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Editorial

Past and future of Thermology international

The Past

Preceded by proceedings of thermology symposia [1,2]
organised by the Ludwig Boltzman Research Unit for
Physical Diagnostics, the first issue of Thermology international,
was published in May 1991. The journals name was at that
time “Thermologie Osterreich”, cooperating publishers were the
Austrian Society of Thermology and the Ludwig Boltzman
Research Unit for Physical Diagnostics. 100 copies of the
first issue have been printed, most of them have been
distributed to the participants of the 4th Thermological
Symposium of the Austrian Thermology Society. In the
newly founded journal, this meeting was well documented
by abstracts [3] and full versions of talks [4] presented at
this and previous symposia [5].

Already in 1993, Thermologie Osterreich became the official
publication organ of the European Association of Thermo-
logy, changed its name in 1997 to “Eurgpean Journal of
Thermology” and finally in 1999 to Thermology international .
The historical development of the journal was described at
the 23rd Thermological Symposium of the Austrian
Society od Thermology [6]. 1 want to update the citation
history reported in 2010.

Meanwhile Thermology international (all former names
included) received 176 citations in Thompsons database
ISI. . Figure 1 shows the annual numbers of citations
received. Most cited paper with 29 hits is a tutorial that
describes conditions, equipment and indications for infra
red thermal imaging in medicine [7]. In my own archive,
paper was cited in total 109 times including journals, books
and theses.

2010 10 10.786% m
20071 17 9858% m
2004 16 g% m
2005 16 giE1% m
2012 15 3533i% nm
2011 14 T85% 0
2008 12 788% m
2007 11 82E0% 0
200 11 8X0% nm
1863 g a114% 1

Figure 1
Annual citations for Thermology international

Kurt Ammer

Austrian Society of Thermology, Vienna, Austria

In my own archive, 204 cited papers (65 for Thermuologie
Osterreich, 17 for the European Journal of Thermolggy, 121 for
Thermology international) received in total 867 citations. The
second rank in most cited papers is by James Mercer &
Louis d Weerd on the effect of Infrared-A irradiation on
skin temperature and skin blood flow [8§].

The Future

As the production of one printed issue of the journal costs
about 2200.- Euro, the current issue, number 4 of volume
22,2012, is the last one which appears in print. From 2013
on, Thermology international will be published as an elec-
tronic internet based journal. This will reduce cost of
production and allows to publish colour images or videos
without extra costs.

This change of production will not affect the journal’s
function as publication organ of the American Academy
of Thermology, the Brazilian Society of Thermology, the
Polish Society of Thermology and the UK Thermography
Association (Thermology Group). As the Austrian Society
of Thermology will stop all activities by the end of 2012,
the European Association of Thermology will remain the
only responsible publisher.

Authors interested to publish their work may submitt their
papets to the editors email address KAmmer1950@aol.com.
Decision on acceptance with or without amendments will
be available within 4 weeks after submission

From 2013 the journal will only be available from the
website of the journal at http//www.uhlen.at/ thermo-
logy-international. Access to the journal will only be pos-
sible after the EAT membership fee or the subscription rate
have been paid. A pay-per-view service for current and back
issues of the journal, also a facility for online subscription,
both based on PayPal will become available.

Finally, the long announced DVD containing all issues of
Thermologie Osterreich, European Journal of Thermo-
logy and Thermology international plus the proceedings
of the 1st and 2nd Thermological Symposum of the
Austrian Society of Thermology, the proceedings the Bath
conference 1994 [8] and all 3 volumes of the computed list
of papers on thermology and temperature measurement
[9,10,11] will become available by December 2012. This
archive of thermology papers can be purchased for
100.-Euro. Please use the order form on page 164 of this issue.
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Review

Temperature of the human knee — a review

Kurt Ammer

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

SUMMARY

BACKGROUND: Temperature measurement of the knee joint has a long tradition in medical thermometry. However,
neither a standard for recording knee temperature nor agreed values of knees in healthy subjects or in articular disease are
available.

