the digi-
tal vascular disease a major challenge. None of the various
physiological measurement techniques used in the assessment
of patients with primary or secondary Raynaud’sare ideal. In-
frared thermography and Laser Doppler blood flow monitor-
ing are non-contact, non-invasive techniques mostly used in
the measurement of cutaneous microcirculatory flow to assess
the response to treatment. The objective of this study was to
compare both of these techniques in respect to the severity and
activity of RP.

Patients and Methods: Patients suffering from primary or sec-
ondary RP were enrolled in this study. The number of daily at-
tacks of RP and its severity as measured by visual analogue
scale on which 0 represented no attacksand 10 the most severe
attack ever experienced, were assessed during 8 weeks. In a
temperature and humidity controlled laboratory, a dynamic
testing of the digital microcirculation in response to a standard
warm cold challenge test by mean of infrared thermography
and laser Doppler perfusion imaging was simultaneously per-
formed in tow occasions at the following intervals: a) basal
measurement after being adapted to room temperature for 20
minutes, b) immediately after 1 minute warm challenge (im-
mersion of gloved hands in water at 39°C) , and c¢) measure-
ments immediately after 1 minute cold challenge (immersion
of gloved hands in water at 20°C), d) tow measurements and
20 minutes later.

Results: Results of the just started study will be given during
the congress.

Thermographic assessment of low Ievel laser therapy for
treatment of Raynaud‘s phenomenon.

Al-Awami M, Schillinger M, Maca Th, Herberg K, Pollanz S,
Minar E

Department of Medical Angiology, University of Vienna, Austria.

Objective—We recently performed a pilot study which sug-
gested that clinical and thermographic improvements occurred
in patients with primary and secondary Raynaud‘s phenome-
non (RP) following treatment with low level laser. In view of
these findings, we have proceeded with a double blind, pla-
cebo-controlled study.

Methods—Forty-seven patients suffering from primary or sec-
ondary Raynauds phenomenon were randomly assigned in a
double-blind manner to receive either 10 sessions of low level
laser (LLL) distant irradiation (16 f, m, median age 45 years)
or placebo irradiation (21 f, 2 m, median age 46 years) during
winter months. Subjective symptom scores, such as daily fre-

quency and severity of attacks as measured by a coloured visual
analogue scale (VAS) with 0 representing minimum and 10 rep-
resenting maximum were assessed. Response to cold challenge
test before and after LLL or placebo treatment was assessed by
infrared thermography. Results- A significant reduction of the
frequency as well as the severity of RP in patients with either
LLL (frequency p<0.0001, severity p<0.000 1) or placebo treat-
ment (frequency p<0.000 1, severity p=0.02) was found. but pa-
tients in the LLL group exhibited a statistically more significant
improvement at 6 weeks and 3 months of the frequency (p=0.007,
p=0.02) and the severity (p=0.02, p=0.04) of RP. Thermographic
response to cold challenge improved only in patients treated with
LLL but not in those treated with placebo.

Conclusion: LLL treatment significantly lowers the frequency
and severity of Raynaud‘s attacks in patients with primary and
secondary RP- Since this therapeutic modality is a safe, and
non-invasive treatment, it might be considered as an alterna-
tive to existing therapeutic regimes.

Unusual manifestation of Raynaud’s phenomenon

Al-Awami, Maca Th, Gschwandtner ME, Maric S, Minar E

Department of Medical Angiology, University of Vienna, Austria.

Introduction: Raynaud’s phenomenon is a common clinical
disorder consisting of recurrent, long-lasting, and episodic
vasospasm of the fingers and toes often associated with expo-
sure to cold. The classical progression consists of triphasic col-
our changes: well-demarcated pallor of the digits leading to
cyanosis, pain, and numbness, and followed by a red flush
upon rewarming. However, typical episodes involve pallor
followed by rubor, with cyanosis present only in severe dis-
ease. Other sites, including the tongue, nose, ears, and nipples,
can also be affected.

Case report: Here we report a patient with unremarkable past
medical and surgical history who presented with 10 years his-
tory of cold sensitive scrotum with typical Raynaud’s pheno-
menon. Through medical and urological exam including
Valsalva manoeuvre and colour Duplex scan revealed no
pathological finding such as varicocele. Laboratory examina-
tions including auto-antibodies and capillary microscopy were
normal. The diagnosis of RP is a clinical one. We could repeat-
edly objectify it by infrared thermography. To our knowledge
this seems to be the first case of such manifestation of RP ever
reported

Subject preparation and thermal acclimatization prior to
mild cold challenge testing using dynamic thermal imaging

Allen J', Young AL’, Griffiths B, KumarN’, Murray A'.

Freeman Hospital Regional Medical Physics Depaﬂment1 and Department
of Rheumatologyz’ Newcastle University Department of Physics3.
Newcastle upon Tyne. UK.

The mild cold challenge test is frequently used to assess the
hands of patients with Raynaud’s phenomonen. Great empha-
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sis is placed on the degree of mild cold challenge, temperature
measurement technique, follow-up period, and subsequent
analysis. However, protocols involving subject preparation,
the key starting point to the measurement process, are also
very important. Subjects need to achieve cardiovascular and
thermal acclimatization prior to the cold challenge. Typically,
20 minutes is often used for microvascular measurements, ir-
respective of external ambient temperatures, dress, or subject
preparation. The aims of this study were to a) investigate an
appropriate pre-test subject preparation protocol for mild cold
challenge testing, and to b) assess an appropriate time for ther-
mal acclimatization in normal healthy subjects.

The pre-test preparation protocol was compiled from informa-
tion obtained from five European microvascular measurement
centres who undertake mild cold challenge testing of the
hands. The protocol asked subjects to follow guidance on diet
and medication, dress, relaxation, and hand preparation within
specified times prior to their study. Initially, subjects com-
pleted a health questionnaire to exclude cardiovascular dis-
ease, persistently cold hands or Raynaud’s phenomenon. The
minimum time for thermal acclimatization was then estimated
from hand temperature measurements from 16 normal sub-
jects (8 male and 8 female) of age 3312 years (mean | [stan-
dard deviation). All subjects gave their written informed con-
sent. Each subject followed the pre-test preparation protocol
before sitting in a cool temperature-controlled room for 20
minutes (local study temperature 17”1 °C). This was suffi-
cient to result in peripheral vasoconstriction but without in-
ducing shivering or significant discomfort. Each subject then
sat quietly in a medical infrared imaging facility (ambient tem-
perature 24 ]1 °C) for 40 minutes whilst their hand skin tem-
peratures were measured at 1 minute intervals (FLIR SC300
thermal imaging system). The operator and subject were blinded
from the measurements during this follow-up. The tempera-
ture data were processed using dedicated FLIR ThermaCam
Researcher image processing software, with skin emissivity
assumed to be 0.97. Each sequence of images was studied
twice and averaged to give an estimate of the time taken for the
hands to reach a plateau with warm and evenly distributed
temperatures.

The median (2.5-97.5 percentile) time for the 13 subjects (6
male and 7 female) whose hands re-warmed within the fol-
low-up period was 14 (9-31) minutes. The recovery generally
showed bilateral similarity between the right and left hands
and there was no significant difference between males and fe-
males (Mann-Whitney test). When all subjects were consid-
ered, including the 3 that did not adequately re-warm, the
median time increased to 18 minutes, with no significant dif-
ference between the sexes. Four of the 16 normal subjects
(25%) had not recovered within 30 minutes.

The pre-test protocol was acceptable for the subjects. We have
shown that 30 minutes is not always long enough for acclima-
tization, even in normal subjects. These preliminary findings
have implications for cold challenge testing of the hands using
dynamic thermal imaging.

Thermal Features Of Hot Packs
Ammer K, Melnizky P

Ludwig Boltzmann Research Institute for Physical Diagnostics, Vienna,
Austria

The temperature course of two self-heating and three passively
heated packs was measured by infrared thermal imaging. Mea-
surements were performed at a room temperature of 24°C. The
packs were put on the ground with a woollen blanket under-
neath to prevent heat loss by conduction.
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The size of the packs, the maximum temperature and duration
ofheat dissipated from them was variable. The highest temper-
ature values were observed in self-heating packs. One self-
heating pack reached a maximum temperature of 55°C, but de-
creased in mean temperature by 12 degrees within 20 minutes.
The other self-heating pack reached a maximum temperature
of 40 degrees, but stayed at a mean temperature of 33.5°C for
at least three hours. With parafango hot packs the temperature
fell from 43 °C to 33°C within 20 minutes. Mud packs pre-
sented with a similar cooling course. A newly designed re-us-
able pack showed different peak temperatures depending on
the temperature of the storage case. When stored at tempera-
tures of 55 or 70 degrees the peak mean temperature was 38
and 43 degrees respectively. Independently from the starting
value, the mean temperature of this pack decreased by 10 de-
grees within 20 minutes.

The different materials used for therapeutic hot packs affect
the course of temperature change and may therefore have dif-
ferent heating effects on the skin during heat treatment.

An Introduction Into Thermal Physiology
Ammer K.

Ludwig Boltzmann Research Institute for Physical Diagnostics, Vienna,
Austria

Thermal physiology describes all body functions related to
thermal energy given to or removed from a living body. The
most important physiological system in this context is temper-
ature regulation, which keeps the temperature of the inside of
the body on a constant level. This is achieved by changing the
temperature in the outside of the body varying the superficial
blood flow and heat production or activation of additional
cooling mechanisms such as evaporation of sweat on the skin
surface. The human body uses sympathetic nerve fibres for in-
formation spread related to temperature regulation. However,
temperature regulation is only one function of the autonomic
nerve system. Its main function is the non-voluntary control of
smooth muscle fibres.

Strong interactions exist between temperature regulation and
the cardiovascular system, also with fluid and energy control
Heat generated by contraction of striated muscle fibres is the
most important internal heat source of the body. Understand-
ing the mechanisms of heat exchange of the body with the en-
vironment is essential for correct interpretation of temperature
patterns on the body’s surface. Any disturbance of the heat bal-
ance of the body is followed by temperature regulation, which
keeps the deep body temperature close to the set point. Ex-
hausting the regulation capacity of the system leads to a new
set-point i. e. either increase (hyperthermia) or decrease (hy-
pothermia) of the core temperature. The mean skin tempera-
ture and the core temperature jointly determine the regulation
process. Skin temperature is the result of the heat storage of the
body and the thermal environment. The law of physics for heat
transfer provides the means of predicting the mean skin tem-
perature under defined conditions.

Various mechanisms unrelated to temperature regulation may
affect the diameter of superficial skin vessels, resulting in dif-
ferent levels of skin temperature. Temperatures on the surface
can only be correctly interpreted if the condition of the thermal
environment is known. It is not true to assume that the surface
temperature is synonymous with perfusion or that blood flow
is exactly the same as surface temperature. However, very spe-
cific responses of vessel control do occur in certain thermal
conditions.

Temperature regulation under working conditions is of practi-

cal importance to man, especially for research into safety pro-
cedures in extreme temperature conditions. The balance be-




tween protection against either heat or cold and gross endoge-
nous heat production can be a very difficult challenge. In such
a situation interactions of temperature regulation with the car-
diovascular system and fluid balance become significant.

Many physiological functions are related with the thermal
phenomenon, but not all are the result of temperature regula-
tion. Basic knowledge of thermal physiology is necessary for
the correct interpretation of human body temperature mea-
surements.

Skin Temperature After Intake Of Sparkling Wine, Still
Wine And Sparkling Water

Ammer K,.Melnizky P, Rathkolb O.

Ludwig Boltzmann Research Institute for Physical Diagnostics, Vienna,
Austria

An increase in skin temperature after intake of 8ml alcohol has
recently been reported. It is generally believed that fast intake
of sparkling wine is associated with facial flush. We investi-
gated the effects of drinking sparkling wine and whether this
can lead to higher skin temperature compared to drinking a
glass of non-sparkling wine or sparkling water.

8 women and 4 men were included in the study. All subjects ac-
climatised with bare arms and legs in a room temperature of
24°C. After acclimatisation thermal images of the face, both
hands (dorsal view) and both knees (anterior view) were taken.
Thereafter a bolus of either 70 ml sparkling wine (11,5% alco-
hol) or 70ml still wine (11,5% alcohol) or 70ml sparkling wa-
ter was given. Another series of images was performed 15
minutes later. Mean temperatures of face, hands and knees
were determined and statistically analysed.

An increase of skin temperature in all investigated body re-
gions was observed after alcohol intake. No significant differ-
ence in temperature elevation was found between sparkling
wine and wine without gas. An increase of skin temperature
was not detected after drinking sparkling water.

The increase of skin temperature after alcohol intake was con-
firmed. However, the presence of CO, in sparkling wine seems
to have no additional influence on skin temperature.

Standard Positions
For Imaging The Human Body With Infrared

Ammer K
Ludwig Boltzmann Research Institute for Physical Diagnostics, Vienna,
Austria

A protocol for capturing a series of infrared images that cover
the whole human body was developed at the Thermal Physiol-
ogy Laboratory, School of Computing, and University of

Table 1 Variations in positions
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Glamorgan in UK. A total of 24 views were specified includ-
ing 3 views of the whole body.

The consistency of positioning of the standard views “Face”,
“Dorsal Neck”, “Upper Back”, “Anterior Left Arm”, “Dorsal
Hands”, “Both Knees Anterior” “Lateral Right Leg” and
“Plantar Feet” was evaluated. The distance, measured in pix-
els, from the upper, lower or side edge of the image to anatomi-
cal landmarks was used for evaluation. The cross section
analysis tool of CTHERM software was used for the determi-
nation of distances.

The highest variation in positioning was found in the hands
and feet. The face varied in a very narrow range. Table 1 shows
the variations in positioning of all the investigated views.

The repeatability of standard views varied according to the
body regions investigated. Individual dimensions of these
body regions contribute to the variation of positioning. In the
case of dorsal hands the distance between both little fingers
may be longer than the distance from the wrist to the tip of the
middle finger. Such a condition prevents the precise position-
ing in a defined manner. Similar conditions may occur in the
views Upper Back, and Anterior Knees. According to the re-
sults of this investigation the rules for positioning and image
capture of dorsal hands, upper back and anterior knees have
been modified.

Infrared-Thermography
of the Upper Extremities of Breast Cancer Patients

Bartok A, Maca Th,Berger A, Al-Awami, M, Herberg K,
Minar E.

Department of Medical Angiology, University of Vienna, Austria.

Background: Infrared-thermography (IRT) has been widely
used as a screening method for breast cancer, which did not
succeed in reaching the best sensitivity. IRT might be helpful
in detecting first hints for secondary arm lymphedema.

Patients and methods: We tested 12 women (mean age 56,4
years) with breast cancer the day before, 1 week and 6 months
after axillary lymphadenectomy of the upper extremities by
IRT.

