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Abstracts

THE FIRST INTERNATIONAL SYMPOSIUM
OF MEDICAL THERMOGRAPHY NEW YORK
DECEMBER 1963: LESSONS FROM THE PAST.

E.F.J.Ring, R Vardasca.
Medical Imaging Research Unit, University of Glamorgan, CF37 1DL UK.

Infrared imaging before the late 1950’ was a military classi-
fied technology.

The New York Academy of Sciences announced a confer-
ence in 1963, to bring together the pioneers in the first
medical studies. This meeting’s published proceedings pro-
vide a detailed record of that historical symposium, with its
surprising range of clinical applications, considering the
early camera technology of the time.

The introduction was written by J.Gershon Cohen and
R.Bowling Barnes, the latter being the engineer who had
built an infrared scanner for medical applications.

This was followed by a short history of Medical Ther-
mometry (Gershon Cohen), a paper on elevation of body
temperature in disease, and a paper by the well known pio-
neer Ray Lawson on early applications of thermography.
The next section is on technology covering the early Amer-
ican and English cameras, a paper on densitometric analy-

sis, the first attempts at quantifying thermograms and
more from Ray Lawson on temperature measurements of
localized pathological processes.

The third section is the largest of over 200 pages on clinical
applications. There are 13 papers on medical applications
and a further section of 4 papers on breast diseases. The
British surgeon K.Iloyd Williams wrote on the value of in-
frared thermometry as a tool in medical research. Two
American authors Rosenberg and Stephanides described
the use of thermography in the management of varicosed
veins and venous insufficiency. Another group described
thermography in peripheral vascular disease. Other sub-
jects included are Orthopaedics, Trauma, Neurology, tho-
racic and abdominal conditions, obstetrics and rheuma-
tology. Veterinary medicine was presented by Wendall
Smith.

In the breast diseases section were papers on the need for
early diagnosis to improve the results of breast surgery,
Temperature in breast disease ( Lloyd Williams) Mass
screening for breast cancer (P. Strax) and advances in mam-
mography and thermography by Gershon Cohen.

Considering the passage of time and the remarkable chan-
ges in imaging technology, enhanced by computer process-
ing, this historic meeting must have beeen ahead of its time.
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Few of our modern applications for thermography had not been
tried or envisaged, even with the primitive technology of the
time. Some of the papers showed how carefully the authors had
considered their data, and studied the relevant pathology to ex-
plain the changes in skin temperature. However, the extraction
of temperature data from the early thermograms was difficult
and certainly unreliable. In most cases thermal printing from
slow scans (5 minutes or more) could only be analysed by
densitometry, and the thermal print-outs were unstable after just
a few days of storage. Today’s high speed and higher resolution
images, stored and analysed directly by computer has revolution-
ized the technique. Now some 45 — 50 years later, we know much
more about the reliability of thermography and how that can be
optimized. Do we understand any more than the pioneers of
thermal physiology and the effects of pathology on neighbour-
ing skin temperature? I believe that this symposium which was
followed a few years later by others in Europe, particularly in
Strasbourg France and Leiden The Netherlands have provided a
good foundation for medical thermography despite the technical
limitations. While not all the expectations described have been
borne out, the majority have been repeated over time with im-
proving camera technology.

Reference

Thermography and its Clinical Applications. Annals of The New

York Academy of Sciences Ed. H.E.Whipple, Vol 121. ART 1
Pages 1-304 New York October 9.1964.

SAME MAGNITUDE OF TEMPERATURE GRADIENTS
WHEN RAYNAUD 'S PHENOMENON IS PRESENT IN
INDIVIDUAL OR IN ALL FINGERS.

Kurt Ammer

Institute for Physical Medicine and Rehabilitation, Hanuschkrankenhaus,
Vienna, Austria

Medical Imaging Research Group, Faculty of Advanced Technology,
University of Glamorgan, Pontypridd, UK

Background: Secondary Raynaud’s phenomenon may affect
individual fingers only and it was proposed that the temperature
difference between finger tips and dorsum of the hand is larger
than in patients suffering from primary Raynaud’s phenomenon
which affects by definition all fingers.