AIM OF THE STUDY: To compute available data on knee temperature from the literature including the conditions of
temperature recording, measurement sites and temperature values.

METHOD: A literature search was performed in the databases Medline and Embase using the search terms “skin
temperature or intra-articular temperature” and “knee”. Only papers written in English or German related to humans
were considered for inclusion. The following data were extracted from included papers: Surface (skin) temperature,
intra-articular temperature, site of measurement for skin or intra-articular temperature, measurement device, number of
investigated knees, diagnosis of investigated subjects, biographic data of investigated subjects, room temperature, time of
acclimatisation. If possible, temperature values were pooled if they have been recorded under similar conditions.

RESULTS: In total, the database included temperature measurements from 3463 knee joints, comprising data from 876
healthy subjects, 629 patients with osteoarthritis (OA), 512 patients with rheumatoid arthritis (RA), 67 patients with non
rheumatoid and other non specified inflammatory arthritis have been investigated. 86 patients suffered from joint inflam-
mation caused by trauma, and 96 patients had various injuries of ligaments and other fibro-cartilagenous tissues of the
knee. 131 temperature measurements were performed during surgery and 285 after surgery. 33 patients suffered from algo-
dystrophy, 200 patients were investigated during or after various methods of cryotherapy and 50 subjects during heat treat-
ment. Only pattern description without temperature values was reported in 5700 other subjects with various knee disor-
ders.

Based on contact temperature measurements, the mean temperature of the anterior knee in healthy subjects was 30.5 *
1.1°C. Determined with radiometers, the corresponding mean temperature was 28.7 £ 0.6°C (95% confidence interval:
27.9 to 29.5). In thermal images from healthy subjects, the mean temperature of the anterior knee was 29.5 + 1.6°C (95%
confidence interval: 28.5 to 30.5°C) and 33,1 + 0.0 °C of the posterior knee. The side difference of temperature was 0.2 +1°C
for both the anterior and the posterior knee.

Mean intra-articular temperature varied between measurements recorded during knee surgery (29.9 £ 4.4 °C; 95%
confidence intetval: 23.0 to 36.8), in patients with rheumatoid arthritis (35,1 £ 0.7 °C; 95% confidence interval: 34.2 to
36.0°C) or osteoarthritis (33,5 2,7°C; 95% confidence interval: 30.1 to 36.9) and healthy subjects (32.6 £ 0.9°C; 95%
confidence interval: 31.5 to 33.7).

Measurements with contact thermometers revealed in patients with rheumatoid arthritis a mean temperature of 32.5
0.9°C (95% confidence interval: 31.4 to 33.9°C) for the anterior knee, while the corresponding temperature recorded with
infrared thermal images was 30.5 = 0.8°C (95% confidence interval: 27.8 to 33.1°C). In osteoarthritis patients, contact
thermometers obtained a mean anterior knee temperature of 31.3 £ 1,3°C and temperature measurements from infrared
thermograms revealed a mean temperature of 30.7 + 1.3°C (95% confidence interval: 29.4 to 32.0 °C).

CONCLUSION: Knee temperatures vary with respect to the method of temperature determination and between different
health conditions of the knee joint. Moreover, mean knee temperature describes the condition of the knee incompletely
and should be supplemented with a description of the temperature distribution.

KEY WORDS: knee, temperature, theumatoid arthritis, osteoarthritis, healthy subjects

DIE KNIETEMPERATUR DES MENSCHEN - EIN UBERBLICK

HINTERGRUND: Die Temperatumessung am Kniegelenk besitzt eine lange Tradition in der medizinischen Thermo-
metrie.. Trotzdem findet sich weder eine standardisiertes Vorgehen zur Temperaturmessung am (oder im ) Kniegelenk
noch existieren allgemein akzeptierte Temperturwerte der Knie von gesunden Personen oder von Patienten mit definier-
ten Gelenkerkrankungen.

