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The Glamorgan Protocol for recording and evaluation of thermal images
of the human body

Kurt Ammer

Institute for Physical Medicine and Rehabilitation, Hanuschkrankenhaus, 1140 Wien, Austria
Medical Imaging Research Unit, Faculty of Advanced Technology, University of Glamorgan, Pontypridd, UK

Introduction

Infrared thermal imaging has been used in medicine since
the early 1960’s. Working groups within the European
Thermographic Association (now European Association
of Thermology) produced the first publications on stand-
ardisation of thermal imaging in 1978 [1] and 1979 [2].
However, ideas for standardisation of thermal imaging ap-
peared including patient preparations, gray scale orienta-
tion (white or black may represent high temperatures) can
be found in a monograph on Clinical Thermography writ-
ten by the American radiologist J.D. Wallace and the Eng-
lish physicist CM Cade and published by CRC press in 1975
[3]. Collins and Ring developed methods for quantitation
of infrared images as early as 1970 [4] and established in
1974 a quantitative thermal index [5], which was modified
in Germany by J-M. Engel in 1978 [6]. Both indices opened

the field of quantitative evaluation of medical thermo-
graphy..

Further recommendations for standardisation appeared in
1983 [7] and 1984, the later related to essential techniques
for the use of thermography in clinical drug trials [8].
J-M.Engel published a booklet entitled “Standardised thermo-
graphic investigations in rheumatology and guideline for
evaluation” in1984 [9]. The author presented his ideas for
standardisation of image recording and assessment includ-
ing some normal values for wrist, knee and ankle joints.
Engel´s measurements of knee temperatures were first
published in 1978 [5]. Normal temperature values of the
lateral elbow, dorsal hands, anterior knee, lateral and medial
malleolus and the 1st metatarsal joint were published by
Collins in 1976 [10] Acciarri et al. [11} published normal
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SUMMARY

The historical development of standards for medical thermal imaging in Europe, Northern America and the Far East is
reported. Few studies were found in the literature which studied normal temperature values in selected body regions or
focused on the symmetry of temperature distribution on the body surface. Reliabilty or reproducibility of temperature
readings from infrared images was not investigated until the Nineties of the 20th Century. However, possible measure-
ment errors to to oblique views on an object were identified in the Nineteen-Seventies.

A set of views of body positions and regions of interest in these views was developed for the project of an atlas of normal in-
frared images of healthy subjects. A number of excperiments was performed to proof both the reproducibility of views for
various body positions and the reliability of temperature readings from the defined regions of interest. Some modifica-
tions of the views on hands, knees and ankles wer made based on these studies. A high level of reproducibility of tempera-
ture readings was obtained for the selected shapes of regions of interest on hands, arms,the upper back, knees,ankles
and feet. The Glamorgan Protocol, strictly applied for image recording and evaluation, increases the reproducibilty of
findings from thermal images.

KEY WORDS: Standard procedures, thermal imaging, field of views, regions of interest

DAS GLAMORGAN PROTOKOLL FÜR DIE AUFNAHME UND AUSWERTUNG VON WÄRMEBILDERN
DES MENSCHLICHEN KÖRPERS

Die Geschichte der Entwicklung von Standards für die medizinische Thermographie in Europa, Nordamerika und
Fern-Ost wird berichtet. In der Literatur fanden sich nur wenige Studien die Temperatur-Normwerte ausgewählter
Körperregionen untersuchten oder auf die symmetrische Temperaturverteilung an der Körperoberfläche ausgerichtet
waren. Die Zuverlässlichkeit oder die Wiederholbarkeit von Temperaturwerten aus Wärmebildern wurdene erst in den
neunziger Jahren des 20. Jahrhunderts untersucht. Allerdings wurden mögliche Messfehler auf Grund eines nicht
rechtwinkeligen Strahlengangs bereits in den Neunzehn-Siebzigern wahrgenommen.

Für die Enticklung eines Atlas normaler Wärmebilder gesunder Personen wurde eine Reihe Aufnahmepositionen für
Körperregionen entwickelt und in diesen Bildausschnitten Messareale definiert. Eine Reihe von Untersuchungen
wurden dann durchgeführt., um die Wiederholbarkeit der Bildauschnitte verschiednere Körperpositionen und die
Zuverlässlichkeit von Temperaturwerten aus den definierten Messarealen zu beweisen. Diese Studien führten zur
Modifikation der Bildausschnitte für Hände, Knie und Sprunggelenke. Die ausgelesenen Temperaturen aus den
Messarealen an den Händen, Armen, dem oberen Rücken, Knie, Sprunggelenken und Füßen zeigten ein hohes Maß von
Reproduzierbarkeit. Wenn das Glamorgan Protokoll konsequent für die Aufnahme und Auswertung von Wärmebildern
befolgt wird, wird die Reproduzierbarkeit der Ergebnisse der Infrarotthermographie vermehrt.

Schlüsselwörter: Standardprozeduren, Thermographie, Bildausschnitt, Messareale
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temperature distribution in hands by describing the per-
centage of hot and cold areas in the carpal and metacarpal
regions, over metacarpo-phalangeal joints and fingers.
Ammer et al. [12] reported temperature values of small fin-
ger joints in healthy subjects and in patients with osteo-
arhritis, carpal tunnel syndrome or Raynauds´s phenome-
non. Francis Ring reviewd the principles, technology, stan-
dards, medical applications and results of quantitative
thermal imaging in 1990 [13] Clark & Goff updated the
EAT-1979- terminology and standards in 1997 [14]. Ring
& Ammer summarised the achievements in standardisa-
tion for thermal imaging in 1999 [15] and updated this re-
view for the infrared chapter of the Bioengineering Hand-
book in 2006 [16].

The American Academy of Thermology published techni-
cal guidelines in 1986 including some recommendations
for thermographic examinations [17]. However, the Amer-
ican authors concentrated on determining the symmetry of
temperature distribution rather than the normal tempera-
ture values of particular body regions. Uematsu in 1985
[18] and Goodman 1986 [19] published the side to side
variations of surface temperatures of the human body.
These symmetry data were confirmed by E.F. Ring for the
lower leg in 1986 [20]. Two little studies, based on the stan-
dard protocol for image recording and evaluation that was
developed at the University of Glamorgan, found also
highly symmetrical temperature distribution in the upper
[21] and lower extremitiers [22]. The clinical importance of
temperature asymmetry at the knee was recently reviewed
and the paucity of publication related to temperature sym-
metry was criticised [23]. Based on liquid crytal contact
thermography, a high level of symmetric temperature dis-
tribution was shown for the cervical spine and the upper
extremities [24].

In Japan, medical thermal imaging has been an accepted dia-
gnostic procedure since 1981 [25] Recommendations for
the analysis of neuromuscular thermograms were pub-
lished by Fujimasa et al in 1986 [26]. 5 years later. more de-
tailed proposals for the thermal image based analysis of
physiological functions were published in Biomedical
Thermology [27], the official journal of the Japanese Soci-
ety of Thermology. This paper was the result of a work-
shop on clinical thermography criteria.

The thermography societies in Korea have published a
book, which summarizes on 270 pages general standards
for imaging recording and interpretation of thermal im-
ages in various diseases [28]-

The International Academy of Thermology (IAOCT), a
society where most members are chiropractors, has copied
and adapted the standards and procedures [29] which were
developed in Europe [1,2,14) and Japan [26]. Recently, the
American Academy of Thermology published Guidelines
for Neuromuscular Thermograpy [30] which are partly
based on the previous technical guidelines [17].

Cold challenge
Increasing the thermal contrast by cooling of the skin has a
long tradition in thermal imaging. Particularly in breast
thermography, a cooling fan [31, 32], somtimes in combi-
nation with a cooling liquid [33], or alcohol spraying )34,35)

were used for that purpose. Di Carlo used a contact cooling
device to enhance the thermal contrast in patients with skin
disorders [36]- Cooling with a fan was also applied in ther-
mal imaging of patients with tennis elbow (37).

However, the most common temperature challenge is the
immersion of the hands in cold water. Various tempera-
tures were used for the bath water ranging from ice water to
20 degrees C°[38]. Immersion in cold water is common
provocation test for vasospastic disease of the fingers i.e.
Raymaud´s Phenomenon [39]. Francis Ring described a
Thermal Index by computing the differences of the mean
temperatures of the dorsum of the hand and of all fingers
prior and post cold challenge [40]. A negative figure of 4 or
more indicates Raynaud´s Phenomenon. A mild cold chal-
lenge was also used to detect inflamed osteoarthritis of fin-
ger joints [12] or carpal tunnel syndrome [41].

Immersion of hands or feet in ice water was used in breast
thermal imaging following the idea that vessels of a malign
tumour do not follow the regulations of the autonomic
nerve system and will therefore resist to constrict and in-
crease in that way the thermal contrast of the affected
breast. However, an advantage of that test compared to the
standard image recording was never proven [33].

Reliability of thermal imaging
Early attempts to investigate the reliabilty of thermal ima-
ging were focused on equipment and errors related to to
the principles of physics applied in thermal imaging..
Emissivity and loss of infrared radiation beyond an angle
of 45 to 60 degrees were indentified as sources of error in
the Nineteen-Seventies (42-45). Resolution of thermal
imagers was adressed in 1972 when the dependence of
temperature resolution from spatial resolution was clearly
demonstrated [46]. Francis Ring used an heated resolution
chart to investigate the temperature and spatial resolution
of infrared imagers in 1982 [47] and repeated these experi-
ments in 1999 with modern equipment of that time [48].
Two papers from Austria investigated the relationship be-
tween spatial resolution and distance between an human
object and and the recording thermal imager. [49,50]. Mi-
chael Anbar adressed in 1991 [51] again the physics of in-
frared imaging in response to a paper by Ash et al. [52]
where thermal imaging was found to be neither accrurate
nor precise. Ammer described potential pitfalls in record-
ing and evaluation of medical thermal images related to im-
aging equipment, patient preparation and image inter-
pretation [53]. Recently, the Medical Imaging Research
Unit at the University of Glamorgan described a series of
simple tests for checking infrared cameras to improve the
reliabilty of thermal imaging [54].