Aim of the study: Comparison of temperature gradients from
the dorsum of the hand to the fingertip in patients presenting
with thermographic signs of Raynaud’s phenomenon in all or in
individual fingers.

Study design: Retrospective analysis of thermal images of con-
secutive 135 patients with suspected Raynaud’s phenomenon

Method: After acclimatization for 15 minutes to a room tempet-
ature of 24 degrees, the hands were positioned on a table, and im-
ages in the dorsal view for both hands were recorded. Then the
hands, covered with plastic gloves, were fully immersed for 1
minute in water of 20°C. Immediately after taking off the gloves,
and atin interval of 10 minutes 3 other thermal images were cap-
tured. Spot temperatures were measured on the tip and over the
mid of metacarpal bone of each finger. Gradients were calcu-
lated by subtracting the metacarpal temperature from the tem-
perature of the finger. Raynaud’s phenomenon was diagnosed
when negative temperature gradients > 1° were detected 20 min-
utes after the cold challenge. Patients were allocated with respect
to the distribution of Raynaud’s phenomenon. The magnitude
of temperature gradients in patients with Raynaud’s phenome-
non present in all or in individual fingers was compared statisti-
cally.

102 females (age range: 14 to 81 years) and 33 males (age range:
17 to 83 years) were investigated. In total, 69 patients (8 males,61
females) showed Raynaud’s phenomenon in all fingers, and 28
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subjects (10 males, 18 females) had involvement of individual
fingers. The remaining 37 subjects (14 male, 23 females) pre-
sented with normal temperature recovery after the cold chal-
lenge.

No significant difference in the magnitude of temperature gradi-
ent was obtained in patients with Raynaud’s phenomenon pres-
entin all or in individual fingers. A higher proportion of females
(78%0) than males (66%) presented with thermographic signs of
Raynaud’s phenomenon. Involvement of all fingers, was a com-
mon finding in our sample,which was not restricted to young
age, as slow recovery of temperature after cold challenge was de-
tected in all fingers in 20 of 29 patients aged 65 years or older.

Conclusion: There is no relationship between the magnitude of
temperature gradients and the distribution of thermographically
identified Raynaud's phenomenonin all or inindividual fingers

USEFULNESS OF THERMAL IMAGING IN EVALUATION
AND MONITORING TREATMENT OF MORPHEA LESIONS

Danuta Mikulska, Romuald Maleszka
Department of Dermatology and Venereology, Pomerania Medical Academy,
Szczecin

Objective: The aim o the study was to define the usefulness of
thermal imaging in detection and monitoring the response to
treatment of morphea skin lesions.

Materials and methods: The studies included 14 patients suf-
fering from morphea (9 female, 5 male), aged from 16 to 65 years.
The diagnosis of morphea was based on typical clinical picture,
there were no evidence of systemic involvement and no history
of Raynaud’s phenomenon. Laboratory tests: scleroderma anti-
bodies (ACA, SCL70) in all patients were negative. ThermaCAM
SC500 thermographic camera was used in the study. All cases
were confirmed by histopathology. The patients were separated
in to different disease subsets: localized scleroderma, generalized
morphea and linear scleroderma. Thermal images of 104 mor-
phea plaques were evaluated and compared with 104 thermo-
grams of symmetrical skin regions. The average and maximal
temperatures were estimated. All patient’s skin morphea lesions
were monitored during 1.0 to 1.5 year of the treatment.

Results: 1/ All skin morphea lesions were hyperthermic. 2/ The
higher mean of median temperature was recorded in the central
regions of morphea plaques, with the increased fibrosis revealed
in the histopathological examination. 3/ Thermal images of 104
morphea lesions had higher mean of median temperature value
than 104 healthy summetrical skin regions of the same group of
patients (>1.7°C, p<0.001). 4/ Thermal images of 104 morphea
plaques had higher mean of maximal temperature value than 104
healthy symmetrical skin regions of the same group of patients
(> 1.9°C, p<0.001). 5/ The clinical improvement of morphea le-
sions correlated with decrease of local hyperthermia of mor-

phea plaques.