ZIEL DER STUDIE war es, die vothandenen Daten iiber die Knietemperatur einschlieSlich der Messbedingungen, der
Messstellungen und der Temperaturwertee aus der Literatur zusammen zu tragen.

METHODE: Es wurde eine Literatursuche in den Datenbanken Medline und Embase unter Verwendung der Suchbe-
griffe “skin temperature (Hauttemperatur)* oder ”intra-articular temperature (intraartikulidre Temperatur”) und “knee
(Knie) ” durchgefiihrt. Es wurden nur Untersuchungen am Menschen beriicksichtigt, die in englischer oder deutscher
Sprache veroffentlicht wurden. Folgende Daten wurde aus den Publikationen extrahiert: Oberflichen - (Haut) Tempera-
tur, intra-artikulidre Temperature, Messstelle fiir die Bestimmung der Hauttemperatur oder der intraartikuldren Messge-
rit, Anzahl der untersuchten Knie, Diagnose der untersuchten Personen, biographische Angaben der untersuchten
Personen, Raumtemperatur, Akklimatisationszeit. Die Temperaturwerte wurden zusammengefasst und gemittelt, wenn
sie unter dhnlichen Bedingungen erhoben worden waren.
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ERGEBNISSE: Ingesamt enthilt die Datenbank Temperaturmessungen von 3463 Kniegelenken, die Daten von 876 ge-
sunden Personen, 629 Patienten mit Arthrose, 512 Patienten mit rheumatoider Arthritis, 67 Patienten mit nicht rheuma-
tisch bedingter Arthritis wurden untersucht, 86 Patienten litten an traumatisch bedingter Gelenkentziindung. und 96
Patienten boten Vetletzungen der fibro-kartilaginiren Binnenstrukturen des Kniegelenks. 131 Temperaturmessungen
wurden wihrend und 285 nach gelenkchirurgischen Eingriffen durchgefiihrt. 33 Patients waren an Algodystrophie er-
krankt. 200 Personen wurden wihrend unterschiedlichen Verfahren der Kryotherapie, 50 Personen wihrend einer Wir-
metherapie untersucht. Bei weiteren 5700 Personen mit unterschiedlichen Kniegelenkserkrankungen wurden lediglich
die Muster der Temperaturverteilung, jedoch keine Temperaturwerte berichtet.

Bei Messung mit Kontaktthermometern betrug bei Gesunden die mittlere Temperatur an der Vorderseite des Knie-
gelenks 30,5 £ 11°C. Bei Bestimmung mit einem Radiometers waren die entsprechende Durchschnittstemperatur 28,7 £
0,6°C (95% Vertrauensbereich: 27,9 to 29,5). In Wirmebildern von gesunden Personen betrug die mittlere Temperatur an
der Vorderseite des Kniegelenks 29,5 +1,6°C (95% Vertrauensbereich: 28,5 to 30,5°C) und 33,1 + 0,0 °C an der Riickseite
des Knies. Der Seitenunterschied war an der Vorder- und Riickseite des Knies 0,2 +1°C.

Die durchschnittliche intra-artikulidre Temperatur unterschied sich in Abhingigkeit, ob die Messungen wihrend eines
chirurgischen Eingriffs (29,9 * 4,4 °C; 95% Vertrauensbereich: 23,0 bis 36,8), bei Patienten mit rheumatoider Arthritis
(35,1£ 0,7 °C; 95%Vertrauensbereich: 34,2 bis 36,0°C), Arthrose (33,4% 2,7°C; 95% Vertrauensbereich: 30,1 bis 36,9) oder
gesunden Personen (32,6 £ 0,9°C; 95% Vertrauensbereich: 1,5 bis 33,7) durchgefiihrt worden waren.