The reproducibilty of a qualitative evaluation of thermal
images from hands suspected of complex regional pains
syndrome (CRPS ) type 1 was recently published.[55]. The
authors obtained a diagnostic sensitivity of 71% and a
specificity of 85% for thismethod , but only moderate re-
peatability (0.53) and reliability was 0.50. Temperature mea-
surements from total body images found high reproduci-
bility in the body core regions and poor repeatabilty in the
periphery of the body [56]. A veterinary paper reported
that the thermal pattern of the horse back did not change
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during acclimatisation time and stays stable for 7 days.[57].
However, the absolute temperature values varied during
acclimatisation and were affected by hair coat and environ-
mental factors

Few papers were related to variation of temperature mea-
surements due to shape and size of measurement areas.
Melnizky et al investigated the intra-and intrarater re-
peatabilty of temperature measurements from thermo-
grams of patients suspected to suffer from thoracic outlet
syndrome and reported narrow confidence intervals of re-
peated measurements [58]. H.Mayr compared in knees the
mean temperatures of small rectangular measurement ar-
eas with the mean temperature of a line and found good
correlation between these two methods of quantitation
[59]. A significant different temperature readings occurs
when the number of pixels within the region of interest
varies by 100 or more percent [60].. Although the close cor-
relation of .temperature readings from small or large mea-
surement areas from the same thermal image was con-
firmed in the evaluation of patients with Thoracic Outlet
Syndrome[61] or Raynaud´s phenomenon [62], further
measurements derived from these readings will affect the
diagnostic power of infrared thermal imaging [63].

Other papers related to the repetability of field of views or
reproducibility of temperature readings from defined re-
gions of interest were conducted to control the methodol-
ogy used in the Glamorgan Protocol for recording and
evaluation of thermal images of the human body.

The Glamorgan Protocol
In 2001, the project “Atlas of normal skin temperature dis-
tribution was started to close the gap in knowledge of dis-
tribution of skin temperature in healthy subjects.The first
step was to define 24 body views (Appendix I) The princi-
ple was to depict as much as possible of the anatomical re-
gion of interest. To achieve this, anatomical landmarks
were aligned in each view to the edge of the image. In that
way , the same view of the body region was achieved irre-
spective of the body proportion of the subject imaged.
The aim of these definitions was to reproduce the views of
body positions as close as possible and to increase in that
way the reproducability of thermal imaging.

Consequently , the variation in body views was investigated
using thermal images recorded from subjects for the the at-
las of normal skin temperature distribution. As the ther-
mal images were taken by four different camera operators, .
it was possible to investigate the intra- and inter- investiga-

tor variation of body views. The distance between the ana
tomical landmarks and the closest edge of the thermal im-
age was measured by the numbers of pixels using the
crosssection tool of the Ctherm Software Package. [64, 65].

The smallest variation was found for the body views
“Face” and “Upper Back” and the biggest variation was
found in hands, knees and ankles leading to revision of the
recording rules of these images (table 1).

The repeatabilty of the the view of the revised view “dorsal
hands” was investigated in the practical session of an in-
structional course in medical thermal imaging [66]. 14 par-
ticipants twice recorded the dorsal hands of a volunteer
with an infrared thermal imager. The mean size of the
hands, measured in pixel, was about 40000 and varied in re-
peated image capture in one group by approximately 2300
pixel, and by 600 in the other group. However, there were
individual deviations from the mean size of the hands in
the range of 5000 to 7600 pixel. During another Training
Course for Medical Thermal Imaging, two separate ther-
mal images using the standard view “Face”were recorded
from one subject by 8 participants [67]. The size of the im-
aged field of view varied from 0.2 to 3,7% of the number
of pixels within the object imaged. Deliberate variations in
the views “face” and “upper back” view lead to significant
differences in temperature readings from these images. [68]
temperature readings

The Glamorgan protocol defined also 90 regions of inter-
est (Appendix II).The repeatabilty of temperature readings
from selected measurement areas was evaluated in relation-
ship to the shape of the region of interest.

Comparison of a rectangular, a circular and an hour-glas
shaped region of interest in the viewa “Both Knees Ante-
rior” obtained the highest repeatabilty of temperature
readings in the hour glass shape which can more easely
aligned to anatomical landmarks than the two other com-
peting shapes [64]. Temperature readings from the circular
regions on the soulder in the view “Upper Back” were
better reproduced than the temperature values from an
polygon shaped measurement area. [68]. In the view “Ante-
rior Arm” the highest repeatability of temperature mea-
surements was obtained for the region of interest “Anterior
Forearm” with reliabilty coefficient alpha of 0, 927 [65].
Reliability coefficients for the views “Both Ankles Ante-
rior”, “Dorsal feet” and “Plantar feet” ranged between 0.7
(right ankle) and 0.95 (left ankle).
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Table1
Variation of positions of all the investigated views [16]

View Upper edge (pixel)
mean ± SD (95% CI)

Lower edge (pixel)
mean ± SD (95% CI)

Left side edge (pixel)
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 (-18.3 to 1.6) 122.6 ± 146.6 (82.6 to 162.6)
Upper Back 4.5 ± 9.9 (0.8 to 8.2) 28.1 ± 22.0 (19.9 to 36.4)
Anterior Left Arm 22.4± 33.0 (8.7 to 36.0) 15.8 ± 15.4 (9.5 to 22.2) 12.5 ± 16.0 (5.9 to 19.1)
Dorsal Hands 41.8 ± 17.8 (35.5 to 48.2) 33.2 ± 22.3 (25.3 to 41.5)
Both Knees Anterior 80.7 ± 47.3 (60.7 to 100.7) 84.3 ± 37.0 (68.6 to 99.9)
Lateral Right Leg 16.7 ± 21.0 (5.9 to 27.5) 17.2 ± 15.8 (9.0 to 25.3)
Lower Back 17.1 ± 4.2 (8.6 to 25.6) 16.3 ± 4.6 (16.3 ro 34.9)
Both Ankles Anterior 158.8 ± 12.2 (133.6 to 184.1) 54.9 ± 9.1 (36.1 to 37.8)
Plantar Feet 31.0 ± 24.1 (23.2 to 38.7) 25.7 ± 23.1 (18.3 to 33.1)



A remarkable small standard deviation of mean tempera-
tures of small joints of fingers was obtained in repeated
measurements performed by a group of newly trained
thermographers [66]. However, individual errors of mea-
surement up to 2.3°C were seen across the group as a
whole. The use of a template for the placement of regions
of interest increases the reproducibility of temperature
readings. However, such a template cannot overcome mea-
surement errors caused by variations in body positioning.
In an otherv training group, temperature readings from re-
gion of interest “Right Forehead” were also reproduced on
a high level, but in two readers the temperature values were
significantly different in repeated evaluation [67].

Discussion
The Glamorgan Protocol, developed to generate reference
images for an “Atlas of Infrared Images of Healthy Sub-
jects “ has proven that both the definition of the field of
views for body positions and the regions interest provide
high reproducibilty of recorded images and temperature
readings. The protocol was applied already in studies which
are not related to the Atlas Project [ 69,70,71]..

The proposed procedures of image recording and evalua-
tion do not claim to be comprehensive, but when strictly
applied, an important source of error and unreliabilty of
thermal imaging can be avoided. Any other body position
for image recording is possible, but the degree of repro-
ducibility of alternative views must be tested in a similar
manner as it was done for the Glamorgan Protocol. This
protocol allows only to control for variation in camera
views on body position and placement of regions of inter-
est. Other factors due to patients preparation and tempera-
ture control of the examination room may also contribute
to poor reliability of thermal images.

Some problems may arise from the infrared equipment,
which must be regularly checked for malfunction. The bat-
tery of tests [54], developed by the members of the Medi-
cal Imaging Research Unit at the University of Glamorgan,
provied means for an easy and unexpensive quality control
of infrared imagers.

Reliability of measurements is one of the main features of
outcome measures. There is now sufficient evidence that
thermal imaging is a reliable outcome measure [72] which
may be used in a variety of medical applications.
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24 body views

1. Total body (anterior view); Code: TBA

2. Total body (dorsal view); Code: TBD

3. Total body (lateral view);
Code: TBL (left) or TBR (right)

upper edge of the image:
the most cranial point of the head

lower edge of the image:
soles of the feet

other conditions
arms scissored, left hand side of the points towards the
camera, head is a vertical position, neither rotated nor
tilted to the side

BODY REGIONS
4. Face (anterior view); Code: FA

upper edge of the image:
the most cranial point of the head

lower edge of the image:
below the chin at the level of hyoid bone

other conditions
head is a vertical position, neither rotated nor tilted to
the side

upper edge of the image:
the most cranial point of the head

lower edge of the image:
soles of the feet

other conditions
arms and legs slightly abducted, palms point forwards,
head is a vertical position, neither rotated nor tilted to
the side

upper edge of the image:
the most cranial point of the head

lower edge of the image:
soles of the feet

other conditions
arms and legs slightly abducted, palms point forwards,
head is a vertical position, neither rotated nor tilted to
the side

THERMAL IMAGE

THERMAL IMAGE

THERMAL IMAGE

THERMAL IMAGE
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5. Neck (dorsal view); Code: ND

upper edge of the image
line between the cranial ends of the ear
lower edge of the image:
on the level of the processus spinosus of D1
other conditions
head is a vertical position, neither rotated nor tilted to
the side

6. Chest (anterior view); Code: CA

upper edge of the image
below the chin at the level of hyoid bone
lower edge of the image:
below the rib cage (approximately the tip of the
elbow)
other condition
arms slightly abducted, the outline of both shoulders
and upper arms are within the image