Results: We observed a clear trend towards a higher tempera-
ture on the affected upper arm (treated vs. untreated arm: 32,4
vs.31,7°C) and in the axilla (treated vs. untreated arm: 32,4 vs.
33,7°C) compared to the opposite side at baseline. This differ-
ence proved to be markedly diminished on the forearm (treated
vs. untreated arm: 31,9 vs. 31,3°C). One week past operation,
we could detect a generalised temperature rise on both upper-
(treated vs. untreated arm: 34,3 vs. 33,6°C) and forearms
(treated vs. untreated arm: 33,4 vs. 33,1°C) and in the axilla
(treated vs. untreated arm: 35,9 vs. 35,2°C), followed by a drop

View Upper edge (pixel) Lower edge (pixel) Left side edge (pixel)
mean = SD (95% CI) mean + SD (95% CI) mean = SD (95% CI)
Face 0.5+5.3(-2.2.to 1.9) 4.0+10.9 (-.03 to 8.2)
Dorsal Neck -8.4+36.4 (-18.3t0 1.6) 122.6 + 146.6 (82.6 to 162.6)
Upper Back 4.5+9.9 (0.8 t0 8.2) 28.1+ 22.0(19.9t0 36.4)
Anterior Left Arm 22.4+ 33.0 (8.7 t0 36.0) 15.8+£15.4(9.5t022.2) 12.5+16.0 (5.9 t0 19.1)
Dorsal Hands 41.8+17.8 (35.5t048.2) 33.2+223(25.3t041.5)
Both Knees Anterior 80.7+47.3 (60.7 to 100.7) 84.3 +£37.0 (68.6 t0 99.9)
Lateral Right Leg 16.7 +21.0 (5.9 to 27.5) 17.2+15.8 (9.0 to 25.3)
Plantar Feet 31.0+£24.1(23.2 to 38.7) 25.7+23.1(18.3t0 33.1)
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of temperature on the upperarm (treated vs. untreated arm:
32,8 vs. 32,7°C), on the forearm (treated vs. untreated arm:
31,9 vs. 31,8°C) and in the axilla (treated vs. untreated arm:
34,6 vs. 34,3°C) after 6 months. These primary results did not
reach statistical significance, probably due to the small num-
ber of patients. But arms without lymphoedema (30,6°C) pre-
sented with significantly less mean temperature than arms
with moderate (31,2°C) or high-grade lymphedema (32,9°C).
Conclusions: IRT might be a useful tool for early detection of
candidates for secondary arm lymphoedema.

Results of thermographic assessment of periodontal
tissues in children suffering from decompensated IDDM
versus the time of the disease

D.Burchardt

Department of Paediatric Dentistry,Institute of Dentistry, K.Marcinkowski ,
University of Medical Sciences, Poznaii, Poland

An important aspect of the health care of the patients in develop-
mental age suffering from Insulin Dependent Diabetes Mellitus
(IDDM) is the prevention of early and late complications
through the control of metabolic compensation. Changes of
microangiopathic and macroangipathic character are most of-
ten a consequence of a long time hyper- glykemia. However, a
relation between the time of the disease and the occurrence of
angiopathies is still a subject of discussion.

The aim of the study was assessment of the response of
periodontal blood vessels to a cooling stimulus in patients in
developmental age suffering from decompensated IDDM.

The subjects of the study were 32 boys and girls aged 10-19
(mean age 16.0) suffering from IDDM. The subjects were allo-
cated into two groups those suffering for 4-9 years (73.8%)
and those whose disease lasted for 10-14 years (26.2%). High
values of HbA1 (mean 11.2%) indicated metabolic decom-
pensation. The oral cavity hygiene status was assessed accord-
ing to the PI-I index according to Silness & Lde, while the
periodontal tissue status was described with GI according to
Silness & Loe. In the thermographic assessment we analysed
the mean weighted values of temperature measured before the
stimulus (T0) and 1 minute (T1), 2 minutes (T2), 3 minutes
(T3) and 4 minutes (T4) after the stimulus.

In the group with shorter lasting disease the values of P1-I var-
ied from 0.0 to 3.1(median 0.7), while in the group with longer
lasting disease these values varied from 0.1 to 2.2 (median
0.6). According to the results of non-parameteric Mann- Whit-
ney test, no statistically significant differences were noted
(p>0.05). The hygiene status was satisfactory and comparable
in both groups. No changes in periodontal tissues were found
in 2.2% of the children suffering for 4-9 years and in 6.3% of
those treated for 10-14 years. In the whole group studied the
mild gingivitis was observed in 77.8% of the children with
shorter lasting disease and in 62.5% of the children with longer
lasting diseases (over 10 years). Medium stage peri- odontitis
occurred in 17.8% of the children with shorter lasting disease
and in 31.2% of those with longer lasting disease. The acute
stage of periodontitis was noted only in 2.2% patients with
shorter history of treatment. The results obtained were ana-
lysed by the nonparameteric Mann-Whitney test which did not
reveal statistically significant changes between the groups
(p>0,05). The mean weighted temperatures in the group of the
children with longer lasting disease were: T0=33.6°C, T1=27.0°C,
T2=29.0°C, T3=30.1°C, T4=31.2°C, while in the group with
longer lasting disease: T0=32.8°C, T1=26.4°C, T2=27.2°C,
T3=27.9°C, T4=28.8°C.

The results obtained indicate that the method of thermography

can be an important supplement of clinical diagnostic methods
used to assess the periodontal status in IDDM sufferers.
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Digital Infrared Thermographic Imaging of
Osteoporotic Compression Fracture in Elderly Patients

Cho YE. KimYS

Yongdong Severance Hospital, Yonsel University College of Medicine;
Seoul, Korea

Digital Imaging Thermographic Imaging is a diagnostic tool
of painful conditions in neuromuscular skeletal disease. It
shows high sensitivity in pain detection and correlation with
the clinical condition pre- and postoperatively.

We applied digital infrared thermal imaging (DITT) for osteo-
porotic compression fracture in elderly patients having multi-
ple compression fractures to evaluate the efficacy of DITI to
differentiate between a new lesion and old compression and to
correlate DITI with postoperative clinical result. Clinically it
is difficult to differentiate the symptomatic lesion in multiple
compression fractures in elderly patients.

78 patients operated by vertebroplasty due to compression
fracture were included. They were investigated by plain X-rays,
MRI, bone scan and thermal imaging. Thermal changes were
analyzed by the anatomical location and the thermal difference
preoperatively. Thermal images were correlated in anatomical
location with MRI and bone scan and eith pain severity mea-
sured by VAS.

73 of 78 patients showed a marked hyperthermia on the site of
the lesion (93.6%). The hyperthermic lesion was well corre-
lated with symptomatic new lesions. The thermal change was
stable on thermal imaging for 6 months after trauma.

After vertebroplasty, the pain was reduced in all patients and
the thermal difference was smaller than in preoperative images
in 63.1%.

DITI is very effective to detect the pain due to compression
fracture and has a high diagnostic potential efficacy to differ-
entiate new lesion from old lesion. Temperature changes cor-
related well with the postoperative clinical results.Thermal
Imaging is very useful for the diagnosis and postoperative fol-
low up of osteoporotic compression fractures.

Teletermographic Images Of Brain Lesions
(Tumours Or Vascular Diseases )

Dalla Volta G.

U.O.Neurologia —Istituto Clinico Citta’ di Brescia —Italy

The autonomic nervous system (ANS) plays a key role in the
regulation of the vascular resistance thrhough a direct influ-
ence on skin microcircle. Vascular tone is the end result of the
combined action of the sympathitic system (vasoconstrictor)
and the parasympathetic system (vasodilator) on vascular
smooth muscle cells, with a minor role played by several cir-
culating molecules with a vasoactive effect (i.e adrenalin,
vasopressin, etal). As far as the facial district is concerned, any
structural or functional injury on the trigeminal system may re-
sult in the antidromic release of vasoactive substances such as
CGRP, P substance (???), NO, VIP etc. Any modification of
such equilibrium can be reliably detected as an abnormal pat-
tern of skin temperature by a thermographic investigation.
Given the functional interaction of the peripheral nervous sys-
tem with different cortical and subcortical areas, as well as
with the endocrine system through the hypothalamus-pituitary
axis, any structural abnormality of the human brain (such as a
neoplastic or a vascular lesion) may determine a functional im-
pairment of the autonomic nervous system, leading to a modi-
fication of the thermographic pattern. A hypothermic pattern
is the consequence of vasoconstriction due to an sympathetic
hyperactivity while a hyperthermic pattern is the result of an
uncontrolled vasodilation due to the over-expression of the
parasympatethic system. The aim of the current study is to sup-




port this evidence with a series of thermographic pictures from
patients with carotid aneurysms, lesions of the cavernous si-
nus, cerebral tumors and cerebral infarct.

Database of
Standardized Thermal Signatures of the Breast Upgrade

Diakides NA, Diakides M

Advanced Concepts Analysis, Inc., Falls Church, VA

This program is a collaborative effort which will develop a
web-based database of breast thermal images aimed at charac-
terizing and quantifying breast signatures of both tumors and
benign conditions. It is a new initiative sponsored by the Dep-
uty Assistant Secretary of the Army for Installations and Envi-
ronment (Environmental Safety and Occupational Health).

The coalition consists of two medical research centers, Ville
Marie Medical and Women’s Health, Canada, and Elliott,
Haley and Head Breast Cancer and Treatment Center, USA,
the Air Force Virtual Distributed Laboratory, AFRL, George
Washington University and Advanced Concepts Analysis, Inc.
The strategy, objectives and goals of this program will be dis-
cussed as well as the methodologies. Uploading and down-
loading of radiometric images by multiple medical centers to a
secure central website will be presented . Need for a common
image format will be discussed. Analysis of preliminary re-
sults obtained from six hundred patient data will be addressed.

Applications of

Thermal Imaging in Human and Veterinary Medicine
Fikackova H !, Meszaro$ova M %, Jirman R *, Navratil L ™,
Zavisek M °, Drastich A °, Dub P°

1 Charles University Prague,1st Medical Faculty, Institute of Biophysics
and Informatics, CR

2 Charles University Prague, Dept.of Anatomy and Biomechanics FTVS
UK,CR

3 Charles University Prague,1st Medical Faculty, Department of
Stomatology, CR

4 University of South Bohemia, Ceské Budijovice, Faculty of the Health
and Social Studies, Department of Radiology, CR

5 Brno University of Technology, Department of Biomedical Engineering,
Brno, CR

Besides the study concerning breast cancer detection, which is
presented in another contribution, we have tried several other
applications of thermography in human and veterinary medi-
cine at our department. This article presents short overview of
these applications.

The first study should find the thermographycal changes re-
lated to overuse tendon injuries of race horses. This disease is
supposed to be an inflammation process and the term tendini-
tis is used, although etiology remains unknown. Each inflam-
mation causes local increase of temperature and should be
thermographically visible on the overlaying skin surface. Some
studies made mainly in United States say that there is a correla-
tion between temperatures changes and tendon injuries; how-
ever, our research shows that temperature changes are only
rarely present in this injury and thermography is of little use to
evaluate or detect it. We thing this finding also means that in-
flammation is generally not present and this disease should be
termed tendinosis.

Topic of the second study should find out if thermography
could be used as a diagnostic tool to distinguish patients with
arthralgia of the temporomandibular joint (TMJ) from healthy
subjects. Temporomandibular joint disorders (TMD) have
been identified as a major cause of non dental pain in the
orofacial region and are considered to be a subclassification of
musculoskeletal disorders. Although current imaging tech-
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niques (e.g. radiography, arthroscopy, X-ray CT or MRI) can
image both soft and hard tissue, there was reported a poor cor-
relation between signs and symptom of TMD and MR imaging
and radiographs. There is an absence of diagnostic method,
which can objectively assess severity of clinical sings of TMD
and therefore determine the need for treatment and evaluate
the treatment efficiency. The aim of this study is to evaluate the
diagnostic potential of the infrared thermography for diagnos-
tics of patients with unilateral arthralgia of TMJ of arthro-
genous origin. The first results will be presented on conference
since they are not available at the time of submission of this ab-
stract.

Raynaud’s Phenomenon in Chronic Fatigue Syndrome.
Harding JR, Llewellyn M.

Royal Gwent & St Woolos Hospitals, Newport, Gwent, UK

A previous case report showed dramatic response of severe
Raynaud’s phenomenon in a young girl with Chronic Fatigue
Syndrome to treatment with selective serotonin re-uptake in-
hibitors (SSRI’s).

Patients with Chronic Fatigue Syndrome with signs and symp-
toms of Raynaud’s phenomenon were assessed by infrared im-
aging of the hands and wrists before and after a cold challenge,
with quantification and analysis. This was performed prior to
treatment with SSRI’s and repeated after 4-5 weeks treatment
in a series of patients in an on-going study.

A dramatic reversal from severe thermologically proven
Raynaud’s phenomenon initially, to complete normality fol-
lowing treatment was observed. This is interesting as the only
treatment given was with an SSRI anti-depressant, no treat-
ment with vasodilators being given

Physiological Factors affecting the
Reliability of Infrared Thermometry: Choice of Ear

Heusch Al ,McCarthy PW.

Welsh Institute of Chiropractic, School of Applied Sciences,
University of Glamorgan; Pontypridd, Wales (UK

Infrared tympanic thermometry (ITT) is the preferred option
for medically assessing body core temperature, but there has
been increasing concern over its reliability (M°Carthy et al.,
2002). Earlier studies have reported differences between the
left and right ear temperatures in the same person (Joly et al.,
2001; Modell et al., 1998). We have studied this further by re-
cording temperature bilaterally and noting which ear was re-
corded first. We investigated three groups of university stu-
dents; Group 1, assessing the right ear first then the left; Group
2, assessing the left ear first and then the right and Group 3,
randomly choosing an ear to be first.

First ear re- Right Left Random Total
corded from (n=15) (n=40) (n=13) (n=68)
First ear temp.
Meant1SD 36.3£0.6 | 36.8+0.5 | 36.5+0.4 | 36.6+0.5
Second ear
temp. 36.5+£0.6 | 36.9+0.6 | 36.6£0.4 | 36.8+0.6
Mean+1SD
Wilcoxon
(p=) 0.019 0.009 0.017 <0.001
Parity/re-
gression inter- 37.4 39.7 38.1 38.0
cept temp
Spi’;‘i‘;an 0682 | 0810 | 0.884 | 0.849
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The results indicate that current medical practice of taking
only one ear temperature might lead to assessment error. This
could significantly affect the temperature recorded in the pa-
tient records and thus potentially affect the treatment protocol
adapted. Itis suggested that clinicians consider taking auricu-
lar temperature bilaterally and then choose the highest reading
as being the best estimate of “core” temperature.
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The Cold Challenge Test and Infrared Thermography
for the Objective Assessment of Digital Vasospasm In
Out-patients Referred to A Dedicated Raynaud’s
Phenomenon Clinic

Howell KJ, *Smith RE, Wilson H, Black CM

Department of Rheumatology and *Department of Medical Electronics,
Royal Free Hospital, London, UK

Local patients referred to the Rheumatology Department of
the Royal Free Hospital for suspected primary Raynaud’s phe-
nomenon are asked to attend a Testing Clinic prior to assess-
ment by a physician or specialist nurse some weeks later. The
Testing Clinic protocol comprises nailfold capillaroscopy,
autoantibody blood screening and infrared thermography to
assess the rewarming rate of the hands after their cold chal-
lenge in water at 15°C for one minute.

In January 2003 we reviewed thermographic data from 84 pa-
tients referred consecutively to the Testing Clinic between the
date of acquisition of our FLIR SC500 Thermacam FPA
imager in April 2001, and December 2002. 74 patients at-
tended for subsequent clinical assessment, when the Testing
Clinic results were available to the clinician. 57 patients had a
diagnosis of autoantibody-negative primary Raynaud’s phe-
nomenon (RP) confirmed by the examining physician. (45F:
mean age 39.5 yrs, SD 14.5 yrs. 12M: mean age 31.7 yrs, SD
15.4 yrs). Seven further patients were autoantibody positive,
APRP (all F: mean age 45.6 yrs, SD 12.8 yrs). The physician
diagnosed three of the remaining patients with a connective
tisssue disease (2 LcSSc, 1 UCTD, all F). Seven other patients
were considered negative for a diagnosis of Raynaud’s phe-
nomenon or CTD and either referred forward to alternative
clinics or discharged (3M, 4F). Only 2 patients tested had ab-
normal nailfold capillaries (1 LeSSc, 1 RP).