Messung mit Kontaktthermometern fanden bei Patienten mit rheumatoider Arthritis eine Durchschnittstemperatur von
32,5 £ 0,9°C (95% Vertrauensbereich: 31,4 bis 33,9°C) an der Vorderseite des Knies, wihtend die entsprechenden
Temperaturen in Infrarot-Wirmebildern 30,5 £ 0,8°C (95%Vertrauensbereich: 27,8 bis 33, 1°C) betrugen. Bei Arthrose-
patienten, zeigte die Kontaktthermometrie an der Vorderseite des Kniegelenks eine mittler Temperatur von 31,3 + 1,3°C,
in Infrarotthermogrammen wurde die Durchschnittstemperatur mit 30.7 £ 1.3°C (95% Vertrauensbereich: 29.4 to 32.0 °C)
bestimmt.

SCHLUSSFOLGERUNG: Die Knietemperatur variert in Abhingigkeit von der Methode der Temperaturbestimmung
und bei unterschiedlichen Gesundheitszustinden. Dariiberhinaus beschreibt die mittlere Knietemperatur den Zustand
des Kniegelenks unvoll stindig und sollte mit einer Beschreibung der Temperaturverteilung erginzt werden.

SCHLUSSELWORTER: Knie, Temperatur, rheumatoide Arthritis, Arthrose, gesunde Personen
Thermology international 2012, 22(4) 137-151

Introduction

Temperature measurement of the knee joint has a long e Surface (skin) temperature
tradition in medical thermometry. Intra-articular temperature
measurements of the were reported 1949 by Horvath &
Hollander [37], case reports on thermal infrared imaging ® site of measurement for skin or intra-articular temperature
of the knee joint appeared in 3 articles [2,9,13] of the °
proceedings of symposium on medical thermography
organised by the New York Academy of Sciences in 1963.
Despite numerous papers reporting skin or intra-articular e diagnosis of investigated subjects
temperature of the human knee joint, neither a standard
for recording knee temperature nor agreed values of knees
of healthy subjects or in articular disease are available.

® intra-articular temperature

measurement device

e number of investigated knees

® biographic data of investigated subjects
® room temperature

The aim of this review is to compute available data on time of acclimatisation

knee temperature from the literature including the condi-
tions of temperature recording, measurement sites and
temperature values.

Method

Aliterature serach was performed in the database Medline
and Embase using the search terms “skin temperature® or
“intra-articular temperature” and “knee”. The findings
were completed with a hand search in the literature archive
of the author. Only papers written in English or German
related to humans were considered for inclusion. Case re-
ports of single patients were excluded as the minimum
sample size of case series for inclusion was 3 subjects .

Titles and abstracts of the identified papers were read and
if sufficient information was available from the abstract,
the full version of the publication was retrieved. The
following data were extracted from included papers:

138

If possible, temperature values were pooled if they have
been recorded under similar conditions.

The Thermal index (TT) as described by Collins & Ring, was
converted to mean temperature values by adding 26° to the
TI. In case of TI percentage and the given reference of
28°C for 50%, the reported TI% were converted accord-
ingly (100% equal to 33°C).

Results

The search in Medline and Embase obtained 131 hits. After
removing papers related to “peripheral occlusive artery dis-

ISP E]

ease”, leg ischemia”’edema”, “erythema”, “skin ulcer”,

PEINT3

wound healing”, “diabetes mellitus”, “postoperative compli-
cation”, ”chronic disease”, “shivering”, and “hyperhermia”, 52
papers remained. The abstracts of these papers were read and
papers not reporting temperatures of the knee joint region

were excluded. Full text versions of the remaining papers were



retrieved, but in case that the full text version was not available,
these papers were added to the excluded material. Reasons for
exclusion are listed in table 1. In one non retrieved paper some
data could be extracted from the abstract . From the original
search remained 32 papers in the database. Hand search in the
literature archive of the author obtained another 50 publica-
tions.