7. Upper Back; Code: UB

upper edge of the image
level of the processus spinosus of C6
lower edge of the image:
below the rib cage (approximately the tip of the elbow
other condition
arms slightly abducted, the outline of both shoulders
and upper arms are within the image

8. Right arm (anterior view); Code: RAA

upper edge of the image
wrist
lower edge of the image:
below the axillar fold
other condition
arm 90° abducted and elbow 90° bent, the outline of
the of the deltoid muscle is within the image

THERMAL IMAGE

THERMAL IMAGE

THERMAL IMAGE

THERMAL IMAGE
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9. Right arm (dorsal view); Code: RAD

Upper edge of the image
wrist
Lower edge of the image
below the axillar fold
other condition
arm 90° abducted and elbow 90° bent, the outline of
the of the deltoid muscle is within the image

11. Left arm (dorsal view); Code: LAD

upper edge of the image
wrist
lower edge of the image:
below the axillar fold
other condition
arm 90° abducted and elbow 90° bent, the outline of
the of the deltoid muscle is within the image

10. Left arm (anterior view); Code: LAA

upper edge of the image
wrist
lower edge of the image
below the axillar fold
other condition
arm 90° abducted and elbow 90° bent, the outline of
the of the deltoid muscle is within the image

12. Both Hands (dorsal view); Code: BHD

upper edge of the image
Wrist must be within the image
Left edge of the image
Tip of the right little finger
Right edge of the image
Tip of the right little finger
lower edge of the image
tip of the middle finger
other condition
middle fingers are parallel, thumbs do not touch

THERMAL IMAGE

THERMAL IMAGE THERMAL IMAGE

THERMAL IMAGE
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15. Thighs (anterior view); Code: TA

upper edge of the image
line at the iliac crest
lower edge of the image:
tip of the patella
other condition
legs slightly abducted, feet parallel and the big toes
point towards the camera

14. Lower Back; Code: LB
upper edge of the image
posterior fold of the axilla
lower edge of the image:
upper end of the natal cleft
other condition
arms and legs slightly abducted

13. Abdomen; Code: ABD

upper edge of the image
anterior fold of the axilla
lower edge of the image:
lower end of the groin
other condition
arms and legs slightly abducted

THERMAL IMAGE

THERMAL IMAGE
THERMAL IMAGE

THERMAL IMAGE

16. Thighs (dorsal view); Code: TD

upper edge of the image
line at the crest

lower edge of the image
head of fib ula

Other condition
legs slightly abducted, feet parallel and the big toes
point towards the camera
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20. Lower Legs (dorsal view); Code: LLD

upper edge of the image
1 inch above the femoral condyli
lower edge of the image:
soles
other condition
legs slightly abducted, feet parallel and the big toes
point towards the camera

19. Lower Legs (anterior view); Code: LLA

upper edge of the image
1 inch above the rim of the patella
lower edge of the image:
soles
other condition
legs slightly abducted, feet parallel and the big toes
point towards the camera

18. Leg, left (lateral view); Code: LLL

upper edge of the image
iliac crest
lower edge of the image:
sole
other condition
hip and knee are approximately 90° bent, foot is
placed on a chair, the total leg is in the sagittal plane
of the body

17 Leg , right (lateral view); Code: LRL

upper edge of the image
iliac crest
lower edge of the image:
sole
other condition
hip and knee are approximately 90° bent, foot is pla-
ced on a chair, the total leg is in the sagittal plane of
the body

THERMAL IMAGE THERMAL IMAGE

THERMAL IMAGE THERMAL IMAGE
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21. Both Knees (anterior view); Code: BKA

Upper edge of the image
1 inch above the femoral condyli
Lower edge of the image:
soles
Other condition
legs slightly abducted, feet parallel and the big toes
point towards the camera

23. Dorsal Feet; Code: DF

Upper edge of the image
Ankle
Lower edge of the image:
tip of the great toe
other condition
Subject sits on a chair, legs slightly abducted, feet par-
allel and the big toes point forwards
Camera is in a rectangle position to the dorsal surface
of the feet

22. Both Ankles (anterior view); Code: BAA

Upper edge of the image
1 inch above the malleoli
Lower edge of the image:
soles
Other condition
legs slightly abducted, feet parallel and the big toes
point towards the camera

24. Plantar Feet; Code: PF

Upper edge of the image
tip of the great toe
Lower edge of the image:
heel
Other condition
heels are placed on a chair, the angle between the
lower leg and the foot is 90°, both feet are parallel

THERMAL IMAGE

THERMAL IMAGE THERMAL IMAGE

THERMAL IMAGE
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Regions of interest (ROI) A total of 90 ROIs is defined

View: Total body (dorsal); Code: TBD

Number of ROIs: 1
Shape: polygon, following the outline of the body

View: Total body (anterior); Code: TBA

Number of ROIs: 1
Shape: polygon, following the outline of the body

View: Total body (lateral );Code: TBL(eft)

Number of ROIs: 1
Shape: polygon, following the outline of the body

View: Total body (lateral );Code: TBR (right)

Number of ROIs: 1
Shape: polygon, following the outline of the body
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View: Face; Code: FA
Number of ROIs: 4
ROI 1: half of the face (red)
Shape: polygon
Outline of the face from the scalp to the chin,
following the midline of the face
ROI 2: half of the face (blue)
Shape: polygon
Outline of the face from the scalp to the chin,
following the midline of the face
ROI 3: half of the face (yellow)
Shape: rectangle
Lower edge: adjacent to the right eyebrow
Right upper corner: adjacent to the hair line
Left upper corner: adjacent to the midline of the face
ROI 4: half of the face (green)
Shape: rectangle
Lower edge:
Right upper corner: adjacent to the midline of the
face
Left upper corner: adjacent to the left eyebrow

View: Neck: Code: ND
Number of ROIs: 2
ROI 1: half of the neck (red)
Shape:rectangle
Upper edge: adjacent to the hair line
Lower right corner: adjacent to the junction of the
outline of the trapeze muscle with the outline of the
neck
Left edge: adjacent to midline of the neck
ROI 2: half of the neck(blue)
Shape: rectangle
Upper edge: adjacent to the hair line
Right edge: adjacent to midline of the neck
Lower left corner: adjacent to the junction of the
outline of the trapeze muscle with the outline of the neck

View: Upper Back: Code: UB
Number of ROIs: 4
ROI 1: left posterior shoulder joint (red)
Shape:circle
Outline of the circle is adjacent to the acromion and
also to the posterior axillary fold
ROI 2: right anterior shoulder joint (blue)
Shape: Circle
Outline of the circle is adjacent to the acromion and
also to the posterior axillary fold
ROI 3: half of the upper back (yellow)
Shape: rectangle
Lower edge: aligned with the left elbow
Right upper corner: adjacent to the acromion
Left upper corner: adjacent to the midline of the chest
ROI 4: half of the upper back (green)
Shape: rectangle
Lower edge: aligned with the right elbow
Right upper corner: adjacent to the midline of the chest
Left upper corner: adjacent to the acromion

View: Chest; Code: CA
Number of ROIs: 4
ROI 1: right anterior shoulder joint (red)
Shape:circle
Outline of the circle is adjacent to the acromion and
also to the anterior axillary fold
ROI 2: left anterior shoulder joint (blue)
Shape: Circle
Outline of the circle is adjacent to the acromion and
also to the anterior axillary fold
ROI 3: half of the chest (yellow)
Shape: rectangle
Lower edge: aligned with the right elbow
Right upper corner: adjacent to the acromion
Left upper corner: adjacent to the midline of the chest
ROI 4: half of the chest (green)
Shape: rectangle
Lower edge: aligned with the left elbow
Right upper corner: adjacent to the midline of the chest
Left upper corner: adjacent to the acromion
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Left arm (anterior view); Code: LAA
Number of ROIs: 3
ROI 1: medial elbow (red)
Shape:circle
Outline of the circle is adjacent to the cubital fold and
the lower edges of the elbow
ROI 2: anterior upper arm (blue)
Shape: trapezoid
Upper left corner: cubital fold
Upper right corner: insertion of the deltoid muscle
Lower right corner: axillary fold
Lower left corner: tip of the elbow
ROI 3:anterior forearm (yellow)
Shape: trapezoid
Upper left corner: ulnar end of the wrist
Upper right corner: radial end of the wrist
Lower right corner: cubital fold
Lower left corner: tip of the elbow

Left arm (posterior view); Code: LAD
Number of ROIs: 3
ROI 1: lateral elbow (red)
Shape:circle
Outline of the circle is adjacent to the cubital fold and
the lower edges of the elbow
ROI 2: posterior upper arm (blue)
Shape: trapezoid
Upper left corner: cubital fold
Upper right corner: insertion of the deltoid muscle
Lower right corner: axillary fold
Lower left corner: tip of elbow
ROI 3:posterior forearm (yellow)
Shape: trapezoid
Upper left corner: ulnar end of the wrist
Upper right corner: radial end of the wrist
Lower right corner: cubital fold
Lower left corner: tip of the elbow

Right arm (anterior view); Code: RAA
Number of ROIs: 3
ROI 1: medial elbow (red)
Shape:circle
Outline of the circle is adjacent to the cubital fold and
the lower edges of the elbow
ROI 2: anterior upper arm (blue)
Shape: trapezoid
Upper left corner: insertion of the deltoid muscle
Upper right corner: cubital fold
Lower right corner: tip of the elbow
Lower left corner: axillary fold
ROI 3:anterior forearm (yellow)
Shape: trapezoid
Upper left corner: radial end of wrist
Upper right corner: ulnar end of the wrist
Lower right corner: tip of the elbow
Lower left corner: cubital fold