We took a mean percentage finger temperature recovery of
>90% and a baseline mean finger temperature of >30°C as
cut-off points for normality. Of the 57 patients diagnosed with
RP, 11 were deemed normal by our thermographic criteria. 42
RP patients had an abnormal dynamic response (7 of whom
had a baseline mean finger temperature above 30°C), and 4
had a normal dynamic response to cold challenge but an abnor-
mal baseline temperature (range 26.3°C — 28.9°C). Of the 7
APRP patients, 3 were normal according to our thermographic
criteria.

We conclude:Further analysis is required to improve the dis-
criminating power of the thermographic assessment
Consideration of both baseline mean finger temperature and
dynamic response are required for adequate assessment of an
individual patient.
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Symmetry in classification of healthy and malignant
breasts using thermography

Jakubowska T, Wiécek B.,. Wysocki M, Peszyiiski-Drews C.

Technical University of Lodz, Laser Therapy Center & Institute of Electronics

One of the principal feature of breast thermographs is symme-
try of temperature pattern. Thermal images of breast are usu-
ally asymmetrical in pathological cases. The aim of this re-
search is to find image parameters that describe the symmetry
of breast thermographs and to use this parameters to separate
thermal images of healthy breast from malignant ones.

Fig.1:
Thermal breast image with malignant tumor (on left side)

Fig.2:
Thermal image of healthy breast

The thermographs of 32 healthy patients and 10 patiens with
malignant tumour were analysed Four images were recorded
from every patient which represented each breast in a perpen-
dicular and lateral view. Histograms were created for these im-




ages and on the basis of that we calculated statistical para-
meters such as mean temperature, standard deviation, vari-
ance, skewness and kurtosis. The absolute differences of pa-
rameters between left and right breast were also determined.
The degree of symmetry was based of these differences.

Mean temperature in healthy group was equal to 30.24 £+ 1.78
in the perpendicular view and 29.75 + 1.86 in the lateral
view.The mean temperatures were higher in the malignant
group than in healthy subjeczs 8 of 10 cases. Furthermore,
there were 6 cases out of 32 in the healthy group whose mean
temperature exceeded the normal temperature range. There-
fore, it is necessary to analyse symmetry. The comparison of
mean temperature did not sufficiently separate pathological
findings from healthy breasts. Among the analysed parameters
, skewness was the most useful parameter for the classification
of the images. In the healthy group, the absolute differences of
skewness was equal to 0.41 £0.34 in the perpendicular posi-
tion and 0.63 * 0.46 in the lateral view. At least in one view of
the group with pathologies, this difference was higher than in
healthy controls.

Content Based
Image Retrieval a database of medical thermal images.

Jones BF

School of Computing and Technology, University of Derby, Derby, UK

Content-based image retrieval (CBIR) [1] aims to identify im-
ages according to their subject rather than a textual description
or title. The images are chosen according to parameters de-
rived from their pixel values, colour, texture and so on. The
design of such a system demands that

1.image features for identification must be specified;

2.suitable algorithms to capture the chosen features must be
developed;

3.an index and appropriate data structures must be formed;
4.a user-interface for making queries must be designed.

CBIR systems [2] for visible images are based on pixel-level
features (e.g. colour), global features (e.g. histograms), tex-
tural features, object features (e,g, Hough transform) and con-
ceptual features (e.g. time, location) [1].

A database of thermal images of normal subjects is under con-
struction at Glamorgan University; this will provide a resource
of information for researchers and clinicians who use thermal
images as a diagnostic tool. The aim of this project is to inves-
tigate the use of CBIR techniques to retrieve images from a da-
tabase of medical, thermal images which have similar cha-
racteristics to a given image that needs to be interpreted. The
associated clinical findings of retrieved images may provide
pointers to clinicians of underlying problems in the given im-
age and may help to develop hitherto unsuspected insights into
manifestations of problems for the researcher.

The use of moments may provide suitable image features for a
CBIR system that could be developed for retrieving thermal
images [3]. Although moments are normally used with binary
images, they may also be used with grey levels. The moments
are normalised to be invariant with respect to translation, rota-
tion and scaling. Moments express the degree of symmetry
within the image and measure skewed distributions of pixel
levels. Itis well known [4] that asymmetrical temperature dis-
tributions and hot and cold spots are strong indicators of an un-
derlying dysfunction.
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An Update to the Searchable
Archive of Thermal Imaging for Medicine Papers

Jones BF ', Ring EF 2, Jones CD 2

1School of Computing and Technology, University of Derby, Derby, UK
2University of Glamorgan, School of Computing, Pontypridd, UK

Infrared thermal imaging has been applied in medical research
since 1960 in several research centres in Europe, the USA and
Japan. Many papers were published in the journals ACTA
THERMOGRAPHICA and THERMOLOGY. During this pe-
riod, several important basic principles of thermal imaging
were established, such as the thermal symmetry inherent in a
healthy subject. Both these journals ceased publication some
years ago and this important early research has become diffi-
cult to access. In 2000, with funding from The US National
Technology Transfer Center, Bryan Jones and Francis Ring
produced ‘A Searchable Archive of Thermal Imaging for
Medicine Papers on CD-Rom’. This made the material widely
available to researchers in medical thermal imaging. Here we
present an update to the archive that includes Thermology In-
ternational abstracts from 2001 to 2002. The updated archive
also includes a searchable bibliography of papers published on
thermology or temperature measurement between 1989 and
2002, contributed by Kurt Ammer.
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Optimised registration of infrared images for compari-
son of standard views of normal human subjects

Jones C, Plassman P, Ring EF.

University of Glamorgan, School of Computing, Pontypridd, UK

The CTHERM image capture package provides overlays with
outlines of the standard views, however, individual images are
never precisely aligned and human subjects are not the same
shape. Consequently the images need to be “registered”. This
process is divided into a linear stage (rotation, translation and
scale) and a non-linear warping stage which takes account the
difference in individual body shape.

To identify the most suitable method for the non-linear regis-
tration stage, we compare two appropriate warping algo-
rithms; The Thin-Plate Spline algorithm (Bookstein 1989) and
a Feature-Based base algorithm (Beier & Neely 1992).

Results indicate a combination of linear registration (to ac-
count for changes in view alignment and camera position) and
warping using thin-plate splines (to account for differences in
body shape) is optimal for minimising variability of standard
views of normal subjects.
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Application of Thermovision in the Diagnosis of
Inflammatory Changes of Nasal Sinusitis

Jung A', Zuber J', Kalicki B!, Murawski P', Muszyiiska J !
Ligézifiski A°

1 Thermal Laboratory of Pediatric and Nephrology Clinic of Military Medi-
cal Institute, Warsaw, Poland

2 ENT Department Clinic of Military Medical Institute, Warsaw, Poland
The aim of this study was to image the temperature arrange-
ment in anterior and posterior nares in patients with sinusitis.

The nasal cavity with nasal sinuses is a space for which it is im-
portant to keep a constant temperature. Physiological activi-
ties of the nose are closely connected with the air-flow through
the nose, creating the only physiological respiratory tract. In
case of high temperature of the surrounding air, the breathing
path through the mouth is used. The same also occurs in cases
of anatomical abnormality of the upper respiratory tracts, lung
and the circulatory system diseases and during exercise. But it
should be emphasized that only breathing through the nose en-
sures the proper thermal cycle of the air inspired from the envi-
ronment. Warming of the inspired air occurs due to heat
transfer from the blood circulating in the vessels of subcutane-
ous tissue, mostly in the cavernous plexuses in the posterior
nares. The warmed air reaches a temperature of 32-34°C inde-
pendently of the temperature of the breathed air . The process
of warming the inspired air can be investigated in the study of
the heat emission registered by the thermal imaging camera .
Under physiological conditions it assumes a symmetrical pic-
ture in both nostrils with regularly rising temperature from the
anterior to posterior nares. There are also two other factors
which decide the proper physiological activities of the nasal si-
nuses, namely ventilation and permeability. Ventilation de-
pends on keeping proper width and permeability of the fissures
connecting the sinuses with the nasal cavities. Permeability is
affected by the secretion of the mucus and transporting it out-
side the sinuses. The whole process can be shown by thermo-
graphic examination. Under inappropriate conditions the sym-
metry of the thermographic picture can be disturbed. The stan-
dardization and objective measurement of thermal changes
has paved the way for large-scale thermal imaging usage in the
diagnosis of inflammatory focus). The possibilities of differ-
entiation the etiology of mucous membrane chan- ges of aller-
gic or inflammatory background are of specially interest and
value in clinical practice.

The thermographic evaluation of cases with a range of inflam-
matory changes in the area of the paranasal sinuses was com-
parable with a radiological image. It also provided non- in-
vasive monitoring of the pathological process, without the
need for computed tomography in the first case.

Infrared Imaging of Angiomatosis Syndrome
(Klippel — Trenaunay Syndrome

Jung A', ZuberJ', Kalicki B', Perdzyfiski W?, Klewar M’
Murawski P'

1 Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland

2 Department of Children Surgery, Military Medical Institute, Warsaw, Poland
3 Radiology Department of Military Medical Institute, Warsaw, Poland

One possible application of thermography in medicine is the
imaging of venous vessels.

In this paper the authors describe a case of a 15-years old girl
attended the Children’s Surgery Clinic, Military School of
Medicine in Warsaw with angiomatosis of the right lower limb
(Klippel — Trenaunay’s syndrome). Large angiomas of the
foot, calf (especially laterally), knee and thigh were assessed.
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Doppler ultrasound examination of the right thigh confirmed
an extensive venous angioma involving superficial and deep
veins. Blood flow in these veins was evaluated in the seated
and supine positions. There was no evidence of thrombosis.
An oscillating blood circulation was observed during the
Valsalva maneuver and during compression. Blood flow with
in the angioma was not visualized. Cavernous angiomas were
also examined in the foot and on the anterior and lateral surface
of the thigh. In the left lower limb the popliteal vein and the
long saphenous vein were narrower than the same veins in the
left contralateral limb. The blood flow in the deep veins of the
right Tower limb was maintained but it was slower than in the
Iower left limb. There was normal blood flow in the arteries of
both lower limbs. On venography, there was a conglomeration
of dilated superficial veins. The deep venous system was not
visualised, except for a portion of popliteal vein. At surgery
very wide (2-2.5cm) thin-walled angiomas were exposed and
separated superficial to the fascia, with many connections be-
tween them and between the vessels situated sub-fascially. Af-
ter ligation, the angiomas, which spread out in the upper calf,
were resealed. Post operatively the wound healed well. Six
months later there was no pain or inflammation in the calf.

On post-operative Doppler ultrasound there were no angiomas
present in the operated area. The visualised blood flow through
the popliteal vein and long saphenous vein was faster than be-
fore the operation but still slower than on the left side. Thermo-
graphic investigation of the right lower limb before the opera-
tion showed extensive hyperthermal areas in the right thigh,
extending into the right popliteal and calf areas. The hyper-
thermal areas corresponded with the images of conglomerates
of dilated veins on Doppler ultrasound. Post operatively, the
areas of increased temperature were significantly smaller. The
temperature gradient between the area of abnormal veins and
the surrounding tissue was about 4.5°C pre-operatively, how-
ever, after the operation the gradient decreased to 2.5°C.
Thermographic visualisation strictly correlated with the clini-
cal assessment of the post-operative state.

Infrared Thermographic Imaging of Critical Leg
Ischaemia

Jung A', Zuber J', Kalicki B', Staficzyk M°, Osiecki M’
Twarkowski P’, Murawski P'

1 Thermal Laboratory of Pediatric and Nephrology Clinic of Military
Medical Institute, Warsaw, Poland

2 II Surgery Department of Military Medical Institute, Warsaw, Poland
3 Radiology Department of Military Medical Institute, Warsaw, Poland

Infrared Thermography can be used to evaluate and monitor
ischaemiaof the lower limb.

A case of'a 60-year old female patient (G.A.) with 10 years his-
tory of arteriosclerosis obliterans with ischaemic right lower
limb, lumbar symphatectomy and succesfull functioning of
right femoropopliteal prosthesis is presented.

The patient was admitted to the surgical department with
symptoms and signs such as pain at rest, muscle stiffnes and
distanse of intermittent claudication of 50 m. On physical ex-
amination trophic changes of the skin of the right lower limb
were observed. Doppler ultrasound and angiography con-
firmed occlusion of the right femoropopliteal prosthesis. The
indication for surgical intervention was limb salvage. During
the operation an occluded femoropopliteal prosthesis was
found. The surgical procedure included restoring the prosthe-
sis patency by embolectomy and profundoplasty with a venous
patch above the proximal part of the deep femoral artery. Be-
cause there was no evident clinical improvement of the lower
limb perfusion, surgical procedure was followed by 7 days




aloprostadil (Prostavasin - PGE;) administration. Due to ag-
gravation of the right lower limb ischaemia our patient re-
quired below knee amputation.

A second case a patient (B.S.) with critical leg ischemia is pre-
sented. He was treated with good results by aloprostadil.

The infrared thermography findings showed a strong correla-
tion with the clinical picture.

Infrared Imaging of Varicocele

Jung A', Zuber J', Kalicki B', Perdzyfiski W2, Klewar M°,
Murawski P

! Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland

2 Department of Children Surgery of Military Medical Institute, Warsaw,
Poland

3 Radiology Department of Military Medical Institute, Warsaw, Poland

In this study infrared thermography was used to imagine the
pre- and postoperative state of varicocele.

A 14-year-old boy (K.K.) with left side varicocele was hospi-
talised in the Clinic of Children’s Surgery MUSM; In the
Doppler US study a widened seminal vein with considerably
slowed blood flow was revealed.

During the operation 7 widened blood vessels were found and
1 cm. long section of veins between the ligatures was resected.
The recovery after the operation was satisfactory. In the US in-
vestigation made after the operation varicoceles were not
found to be present.

In the thermographic study before the operation, a homoge-
nous focus was visualised in the area of the left spermatic cord
and the area of the left groin. The temperature gradient be-
tween the hyperthermal focus and the surrounding tissues was
3.5°C. In the follow-up study after the operation, the limitation
of the hyperthermal area surface was found. In the assessment
of the percentage distribution of the temperatures of the scro-
tum area on the left side in the pre- and postoperative periods, a
decrease of heat emission from the investigated area after op-
eration was shown. We have shown once again an important
correlation between ultrasound and thermography investiga-
tion.

Thermographic Monitoring of Cataract Extraction

Jung A', Kalicki B, Zuber J', Gawron L, Rézycki R®,
Stankiewicz A’, Murawski P'

1 Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland
2 Ophthalmology Clinic of Military Medical Institute, Warsaw,Poland

The aim of this study was to estimate the increase of tempera-
ture of the eye during the stages of cataract surgery. Research
was performed with an infra-red camera ThermaCAM SC1000.
The requirements and conditions for clinical thermography
have been applied. The Images were analysed with special
software “Image ThermaBase”.

The cataract operation was performed using phaco- emulsi-
fication. The surgery is divided into several stages: local an-
aesthesia, the pulsed emulsification of the nucleus lens, the ir-
rigation and the aspiration of the cortical masses, the im-
plantation post camera intra ocular lens (PC — IOL). Thermo-
grams were recorded before and during surgery and 15, 30, 60
minutes after.