Investigated Subjects

In total, the database included temperature measurements
from 3463 knee joints, comprising data from 876 healthy
subjects, 629 patients with osteoarthritis (OA), 512 patients
with theumatoid arthritis (RA), 11 patients with non rheu-
matoid inflammatory arthritis such a peripheral involve-
ment of ankylosing spondylitis (SpA), M Behcet and gout
and 65 other non specified inflaimmatory arthritis were in-

Review

vestigated. 86 patients suffered from joint inflammation
caused by trauma, and 96 patients had various injuries of
ligaments and other fibro-cartilagenous tissues of the knee.
131temperature measurements were performed during sur-
gery and 285 after surgery. 33 patients suffered from algo-
dystrophy, 200 patients were investigated during or after
various methods of cr yotherapy and 50 subjects during
heat treatment. All tables with the suffix “a” 2 show refer-
ence number, author, year of publication, sample size,
gender and age of participants, diagnosis and objective of
studies. Tables labelled “b” list the name of the measure-
ment device, measurement site, acclimatisation time, room
temperature and temperature values. Table 2is dedicated to
healthy subjects, table 3 lists the respective data for patients
with osteoarthritis, table 4 shows findings for rheumatoid
arthritis and other inflammatory joint diseases and table 5

Table 1
Excludes Studies
Reference Author. Year of Reason for exclusion
’ publication
1 Adam 1985 Not retrieved
3 Albrecht 1997 Baseline knee temperatures not reported
5 Arnold etal 1989 | NPl e bt souid mof seltea tohealth condione e
7 BenEliyahu 1992 Knee joint temperature not reported
10 Calvisi et al 2008 Knee joint temperature not reported
17 Darsow 1988 Not retrieved
18 Davidson 1979 Plausible knee joint temperature not reported
23 Farage 2010 Knee joint temperature not reported
24 Felhendler 1996 Knee joint temperature not reported
25 Fries 1990 Knee joint temperature not reported
27 Guadagni 1974 Not retrieved
31 Hayden 2003 Insufficent reporting of temperature
32 He etal 2008 Knee joint temperature not reported
39 Janik et al 2007 Knee joint temperature not reported; case report
43 Kladny 2005 Knee joint temperature not reported;
48 Marsh 1996 Knee joint temperature not reported;
50 Martin M 2002 Case report
52 Martin S 2002 Absolute knee joint temperature not reported
57 Mora 1999 Knee joint temperature not reported; case report
61 Parrini 2002 Knee joint temperature not reported; case report
63 Pelletier 1987 Case report
66 Rice 1989 Knee joint temperature not reported
80 Smith 1997 Not retrieved
81 Tanaka 1976 Not retrieved
82 Tanavalee 2111 Knee joint temperature not reported
88 Vardasca et al 2012 Knee joint temperature not reported
93 Yietal 2011 Knee joint temperature not reported
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Table 2a
Healthy subjects