Right arm (dorsal view); Code: RAD
Number of ROIs: 3
ROI 1: lateral elbow (red)
Shape:circle
Outline of the circle is adjacent to the cubital fold and
the lower edges of the elbow
ROI 2: posterior upper arm (blue)
Shape: trapezoid
Upper left corner: insertion of the deltoid muscle
Upper right corner: cubital fold
Lower right corner: tip of the elbow
Lower left corner: axillary fold
ROI 3:posterior forearm (yellow)
Shape: trapezoid
Upper left corner: radial end of the wrist
Upper right corner: ulnar end of the wrist
Lower right corner: tip of the elbow
Lower left corner: cubital fold
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Wrist
ROI 1 right Wrist (red)
Shape: ellipse
Adjacent to the lateral edges of the wrist, proportion
of both axes of the ellipse is approximately 1:3
ROI 2: left Wrist (blue)
Shape: ellipse
Adjacent to the lateral edges of the wrist, proportion
of both axes of the ellipse is approximately 1:3

Right Thumb
ROI 1: interphalangeal joint (red)
Shape:circle
Outline of the circle is adjacent to the edges of the
interphalangeal joint
ROI 2: metacarpophalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
metacarpophalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the thumb from the finger tip to the
proximal end of the metacarpus

Left Thumb
ROI 1: interphalangeal joint (red)
Shape:circle
Outline of the circle is adjacent to the edges of the
interphalangeal joint
ROI 2: metacarpophalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
metacarpophalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the thumb from the finger tip to the
proximal end of the metacarpus

View: Both Hands (dorsal view); Code: BHD
Number of ROIs: 32, 1 over each wrist, 3 on each finger
Number of X-sections: 10, 1 on each finger
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Right index finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the index finger from the finger tip
to the proximal end of the metacarpus

Left index finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the index finger from the finger tip
to the proximal end of the metacarpus

Right middle finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the middle finger from the finger tip
to the proximal end of the metacarpus

Left middle finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the middle finger from the finger tip
to the proximal end of the metacarpus
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Right ring finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the ring finger from the finger tip to
the proximal end of the metacarpus

Left ring finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the ring finger from the finger tip to
the proximal end of the metacarpus

Right little finger
ROI 1: distal interphalangeal joint (red)
Shape: ellipse
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the little finger from the finger tip to
the proximal end of the metacarpus

Left little finger
ROI 1: distal interphalangeal joint (red)
Shape:circle
Outline of the circle is adjacent to the finger tip and
includes the proximal portion of the distal
interphalangeal joint
ROI 2: proximal interphalangeal joint (blue)
Shape: circle
Outline of the circle is adjacent to the edges of the
proximal interphalangeal joint
ROI 3:carpo-metacarpal joint (yellow)
Shape: circle
Outline of the circle is adjacent to the edges of the
carpo-metacarpal joint
X-section (red)
In the midline of the little finger from the finger tip to
the proximal end of the metacarpus
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View: Abdomen; Code:ABD
Number of ROIs: 2
ROI 1: half of the abdomen (red)
Shape: rectangle
Upper left corner: aligned with the right elbow
Upper right corner: at the midline of the body
Lower right corner: lower end of the right groin
Lower left corner: upper end of the right groin
ROI 2: half of the abdomen(blue)
Shape: rectangle
Upper left corner: at the midline of the body
Upper right corner: aligned with the left elbow
Lower right corner: upper end of the left groin
Lower left corner: lower end of the left groin

View: Lower Back, Code: LB
Number of ROIs: 2
ROI 1: half of the lower back (red)
Shape: triangle
Upper corner: at the midline of the body
Left corner: adjacent to the natal cleft
Right corner:aligned with the natal cleft at the left
side of the body
ROI 2: half of the lower back (blue)
Shape: rectangle
Upper corner: at the midline of the body
Left corner: aligned with the natal cleft at the left side
of the body
Right corner: adjacent to the natal cleft

Thighs (anterior view); Code: TA
Number of ROIs: 2
ROI 1: right thigh (red)
Shape: polygon, following the outline of the thigh
Upper left corner: upper end of the groin
Upper right corner: lower end of the groin
Lower edge: horizontal line aligned with the rim of
the patella
ROI 2: left thigh (blue)
Shape: polygon, following the outline of the thigh
Upper left corner: lower end of the groin
Upper right corner: upper end of the groin
Lower edge: horizontal line aligned with the rim of
the patella

16. Thighs (dorsal view); Code: TD
Number of ROIs: 2
ROI 1: left thigh (red)
Shape: polygon, following the outline of the thigh
Upper edge: horizontal line aligned with the gluteal
fold
Lower edge: horizontal line aligned with the tip of
the fibula
ROI 2: right thigh (blue)
Shape: polygon, following the outline of the thigh
Upper edge: horizontal line aligned with the gluteal
fold
Lower edge: horizontal line aligned with the tip of
the fibula
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Leg , right (lateral view); Code: LRL
Number of ROIs: 3
ROI 1: medial knee (red)
Shape:circle
Outline of the circle is adjacent to outline of the patel-
la and the popliteal cubital fold
ROI 2: lateral hip (blue)
Shape: circle
Outline of the circle is adjacent to outline of the nates
ROI 3:lateral ankle (yellow)
Shape: circle
Outline of the circle is within the outlines of the ankle
region

Leg, left (lateral view); Code: LLL
Number of ROIs: 3
ROI 1: medial knee (red)
Shape:circle
Outline of the circle is adjacent to outline of the patel-
la and the popliteal cubital fold
ROI 2: lateral hip (blue)
Shape: circle
Outline of the circle is adjacent to outline of the nates
ROI 3:lateral ankle (yellow)
Shape: circle
Outline of the circle is within the outlines of the ankle
region

Lower Legs (anterior view); Code: LLA
Number of ROIs: 2
ROI 1: right lower leg (red)
Shape: polygon, following the outline of the lower leg
Upper edge : horizontal line aligned with the tip of
the fibula
Lower edge: horizontal line at the minimal width of
the lower leg
ROI 2: left lower leg (blue)
Shape: polygon, following the outline of the lower leg
Upper edge : horizontal line aligned with the tip of
the fibula
Lower edge: horizontal line at the minimal width of
the lower leg

Lower Legs (dorsal view); Code: LLD
Number of ROIs: 2
ROI 1: left lower leg (red)
Shape: polygon, following the outline of the lower leg
Upper edge : horizontal line aligned with the tip of
the fibula
Lower edge: horizontal line at the minimal width of
the lower leg
ROI 2: right lower leg (blue)
Shape: polygon, following the outline of the lower leg
Upper edge : horizontal line aligned with the tip of
the fibula
Lower edge: horizontal line at the minimal width of
the lower leg



Both Knees (anterior view); Code: BKA

Number of ROIs: 2
ROI 1: right knee (red)
Shape: polygon following the outline of the knee
Upper edge : horizontal line approximately 1 inch
above the rim of the patella
Lower edge: horizontal line aligned with the tip of
the fibula
ROI 2: left knee (blue)
Shape: polygon following the outline of the knee
Upper edge : horizontal line approximately 1 inch
above the rim of the patella
Lower edge: horizontal line aligned with the tip of
the fibula
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Dorsal Feet; Code: DF

Number of ROIs: 2
ROI 1: right foot (red)
Shape: polygon, following the outline of the foot
Upper edge : horizontal line aligned with the tip of
the naviculare
ROI 2: left ankle (blue)
Shape: square rectangle
Shape: polygon, following the outline of the foot
Upper edge : horizontal line aligned with the tip of
the naviculare

Both Ankles (anterior view); Code: BAA

Number of ROIs: 2
ROI 1: right ankle (red)
Shape: square rectangle
Upper edge : aligned with the tip of medial malleolus
Lower edge: aligned with the tip of the naviculare
bone
ROI 2: left ankle (blue)
Shape: square rectangle
Upper edge : aligned with the tip of medial malleolus
Lower edge: aligned with the tip of the naviculare
bone

Plantar Feet; Code: PF

Number of ROIs: 2
ROI 1: right sole (red)
Shape: polygon, following the outline of the foot
ROI 2: left sole (blue)
Shape: polygon, following the outline of the foot



The Effect of Temperature and Time Using Repeated Immersion on
the Habituation of Pain Thresholds in Healthy Subjects

M. J. Fischer 1, A. Khani 1, C.E. Gokpinar 1, E. Strueber 1, C. Gutenbrunner1, M.Bernateck 2

1 Department of Physical and Rehabilitation Medicine, Hannover Medical School, Hanover, Germany,

2 Department of Anesthesiology, Pain Clinic, Hanover Medical School, Hanover, Germany

Introduction
The cold pressor test (CPT), in which a part of an extrem-
ity, such as the hand or forearm, is immersed into ice water
(1-5°C) for a few minutes, is well known for its evocation
of a vascular autonomic response in normal subjects [1,2].
Although a sustained blood pressure response is usually
observed [3], there is considerable individual variability in
regard to the heart rate response, which may increase or
decrease [2].

Adaptation to cold water, including the CPT is common,
although the magnitude of the effect depends on age, gen-
der, and hormonal factors in women [4,5,6]. It is generally
believed that separate nociceptive mechanisms may be re-
sponsible since Polianskis et al. [7] found that tolerance to
tonic painful pressure and cold stimulation was specific to
stimulus modality, and research in paraplegics indicates the
presence of independent thoracic spinal mechanism [8].
Tamura and An [9] have also suggested that concurrent
rises in core temperature that accompany local cooling of
affected body areas might also be responsible for the de-
creased sensation at the cooling site.

When the CPT is repeated, a habituation or adaptation ef-
fect is manifested in response to the cold, which results in
lower pain thresholds, although its magnitude depends on
the interval of time between exposure to the cold stimulus,
and usually disappears within an hour [5]. In a previous se-
ries of experiments, we investigated the habituation, which
we termed the cold pressor response, in healthy subjects by
immersing their whole forearms in a 4°C ice bath with in-
tervals of 5 and 15 minutes between immersions, and ex-
amining the pressure pain threshold [10]. In this study, we
wished to shorten the interval to 1 minute and to compare
the results with the previous investigation.