During cataract surgery the increase of the temperature was
observed only during surgical thermo- coagulation. The in-
crease was local and a few seconds’ duration up to 64°C. The
temperature of ultrasonic probe during the test before surgery
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increased by 3.3°C but during operation the temperature of the
probe increased by 0,6°C and achieved the temperature of the
surrounding tissues. Thus there isn’t any danger to damage the
tissues during this surgery. Thermograms recorded 15, 30, 60
minutes after surgery show that temperature of the opererted
and not opereted eye level off gradually.

Thermal Imaging for the Diagnosis of Allergy

Jung A', Kalicki B', Zuber J', Gawron L?, Rozycki R’
Stankiewicz A, Murawski A'

1 Thermal Laboratory of Pediatric and Nephrology Clinic of Military Medi-
cal Institute, Warsaw, Poland
2 Ophthalmology Clinic of Military Medical Institute, Warsaw,  Poland

In this study the authors present a thermographic method to
evaluate the skin prick test.. Skin prick tests is the most often
method used in allergy diagnosis. The results of skin prick
tests are routinely evaluated visually by measuring the area of
reaction / wheal and flare / by using simple ruler. The visual
method is relatively simple but not fully objective. The authors
show that thermographic evaluation of results of skin prick
tests is more precise, objective and reproducible. In the thermo-
graphic method temperature differences between areas of the
tested skin and the surrounding skin are measured.

There are two main thermographic methods. The first one is
contact liquid crystal thermography (CLCT), while the second
one is infra-red thermal imaging (TT).

The highest recorded temperatures were 34.5°C. Usually the
temperature difference between areas of reaction and back-
ground was from 1.8° to 2.0°C. The temperature in the reac-
tion area varied around 34.0°C. In cases of reaction with a
large flare, slightly lowered temperature was observed in the
area of skin elevated by this flare.

In thermographic measurements, the temperature gradient be-
tween the tested and surrounding skin was found to be equal to
1.8°C

A comparison of mean areas of the individual elements by vi-
sual estimation and by thermography has shown that the mean
area of wheal and flare is significantly greater when measured
thermographically.

In this study an evaluation of skin reactions caused by SPT for
inhaled and alimentary allergens among children has been car-
ried out. It has been found, that thermography provides a re-
cord and measure of the temperature changes within a reaction
area for SPT with used allergens. Basing on these results esti-
mated by two independent methods, the authors have found a
correlation between SPT results estimated both visually and
by the thermographic method.

Intra-dermal application of histamine causes temperature
changes which can be registered as soon as 2 minutes after the
application, while the highest intensity of change was ob-
served 10 to 15 minutes after histamine application. This result
has been confirmed in the present work. Temperature increase
measured by other authors was from 1.0 to 3.0°C. This infor-
mation is also consistent to results obtained in the present
study in which the temperature of the test area was elevated by
1.8°C.

Thermal Imaging In Asthma Control
Jung A, Kalicki B, Zuber J, Murawski P, Muszyiiska J

Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland

Thermography provides means to estimate the degree of
bronchospasm in asthmatic patients.
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In this study the authors attempt to find the correlation of the
thermal imaging of bronchial tree with spirometry in patients
with bronchial astma before and after treatment.

A group of four asthmatic children, aged 8-12 years were in-
vestigated during acute bronchospasm. Thermal imaging was
performed: in the acute phase, after 2 min. of inhalation 0.45%
NaCl, after treatment of broncho-dilating drug, after a further
2 min. of inhalation 0.45% NaCl. The inhalation therapy was
conducted under spirometry control. Follow-up with thermal
imaging was performed in the same patients after clinical im-
provement..

In the first phase of examination, the mean temperature of the
region of interest from the thermal image was 35,8°C and visu-
alization of the bronchial inflammation was poor. In the sec-
ond phase of the registration after successful treatment the
mean temperature was lower: 35°C with an improved thermal
pattern of the bronchial area. The thermal imaging results cor-
related with clinical improvement.

Thermal Imaging
For Screening of Crural Varices In Adolescents

Jung A, Zuber J, Kalicki B, Murawski P, Muszyiiska J

Thermal Laboratory of Pediatric and Nephrology Clinic of Military Medi-
cal Institute, Warsaw, Poland

Pathology of the venous system poses a significant danger of
thrombus formation and its complications. Early detection and
rapid diagnosis are two important points for the problem of
crural varices in adolescents. Abnormalities of the venous sys-
tem can occur in the early period of life. In addition to the usual
clinical identification, there are other diagnostic imaging
methods which should be applied. Doppler ultrasonography is
the preferred choice, since other methods of venous- flow im-
aging are invasive.

The aim of study was to assess the role of thermal imaging as
an adjuncttool in the screening examination of crural varices.
Thermal imaging examination was performed in 44 young,
healthy people (25 - 38 years old, 38 females and 6 males) us-
ing an Inframetrics ThermaCAM SC1000 camera and a digital
photographic camera.

The following quantitative parameters of thermogram were
measured:

* maximum temperature
* median temperature

* A t(the temperature difference between images of two dif-
ferent areas the same limb or both limbs)

* - SD (standard deviation

The results indicate that thermal imaging is a useful and
non-invasive method in screening examination of the venous
system in lower limbs. The quantitative parameters of thermo-
grams (maximum temperature, median temperature, SD) pro-
vide additional information. It is interesting to note that these
results are not dependent on the choice of region of interest in
the comparative

Thermographic Examination for the Indentification of
Changes in the Thyroid Gland

Jung A, Zuber J, Kalicki B, Murawski P, Muszyiiska J

Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland

The authors discuss the role of thermography imaging as a
supplementary non invasive method for thyroid gland diag-
nostic test.
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Ultrasound imaging of the thyroid gland and examination of
the thyroid hormone profile are used as the routine methods to
investigate a possible abnormalities in this gland. In selected
cases we use other non- invasive and invasive methods as
scintigraphy and/or thin needle biopsy. In this study we wanted
to compare the results of traditional diagnostic methods with
thermographic methods. In the presented patient a single node
in left thyroid lobe in ultrasound investigation was observed.
This diagnosis had been not confirmed in scintygraphy and in
thin-needle biopsy also not. Thermal imaging of the thyroid
gland was parallel to scintigrafic pictures and haven’t shown
any changes of the temperature above both lobs of the gland.
TI estimation correlated with the result of the scintigraphic ex-
amination indicating that it can be a useful non-invasive
method for the examination of thyroid gland, parallel to the US
examination.

Thermographic Investigation

for the Diagnosis of Thrombosis in the Femoral Vein
Jung A', ZuberJ', Kalicki B', Perdzyiiski W2, Klewar M?,
Murawski P’

" Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland

2 Department of Children Surgery of Military Medical Institute, Warsaw,
Poland

? Radiology Department of Military Medical Institute, Warsaw, Poland

In this paper the authors discuss the value of thermography as
an complimentary diagnostic tool in thrombosis of the femo-
ral vein. The case of 12- years old boy with acute trombosis in
the vein of left lower limb is presented.

12-year old boy (G.B.) was hospitalised at the Clinic of
Children’s Surgery Military School of Medicine following 9
days of fever, pain and oedema of the left thigh. Doppler ultra-
sound of the femoral vein revealed a thrombus occluding
blood flow. Other lower limb veins were patent and arterial
flow was normal. In the thermographic examination a hyper-
thermic area within femoral vein with the temperature gradient
3.5°C in comparison to surrounding tissues was observed.
Treatment with intravenous and antibiotic, fractionised hepa-
rin, and fibrinolytic medicines (streptase, actylize) was com-
menced. Follow-up Doppler ultrasound studies showed partial
recanalization and disappearance of the thrombus in the left
superficial femoral vein. The hyperthermic area in thermo-
graphic examination was reducing gradually appropriate to
clinical improvement and Doppler ultrasound images. So, we
can use thermography to assist in diagnosis of clinical cases
with blood vessels diseases.

Thermographic Monitoring of Blood Flow In
Arteriovenous Fistulae

Jung A', Zuber J', Kalicki B', Murawski P', Kuligowski
R', Grenda R 2, Jobs K*

1 Thermal Laboratory of Pediatric and Nephrology Clinic of Military Medi-
cal Institute, Warsaw, Poland

2 Nephrology Clinic Institute ,,Pomnik — Centrum Zdrowia Dziecka”, War-
saw, Poland

To keep a patency of arterio-venous fistulae in patients who un-
dergo haemodialisis is a task of primary importance. The
patency of arterio - venous fistulae guarantee possibility a
successful long-standing hemodialisis program. In addition
to the clinical observation of the fistula, Doppler ultrasono-
graphy is used if necessary. In this study the authors investi-
gated usefulness of thermographic methods and compared its
results with results of Doppler ultrasonography. The authors
show a possibility of use a thermographic method to estimate a
quality of flow in fistula and some complication connected




with ‘fistula’s working’ i.e steal syndrom, states of peripheral
ischaemia . To this study were included patients with properly
working fistulae formed in upper limb. We present thermo-
graphic images of those patients and conclusions of our in-
vestigation. The correlation of a Doppler-USG and thermo-
graphic evaluation was proved.

Thermography For Diagnosis and Monitoring of
Allergic and Non-Allergic Pneumonia

Jung A', Zuber I', Kalicki B', Muszyfska J, Murawski P',
Plusa T *

1 Thermal Laboratory of Pediatric and Nephrology Clinic, Military Medical
Institute, Warsaw, Poland

2 Department of Internal Medicine, Pneumonology and Allergology of Mil-
itary Medical Institute, Warsaw, Poland

The aim of this study was to show the usefulness of thermal
imaging examination for identifying inflammatory states of
the respiratory tract and for monitoring the treatment.

Authors carried out their studies in 35 children aged between
7- 15 years with non allergic and allergic pneumonia. The first
TI examination followed by the radiological imaging was per-
formed in the initial phase of the diagnostic process. The sec-
ond set of TI and RTG examinations was performed after
successful treatment. The control group of 19 healthy children
was also imaged. All thermograms were processed using
ThermaGRAM 95 Pro software.

The temperature gradient observed in the control group was
1.29- 1.33°C, in patients with non allergic pneumonia makes
2.36- 2.38°C and in patients with allergic pneumonia 1.96-
2.05°C.

The comparison of thermographic and radiological images of
inflammation area showed a marked similarity in the diseased
period with full-symptoms and in the follow up examination
after treatment.

Thermal imaging may be complementary to clinical and radio-
logical estimation. There is a visible correlation between ther-
mal and radiological images during pneumonia Thermo-
graphic estimation of the inflammatory changes in the lungs
introduces new possibilities to confirm the clinical recognition
and for monitoring the treatment. The convergence of the im-
ages obtained by thermographic and radiological records
serves to minimize the level of radiological investigation
needed. The non-invasive nature of thermal imaging examina-
tion enables the investigator to perform frequent and harmless
clinical studies.

Recommendations For Image Quality Assurance In
Clinical Thermography

Kobylec SK, Howell KJ*, Smith RE.

Medical Physics and *Centre for Rheumatology, Royal Free Hospital NHS
Trust, London,

Thermography is used in the Department of Rheumatology at
the Royal Free Hospital to diagnose and assess microvascular
manifestations of numerous clinical conditions.

The periodic assessment of all imaging equipment after initial
acceptance test is vital to ensure it continues to meet its specifi-
cations and a quantitative record of results and equipment
faults should be kept. ISO 9000 defines Quality Assurance as
“All those planned and systematic actions necessary to pro-
vide adequate confidence that a product or service will satisfy
the given requirements for quality”. Quality Assurance guide-
lines are already established for MRI and ionising radiation
imaging modalities. The need to develop medical thermo-
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graphy standards is recognised and, although being addressed,
will take time to be implemented clinically.

Parameters for assessing image quality were researched both
within thermography and other imaging modalities. The per-
formance characteristics of the FLIR SC500 thermal imaging
system were investigated and quantitatively measured pre and
post annual service. The investigation paid particular attention
to image uniformity, signal to noise ratio, spatial resolution
and distortion, temperature accuracy and resolution. Baseline
values were obtained so that trends could be established and
acceptable tolerances defined.

Recent technological advances in infrared imaging equipment
have significantly improved the utility of thermography for
medical applications. However optimal diagnostic performance
can only be maintained in conjunction with a rigorous Quality
Assurance programme.

We have demonstrated that image Quality Assurance is both
valuable and practical to implement for Clinical Thermo-

graphy.

Statistical aspects of thermographic studies
Klosowicz SJ, Jung A, Zuber J, Murawski P

Military University of Technology, Kaliskiego 2, 00-908 Warsaw, Poland

The paper contains some general information regarding statis-
tical description of thermographic studies. The problem of
measurement accuracy will be discussed in detail. The meth-
ods of quantity description of thermal images will be also pre-
sented. The definitions and physical sense of essential quanti-
ties, moreover their usefulness for analysis of thermal images
will be given. The methods of processing of obtained results,
especially statistical aspects of studied patient sample will be
discussed.

Compression of Sequences of Thermograms
Documenting
Dynamic Forearm Studies In Hemodialyzed Patients

Korohoda P, Tadeusiewicz R

Electrical Dept., Univeristy of Mining and Metallurgy ,Cracow, Poland;

The authors present the results of tests aiming at a possible
compression of thermogram sequences originating from the
measurements performed in the forearm of hemodialyzed pa-
tients following a negative thermal stimulus achieved by im-
mersing the forearm in water at the temperature of +10°C for 5
minutes. The resulting thermograms allowed for formulating
the assumption that an 8-bit grayness scale may be employed
to represent the temperature range of +16°C to +41.5°C, with
the resolution of 0.1°C, what was regarded sufficient consider-
ing the type of the study and the background noise of the cam-
era. The original 240x240 thermograms were downsized to
240x180. The sequences consisted of 17 thermograms regis-
tered at 25-second intervals and one thermogram recorded
prior to forearm cooling.

The assumed threshold distortion level of PSNR=40dB is dif-
ficult to detect for an observer in monochromatic images. The
value corresponds to a mean distortion of 0.25°C. In typical
thermograms under consideration, the compression multipli-
cation ratio using the JPEG-baseline standard amounted to ap-
proximately 40x. The authors demonstrated that in this case
the ,,sprite” technique allowed for an at least two-fold im-
provement of the multiplication ratio. Since subsequent
thermograms of the sequence were processed to compensate
for the movement of the object, it was possible to determine es-
timated time constants of temperature rise in particular pixels.
The non-linear quantization of time constants combined with
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residual error coding allowed for a further approximately
two-fold improvement of the compression multiplication ratio
without any noticeable qualitative deterioration of the thermo-
grams. The distortions introduced by the compression were
not visible against the background noise and typical artifacts
characteristic of the employed inexpensive scanning camera
with a single detector.

The 200-fold compression of data originating from a single
thermographic examination of a patient allows for recording
the results of an entire dynamic test using approximately 3kB
memory and thus a standard disc will document almost 500
sessions. Yet in case the patients were to carry their medical
history in such a form, a recording medium that would be more
resistant to damage would be indicated.

Image Processing Techniques for
Ilustrating Significant Properties of
the Forearms Blood Vessels In Hemodialyzed Patients

Korohoda P', Pietrzyk JA®

! Chair of Electronics, University of Mining and Metallurgy, Cracow, Poland
2Dialysis Unit, Children’s Univeristy Hospital of Cracow, Poland

The report presents the results of activities aiming at using sin-
gle thermograms (TG) and sequences of thermograms (sTG)
to retrieve information on the anatomical structure and func-
tion of the fistula-associated venous system in hemodialyzed
patients or individuals prepared for renal replacement therapy.
sTG were recorded following precooling of the forearm in wa-
ter at the temperature of 10°C over 3 min. and 5 min. The rate
of temperature changes (corresponding to dynamic studies)
following a negative thermal signal allowed for an appropriate
blood flow evaluation and vessel visualization. Yet, the analy-
sis of TG was associated with a risk resulting from a subjective
assessment by the operators.