Conclusions: Thermal imaging is helpful in evaluate and moni-
toring the response to treatment of morphea skin lesions.

SYMMETRY OF TEMPERATURE DISTRIBUTION IN
THE UPPER AND THE LOWER EXTREMITIES
Ricardo Vardasca, Prof. Francis Ring

Medical Imaging Research Unit, Faculty of Advanced Technology Univer-
sity of Glamorgan, Pontypridd, RCT, CF37 1DL, United Kingdom

Infrared thermal imaging is being increasingly utilised in the
study of neurological and musculoskeletal disorders. In these
conditions data on the symmetry (or the lack of it) of skin tem-
perature provides valuable information to the clinician. The fist
suggestion of usage of this indicator was made by J. Freeman in
1937 measuring it with contact thermocouples. The first measur-
ing using imaging was performed by Lloyd-Williams on an exper-




iment dated of 1964. Some other studies had been carried out
since then but with the appearance of current generation of
higher resolution cameras and a lack of comparison between to-
tal body views with close-up regional views in both anterior and
dorsal visualisations existed.

In this study skin temperature measurements have been carried
out using thermograms of 39 healthy subjects. Measurements
were obtained from an infrared camera using the CTHERM ap-
plication developed at the authors’ research unit. CTHERM is
capable of calculating statistical data such as temperature aver-
ages and standard deviation values in corresponding areas of in-
terest on both sides of the body. Results show that in healthy
subjects the overall temperature symmetry difference was at
most 0.37°C £ 0.25°C in total body views and 0.36°C £ 0.11°Cin
regional views. Total body views and regional views produced
comparable results although better results were achieved in re-
gional views. Using a high-resolution camera the study achieved
better results on thermal symmetry in normal subjects than pre-
viously reported. Symmetry assumptions can therefore now be
used with higher confidence when assessing abnormalities in
specific pathologic states.

ATTENUATION OF INFRARED RADIATION BY
HUMID ATMOSPHERE

Boguslaw Wiecek

Technical University of Lodz, Institute of Electronics, Poland

IR radiation transmission of the atmosphere is an important fac-
tor during the thermovision remote sensing and measurement.
Transmission coefficient of the atmosphere depends on its con-
tent and it is attenuated mainly due to the vapor concentration.
Every calibrated thermal camera should be equipped with the
digital system which implements the transmission model of the
atmosphere. The model presented in this work is based on Beer
and Bouguer laws (Fig.1, eqn. 1).

In order to calibrate the model, a single measurement or data
from the literature has to be used. The model allows evaluating
the transmission coefficient versus distance, relative humidity,
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Figure 1
Attenuation of radiation intensity passing through the gas

gases contents and wavelength. The model for the water vapor is
based on the fundamental relation (1)

—a (2R

t(RH,TL)y=e ™"

where: L. —distance, p —saturation pressure, T —temperature of
the atmosphere, and o(A) — the expermentally tuned factor
stronly dependent on the wavelenght

The exemplary results of the model are presented in Fig. 2
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Figure 2
Transmission coefficient of the atmosphere for
T,=295,15K, A = 5um

The proposed simplified model of transmission atmosphere is
suitable for implementation in the thermal cameras. A simple
digital controller of the camera can calculate the transmission
coefficient and correct the temperature measurement. The mo-
del takes in account both scattering and absorption due the quan-
tum effects when the photons are interacting with the molecules.