Materials and Methods

Subjects
Seventeen healthy male subjects were enrolled in the study.
Exclusion criteria included severe ongoing pain, circulatory
disorders, cardiac problems, hypertension, fibromyalgia,
neurological diseases, acute inflammatory conditions, wounds
and systemic use of any pharmacological agents that would
interfere with the protocol.
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SUMMARY

The habituation response to repeated cold-water immersion of parts of the extremities results in an increase of pain
threshold elicited by pressure or hot and cold stimuli. 17 healthy male subjects immersed the forearms in 4 degree C water
for 1 minute, followed by an interval of 1 minute, repeating the process 10 times. We measured skin temperature, pressure
and temperature induced pain threshold, and cardiovascular parameters. Using the data obtained combined with a previ-
ous study, we found the pain threshold doubled over a wide temperature range. The time needed to achieve the same
elevation of pain threshold was longer for higher temperatures. Our results suggest that many independent peripheral
mechanisms may contribute to the habituation.

KEY WORDS: habituation, pain threshold, blood pressure, autonomic nerve system

DER EINFLUSS VON TEMPERATUR UND DAUER WIEDERHOLTER TAUCHBÄDER AUF DIE
ANPASSUNG DER SCHMERZSCHWELLE GESUNDER PERSONEN

Die Habituationsantwort auf wiederholte Kaltwasser-Tauchbäder von Teilen der Extremitäten bedingt eine Erhöhung
der Schmerzschwelle, die durch Druck oder Temperaturreize ausgelöst wird. 17 gesunde männliche Personen tauchten
ihre Unterarme 1 Minute lang in Wasser von 4°C und wiederholten dies nach einer Pause von 1 Minute insgesamt 10 Mal.
Die Hauttemperatur, die Schmerzschwelle für Druck und Temperaturreize und kardiovaskuläre Parameter wurden
gemessen. Die Daten dieser und einer früheren Studie zeigten, dass sich die Schmerzschwellen über einen weiten
Temperaturbereich um das Doppelte erhöhten. Um einen gleichartigen Effekt bei hohen Temperaturen zu erzielen, war
mehr Zeit nötig. Unsere Ergebnisse stützen die Amsicht, dass unterschiedliche, voneinander unabhängige, periphere
Mechanismen zur Habituation beitragen .

Schlüsselwörter: Habituation, Schmerzschwelle, Blutdruck, autonomes Nervensystem
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Study protocols
The study design was a crossover in which subjects were
randomized by a statistician to one of 2 conditions, with
the second condition performed after a 72-hour washout
period. Patients gave written consent to participate in the
study. The study was conducted in accordance with the eth-
ical principles of the Declaration of Helsinki with the Ed-
inburgh revision and according to current Good Clinical
Practice guidelines and was approved by the local Ethics
Committee.

Subjects were seated for 5 min and informed about the pro-
cedures. No attempt was made to cognitively influence the
subjects regarding expectations or outcomes. After pulse
and blood pressure measurements, pressure pain thresh-
olds (PPTs) were assessed by pressure algometry at the
processus styloideus radii. The pressure algometry appara-
tus (Model PTH, PDT 20100, Germany) used in the study
applied approximately 40-60 kPa/s/cm², and the diameter
of contact with the skin was approximately 1 cm. The tem-
perature of the forearm skin was measured before and after
the immersions using the Thermo Check M, a non- contact
based infrared thermometer (Steinel, Germany) that oper-
ates via an infrared sensor; the probe was directed to the
forearm at a distance of 5 cm. With spectral compensation,
the achieved accuracy was ± 0.3°C. Prior to experimental
use, calibration was performed for the necessary tempera-
ture range (10°C-42°C). The absolute accuracy after cali-
bration was ± 0.3°C and the relative accuracy ± 0.1°C. The
emissivity (epsilon) was adjusted to 0.97 according to the
manufacturer´s recommendations for skin temperature
measurements; the response time was < 1 second. Forearm
skin temperature, cardiovascular parameters and pressure
pain thresholds were measured after each immersion.

Hot and cold pain thresholds were determined using a
computerized contact thermode Thermotest (Somedic A/B,
Stockholm, Sweden) [11]. This device is capable of heating
or cooling the skin, and consists of semiconductor junc-
tions that produce a temperature gradient between the up-
per and lower stimulator surfaces produced by the passage
of an electric current, thereby eliciting a cooling or heating
effect. It is assumed that A-delta fibres mediate cold sensa-
tions, and most likely C-fibres mediate cold pain in humans
[13]. All thresholds were assessed using a 2.5 x 5.0 cm
thermode. The heat pain threshold was the lowest temper-
ature perceived as painful obtained by starting at 32°C and
increasing the thermode temperature to 52°C with a rate of
change of 1°C sec-1. Similarly, the cold pain temperature
was then obtained by starting at 32°C and decreasing the
temperature. Subjects were instructed to react to the first
trace of pain by pressing a button connected to the device,
which recorded the threshold. All thermal thresholds were
determined as the average of 5 trials performed at 5 sec in-
tervals. Measurements were made at baseline, and at the
conclusion of each intervention for each subject.

All study parameters were measured with the forearm in air
at room temperature. After obtaining baseline measure-
ments, the arm was adducted and the elbow flexed at an an-

gle of 90°, and the whole dominant forearm immersed in a
water (city tap water) bath that was thermoneutral (36°C)
(condition 1), or contained ice cubes (4°C) for 1 minute.
Ten serial immersions were conducted for each condition
with the immersion lasting 1 minute followed by a resting
period in air of 1 minute while measurements were per-
formed.

Statistical analysis
SPSS (SPSS, Chicago IL, version 15) was used for statistical
analysis. Quantitative data are presented as mean values and
standard deviations, and changes within groups or between
groups were tested for statistical significance by ANOVA (t
tests, simple or two correlated samples) where relevant.
While a general significance level of 0.05 was chosen, with
all tests performed as 2-sided, in the case of multiple t tests,
a Holm sequential Bonferroni calculation was made to de-
termine the statistical significance required for each mea-
surement.

Results
The mean age of the subjects was 24.9 (3.76) years with a
range of 18 to 35 years. In contrast to condition 1, the pres-
sure pain threshold in condition 2 steadily rose throughout
the experiment (Figure 1) from a baseline value of 5.89 Pa
to 9.42 Pa, an increase of 60%. By comparison, the change
(increase) in condition 1 was only 0.13 Pa. The difference
between baseline and at each subsequent point for condi-
tion 2 was statistically significant (p < 0.0005).

For condition 1, the change in hot pain threshold between
baseline and the conclusion of the experiment was minimal
(0.21°C), whereas it was significantly higher for condition 2
(5.59°C, p < 0.0005) (Figure 2). Similar results were ob-
tained with the cold pain threshold in which the change was
also minimal for condition 1 (a nonsignificant drop of
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Figure 1:
Pressure pain threshold before and following immersion of fo-
rearms in thermoneutral condition water and cold water (4ºC).
Only a sampling of the results is presented to improve clarifi-
cation of presentation.
Horizontal bars represent standard deviations.



0.55°C) but large for condition 2 (drop of 9.29°C, p <
0.0005) (Figure 3).

In the case of systolic blood pressure, there was an immedi-
ate rise of approximately 14 mm Hg in condition 1 follow-
ing the first immersion, which maintained with some varia-
tion throughout the experiment (Figure 4A). This increase
was minimal for condition 1. Although the differences be-
tween baseline and various points during the experiment
for condition 2 or between matched points for conditions 1
and 2 were in a few instances significant after the Bon-
ferroni correction, overall, the differences should not be re-
garded as significant. A similar pattern was observed for
the diastolic blood pressure except that there was consider-
ably more variation and the overall differences between
condition 1 and 2 were smaller (Figure 4B). In the case of
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Fig ure 2
Mean hot pain threshold before and after immersion in ther-
moneutral condition water and cold water (4ºC). Horizontal
bars represent standard error of the mean.

Figure 3
Mean cold pain threshold before and after immersion in ther-
moneutral condition water and cold water (4ºC). Horizontal
bars represent standard error of the mean.

Figure 4
Changes in cardiovascular parameters before and following
immersion of forearms in thermoneutral condition water and
cold water (4ºC).
A: systolic blood pressure;
B: diastolic blood pressure;
C: heart rate.
Horizontal bars represent standard error of the mean.



heart rate, a gradual non-significant difference between
conditions 1 and 2 emerged as the experiment progressed,
with the subjects in condition 2 experiencing a lower heart
rate (Figure 4C).

The difference in forearm skin temperatures between con-
ditions 1 and 2 was significant through the experiment (p <
.0005) with the temperature initially dropping 14.2°C after
the first immersion and gradually lowering with more im-
mersions, until the maximum difference was 21.7°C (Fig-
ure 5).

Correlations were also plotted using mean values between
surface temperature and pressure pain threshold for this
study and incorporating data from the study of Kalpak-
cioglu et al. [10] (Figure 6), which showed that similar pain
thresholds could be reached in the temperature range of
12°C-20°C. Another plot of time versus pressure pain
threshold data from this study and data from the study of
Kalpakcioglu et al. [10] (Figure 7) showed that lower tem-
peratures (10-12°C) caused the same higher pressure pain
threshold to be reached in a half to two thirds the time
taken at the higher temperature range of 18°C-21°C.

Discussion
In this CPT study, we observed a quasi-linear increase in
the pressure pain threshold concurrently with the in-
creased number of cold-water immersions for healthy sub-
jects. A similar result was obtained in our previous study in
which the intervals between immersions were much longer
(5 and 15 minutes) [10]. Although the duration of the ex-
periments in this study were much shorter.- 22 minutes,
which included 10 immersions versus 4 or 6 immersions
with intervals of 5 and 15 minutes between immersions, re-
spectively. We observed a similar rise in the pressure pain
threshold that reached 9 to 9.5Pa by the end of the experi-
ment (Figure 7). From these results we conclude that while
temperature appears to be the primary driving force in re-
gard to the magnitude of habituation, even temperatures as
high as 20°C (Figure 6) will provide a large amount of ha-
bituation given sufficient time. If temperature were the
sole local parameter controlling decreased pain sensitivity,
and peripheral dampening of the skin pain receptors were
the main mechanism for causing habituation, then the sur-
face temperature of the arm ought to correlate with the
pain threshold. In our experiments we do observe such a
general correlation, but apparently the same effect at ap-
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Figure 5
Fig 5: Change in forearm skin temperature before and after
immersion in thermoneutral condition water and cold water
(4ºC). Horizontal bars represent standard error of the mean.