The principle behind the concept consisted in selecting and ac-
cepting a set of techniques for image processing in a way that
allowed the information contained in original thermograms,
but poorly visible or invisible when they were presented in a
typical way, to become distinct and helpful for the operator.
Such an improvement of the diagnostic effectiveness may in
the future allow thermographic studies reclaim their position
of a basic tests in differentiating the vascular system patholo-
gies, especially in the case of surface veins.

The investigations used both linear and morphological opera-
tors, e.g. fop-hat, which allowed for emphasizing the signifi-
cant elements of the image in the form of binary images.
Following a preliminary compensation for the object move-
ment using an appropriate algorithm for processing a video se-
quence, the information contained in sTG was presented as
parametric images allowing for a synthetic evaluation of the
dynamics of temperature changes associated with the func-
tional properties of the investigated vascular system. In order
to obtain a well condensed and at the same time easy to inter-
pret form of temperature change visualization, the authors pro-
posed a specific form of 3-D graphs based on adaptive, con-v
erted to binary thermograms.

To allow for employing the least expensive available in Poland
thermovision scanning camera with a single detector it was
necessary to preprocess the registered thermograms to reduce
the background noise and artifacts. The authors provide nu-
merous examples of sTG analyses with medical comments,
the said sTG having been obtained from 30 patients of chronic
dialysis. Some patients from this group were suspected of fis-
tula dysfunction and the thermographic diagnosis was con-
firmed by Doppler studies. Both techniques were demonstrated
to yield surprisingly convergent results

74

An improvement in sTG visualization following image pro-
cessing is a benefit of the employed technique and the method
of data visualization.

The Evaluation of Central Poststroke Pain
With Infrared Thermography

Lee DI, Kim KS, Lee SH, Kim SY, Choi DY

Research Group of Pain and Neuroscience in Vision 2000 Project, East-
West Medical Research Institute, Kyung Hee University, Seoul, Korea

Background: Central poststroke pain (CPSP) can occur as are-
sult of lesion or dysfunction of the brain from stroke, and may
influence the autonomic nervous system to regulate the vaso-
motor activity which could result in the lowered skin tempera-
ture. In this study, objective evaluation of the CPSP was tried
through the investigation of the infrared thermography

Methods: Thirty six patients of the CPSP were evaluated their
pain with VAS (visual analog scale) pain score and the skin
temperature of pain site by infrared thermography before and
after pain treatment

Results: The most common site of stroke is thalamus (50%)
and followed by postcentral gyrus (33%) and basal ganglia
(8%), and most common sites of CPSP is unilateral upper ex-
tremity (50%) and followed by hemibody without face (22%)
and unilateral lower extremity (17%). The common character-
istics of CPSP are tingling (67%), burning (50%), hyper-
algesia (44%), and allodynia (33%). The skin temperature of
pain site was lower than non-pain site by 0.9 + 0.4 ? before
treatment and improved by 0.4 +0.2 ? after treatment, in accor-
dance with improvement of VAS pain scores from 7.5to 5.2 af-
ter treatment

Conclusion: The skin temperature of sites with CPSP was sig-
nificantly lower than that of non-pain sites and increased after
pain treatment. And we thought the infrared thermography is
very useful device for the evaluation of CPSP and its treat-
ment.

Thermographic Assessment of the
Sympathetic Blockade By Pulsed Radiofrequency
Stellate Ganglion Block. A Case Report

Lee SC

Department of Anesthesia and Pain Medicine, Seoul National University
Hospital #28, Yongon-Dong, Chongno-Gu, Seoul 110-744, Korea

We attempted to define the effect of pulsed radiofrequency
procedure on stellate ganglion(PRF-SG) using the infrared
thermography. The patient was 65 years old female complaing
headache, dizziness, continuous burning , cramping pain at the
left side of face. She was operated on acoustin neuroma 3 years
ago , and after operation, she gained facial nerve palsy . There
was significant difference in cheek temperature and right
cheek was higher than left by 0.95° before PRF-SG. PRF-
SG(42°, 120sec, 2Hz, 2.5V) was performed at the base of 7"
cervical transverse process. Thermography was performed 1
hour , 1week, and 2weceks after PRF SGB. In postop 1 hour
thermography, right forehead temperature was higher than left
by 0.66°and right lower cheek temperature was higher than
left by 1.17°. At postop 1 week, right forehead temperature
was higher than left by 0.46°while right lower cheek tempera-
ture was higher than left by 0.53°. And right upper cheek tem-
perature was lower than left by 0.08°. At postop 2 weeks, left
cheek temperature was higher than right by 0.67°. In postop 5
weeks thermography, there was no significant difference in
forehead and cheek temperature. The effect of PRF-SG was
exellent in this patient and symptoms are almost relieved.




Water Filtered Infrared-A Treatment In Patients With
Chronic Venous Leg Ulcers: Treatment Assessment and
Evaluation Using Infrared Thermography

Mercer JB ', Nielsen SP 2,.

1 Department of Medical Physiology. Faculty of Medicine, University of
Tromso. Trornsg, Norway
2 Department of Clinical Physiology, Hillerad Hospital, Hillered, Denmark

Water filtered infrared-A irradiation (WIRA) permits a loco-r
egional heating of human tissue with a higher penetration
depth than that of conventional infrared therapy. The unique
principle of operation involves the use of a hermetically sealed
water filter in the radiation path to absorb those infrared wave-
lengths emitted by conventional infrared lamps that would
otherise harm the skin. In this project we investigated whether
treatment with water filtered infrared-A radiation can improve
wound healing in patients with chronic venous leg ulcers hav-
ing a diameter of netween 1 and 5 cm. The size of each ulcus
(mm?) was accurately determined from high-resolution digital
photographic images using a pixel counting method based on a
technique of image segmentation based on region growing. Ir-
radiation therapy was carried out using a Hydrosun wIRA ra-
diator giving a total effective radiation of 250 mW/cm? (visible
light + wIRA). where ca. 188 mW/cm? is wIRA. Patients re-
ceived 30 minutes radiation sessions, 4 to 5 times weekly for a
minimum of 4 weeks. In addition to radiation therapy all sub-
jects continued to receive their standard wound therapy. The
progresses of wound healing as well as skin temperatures be-
fore and during irradiation therapy was documented with the
help of IR-thermography using a a FLIR ThermaCAM ®
PM695 IR-camera. In addition to single image capture. dy-
namic changes in temperature were recorded using multiple
image sequencing at 2-second intervals. IR-thermography was
also used to test the radiation distribution of the wIRA irradia-
tors at an irradiation distance of 25 cm on a black body mate-
rial. Documentation of wound status, bacterial contamination;
assessment of wound healing. pain assessments etc were also
made. Skin temperature profiles through each ulcus were de-
termined und characterized from the thermographic images at
various time points throughout the treatment process. Prelimi-
nary results in some selected patients will be presented.

Analysis of Skin Temperature
During Exercise Using Functional Infrared Imaging

Merla A’", Di Donato L', Romani GL "**

1Dept. Clinical Sciences and Bioimaging, “G.d’ Annunzio” University,
Chieti, Italy

21.T.A.B. Institute of Advanced Biomedical Technologies,

“G.d’ Annunzio”University, Chieti, Italy

3INFM - Istituto Nazionale Fisica della Materia, Research Unit of
L’Aquila, Italy

Thigh skin temperature was studied during bicycle ergometry
graded exercise by means of Functional Infrared Imaging
(fIRI). Executing of graded exercise determined a decreasing
of'the skin temperature throughout the exercise period, while it
increased during the after-exercise recovery. Skin cooling and
warming processes depended on the fitness level of the sub-
jects, as estimated by the maximal oxygen consumption. fIRI
permitted to record skin temperature time evolution of differ-
ent regions involved in the exercise. fIRI may provide indirect
complementary information about the hemodynamic recruit-
ment by the muscular masses and the thermal processes asso-
ciated with the exercise.

Abstracts

Functional Infrared Imaging Modalities
Merla A '?, Di Donato L', Romani GL''**

]Dept. Clinical Sciences and Bioimaging, “G.d’ Annunzio” University,
Chieti, Italy

% T.A.B. Institute of Advanced Biomedical Technologies,

“G.d’ Annunzio” University, Chieti, Italy

3 INFM - Istituto Nazionale Fisica della Materia, Research Unit of
L’Aquila, Italy

Functional Infrared Imaging (fIRI) is based on the study of the
time-evolution of the skin temperature as recorded by high-
resolution digital infrared cameras. Digital second and third
generation infrared camera interface themselves to personal
computer, permitting to apply powerful post-processing algo-
rithm to the time-sequence of infrared images or data. Other
physiological parameters can be extracted from the time-evo-
lution of the skin temperature, by solving models or parametric
equations. Such parameters can be imaged, providing useful
information to the diagnosis or to the understanding of the
thermal processes of the human body.

Authors describe such fIRI-based imaging modalities and
their physiological meaning.

In particular, the time-recovery image (tau image), the deriva-
tive, and the integrative methods are described and com-
mented. Instrumental artefacts, measurement protocols, and
post-processing of fIRI data to image are discussed as well.

A comparative study of dermatoscopic and
telethermographic analyses of the skin melanocytic naevi

Mikulska D, Maleszka R., Parafiniuk M., Rozewicka M.

Department of Dermatology, Pomeranian Academy of Medicine, Szczecin,
Poland

Department of Forensic Medicine, Pomeranian Academy of Medicine,
Szczecin, Poland

The aim of the study was to evaluate the applicability of
telethermography as a diagnostic method of skin melanocytic
nevi, especially atypical. The atypical melanocytic nevi have
10-30 times higher probability of malignant transformation
into malignant melanoma than any other melanocytic naevi.

A comparative dermatoscopic (using Heine Delta 10 dermato-
scope) and thermographic (using the ThermaCAM S.C. 500
thermographic camera) analyses of 86 skin melanocytic nevi
were performed. The dermatoscopic evaluation of melano-
cytic naevi was performed using ABCDE criteria (according
to American Cancer Society rules) and the TDS (Total Dermato-
scopy Score) coefficient was stated to every pigmented lesion
- according to accepted TDS values: 1/ TDS value below 4.75
—benign melanocytic nevus, 2/ TDS value from 4.80 to 5.45 —
active melanocytic nevus, 3/ TDS value above 5.45 — sus-
pected melanoma. In order to evaluate the telethermographic
diagnostic method of pigmented lesions, investigators intro-
duced the Total Temperature Difference (TTD) coefficient.
TTD value is the difference between maximal and minimal
temperature within the pigmented lesion (TTD = TTDmax —
TTDmin). The fourth grade scale was stated as follows: I. TTD
- below 1 °C —the benign nevus, II. TTD value from 1.1° C to
1.6 °C — suspected active melanocytic nevus, III. TTD value
from 1.7 °C to 2.1 °C — active melanocytic nevus, IV. TTD -
above 2.2 °C - suspected melanoma.

The study revealed that melanocytic nevi showed various lev-
els of the values of the TTD coefficients. In a correlation of
values of TDS coefficients with TTD coefficients in 86 evalu-
ated melanoctyic nevi, the result was similar in 71 evaluated
pigmented lesions (83% of cases): TDS values below 4.0 cor-
related with TTD values below 1.0 °C; TDS values from 4.0 to
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4.75 correlated with TTD values from 1.1 °C to 1.6° C and
TDS value from 4.80 to 5.45 correlated with TTD value from
1.7 °C to 2.1°C. Total Temperature Differences (TTD) coeffi-
cients of the six evaluated melanoms were elevated: in the five
nodular melanomas TTD were in the range from 3. 0° C to 8.3

°C and in the one case of superficial spreading melanoma TTD
was 1.8°C

Static and dynamic
infrared thermography in peripheral vascular disease.

Nielsen SP ',. Mercer JB 2.

1 Department of Clinical Physiology, Hillerod Hospital, Hillered, Denmark
2 Department of Medical Physiology. Faculty ofMedicine, University of
Tromso. Trornse, Norway

Important clinical information can he obtained with static in-
frared thermography e g information pertaining to the type and
extent of 1) varicose veins inclusive of incompetent perforat-
ing veins and incompetent valves of the great and small
saphenous veins 2) localisation of arterial obstruction of leg
arteries (identification of klevel of amputation) 3) acute
thrombophlebitis. 4) aneurisms, 5>)local inflammation, 6)
characterisation of leg ulcers 7) reflex dystrophy.

Dynamic infrared thermography with high resolution time/
temperature curves is potentially useful for distinction be-
tween vascular obstruction and spastic contraction of arteries
and~ arterioles. This distinction is important, and not easily
made with other techniques. since treatment of those two con-
ditions differs (vasodilators for Ravnaud‘s phenomenon. not
for obstructive arterial disease such as vasculitis). We studied
25 consecutive patients referred for “cold fingers”. We used a
FLIR ThermaCAM®PM695 IR-camera. Dynamic changes in
temperature were recorded using multiple image sequencing
at 2-second intervals. Standard. procedure: 1) Basal period
two minutes. 2) Fan cooling with room air for five minutes.
and 3) spontaneous re-warming for five minutes. In some
cases pre-warming up to 15 minutes was necessary. This was
done with a Hvdrosun water filtered infrared A radiator giving
a total effective radiation of 250 mW/cm?

Results: 1t appears that it is possible with some reservations. to
distinguish between Raynaud‘s phenomenon and vasculitis.
Time/temperature changes of rapid sequence imaging and
curves will be demonstrated.

Thermal Tomography in Medicine
Nowakowski A, Hryciuk M, Kaczmarek M

Department of Biomedical Engineering, Gdansk University of Technology,
Gdansk, Poland

The concept of thermal tomography is presented. This was in-
troduced several years ago for non-destructive testing in in-
dustry but is new as a diagnostic modality in medicine. Heat
flow may be used for visualisation of internal structure of lay-
ered structures. Registration of surface temperature distribu-
tion while forcing heat flows and then comparison of the be-
haviour of an equivalent thermal model allows determination
of the structure of tested objects. The method is based on ther-
mal models for which external conditions are defined using
measurement results. So called reverse problem must be solved
to show the internal structure of a tested object. This is a severe
mathematical problem as the knowledge of the object is al-
ways limited. Also the problem is mathematically ill posed
and very difficult, as the existing phenomena are non-linear.
We try to answer the question — could thermal tomography be
applied to determination of a structure of living tissues.

The conditions responsible for heat flow in living tissues are
discussed. The first condition to solve the reversed problem in
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thermal tomography is to know thermal properties of a tested
object. Biological materials are difficult for thermal tomogra-
phy because the heat flow is limited by low values of thermal
conductivity and relatively high thermal capacity. Also the dy-
namic not controlled interaction of biological structures with
body fluids, mainly blood flow, makes the problem is not
unique.

We try to answer the questions:

* What are the limitations of thermal tomography in medical
diagnostics?

* What are the most advisable conditions for solving all pro-
blems responsible for getting quantitative data of tested tis-
sues?

* How valuable may be thermal tomography in chosen medi-
cal cases? We show some results of thermal tomography
application in skin burns diagnostics.

In conclusions we show that thermal tomography may be ad-
vised as a new, quantitative tool of high diagnostic value in
several practical cases important for clinical practice.