THERMOGRAPHY STUDY OF THE PACIENTS WITH
STROKE IN THE POST-ACUTE AND CHRONIC STAGE
TREATED IN A REHABILITATION DEPARTMENT

Adriana Sarah Nica, Gilda Mologhianu, Andreia Murgu,
Florina Ojoga, Brindusa Sirghii, Lili Miron

University of Medicine and Pharmacy, Bucharest, Romania

Introduction:The pacient with stroke develops, after the central
neurological injury, secundary problems related to the central
and especially peripheral thermal adaptation system in the af-
fected area of the body. In the same time, some of them have
multiple pathologies, particularly degenerative jpont dsisorders
and disturbed peripheral perfusion due to vascular disease.

The consequences are clinical, symptomathical and objective
and they can be studied in the vasomotor and thermic context.

Infrared thermography of the patient with stroke is a new area of
interest in Romania and we explored the upper and lower limb
temperature by thermography to observe different types of pe-
ripheral thermoregulation in connection with that pathology.
The systemic and local context of the pacient with stroke were
also analysed in the complex thermological analysis.

Material: We have studied 57 in-patients with recent stroke, us-
ing an FLIR ThermaCam medical thermograph in standard eval-
uation conditions.

Method: We have applied a standard program of physical ther-
apy using electrostimulation, ultrasounds, massage and kineso-
therapy.

We recorded thermographies in the beginning and in the end of
the treatment for each patient. We studied temperature gradients
for single areas, we have compared the temperature gradients be-
tween the left and the right part of the body, and finally we have
observed the therapy effect in time.

Results: The results were biostatistical transformed and inter-
preted and they underline different degrees of circulatory prob-
lems and the different types of answer and reaction in con-
nection to the intensity of the neurological injuries.
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HEAT TRANSFER BASIS USEFUL FOR INFRARED
THERMOGRAPHY

Boguslaw Wiecek,
Technical University of Lodz, Institute of Electronics, Poland

Heat can be transferred by conduction, convection and radia-
tion. Convective heat transfer is described by Newton law:

4 =y (T =T,) M

whetre: q — heat flux [W/m], a — heat transfer coefficient
[W/mK], T — ambient temperature [K], T —heat transferred sut-
face temperature [KJ.

Thermodynamics describes convection by dimensionless
Nusselt number. For natural convection it takes a form:

N, =0.135(G, -PR)§ @

where: Nu — Nusselt number. GrPr — product of Grasshoff and
Prandtl numbers. From above equations, heat transfer coeffi-
cient can be express as:

1
o, =1.66(T —T,)} 3)

For forced convection, when the air moving along the surface
Nusselt number depends on gas velocity and Reynolds number:

N, =0.032R,"* @

where: Re — Reynolds criterion number.

Radiation heat transfer is based on emission and absorption. The
bodies can be heated or cooled even in the vacuum. The basic
Planck’s law describes the monochromatic hemispherical
emissive power of the black body.

2mhe?
e I=—7—"< 5
XS(EW _ 1] ( )

where: /=6,6260755%10]Xs— Planck’s constant, ¢— light velisity
invacum, £ =7,3806X10]/K—Boltzmann constant, T/K/—black
body temperature.

The energy transferred between two bodies in temperature T 1T,
having surface S can be presented using Stefan-Boltmann law.

0=0S(T;' ~T,") ~ 4oST, (T, - T,) = (T, - T

where: Tois the mean value of the temperature of these two bod-
ies (T11T%), and a: denotes the radiation heat transfer coefficient,

very similar to the convective one Ol

q,=al*

—_—

q,=aT,*

Figure.1.
Radiation heat transfer between 2 surfaces
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PROBLEMS OF PHYSICS IN THERMOGRAPHIC STUDIES

Stanistaw J. Ktosowicz
Instytut Fizyki Technicznej Wojskowej Akademii Technicznej,
00-9088 Warszawa, ul Kaliskiego 2,

The general physical problems interesting for an interpretation
of thermographic studies will be presented. The special atten-
tion will be paid to thermal properties of patient’s body and the
techniques of thermal image processing in respective thermal
devices. As a conclusion the advantages and limitations of
thermography will be described from medical doctor point of
view.
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