Figure 6
Correlation using mean values between surface temperature
and pressure pain threshold for this study and incorporating
data from the study of Kalpakcioglu et al. [10]

Figure 7
Correlation of time and mean values of pressure pain threshold
for this study and incorporating data from the study of
Kalpakcioglu et al. [10].



proximately 12-15°C can be seen at 20-23°C if sufficient
time is allowed. This argues against a simple tempera-
ture-proportional dampening effect, and might suggest
that neuron inhibition at the segmental level of the spinal
cord by afferent non nociceptive fibers is also possible.

The phenomenon of cold habituation is primarily trig-
gered at the level of the medulla oblongata [13] via afferent
pathways from the cooled site. However, the results of
other investigators suggest that control of habituation is a
complex process that comprises local as well as central ner-
vous system (CNS) components. For example, both Tamura
and An [9] and Huizenga et al. [14] noted that in healthy
subjects, following cooling there is a compensatory rise in
core temperature, which has an affect on how the cold sen-
sation induced by immersion is perceived. However, Jansky
et al [15], who immersed the legs of healthy volunteers in
cool (12°C) water, also noted that skin temperatures of the
non-cooled parts of the body undergo a “mosaic of dy-
namic changes”, which included cycles of cold-induced
vasodilation, and minute cycles in the forehead, thighs and
chest, that were in synchrony with the heart rate, indicating
a permanent, generalized but discontinuous control of
vasomotion by the sympathetic nervous system during lo-
cal cooling. The authors concluded, “initial vasoconstrictor
response is being controlled independently of the central
temperature input.” The CPT-induced sympathetic response
gives rise to separate responses in the central versus the pe-
ripheral circulation, with the response in the former larger
than in the latter [16]. In general, the response of arterial
pressure to the CPT is higher and much more consistent
than heart rate, which is partially reflected in our study. For
example, Mourot et al [2] reported that only 51% of their
subjects had a sustained heart rate response, while in the
other subjects, heart rate decreased after an initial increase.
We have observed similar results in both of our studies, al-
though more of our subjects had sustained heart rate in-
creases. It was also noted in the study of Mourot et al [2]
that a higher sympathetic response at the skin level during
the CPT was observed for this second group with the de-
creased heart rate.

Kregel et al- [17] suggested that the increase in MNSA
(muscle sympathetic nerve activity) that occurs during the
CPT is driven by high-threshold nociceptive fibers in the
cooled body part, primarily achieved by the C polymodal fi-
bers when the skin temperature falls below 15°C, which in
our experiments was only achieved when the interval be-
tween cold water immersions was 1 minute. Experiments
carried out by Cui et al. [3] also confirm that baroreceptors
are still capable of modulating heart rate and muscle sym-
pathetic nerve activity during the CPT, but while the sensi-
tivity of baroreflex modulation of MSNA is enhanced, the
sensitivity of heart rate modulation remains unchanged.

In their study, Yarnitsky and Ochoa [18] noted that when
they blocked the myelinated A delta cold-specific fibers so
that cold sensation was abolished and then further de-
creased the temperature, a sensation of burning pain and
significant decrease in pain threshold was observed, which

they explained through the removal of inhibitory primary
afferent input. These results were in accordance with previ-
ous evidence that pain suppression at low temperatures
was caused by central gating of cold-specific input on
nociceptor input. While our results do not contest this the-
ory, they do show that pain suppression and habituation
can occur over a wide range of temperatures, and that com-
binations of sensory input from the skin and muscle are
likely involved through different mechanisms. Our results
also have a number of clinical implications with regard to
the treatment of pain through cryotherapy and hydrothera-
py, and provide some guide to the affects of temperature,
time, and likely increase in pain threshold.
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THERMAL IMAGING FOR THE DIAGNOSIS OF

PRIMARY RAYNAUD´S PHENOMENON

K Ammer,

Institute for Physical Medicine and Rehabilitation,
Hanuschkrankenhaus, A- 1140 Vienna, Austria

Primary and secondary Raynaud´s Phenomenon differ in etiol-
ogy, severity and location of symptoms Although about 20 % of
patients with primary Raynauds phenomenon may undergo tran-
sition to a secondary form of this vasospastic disease, a rough
differentiation between primary and secondary Raynaud´s phe-
nomenon can be made by the number of involved fingers. Pri-
mary vasospastic disease affects by definition all fingers, but with
less severe symptoms. Secondary Raynaud´s may involve some
single or all fingers with occasionally severe signs of the tran-
sient reduction of perfusion. The diagnosis Raynaud´s phenom-
enon requires attacks of triphasic colour changes of fingers,
however, patients with primary Raynaud´s present often only
with blanching and coldness or biphasic colour changes of all
fingers.

Between 1st November 2007 and 6.th October 2008 thermograms
of both hands were recorded from 85 patients suspected of
Raynaud´s phenomenon. After acclimatization for 15 minutes to
a room temperature of 24 degrees, the hands were positioned on
a table, and images in the dorsal view for both hands were re-
corded. Then the hands, covered with plastic gloves, were fully
immersed for 1 minute in water of 20°C. Immediately after tak-
ing off the gloves, and at in interval of 10 minutes 3 other ther-
mal images were captured. Spot temperatures were measured on
the tip and over the mid of metacarpal bone of each finger. Gra-
dients were calculated by subtracting the metacarpal temperature
from the temperature of the finger. Raynaud´s phenomenon was
diagnosed when negative temperature gradients > 1° were de-
tected 20 Minutes after the cold challenge. Involvement of all
fingers with thumbs either included or excluded was regarded as
primary Raynaud´s phenomenon.

68 females ( age range: 14 to 81 years) and 17 males (age range:
17 zo 81 years) were investigated. In total, 47 patients (5 males,
42 females)were diagnosaed as primary Raynaud´s phenome-
non, 24 subjects ( 3 males, 21females) showed involvement of
single fingers and the remaining 24 subjects (9 male, 15 females)
presented with normal temperature recovery after the cold chal-
lenge.

A higher proportion of females than males presented with
thermographic signs of Raynaud´s phenomenon. Involvement
of all fingers, was a common finding in our sample . Primary
Raynaus´s phenomenon was not restricte to young age, as slow
recovery of temprature after cold challenge was detected in all
fingers in 6/13 patients aged 70 years or older.

THERMAL IMAGING AS A DIAGNOSTIC TOOL IN
CARPAL TUNNEL SYNDROME

Jesenšek Pape� B., Palfy M., Turk Z.

University Clinical Centre Maribor, Ljubljanska 5, Maribor, Slovenia

INTRODUCTION:Thermography is a type of infrared imag-
ing, capable of detecting radiation in the infrared range of the
electromagnetic spectrum (0.9–14μm) and producing images of
that radiation. In carpal tunnel syndrome at earlier stages of syn-
drome vasoconstriction is common, while at later vasodilatation.

Consequently, unexpected skin temperatures can be measured at
different parts of affected hand.

AIM: The aim of present study was to use a software-based intel-
ligent system for diagnosis of carpal tunnel syndrome. Artificial
neural networks, known as a well established data mining tech-
nique, were used for thermal image analysis.

METHODS:28 patients and volunteers participated in creating
our image database, resulting in 44 images of hands. There were
23 images of hands belonging to patients with the carpal tunnel
syndrome of different severities and 21 images of healthy hands.
Images were taken with the Avio’s Neo Thermo TVS-700 cam-
era with resolution of 320x240 pixels. The software application
we developed for the purposes of this study consists of two
modules. First module takes care of image segmentation and ex-
traction of temperature readings while the second one performs
the image analysis and tries to diagnose the carpal tunnel syn-
drome.

RESULTS AND DISCUSSION: Classification success rates ex-
ceed 75% in most cases. However, it should be noted that only 44
images were at our disposal, which is a very small number, taking
into consideration the importance a learning process plays in ar-
tificial neural networks development. When operating with such
small sets of objects the classification results can be misleadingly
good (or bad). Only when our image database will grow consid-
erably a real assessment of results will be possible.

Table : Classification success rate compared to the reference case

no. Included segments Success rate (%)

1 all dorsal segments
(reference case) 80.6%

2 all segments 74.3%
3 all palmar segments 65.6%
4 all dorsal but 1st finger (thumb) 81.8%
5 all dorsal but 2nd finger 77.3%
6 all dorsal but 3rd finger 81.8%
7 all dorsal but 4th finger 79.2%
8 all dorsal but 5th finger 75.2%

9 all dorsal without
2nd and 5th finger 70.8%

10 all dorsal without 1st, 2nd and 3rd

finger 64.5%

11 all dorsal without wrist
segments 82.5%

12 all dorsal without metacarpal seg-
ments 78.4%

CONCLUSION:The development of thermal imaging technol-
ogy and involvement of intelligent systems enabled new possi-
bilities which were previously unavailable. It is our goal to
research these possibilities and determine whether thermal imag-
ing can be used as a diagnostic tool in nerve entrapment syn-
dromes.

SCREENING FOR FEVER BY THERMOGRAPHY

E.F.J. Ring (UK)

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

A new draft standard ISO/IEC TC 121/SC 3/WG 8-PT1 has
been drawn up to provide a working specification for a “screen-
ing thermograph”. The deployment of infrared imaging in air-
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ports and ports began with the SARS outbreak in the Far East,
and is still in operation at some airports.

The writing group for this new document have considered the
many facets of the technology, and its application where num-
bers of people have to be screened in a short time. Should a fever
pandemic arise, local public health authorities will have the right
to enforce restrictions on the movement and travel of anyone
with a raised temperature, particularly to an area or country
known to be affected by the outbreak of infection.