Cancer Detection by Recognizing Metabolic Activities
from Thermal Texture Maps

Qi H, Kuruganti PT, Liu Z, Wang C, Diakides N

Electrical and Computer Engineering Department, The University of Ten-
nessee, Knoxville, USA

Metabolic process in a cell can be briefly defined as the sum to-
tal of all the enzymatic reactions occurring in the cell. Cancer
cells result from permanent genetic change in a normal cell
have a distinctive type of metabolism. Although they possess
all the enzymes required for most of the central pathways of
metabolism, cancer cells of nearly all types show an anomaly
in the glucose degradation pathway (viz. Glycolysis). The net
effect is that in addition to the generation of ATP in mitochon-
dria from respiration, there is a very large formation of ATP in
extramitochondrial compartment from glycolysis. The most
important effect of this metabolic imbalance in cancer cells is
the utilization of a large amount of blood glucose and release
large amounts of lactate into blood. Therefore, by observing
the blood growth pattern in a certain area, we can monitor the
metabolic activity of the human body. TTM’s slicing tech-
nique provides a efficient method to do this. However, the
technique has to be used by experienced doctors. In this paper,
we present novel image processing and pattern recognition
techniques such that the process of metabolic monitoring can
be done automatically. Problems to be dealt with include how
to recognize blood vessels from all the surrounding tissues,
how to track the growth of the blood vessels, how to identify
patterns of blood vessel growth and link it to tumor detection
and identification.

A Thermal Sidemarker for Medical Infrared Imaging
Papadopoulos M, Harding JR. Ring EFJ *, Rowlands H

X-Ray Department St Woolos Hospital, Newport, Gwent, UK
* School of Computing, University of Glamorgan, Pontypridd, UK

Correct side marking of images is an essential requisite in
medical imaging. This papers describes a prototype portable
thermal sidemarker utilising infrared and normal light emit-
ting diodes (LED‘s) powered by a 9 volt battery built in Uni-
versity of Wales College. Newport. The construction of the
sidemarker will be outlined, along with the results ofclinical
trials performed in St. Woobos Hospital, Newport and at The
University* of Glamorgan, Pontypridd.




Thermographic Changes in Patients
with Lumbar Facet Syndrome Following
Radiofrequency (RF) Facet Rhizotomy

Park JY, Kim SH,D., Lim, DJ, Cho TH
Department of Neurosurgery. Korea University, Medical Center. Ansan
Hospital

Objective: The change in thermographic patterns was studied
in selected patients with chronic bw back pain to validate its
significance in evaluating the clinical status.

Materials & Methods: A total of 30 patients with chronic low
back pain (15 males. 15 females, mean age 50.9 years),
predominantlv of facetal orign and duration exceeding 6
months, who responded to temporarv blocks. were included.
Thermographv was performned before and after

RF procedures. Radiofrequency procedures were done under
local anesthesia with C-arm guidance and physiological mon-
itoring(e.g., impedance, sensory and motor response). The as-
sessment included clinical symptoms, signs and changes of
thermographic pattern before and after RF procedure. Special
attention was given whether change in thermographic patterns
were correlated with changes of the clinical status.

Results: All patients tolerated the RF procedures and there
were no complications. Twenty-three patients(76.7%) showed
a pain reduction greater than 50% , 7(23.3%) had no changes.
and none had worsening after the procedures. There was no
distinctive thermographic pattem (except distortion and asym-
metry in some cases) that can be considered as characteristic
for facet syndrome. Among 23 responding patients, 20 (86.9%)
showed also some thermographic improvements in the back
area 16(9.6%) and the lower extremity 4(22.2%). However, 4
patients (13.3%4) showed no therrmographic changes (2 de-
spite clinical improvements) and 3 showed worsening of pat-
tern regardless of the clinical status.

Conclusions:Although the study sample was small, there
seems to be no characteristic thermographic pattem for the
facet syndrome. Thus, themal imaging is considered to have
no specific diagnostic value for such a condition. However,
thermography seems to be useful for the evaluation of these
patients before and after the treatment.. Discrepancies be-
tween the clinical and thermographic findings observed in sev-
eral patients must be carefully studied and elucidated before
thermal imaging can be recommended an objective tool that
can assess the clinical status.

Thermographic Evaluation of Failed Back Patients be-
fore and After Percutaneous Radiofrequency Lesioning
of the Dorsal Root Ganglion

Park JY, Kim SH, Lim DJ, Cho TH

Department of Neurosurgery, Korea University Medical Center, Ansan
Hospital

Background:The changes in thermographic pattern were stud-
ied, in patients with persistent back and leg pain after surgery.
to validate its significance in evaluation of the clinical status
following percutaneous radiofrequency (PRF) lesioning of
dorsal root ganglion. It was also intended to clarify its useful-
ness in confirmation of improvement in patients under com-
pensation (eg.. insurance or workerAZs compensation pro-
gramme) in whom determination of exact degrees of improve-
ment is usually difficult.

Methods: A total of 30 patients with persistent back and leg (15
males, 15 females. mean age 47.9 years) and symptom dura-
tion exceeding 6 months of duration following lumbar surger-
ies were enrolled in the study. Among these, 5 were under
compensation programme.either with insurance policy or
workers Ms compensation contract. Thermographv was per-
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formed before and after PRF procedures. PRF procedures. the
partial dorsal root ganglion lesions were performed percuta-
neously under local anesthesia with C-arm guidance and phvsio-
logical monitoring (e.g.. impedance. sensorv and motor re-
sponses). Assessments included the clinical svmptoms, signs
and changes of the thermographic pattem before and after PRF
procedure. Special attention was given whether changes in the
thermographic patterns were correlated with changes in trhe
clinical status. Various clinical variables such as age. gender, .
bilateral symptoms, number of previous operations. type of
pathology and tvpe of operations were also studied to deter-
mine prognostic factors. The minimal follow up period was 6
months.

Results: All patients tolerated the RF procedures without addi-
tional medications. The thermographic findings before the
procedure were in agreement with the clinical and radio-
graphic findings in 27 (90%) patients The PRF procedure pro-
vided substantial improvement of pain (>50% pain reduction)
in 23 (76.7%) and 21(70%) at 1 and 6 months after the inter-
vention. The thermographic findings in seventeen (80.9%) of
these patients seemed to correlate with clinical imnprovement.
Four of five patients under the compensation programme
agreed to thermograpbic findings despite previous denial of
improvement. However. 4 patients (19.1%) showed no signifi-
cant thermographic changes despite clinical improvement.
Clinical factors related to better outcome, although statisti-
cally not significant, were younger age, unilateral pain, no sig-
nificant paraesthesia or dysaesthesia, and low number of opera-
tions.

Conclusions:These results indicate that PRF lesioning of the
dorsal root ganglion seems to be effective, thus considered as
useful armamentarium in the management failed back patients
with persistent back and leg pain. With respect to thermo-
graphy, it is too early to draw specific conclusions when con-
sidering the fact that this study represents preliminary results
of small sample of patients. However, based on the results ob-
served, thermography might have a specific role in evaluating
these patients, especially in combination with the clinical sta-
tus. Further studies are needed to provide valuable informa-
tion regarding the thermographic patterns of these patients.
Facing the discordance between pain, clinical findings and im-
aging studies, thermal imaging might contribute to the dis-
crimination between true pain and other factors associated
with seondary gain from compensation.

The Role of Thermography In Clinical Practice:
Review of the Literature

Park JY, Kim SD, Kim SH, Lim DJ, Cho TH

Department of Neurosurgery, Korea Universitv Medical Center. Ansan
Hospital

Currently, a great number of articles related to thermography
was published and cited in the literature. Although infrared
thermography had been generally considered as a useful diag-
nostic tool in many clinical fields, its drawbacks are also nu-
merous. This and other facts were the reasons for a reduced
interst in this technique and causes a decrease in use until re-
cently. The objective of this studv is to review its current de-
velopments, scientific evidence, causes of decline of its use,
current limitations and disadvantages in order to define the
underlying problems and to seek ways to improve the current
technologies. Articles were searched electronically in Medline
using the keywords “thermography” and thermogram. More
than 5000 hits were founds. All articles were categorized and
indexed into various clinical fields. Citations that contained
controversial points on its usefulness versus drawbacks were
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collected in separate fields. Sensitivity. Specificity, predictive
values and the usefulness in various clinical disorders were re-
evaluated. Based on these findings, proposals are made for the
future direction of medical thermography and that some draw-
backs can be overcome by possible technical improvements
and innovative approaches.

Despite many inherent limitations and disadvantages related
to infrared thermography in medicine, the authors believe that
it can be a great tool in the medical field when a strict protocol
is applied in selected patients. Thermal imaging has several
invaluable advantages, its technology has been substantially
improved, many ancillary appealing features and also its core
development are under intense investigations. However. many
good designed, . controlled, on large population-based studies
will be needed with the currently available techniques to proof
scientific evidence in the future that thermography is diagnos-
tic tool that provides unique and valuable information com-
pared with other diagnostic modalities.

Applying Infrared Thermography To Sports Medicine
Pascoe DD ', Smith JW', Molloy JM', Purohit RC?

1Department of Health and Human Performance; 2 College of Veterinary
Medicine, Auburn University; Auburn, AL U.S.A. 36849

The purpose of this investigation is to demonstrate the efficacy
of infrared thermography in the screening, diagnosis, and
evaluation of sports-related injuries and treatments. This area
of-investigation provides new challenges und opportunities
for infrared thermography. This was the first year in which we
obtained infrared thermographic images during pre-participa-
tion medical screening. These images provided our research-
ers with a baseline image prior to injury. This is very different
from most situations in which the subjects or patients arrive
with pre-existing problems. In these cases, the thermologist in-
terprets the image based on the assumption of a normal pattern,
symmetry, und normative temperatures for the afflicted re-
gion.

When our athletes sustained an injury, serial images were
taken throughout the treatment process. Unlike patients, ath-
letes will continue to participate during competitive seasons
despite acute or chronic injuries. Rest is only prescribed as a
“last resort* treatment. Most of the treatments provided by ath-
letic trainers are not based on research, but have been devel-
oped by hearsay or trial und error. Infrared thermography
provides another avenue for further research -and the evalua-
tion of the efficacy of modalities und treatments. Serial infra-
red imaging can be further used to monitor the progression of
rehabilitation following surgery.

Influence of Environmental Conditions on Regional
Mean Skin Temperatures

Pascoe DD'‘, Molloy JM', Smith JW ', Purohit R.C?

1Department of Health und Human Performance; 2 College of Veterinary
Medicine, Auburn University; Auburn, AL U.S.A. 36849

Infrared thermography provides the most accurate assessment
of mean skin temperatures without the problems associated
with other techniques. To date, few studies have utilized this
technology to investigate the role of skin temperatures which
mediate the heat transfers between our core temperature und
the external environment. The purpose of this investigation
was to determine the variance in regional skin temperatures at
20, 30, und 40 °C und 30% relative humidity for the environ-
mental conditions using non-invasive, non-contact infrared
thermography. Thirty collegeaged participants (/5 male, 15
female), wearing minimal clothing, passively stood in an envi-
ronmental chamber for at least 15 minutes for equilibration
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prior to obtaining frontal und posterior infrared thermal im-
ages (BalesTM 2000). The trials were performed at the same
hour of differing days to eliminate any variance due a previous
trial or thermal changes due to circadian rhythms. Subjects
were pre-screened for contraindicated medical conditions.
One hour prior to testing the subjects refrained from food con-
sumption, exercise, smoking, und caffeine use. The regions oft
he torso were compared to the peripheral regions (head, arms,
legs). Mean skin temperatures calculated from regional mean-
weighted formulas commonly cited in physiological research
were compared to an overall mean skin temperature obtained
from all skin not covered by clothing. An agreement frequency
(overall und formula determinations agreeing within 0.2°C)
described the ability offormulas to estimate a whole body
mean. The high, mean. und low temperatures from all regions
were statistically different for all environmental conditions.
The range of temperatures within each region was signifi-
cantly greater at 20°C when compared to 30 or 40°C. How-
ever, the ranges in skin temperatures for the peripheral regions
(not torso) were significantly greater during the 30 und 40°C
environmental trials. Unlike thermal probes that measure only
one location, non-contact infrared thermography can accu-
rately assess multiple thermal skin responses from hetero-
genous distributions of skin temperatures within body regions.

Thermovision in assessment of chronic lower limbs
ischaemia after treatment.with glycoseaminoglycans

Pietruszka M, Domaniecki J, Gburzyfiski L.

Klinika Chirurgiczna, Wojskowy Instutute Medycyny Lotniczey

Introduction: One of the goals of modern medicine is develop-
ment of non — invasive diagnostic methods. Infrared thermo-
graphy is one of visual diagnostics methods consisting of
contactless body surface temperature measurement based on
infrared radiation emission. High sensitivity of this method al-
lows early detection of ischaemic changes, observation of ther-
apeutic process dynamic and assessment of treatment results.

Material and methods: Thermovision was carried out on two
groups of subjects: 20 active duty helicopter pilots (control
group) and 20 patients with diagnosed chronic ischaemia of
lower limbs. Patients were treated with glycoseaminoglycans
IV infusions for 21 days with dose of 600 LSU per day. All
subects undergone tests specified below:

Thermovision ,Ankle — Brachial Index (ABI) assessment,
Doppler USG of lower limbs vessels.Lab tests: morphology,
fasting glucose, blood lipids and fibrinogene level.

Thermovision in control group was carried out once, in experi-
mental group before and after treatment. Before treatment
thermovision revealed calf skin temperature 1,1 to 1,4°C
lower than in pilots control group. After treatment mean calf
skin temperature raised for 0,6 to 0,8°C compare to initial val-
ues. ABI before treatment had lowered values of 0,18 - 0,87 .
After treatment ABI raised for 0,05 — 0,25 (mean 0,15) com-
pare to initial level. Doppler USG revealed blood flow defi-
ciency (+)to (+) before and after treatment. Clinical examina-
tions have shown a considerable increase of walking dis-
tances.

Thermographic examination can be used as a very sensitive
method for the assessment of conservative therapy.

Dynamic Thermography
In Testing the Venous System of the Extremities

Pietrzyk JA', Korohoda P?, Krawentek L

]Dialysis Unit, Children’s Univeristy Hospital of Cracow, Poland

*Chair of Electronics, University of Mining and Metallurgy ,Cracow, Poland
Dynamic thermography (DTG) is a well-recognized method
of testing the vascular system. Using a relatively inexpensive




Vigo System V-20 thermovision camera with a single HgCdTe
detector, the authors attempted to optimize the measurement
conditions, cooling time, cooling water temperature and the
time span needed to obtain reliable results so that a test,
non-invasive by its very nature, could be the least bothersome
for the patient.

The majority of patients tolerated cooling the arm by immer-
sion in water at the temperature of 100 Centigrade. Immersion
in colder water was poorly tolerated, regardless of the duration
of the procedure. The patients reported the sensation of chilli-
ness, coldness, shivering or pinching. With the exception of
patients with Raynaud’s phenomenon, the series of DTG im-
ages recorded after a cooling period of less than 3 minutes al-
lowed for showing the network of superficial veins in a way
similar to the image obtained without prior cooling. The opti-
mum test time was determined as 15 minutes.

The experimental procedure allowed for diagnosing the com-
petence of the vascular system in healthy individuals, patients
reporting the “cold hands” syndrome, individuals with chronic
renal failure and a newly created A-V fistula and in hemo-di
alyzed patients with normally functioning and malfunctioning
Cimino-Bresci or Gore-Tex fistulas in the arm or the forearm.