Two new documents have been prepared; both are based on the
standards publication from Singapore (SPRING). The overall
requirements are for a calibrated radiometric camera system de-
signed specifically for rapid screening (probably height adjust-
able), and able to image the area of the frontal face with the
highest possible resolution. The area around the eyes, with the
specific target of the inner canthi . The standard describes per-
formance tests for the manufacturer, and in a part two docu-
ment, the deployment, implementation and operational guide-
lines are described.

The optimal imaging technique requires the subject to be posi-
tioned close to the camera system, looking directly ahead. The
designers of the screening thermograph may use an audible and
/or visible alarm if the subject has a raised temperature. Any sub-
jects who fail the normal test, are likely to be subjected to a clini-
cal screen, and clinical thermometry used to confirm the pre-
sence of fever.

As each installation will require the camera to operate continu-
ously, uncooled detector systems are considered to me more suit-
able, to avoid expensive refurbishment of the cooling system.
Many adjustable settings on a commercial thermal imaging sys-
tem will need to be inactivated. One example is the emissivity set-
ting, which should be fixed, and not capable of being accidentally
changed by an inexperienced operator. An external reference
source is also specified, as a visible check on the sable operation
of the camera.

A glossary of terms is included in the document, and many as-
pects of the draft documents refer to existing standards for elec-
trical safety, and those affecting medical instrumentation. The
screening thermograph is described as a clinical device.

IMPACT OF NOISE REMOVAL TECHNIQUES ON
MEASUREMENT IN MEDICAL THERMAL IMAGES

Vardasca, R.1, Bajwa U.2

1Medical Imaging Research Unit, Department of Computing and
Mathematical Sciences, Faculty of Advanced Technology, University
of Glamorgan, Pontypridd, Rhondda Cynon Taff, CF37 1DL, Wales,
United Kingdom
2 Department of Computer Engineering, Center for Advanced Studies
in Engineering, 19-Attaturk Avenue, G-5/1, Islamabad, Pakistan

Medical infrared (IR) images are sensitive to noise. It affects di-
rectly the temperature measurements of the objects in a scene.
There are documented noise removal techniques that have good
performance on digital images but will produce different results
for each technique on temperature readings from thermal im-
ages.

Twenty noisy images were selected from a database and after be-
ing processed with several noise removal techniques, the result
was statistically analysed. That analysis includes maximum tem-
perature, minimum temperature, mean temperature and stan-
dard deviation of same region of interest and Root mean square
error, Signal to noise ratio and cross correlation coefficient of
each resultant image. In the end all techniques are compared and
graded.

This investigation shows that all techniques produce different re-
sults, the recommended method for improving medical thermal

images are the Median, Mean and Wiener filters. Results however
suggest that noise filtering should only be applied when specifi-
cally needed.

INFRARED THERMOGRAPHY IN SEMI-FREE RANGING
DOMESTICATED AFRICAN ELEPHANTS (LOXODONTA
AFRICANA) - PRELIMINARY RESULTS FROM A PILOT
STUDY. *

Philippa Hidden, Andrea Fuller, Linda Fick, James B. Mercer*

School of Physiology, University of the Witwatersrand, Johannes-
burg, South Africa. and *Department of Medical Physiology, Faculty
of Medicine, UiTø, Tromsø, Norway

* Reprint from Thermology international 2008, 18(2) 59

Infrared (IR) thermal images of semi-free ranging domesticated
African elephants were taken at selected intervals over a 24 hour
period during summer (March). The animals belonged to a small
herd consisting of 5 adults and a 6-month old juvenile housed at
the Letsatsing Game Reserve, North West Province, South Af-
rica. The reserve includes a visitor’s centre situated beside a wal-
low plus stabling and maintenance facilities. The adults are used
for elephant back riding safaris that run only in the morning and
late afternoons. The herd spends much of the rest of the
day-light hours browsing naturally, pursuing a lifestyle similar to
wild elephants. At night time the animals are kept in individual
concrete stalls in an open sided high roofed stabling area. In addi-
tion to recording IR-thermal images, body core temperature in 2
individuals was continuously measured using ingested tempera-
ture data loggers. The data loggers were recovered from the fae-
ces following a passage time through the intestinal tract of ca. 42
and 72 hours respectively. Meteorological data, including air tem-
perature, black globe temperature and solar radiation were con-
tinuously measured from a local field station. Written details of
the animals behavioural patterns were also recorded throughout
the daylight hours. The IR-images were taken using a FLIR
ThermaCam S65 and FLIR SC3000 cameras (FLIR Systems AB,
Boston,MA, USA). All images were electronically stored and af-
terwards processed using image analysis software ThermaCAM
Researcher Pro 2.8 SR-1 (FLIR Systems AB). IR thermal images
of the elephants were taken at different times of the day and in-
cluded activities at the wallow, while grazing in the bush, before
and after the rides, and in the stables shortly before sunrise and
shortly after sun-down. Preliminary results will be presented in
which the thermal state of the animals as shown in the IR-ther-
mal images will be related to both body core temperature and the
meteorological data throughout the 24 hour period.

THERMAL IMAGING AND RELATED TECHNIQUES
IN ACUPUNCTURE RESEARCH

G. Litscher

Research Unit of Biomedical Engineering in Anesthesia and Intensive
Care Medicine and TCM Research Center Graz (http://tcm-graz.at),
Medical University of Graz, Austria

Quantitative thermal imaging is becoming an important method
in acupuncture research. Using infrared thermography we evalu-
ated the effects of changes in peripheral temperature during the
initial phase of manual needle and laser acupuncture under stan-
dardized conditions. According to Traditional Chinese Medicine
(TCM), the combination of the acupoints Neiguan (Pe.6) and
Quchi (LI.11) leads to a general increase in energy and is applied
when circulatory problems in the upper extremities are present
(1,2). In this presentation, examples of thermography and re-
lated techniques, e.g. laser Doppler imaging (LDI) for measuring
changes of microcirculation, will be demonstrated. In addition, a
new method for moxibustion will be introduced. Thermography
and LDI were used to standardize this innovative method.
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There are many possible uses of thermal imaging in the field of
TCM in general and acupuncture research in particular, but there
are still methodological limitations of this modern measuring
procedure. The validity of the method for proving meridian
structures according to the view of TCM must be considered
critically and analyzed scientifically (3,4).

Thermographic methods such as infrared cameras and other
high-tech methods like LDI are effective tools for the visualiza-
tion of effects in acupuncture research which support demysti-
fication of this ancient medical treatment method.
Acknowledgements: The studies were supported by the Zukunftsfonds
Steiermark (4071), the BMWF, the BMGFJ (Sino-Austrian research
project) and 3B Scientific, Hamburg.
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A COMPARISON OF INFRARED THERMOGRAPHY
(IRT) AND FULL-FIELD LASER PERFUSION IMAGING
(FLPI) FOR ASSESSMENT OF HAND COLD
CHALLENGE AND DERMAL INFLAMMATION

Buick TA1, Howell KJ2, Gush R3, Denton CP2, Smith RE1

Departments of 1Medical Physics and 2Rheumatology, Royal Free
Hospital, London. NW3 2QG. UK.
3Moor Instruments, Axminster, Devon. EX13 5HU. UK

IRT is a well-established technique for the assessment of the re-
sponse of the hand to cold challenge (1) and of dermal inflam-
mation (2), as it offers full-field dynamic imaging of skin.
However, the radiometric measurement of skin temperature is
only a surrogate for the dermal microcirculation – a parameter of
interest: many factors besides blood flow can influence skin tem-
perature, and these limit theutilityof IRTasamicrovascular tool (3).

Full-field laser perfusion imaging (FLPI) is a newly-available
commercial technique offering many of the advantages of IRT
(full-field image, fast dynamic response), but, in contrast, the sig-
nal is derived directly from red cell blood flux in the skin (4). The
utility of FLPI for the assessment of cold-induced peripheral
vasospasm or dermal inflammation is, as yet, to be evaluated.

The two techniques were used simultaneously for the assessment
of hand cold challenge (water at 15°C for one minute) in 3
healthy subjects. We also used the two devices to record the in-
flammatory skin response at the forearm of a healthy subject af-
ter a light scratch. We will present a narrative comparison of IRT
and FLPI.

FLPI shows promise as a microvascular imaging tool, and indeed
may have benefits over IRT for the assessment of skin inflamma-
tion. Larger studies of the utility of FLPI in healthy and diseased
subjects are now required. Potential applications, benefits, and
limitations will be discussed.
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SYMMETRY OF TEMPERATURE DISTRIBUTION IN
THE UPPER AND THE LOWER EXTREMITIES

Ricardo Vardasca

Medical Imaging Research Unit, Faculty of Advanced Technology
University 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 last
major study on thermal symmetry, however, was made in 1988
and no studies have been carried out with the current generation
of higher resolution cameras, especially none that compares total
body views with close-up regional views in both anterior and
dorsal visualisations.

In this study skin temperature measurements have been carried
out using thermograms of 35 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 0.25ºC ± 0.2ºC in total body views and 0.2ºC ± 0.15ºC in
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.

MONITORING TREATMENT IN PATIENTS AFTER
STROKE BY THERMAL IMAGING: STUDY DESIGN

Adriana Nica, Ana Meila, Clara Dima

National Institute of Rehabilitation, Physical Medicine & Balneoclima-
tology, University of Medicine “Carol Davila. Bucharest, Romania

INTRODUCTION: Romanian medical thermography started
30 years ago in oncology, but in the late 3 years extended to other
medical domains as functional investigation of thyroid, diabetes
etc.

The patient with stroke has central motor deficiency and periph-
eral vascular anomalies. Vegetative vascular reactivity is followed
by an adaptation response, peripheral thermoregulation, under
the command of neuro-vegetative, metabolic, systemic and local
factors.