DTG after cooling the extremity in water at the temperature of
100 Centigrade over 3-5 minutes followed by a 15-minute
thermographic test allows for a very good visualization of the
vascular system. The tests are performed over a prolonged
time, what necessitates immobilization of the extremity. Ap-
propriate methods used for digital image correction improve
the quality of the thermograms and facilitate their interpretation

CTHERM for standardised thermography
Plassmann P, Murawski P

University of Glamorgan, School of Computing, CF37 1DL, Pontypridd, UK

Over recent years practitioners of medical thermography have
recognised the need for introducing standards into the various
processes of image acquisition, analysis and data exchange.
Commercially available thermal imaging software, however,
is generally designed with industrial applications in mind and
as such often more a hindrance than a help in achieving this goal.

The authors are proposing a set of 24 standard “masks” which
can be superimposed onto live thermal camera images in order
to aid the precise positioning of subjects in pre-defined stan-
dard views. Embedded in the description of each mask are
codes and descriptions which simplify searching and indexing
of acquired images in data bases.

Images captured in such a way have a number of advantages:
they can be readily compared with other images and lend
themselves to semi-automated analysis such as a cold- stress- test.

Examples of standardised image capture and semi-automated
analysis produced by the CTHERM software package are pre-
sented. The authors have developed data file conversion tools
so that images captured and analysis data produced by
CTHERM can imported into the ImageThermabase package
(and vice versa). It is planned to incorporate conversion tools
for further packages, to enable and simplify consultation and
data exchange within the medical thermology community.

Elucidation of Thoracic and Lumbosacral Dermatomal
Patterns in the Horse

Purohit RC, Schumacher J, Molloy JM®, Smith JW®, Pascoe DD°
College of Veterinary Medicine, °Department of Health and Human Per-
formance;Auburn University; Auburn, AL U.S.A. 36849

In our previous studies, infrared thermography was used to
evaluate the dermatome patterns of the head and neck (cervi-
cal) areas in the horse.

Abstracts

The present studies document the efficacy of thermography
in evaluation and determination of some of the thoracic and
lumbosacral dermatome patterns in the horse. The pattern
of distribution of the individual spinal nerves were done by
spinal nerve blocks. Injection of 0.5% mepivacaine in the
dorsal or ventral spinal nerve was performed at different lev-
els. The sensory-sympathetic spinal nerve blocks produced
increased thermal patterns and the lack of sensory responses
in the affected areas. Mapping of these dermatomes has
been of significant help in the determination of nerve inju-
ries in the spinal areas. Although the use of thermography is
not the sole diagnostic tool in diagnosis of thoracic and
lumbosacral nerve injuries, thermography can localize a le-
sion and assist in further diagnosis such as radiology and
myelography. In recent years we have used thermography
to assist in diagnosis of clinical cases with spinal injuries in
these areas.

Thermographic Evaluation of Neurogenic Mechanisms
of Peripheral Thermoregulation in the Equine

Purohit RC, Schumacher J, Molloy JM°®, Smith JW®, Pascoe DD°

College of Veterinary Medicine, °Department of Health and Human Per-
formance;Auburn University; Auburn, AL U.S.A. 36849

The cutaneous circulation is under sympathetic vasomotor
control. Peripheral nerve injuries and nerve compression can
result in vascular changes that can be detected thermo-gr
aphically. It is well known that nerve irritation causes vaso-
constriciton, resulting in reduced blood flow, which causes
cooler thermograms and the loss of sympathetic tone causes
vasodilation and thus gives warmer thermograms. Of course,
this simple rationale is more complicated with different types
of nerve injuries (neuropraxia, axontomessis, and neurotmesis).
Furthermore, lack of characterization of the extent and dura-
tion of injuries may make thermographic interpretation diffi-
cult. Therefore, several studies were done in horses and other
animal species to show that if thermographic examination is
performed properly under controlled conditions, it can provide
accurate diagnosis of nerve injuries.

Thermal imaging of skin burns

Renkielska A, Kaczmarek M.,. Karmolifiski A, Stojek W.,
Grudzifiski J, Nowakowski A.

Department of Biomedical Engineering,
Gdansk University of Technology, Gdansk, Poland

Dorsal skin burns of various depth have been carried out in 20
domestic swine coming from a breeding intended for experi-
mental purposes. The depth of the burns has been confirmed
each time by a histopathological examinations. The burns
were estimated clinically by registering their appearance and
evolution between 1 and 4 days after burning by means of pic-
tures /taken with an analog and digital camera of a high stan-
dard/, as well as thermographically with a thermographic
camera Agema 900 applying static and dynamic thermo-
graphy.

During the period of 2 years examinations the temperature and
the time of acting of the burning factor were changed while
looking for optimal clinical as well as histopathological com-
patibility and repeatibility in the assessment of the burned
wound. The kind of stimulus intensifying the reaction of the
burned tissue in the dynamic thermography record was also
changed /halogen lamps , ice. a stream of cold or warm
air/.Thermographic pictures recorded for burned fields of vari-
ous depths have been analysed from 1 hour to 4 days after
burning. They were correlated with clinical pictures registered
in photographs. It has been found out that the most essential
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changes in the thermographic picture are registered from 2 to
3 days after burning for wounds of intermediate thicness,
whereas deep burns do not display such dynamics.. From
among physical stimuli magnifying the contrast of the thermo-
graphic picture, the cooling of the surface of the burned wound
with a stream of a cold air appeared to be the most efficacious.

Human Temperature Measurement — from Analogue to
Digital
Ring EF

Medical Imaging Res. Group, School of Computing,
University of Glamorgan, Pontypridd, Wales UK.

Temperature and disease have a long association, from the ear-
liest days of medicine. Many centuries elapsed between the in-
vention of the glass thermometer and the serious use of the
clinical thermometer. Largely through the work of Dr Carl
Wunderlich of Leipzig, routine measurements were estab-
lished as a primary procedure for all branches of medicine.
Wunderlich established many precepts for the use of tempera-
ture measurements. These included, the objectivity, the value
of monitoring change as an indicator of disease progression,
and for the indication of fever from increased temperature.

With the introduction of infra red imaging, the second half of
the 20™ century brought a highly efficient medium for the
study of thermal physiology. Areal non-contact measurements
of'the skin surface provided simultaneous recording of the dis-
tribution and patterns of skin temperature for the first time.
The early thermographic cameras were imaging devices that
produced an analogue picture. Attempts to measure tempera-
ture were made by densitometry on paper or film hardcopy.
When monochrome electronic displays were introduced in the
1960°s, isotherms were added as a means of indicating areas of
a common temperature. By multiple filter photography with
colour film we were able to generate the first colour thermo-
grams. A few years later, colour displays were used, so that
false colour thermograms could be displayed on screen for the
first time. The issues of colour palettes, isotherm bandwidth
and spatial resolution of colour images became important. At
the same stage computers for image capture and analysis was
introduced. As digital age began, the enormous power of digi-
tal thermography became evident, and the need for standardi-
sation in technique was established.

Measurement of the human body surface temperature is unre-
liable without adequate preparation, stabilisation and position
of the patient. Furthermore, image capture requires stable
camera systems, and image analysis requires rules for repeat-
able regions of interest and normal values. It is only recently
that serious attempts to establish a reference atlas and define
closer protocols for clinical studies have emerged. The future
offers advantages in digital communication that were beyond
the vision 0f 40 years ago. We now have digital technology that
is becoming commonplace in healthcare with integration of
imaging and laboratory investigations. We need to improve
both technique and the comparison with normal limits in hu-
man thermography in readiness for wider use of this non-inva-
sive imaging technique for medicine in the 21* century.
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Mirror Visual Feedback Treatment of Complex Re-
gional Pain Syndrome monitored by Thermal imaging

Ring EFJ, McCabe CS, Haigh RC, Halligan PW, Wall PD,
Blake D.R

Royal National Hospital for Rheumatic Diseases, Bath. .BA11RL..UK.

Mirror visual feedback has been used to test the hyposthesis
that incongruence between motor output and snesory input
produces complex regional pain syndrome CPRS type 1 pain.

Eight subjects with CPRS from 3 weeks to 3 years were stud-
ied over 6 weeks, The subjects had a mirror placed between the
affected and normal limb, observing the movements of the
normal limb with its mirror image. The obeservers noted the
range of movement of each limb. The assessments included 2
controls (viewing a non reflective surface). The tests were re-
peated each week, and the subjects used to mirror feedback at
home on a daily basis. Pain severity and vasomotor function
were recorded. Infra red thermograms were recorded to pro-
vide an objective indication of limb temperature.

Results: The control stages had no effect on movement or
pain. In early CRPS < 8weeks, there was an immediate analge-
sic effect from the mirror visual feedback procedure. <1 year
of disease this also led to a loss of stiffness in the affected limb.
At 6 weeks normalisation of function and temperature differ-
ences had occurred in the early and intermediate CRPS sub-
jects. No change was found in the chronic CRPS group.

Temperature differences before treatment in early disease var-
ied from 0.5-2.7°C. This differences reduced after treatment to
0.2-0.8°C. In two unresolved cases the temperature differ-
ences were 1.4 and 2.1 and after treatment these were 1.3 and
2.6 C.

This pilot study shows that visual input of limb movement to
the brain can establish a pain free relationship[ between sen-
sory feedback and motor action. Trophic changes and a Iess
plastic neural pathway preciudes this in chronic disease.
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Imaging In Diabetic Foot Ulceration: a blinded
comparison of infrared imaging with plain film radiology,
magnetic resonance imaging, clinical assessment and
haematological and biochemical investigation.

Roach H, Harding JR, Jones A, Griffiths H, Morris MHL.

Royal Gwent & St Woolos Hospitals, Newport, Gwent, UK

Previous studies have shown infrared imagining to be a useful,
sensitive, non-invasive investigation to detect or exclude
osteomyelitis complicating diabetic foot ulceration, and to as-
sess the response to treatment.

In this study, a series of patients with diabetic foot ulceration
were evaluated:-

1) Clinically

2) By measurement of haematological and biochemical mark-
ers of inflammation

3) Medical infrared imaging

4) Plain film radiology

5) Magnetic resonance imagining (MRI)

Each parameter was assessed by a different investigator
blinded to the results of the other investigations. Clinical eval-
uation was by an experienced specialist in diabetes and wound
healing. The laboratory investigations were undertaken by ac-

credited hospital departments of haematology and chemical
pathology. Infrared imaging was performed and interpreted




by an experienced thermologist. The x-rays and MRI were re-
ported by two independent experienced radiologists.

This study confirmed that infrared imagining is a sensitive in-
dicator of the presence or absence of osteomyelitis complicat-
ing diabetic foot ulceration when compared with the other
imaging modalities, clinical assessment and blood tests. Infra-
red imagining has the advantages of being non-invasive, non-
irradiating and cost-effective.

The Infrared Evaluation of Induced Inflammatory Reac-
tion in the Skin of Rats.

Szydlowski L, Kempifiska A, Parafiniuk M

Department of Forensic Medicine, Pomeranian Academy of medicine,

The phenomenon of inflammation is a systemic reaction in
which tissue damage, circulation disorder, inflammatory ex-
udates, proliferating lesions and immunological changes to
various damaging factors appear. The damaging factor may
have general effects or may affect one particular area, where
inflammatory process takes place.

The research was conducted on 16 to 18-week-old rats of
Vistar breed. During the experiment rats were kept in cages in
animal quarters in Forensics Institute of Pomeranian Medical
Academy in Szczecin. The animal quarters were darkened and
litup in 12 hours cycles corresponding to day and night cycle.

The animals were divided into groups at random. The first 10
individuals were assigned to a pilot group in order to establish
time slots of the experiment duration. The second group of ani-
mals was assigned for survival observation of the inflamma-
tion and healing process of the inflammation via the infrared
method.

In the particular case the cause of experimentally induced in-
flammation was exogenous administration of xenobiotic in the
form of formaldehyde solution (in the amount of 15 pL). The
substance of the experiment was to exclude other factors, par-
ticularly bacterial ones. The induced lesion led to focal necrosis.

The measurements were done by means of ThermaCAM™
SC500 camera with focal plane Array (FPA). For precise inter-
pretation of recorded thermograms ThermaCAM Explorer 99
and ThermaCAM Reporter 2000 software packages were ap-
plied.

The inflammation was of defensive-reconstructive, non-spe-
cific, chronic nature. The inflammation induced in this manner
had a series of similar features to many endogenous inflam-
mations.

Thermography in pediatric surgery

Wojaczyfiska-Stanek K, Sypniewski J ", Bartosz Broen B,
Mandat K

Clinic of Pediatrics and Child Neurology, Silesian Medical Academy in
Katowice

* Department of Pediatric Surgery, Pediatric and Rehabilitation Center in
Chorzow

Thermographic examination as a noninvasive, painless, re-
peatable and highly-sensitive test is a valuable way of diagnos-
ing in pediatrics. Thermography is also used in pediatric
surgery, urology and traumatology, it finds application in ab-
dominal pain (e.g. inflammations and tumors), especially in
indefinite cases. Thermograms are often consistent with ana-
tomical localization of disease, not with reported point of pain.
Thermography is helpful in evaluation of healing of long bone
fractures treated with external fixation devices (e.g. POLFIX)
or bioimplants (BIOFIX). Thermography is used in pediatric
urology — for example in examination of testis, evaluation of
treatment effect in cryptorchismus, torsion of testicle appendi-

Abstracts

ces and varicoceles. Thermography, used by an experienced
clinician, is of great importance both in screening test as well
as evaluation of control of treatment effect.

Thermographic examination of children with headache
Wojaczynska — Stanek K*, Marszal E*, Wittchen W**

* Department of Pediatrics and Child Neurology, Silesian Medical
University Katowice ** Institute of fron Metallurgy, Gliwice

Headache is the most common neurological disorder (or rather
symptom) and effects 40 — 70% of the children. The Interna-
tional Headache Society classifies headache either as symp-
tomatic or idiopathic. The diagnostic protocol included history,
general physical examination, neurologic examination, labo-
ratory testing, imaging studies etc. Vascular heat emission may
be imaged by non — contact infrared thermography.

The aim of this study is the evaluation thermography in chil-
dren with headache and to investigate patterns in thermal im-
age that might by typical in symptomatic and idiopathic head-
ache.

The study population consist of 51 children aged 6— 11 years.
They were all examined using the full range for clinical diag-
nosis (CI and/or MRI, ICD, EEG, psychological tests). They
also filled in a pain questionnaire. Facial thermography con-
sisted in each patient of images of the face, the right and left
side of the head and neck region..

The temperature differences between Right and left side were
found to be higher than 0.5°C at many specific facial regions
int headache patients (this value was never greater than 0.5°C
in the control group).

In migraines patients changes were mostly on forehead and
the temporal area; in children with tension type headache at
neck; int children with temporomandibular joint (TMJ) dis-
case in area directly and anterior to the TMJ; and in children
with sinusitis int anatomical zone of sinuses.

Thermography may have promise as a diagnostic screening
test for the evaluation of the etiology of headache in children.

Thermography In Psoriatic Lesions Evaluation
— Preliminary Results.

Zalewska A, Wiecek B*, Zwolenik S*, Lis M*,
Sysa-Jedrzejowska A

Department of Dermatology, Medical University of Lodz,
* Institute of Electronics, Computer Thermography Group,
Technical University of Lodz, Poland

Thermography methods gain more and more applications in
medicine including evaluation of allergic skin tests, deep vein
thrombosis, burn depth, diabetic foot, Raynaud’s phenomenon
and many others .. Psoriasis is a chronic, recurrent skin disease
involving 2 -4 % of human population. It exerts a strong nega-
tive impact on patients both psychological and physical well-
being.

The aim of our study was to evaluate usefulness of thermo-
graphy in psoriatic lesion severity, because a sensitive mea-
surement of plaque temperature as a prognostic marker could
be useful in the management of psoriasis vulgaris. The Thermo-
camera INFRAMETRICS 760 was employed in our study.

Temperature resolution was 0.1 ° C. This preliminary study in-
volved only patients with plaque type psoriasis presenting a
newly developed eruption who did not take any systemic treat-
ment in the last 6 weeks and local one for more than 2 weeks.
Before the thermography procedure was performed the pa-
tients were left in piece and quiet in a specially prepared room
for 30 minutes in order to adjust them to the same environmen-
tal temperature. The severity of selected lesions was evaluated
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by a dermatologist and at the time of thermographic procedure
and 3 weeks thereafter. On clinical examination the following
parameters were noted: extension of the lesions (cm?), indura-
tion (scale 0-4 points), erythema (scale 0-4 points) and desqua-
mation (scale 0-4 points). All the studied patients were on
in-patient treatment, including systemic therapy (PUVA,
methotrexate) and local one (anti-mitotic, anti-inflammatory
drugs).

We observed that in the areas of increased temperature (range
between 34.9 © C and 35.2 °C) lesions were either fully devel-
oped and relatively resistant to treatment or were invisible to
the naked eye and gradually started to appear on the skin.
Based on thermography in the first case the most resistant le-
sions could be recognized thus stronger local agents could be
of great help, where necessary whereas in the latter case we
could predict new lesions development within the apparently
uninvolved skin thus justifying additional local treatment im-
plementation.

In conclusion, higher temperature observed on thermographic
images but impossible to distinguish by palpation, would pre-
dict which lesions would be more resistant to the employed
treatment and allow for earlier introduction of more potent ad-
ditional local agents applied under for example occlusion. In
another situation, where there is an inflammatory process go-
ing on, but still hidden to the naked eye, one can try to employ
additional topical treatment in order to prevent new lesion de-
velopment. In any case thermography would allow for intro-
duction of more focused local treatment with fewer side-
effects because applied only where necessary.

Breast Cancer Diagnostics Using Infrared Camera
Zavisek M, Drastich A, Dub P

BUT FEEC Department of Biomedical Engineering Purkyoova 118, 612
00 Brno, Czech Republic

There have been performed many studies concerning with
thermography in breast cancer detection in 1960s and 1970s.
Classification used to be performed intuitively. It resulted in
high false positive ratio, but it was proved that increased meta-
bolic activity and vascular neogenesis in breast cancer neigh-
borhood causes changes in breast surface temperature relief.
This technique is coming back in several last years. The main
reason is development of new generation of infrared cameras,
which produce digital images. Another significant reason is
high computing output of personal computers, which brings
new possibilities to digital image processing.

Aim of our study is to find new image processing methods,
which allow objectively and precisely describe essential
thermopathological features. Automated system based on
these methods should be able to perform pre-selection into
groups of positive and negative thermograms.

Differences in vascular pattern and in appearance of hot spots
between left and right breast are the most significant thermo-
pat hological features. From our point of view it represents
symmetry evaluation of pairs of pictures. There are two main
techniques. The first is non-topological approach and it is
based on using statistical methods, such as histogram of tem-
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peratures or some derived properties. The topology-based
methods are the second approach. These methods use mathe-
matical description of the basic entities occurred in the thermo-
gram. Of course there are combined (hybrid) methods, which
are a hopeful way for the future.

We have 12 thermograms of patients with positive finding
from RTG or ultrasound mammography and 10 thermograms
of health women as a control group, now. We use our digital
thermocamera FLIR PM575 for data acquisition. Each exami-
nation consists of three images. Patient sits on a chair and after
twenty minutes long equilibration within air-conditioned room
one frontal and two slightly lateral pictures are taken. The
analysis is performed in the frontal picture. We consider the
whole breast as a region of interest.

We have tested several non-topological and hybrid methods.
We obtained a high number of parameters and we accom-
plished a classification of thermograms for each parameter
separately. Values of sensitivity and specificity reached ex-
ceed 80 % for some parameters. But with respect to the limited
number of patients in our study these results are not very reli-
able. Our current research is oriented to obtain significant
number of patients and negative women, find new features fea-
sible to classification and reduce the number of parameters
used in the final classification process.

Thermographic monitoring of temperature changes
on the surface of titanium implant
during COz laser irradiation — in vitro study.

Zmuda S', Ignatowicz E'., Preiskorn M', Stolarek M',
Dabrowski M2, Dulski R?

IMilitary Medical Institute, Warsaw, Poland
Institute of Optoelectronics, Military University of Technology, Warsaw,
Poland

Laser surgery is advantageous alternative for conventional
methods in number of clinical situations. The controlled and
precise destruction of target tissue has made it a recommended
procedure in intraoral surgery. Lasers may be useful in uncov-
ering submerged implants. For this indication the CO, laser
vaporizes the overlying tissue until the surgical healing cap is
reached. The laser eliminates the need for a flap and suturing,
and reduces postoperative discomfort that would normally be
associated with this procedure.

The purpose of the present in vitro investigation was to mea-
sure temperature changes on the titanium implant surface
when using pulsed CO, laser in a simulated implant uncover-
ing protocol. Temperature changes were monitored by com-
puterized thermovision system and by two thermocouples
placed on the surface of the implants. Several setting combina-
tions of the laser with regard to output power and pulse repeti-
tion rate on dry surfaces were tested. The irradiation time was
10 seconds. The temperature observed often exceeded the pro-
posed thresholds for bone damage. It is concluded that the CO,
laser when used in a pulsed mode during 10s induces the risk of
temperature bone damage as a result of lasing implant sur-
faces.

Further studies are needed regarding temperature increases in-
duced by lasers that may adversely affect osseointegration.




Report

Protokoll der aulierordentlichen

Mitgliederversammlung 2002 am Samstag

14. Dezember 2002, 14.20 Uhr bis 16.00 Uhr auf dem

Elsterhof, Hauptstr. 22 in Kauxdorf

Joachim-Michael Engel ', Dietrich Rusch *

Prisident ' und Schatzmeister > der Deutschen Gesellschaft fiir Thermologie

Der Président eroffnet die auBerordentliche Mitglieder-
versammlung, zu der ebenfalls fristgerecht eingeladen
wurde. Von Seiten der anwesenden Mitglieder besteht
gegen die vorgeschlagene Tagesordnung keine Einwen-
dung.

1. Bericht des Vorstandes

Dr. Engel berichtet iiber die thermographischen Aktivi-
titen auf nationaler und internationaler Ebene 2001/
2002. Es ist festzustellen, dass im europédischen Raum,
insbesondere in Osteuropa sowie im asiatischen Raum in
Korea, weniger in Japan und USA noch aktiv thermo-
graphisch titige Arzte zu finden sind. Auch in GroBbri-
tannien und in Osterreich bestehen noch thermographi-
sche Aktivitaten. RegelmaBig wird in Thermology inter-
national liber Fortschritte der Thermologie und auch die
verschiedenen Veranstaltungen berichtet. Fiir Einzelheiten
wird auf diese Berichterstattung verwiesen. An dieser
Stelle dankt Herr Dr. Engel ausdriicklich nochmals Prof.
Ammer fiir seine unermiidliche publikatorische Aktivitét
bei der Herausgabe dieser fiir die wissenschaftliche Aner-
kennung so wichtigen Zeitschrift

Herr Bergmann als Sekretér berichtet, regelmaBig die
Zeitschriften versandt zu haben. Ansonsten gebe es keine
besonderen Aktivitdten von seiner Seite. Er bedauerte,
daf3 der Bergmann-Preis, der dem Andenken seines Va-
ter’s gewidmet ist, bislang nur einmal vergeben werden
konnte. Grund hierfiir ist der Mangel an qualifizierten
Arbeiten, die fiir diesen Preis eingereicht wurden.

Herr Dr. Rusch berichtet, dass die Gesellschaft insge-
samt noch 45 aktive Mitglieder hat, die auch ihren Zah-
lungsverpflichtungen des Mitgliedsbeitrags nachgekom-
men sind. Nach wie vor ist zu begriifien, das die Firma
JenOptik LOS ihre Mitgliedschaft aufrecht erhalten
hat. Zwei Mitglieder sind aus Altersgriinden ausgeschie-
den und zum Oktober 2003 wird auch der Kollege Ver-
fiirth aus Duisburg aus Altersgriinden aus der Gesell-
schaft ausscheiden. An Neuanmeldungen liegt 1 Antrag
vor, der jedoch auf Beschluss des Vorstandes 2003 zu-

riickgestellt wird, entsprechend der weiteren Entwick-
lung der Gesellschaft mit Uberfiihrung in die EAT.

2. Bericht der Kassenpriifer

Auf der letzten Mitgliederversammlung waren keine
Kassenpriifer bestellt worden. Daher legt Herr Dr. Rusch
als Schatzmeister den anwesenden Mitgliedern der Ge-
sellschaft alle Unterlagen zur Einsicht vor. Sie konnten
sich von den von der reguldren Buchfithrung und korrek-
ten Verwendung der Mitgliedsbeitrige iiberzeugen.

Dr. Frauenrath erstellt darauthin den Antrag auf Entla-
stung des Vorstands. Dieser Antrag wird einstimmig an-
genommen und dem Vorstand damit Entlastung erteilt.

3. Zukunft der DGT

Es folgte dann eine ausfiihrliche Diskussion {iber die
Fortfithrung und weiteren Aktivititen der Gesellschaft.
Auf Antrag des Prisidenten werden folgende Beschliisse
einstimmig gefast:

Im Rahmen des 9. Européischen Kongresses fiir medizi-
nische Thermologie in Krakow (30.05.-01.06.03) wird -
voraussichtlich am 31.05.03 eine auBBerordentliche Mit-
gliederversammlung der Deutschen Gesellschaft fiir
Thermologie einberufen, zu der die Mitglieder im Fe-
bruar 2003 mit Rundschreiben eingeladen werden. Diese
auBlerordentliche Mitgliederversammlung wird einberu-
fen mit dem Ziel, die Deutsche Gesellschaft fiir Thermo-
logie zum 31.12.03 aufzulésen und in die Européische
Gesellschaft fiir Thermologie (EAT) zu iiberfuhren Die
rechtlichen Voraussetzungen hierzu werden von Herrn
Prof. Ammer gepriift und gekléart.

Mit Uberfuhrung der Deutschen Gesellschaft fiir Ther-
mologie in die EAT wird der Bergmann-Preis zusammen
mit 10.000 Euro Preisgeld und den noch vorhandenden
GlasSculpturen an die EAT iibergeben.

Das Restvermogen der DGT wird zweckgebunden an die
EAT fiir wissenschaftliche Publikationen bzw. Internet-
Présentation iibergeleitet. Die Web-Domain thermolo-
gy.org wird ebenfalls an die EAT iibergeleitet.

&3




Thermology international 13/2 (2003)

Die anwesenden Mitglieder der DGT sind sich einig,
dass eine Fortfiihrung der nationalen deutschen Gesell-
schaft fiir Thermologie dem europdischen Rahmen nicht
mehr angemessen ist und dass die EAT am besten geeig-
net ist, die in Europa tétigen Thermologen wissenschaft-
lich und standespolitisch zu vertreten. Die Beschluss-
fassung fiir die Einberufung der auBBerordentlichen Mit-
gliederversammlung erfolgt einstimmig.

4. Bergmann-Preis

Der Bergmann-Preis konnte mangels geeigneter Publi-
kationen in 2001/2002 nicht vergeben werden. Die Aus-
schreibung 2003/2004 sollte bereits iiber die EAT er-
folgen. Hierzu ist eine Beschlussfassung der auf3eror-
dentlichen Mitgliederversammlung im Mai notwendig.

5. Neuwahl des Vorstands

Die anwesenden Mitglieder der Gesellschaft beschlieBen
einstimmig, die Neuwahl des Vorstands auszusetzen an-
gesichts der vorgesehenen Auflosung der Gesellschaft.
Entsprechend bleiben satzungsgemal die derzeitigen Vor-

standsmitglieder geschiftsfithrend im Amt. Die Beschluss-
fassung hierzu erfolgt einstimmig.

6. Verschiedenes

Derzeit ist die der deutschen Gesellschaft fiir Thermolo-
gie gehorende Infrarot-Kamera der Firma JenOptik LOS
bei Herrn Kollegen Bergmann in Davos. Um auch diese
Kamera an das jetzt international am weitesten verbreite-
te C-Therm-Software-Programm anschlieBen zu kon-
nen, soll Herr Bergmann die Kamera entweder den polni-
schen oder den britischen Kollegen zur Verfiigung stel-
len, damit diese die hardware- und softwareméfigen An-
bindungen vornehmen kdnnen. Herr Dr. Engel wird sich
hierzu mit Dr. Plassmann aus Glamorgan verstdndigen.

Herr Prof. Ammer berichtet iiber die Aktivitiaten auf eu-
ropdischer Ebene, eine Sammlung thermographischer
Normalbefunde zusammenzustellen. Von den anwesen-
den Mitgliedern der Gesellschaft wird diese Aktivitét au-
Berordentlich begriilt und Unterstiitzung zugesagt.

Um 16.00 Uhr schlie3t der Prasident die auf3erordentli-
che Mitgliederversammlung 2002.

News in Thermology

4th Instructional Course
on Thermal Imaging in Medicine

The 4th Short Course was held on April 9-11, 2003 at the
School of Computing of the University of Glamorgan in
Pontypridd, Wales, UK. Prof K Ammer, Prof F Ring and
Dr P Plassmann lectured on the theoretical and historical
basis of thermal imaging in medicine, clinical applica-
tions and future developments of thermal imaging in med-
icine. Dr Rod Thomas from Swansea presented an up-dated
overview on infrared detector technology and discussed cri-
teria for selecting adequate equipment. The supervised
practical session was focused on the influence of the angle
ofradiation on temperature readings from thermal images.

Since July 2001, when the 1st course was delivered, the
University of Glamorgan has issued more than 35 certifi-
cates to all who completed the short course. Most of the
attendants had their professional background in medical
physics, some were physicians or nurses. There seems to
be continuously request for training courses in medical
thermal imaging.

Dr.Anton Matthias Hippchen 1921-2003

One of the pioneers of infrared measurements of the skin
temperature, the German physician Dr.Hippchen, passed
away on April 3, 2003. Dr Hippchen cooperated with the
physiologist Prof L.Priebe at the University of Mar-
burg/Germany since 1974. He showed very early interest
in computer assisted infrared temperature measurements.
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Dr Hippchen was also impressed by the ideas of re-
gulation thermography, but he always tried to combine
the advantages of infrared measurements with the diag-
nostic system developed by Schwamm, and later by Rost.
He was awarded with the Emst-Schwamm-Medaille in
1998 for his scientific work.

Dr. Oippchen participated regularly in the European Con-
ferences of Thermology and other international meet-
ings. He was a very polite, nice man with a strong interest
in human temperature measurements We will miss him.

Reconstruction of the EAT

Documents from the early days of the European Associa-
tion of Thermology (EAT), make the legal status of the
Society questionable. As members of the German Soci-
ety of Thermology has expressed their plan to cease the
German Society by the end of this year and to propose to
their members to ask for individual membership in the
EAT, a detail investigation into the legal status of the
EAT is necessary. In case that the uncertainty of the legal
situation of EAT will be confirmed, reconstruction of the
EAT, based on new legal registration as an international
society in Austria seems to be clear solution of this problem.

New society rules including the possibility to become a
individual personal member in the EAT will be prepared
and discussed during the business meeting of the EAT at
the 9th European Congress of Medical Thermology in
Krakow.
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