SAMPLE: Our study has had in view a group of 10 patients with
stroke, hospitalized in the University Clinic of National Institute
of Rehabilitation, Physical Medicine and Balneology Bucharest,
Romania. We used thermography to observe the thermic differ-
ences between the right and left limbs of the patients and the
thermic dynamic before and after the treatment.

METHOD: The patients were clinico-functional evaluated and
respecting the inclusion criteria: time after the acute cerebro. vas-
cular event, localisation of symptoms, ability to stand or walk,
treatment modalities (respecting a homogene pharmacologic
and non-pharmacologic treatment). The patients were evaluated
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analyzing the predominant pathology of the upper and lower
limb, right or left dominant limb and the parameters Barthel-In-
dex, FIM, Motility Index, strength of the maximum affected
muscles of the upper and the lower extremity.

We captured the thermal images of the body according to the
Glamorgan Protocol before and after the treatment and we sta-
tistical process the dates.

Even if the study was on a small number of patients it showed
the thermic differences by the motor hemi body deficiency and
two patients had more important thermic (and X-rays) differ-
ences showing reflex reaction in algic complex syndrome type II.

For Romanian Medical Rehabilitation this clinical study opens a
new perspective for functional stroke investigation.

THERMAL IMAGING AS A SCREENING TOOL FOR
KNEE INJURIES IN PROFESSIONAL JUNIOR AL-
PINE-SKI-RACERS IN AUSTRIA

C. Hildebrandt, C. Raschner

Department of Sport Science, University of Innsbruck, Austria

INTRODUCTION:Knee injuries, especially ACL ruptures, rep-
resents a major problem in professional alpine skiing. According
to TECKLENBURG K.(2005) et al 53,8% of all female skiers in
the Austrian Junior National Team have sustained an ACL rup-
ture. The incidence of ACL ruptures in male skiers is slightly
lower.

Although it is important to improve rehabilitation methods for
the treatment of knee injuries, preventing is even better.

In recent years, Thermal Imaging has been successfully utilized in
the field of veterinary medicine by detecting locomotion injuries
in race horses and to monitor the health status (HARPER D.L.
2000).

However, despite similar anatomy and physiological pattern,
only few investigations have been conducted for the prevention
and detection of knee injuries in athletes with Thermal Imaging.

AIM: The general aim of the study is therefore to investigate the
use of Thermal Imaging as an appropriate assessment in terms of

knee injury prevention and diagnostic in young alpine ski racers.
Knowing that the temperature distribution of the knee in healthy
subjects is highly symmetrical from the right to the left side, our
specific purpose is to evaluate interindividual local temperature
variations in conjunction with reported symptoms, knee pain
and previous injuries.

It is assumed that ski racers knees are exposed to much physical
stress during their competition season. Therefore the analysis of
a pre- and postseason measurement is required and may enhance
the detection and localisation of thermal changes before they be-
come clinically.

METHODS: In the first stage a pilot study with 53 students was
carried out to establish an appropriate protocol, to define a refer-
ence of normal thermogramms including the typical range and
distribution of knee temperature and last but not least to define
the region of interest and most suitable standard view. An infra-
red camera (TVS 500EX) and the appropriate software (iReport)
was provided from the Germany company GORATEC GmbH.

After an acclimatisation period of 20minutes an image of the an-
terior/posterior and medial/lateral aspect of both knees were re-
corded. The thermal environment remained under constant
conditions.

The findings and the definition of the best conditions from the
first part of the study will be used in the second stage, in which 50
young ski racers (male and female, 14-19 years) from the “Skigym-
nasium Stams” will be tested. A questionnaire, the examination
by a physiotherapist and the medical history, obtained from a
sports medicine specialist, will complete the findings of the im-
ages.

RESULTS/DISCUSSION:By means of some case studies from
the first testing period of non injured and previously injured sub-
jects, local temperature variations and thermal anomalies in con-
junction with the medical history and the best standard view of
the knee will be discussed.

Furthermore, based on a few examples from patients suffering
on an acute ACL rupture or knee injury, thermal imaging as an
outcome measure of monitoring the magnitude of injury will be
discussed.
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Meetings

15th November 2008
21st Symposium of the Austrian Society of Thermology,
SAS Hotel Vienna, Austria

Topic: Recent Advances in Thermology

Confirmed speakers Prof F. Ring, UK
Prof. A.Nica, Romania
Dr. R.Thomas. UK
K. Howell, UK
Prof.K.Ammer, Austria
Prof. G.Litscher, Austria
C. Hildebrandt, Austria
Dr. B. Jesenek-Papez, Slovenia
R.Vardasca, Portugal
Prof. J.Mercer, Norway

Information
Prof K. Ammer, MD, PhD
Austrian Society of Thermology
Hernalser Hauptstr 209/14
Email: KAmmer 1950@aol.com

29. November 2008
DGTR / IMVT Adventseminar 2008 in Mörfelden
Bürgerhaus Mörfelden, Westendstraße 60,
64546 Mörfelden-Walldorf bei Frankfurt

Workshop fee: 90,- Euro
Including storage media with presentations; coffee and
lunch, certification of attendance

09:00 Opening, Topics and Issues - Becker, Berz, Sauer

Session 1: Basics of IR imaging
09:10 Basics of measurement for medical IR imaging

Orglmeister

09:30 Human thermal profiles and patterns and clinical
correlations - Sauer

Session 2: – Breast IR imaging
09:50 from early breast thermography to recent

infrared imaging - Berz

10:10 Typical patterns of breast cancer (case reports)
Sauer

10:40 Coffee Break, Exhibition

11:00 Comparing established breast examinations
with IR imaging - Schulte-Uebbing

11:20 How false are false-positive results
(Breast IR imaging)? - Berz

11:40 Preventive aspects of breast IR imaging - breast
health issues - Sauer

12:00 Standardisation, fine tuning and increase of
reliability (breast IR imaging) - Berz

12:20 Discussion, future development of BreastIR imaging
Schulte-Uebbing

13:00 Lunch Break, Exhibition

Session 3: Locomotor IR imaging

14:00 Thermal patterns and functional locomotor diagnosis
Ammer

14:20 Experiences with IR imaging in an orthopaedic
hospital - Steinlein

14:40 Visualization of chirotherapeutic treatment using
IR imaging - Helling

15:00 Research project: IR imaging of M. Raynaud
Goetze

15:20 Coffee Break, Exhibition

Session 4: Contact thermography and
infrared spot measurement

15:50 Rost’s contact Thermography and Sauer’s infrared
spot measurement - Sauer

Session 5: Infrared Imaging – Education, Training
and Certification

16:10 The DGTR/IMVT-Program for Mediical Education
Infrared Imaging - Berz

16:30 Final discussion

17:00 Close

Speakers

Prof. Dr. med. Kurt Ammer PhD,
Hanuschkrankenhaus Wien,
Präsident der Österr. Gesellschaft für Thermologie,
Generalsekretär der EAT – European Association of
Thermology

Peter Becker
Bürgermeister der Stadt Mörfelden-Walldorf

Prof. Dr. med. Reinhold Berz
Präsident der DGTR / IMVT, Danzig

Dr. med. Steven Goetze
Oberarzt, Abt. Experimentelle Dermatologie,
Universitätsklinik Jena

Dr med Klaus Helling
Chefarzt der Klinik für Manuelle Therapie (KMT) Hamm

Dipl.Ing. Albert Orglmeister
Geschäftsführer O-Tec Infrarotsysteme

Dr. med. Helmut Sauer
Vizepräsident der DGTR / IMVT,
Waldbronn bei Karlsruhe

Prof. Dr. med. Claus Schulte-Uebbing
Gynäkologe, München

Dr. med. Sven Steinlein
Orthopädische Klinik, Rhein-Sieg-Klink Nürnbrecht
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2009

27th - 29th March 2009
13th National Congress of the Polish Association of
Thermology, Zakopane, Poland
REGISTRATION FEE: 200-Euro

ABSTRACT DEADLINE January 15th 2009.

Please submit to

Prof Dr. Anna Jung
Pediatric and Nephrology Clinic,
Szaserów Str 128 00 909 Warsaw 60, POLAND
Fax (48 – 22) 6816763
Email: ajung@wim.mil.pl or a.jung@spencer.com.pl

13 — 17 April 2009
SPIE DSS Conference DS101 — Orlando World
Center Marriott Resort & Convention Center, Or-
lando, FL United States
Information: http://www.thermosense.org/dev/

1st-3rd July, 2009
16th International Conference on
Thermal Engineering and Thermogrammetry
(THERMO), Budapest, Hungary
Information
Application Forms and abstracts/papers should be sent to:
Dr. Imre BENKÖ,
MATE Secretariat, House of Technology, III. 318.
H-1372 Budapest, POB. 451., Hungary
Fax: +361-353-1406, Phone: +361-332-9571.,
E-mail: mate@mtesz.hu

/eng/Pages/2009/Thermo2009/index.php and for
previous 15th THERMO
/eng/Pages/2007/Thermo2007/index.php

17th -20th September 2009
Combined Conferences
11th European Congress of Medical Thermology

55th Annual Congress of the German Society of
Thermography and Regulation Medicine

22nd Thermological Symposium of the Austrian
Society of Thermology

Conference of the German Society of
Thermology (DGT)
Venue: Region of Frankfurt/Main, Germany

Main theme: Temperature Measurement
in Humans and Animals

Further information:

Prof Dr med Reinhold Berz
President of the German Society of Thermography and
Regulation Medicine (DGTR)
International Medical and Veterinary Thermographers IMVT
Harbach 5
D-36115 Hilders / Rhön

Tel +49 (0) 66 81 - 72 70, Fax +49 (0) 66 81 - 85 51
Email: reinhold.berz@inframedic.de

or

Prof Dr med Kurt Ammer PhD
Austrian Society of Thermology
Hernalser Hauptstr 209/14
A-1170 Wien, Österreich

Tel & Fax: +43 1 480 54 23
Email: KAmmer1950@aol.com

Meetings
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