Age
Ref. Author Sas?;lgle males | females | (meantSD, Diagnosis objective
range)
et Investigation in symmety of
86 Uematsu 1985 32 ? ? ? Healthy subjects temperature distribution
. Investigation in symmety of
87 Uematsu 1988 14 ? ? ? Healthy subjects temperature distribution
e Investigation in symmety of
28 Goodman 1986 31 17 14 20-50 Healthy subjects temperature distribution
L 47.96% 1.49 . Evaluation of pain threshold
33 Hendiani 2003 27 6 21 31-73 Healthy subject in chronic arthropathies
Evaluation of automated
34 Herry 2004 14 ? ? ? Healthy subjects | computerised assessment of
thermal images
Investigation in symmety of
96 Zhu 1999 223 138 35 42,5+ 8.8 | Healthy subjects temperature distribution
85 Uchio 2003 20 10 10 21-28 Healthy subjects | Evaluation of cryotherapy
37 Horvath 1949 4 4 32-44 Healthy subjects Investigation in joint
’ temperature
37 Horvath 1949 4 4 32-44 Healthy subjects Invest“ga“on 10 joint
) emperatur
e Evaluation of cryotherapy
59 Oosterveld 1992 42 16 26 20+2 Healthy subjects and thermotherapy
. Investigation in knee joint
6 Becher 2008 6 6 29.3 Healthy subjects | petature during sports
. -, . Investigation in
30 Haimovici 1982 140 ? ? ? Healthy subjects ‘oint ter%l perature
91 Warren 2004 12 5 7 26 Healthy subjects | Evaluation of cryotherapy
42 Kim 2002 20 15 5 332%#6182 ! Healthy subjects | Evaluation of cryotherapy
42 Kim 2002 20 | 15 5 955057 | Healtby subjects | Bvaluation of cryotherapy
40 Janssen 1988 15 ? Healthy subjects | Evaluation of cryotherapy
75 Schmidt 1979 15 ? ? ? Healthy subjects | Lvaluation of cryotherapy
’ ’ ’ ¥ subj and thermotherapy
et Investigation in knee
56 Menard 1980 50 ? ? ? Healthy subjects joint temperature
38 Ibrahim 2005 18 10 8 202_638 Healthy subjects | Evaluation of cryotherapy
14 Coughlin 1987 16 16 ? Healthy subjects | Diagnosis of algodystrophy
: Correlation WOMAC and
4 Ammer 1998 10 10 33.1 £10.3 | Healthy subject knee temperature
et Investigation in knee
22 Engel 1978 246 ? 44 ? Healthy subjects joint femperature
- - Investigation in
11 Collins 1976 ? ? ? Healthy subjects ‘oint ter%lperature
. e Investigation in
12 Collins 1976 32 ? ? ? Healthy subjects ‘oint temperature
. el Investigation in
67 Ring 1976 60 ? ? ? Healthy subjects joint temperature
i - Investigation in
68 Ring 1980 200 ? ? ? Healthy subjects ‘oint temperature
15 Dachs 1991 5 Healthy subjects | Evaluation of cryotherapy
. . investigation 1
65 Rajapakse 1981 8 ? ? ? Healthy subjects jorilgfsteg? peC;I;tl?re
61.9£8.8 . Correlation between thermo-
20 Denoble 2010 15 15 4876 Healthy subjects graphy and radiography
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Table 2b
Healthy subjects
Ref. Measurement device Measurement site Acclimati- Room temperature value
sation time | temperature
86 | Thermography system A“t(e;;‘t’guﬁ)ﬂee ; : Side-to-side diff. patella: 0.23 + 0.17 °C
InfraEye 160 Thermogra- Anterior and . o Side-to-side diff. ant. knee: 0.23 £ 0.17°C
87 phy system (Fujitsu% Posterior knee 20 min 23-26°C Side-to-side diff.post. knee: 0.12 £ 0.1°C
28 | Dorex® thermograph | Right and left lateral| 5 5 i | 20 540.5°C | Side-to-side diff. lat. knee 0.28 +0.12°C
ower extremity.
Infrared thermometer lateral inferior aspect . . . o
33 Entest, Inc., Carrollton, TX of knee P 2 ? Side-to-side diff.: 0.3 £ 0.1°C
- Anterior and . o Side-to-side diff. ant. knee: 0.12 = 0.13°C
34 AGA Thermovision 680 posterior knee 15 min 23°C Side-to-side diff.post. knee: 0.15 £ 0.12°C
Right anterior knee: 30.4 £ 0.89°C
i, . Right posterior knee: 33.1 £ 0.58°C
96 | Thermoyision® 470 Pro | Anteriorand 30 min 25°C Left anterior knee 30.4+ 0.88°C
Left postetior knee:33.1 £ 0.58°C
Side-to-side difference: 0.0 £ 0.8°C
. Anteromedial aspect 5 o ° Male: 26.7 £ 1.3°C
85 Skin thermometer of the knee : 17.6°-20.4°C Female:25.8 + 1.9°C
Thermocouple or Intra-articular under .
37 thermist%r the patella 30 min 24°C Male 32.4 = 0.6°C
Thermocouple or Skin temperature . .
37 oo of pftena 30 min 24°C Male: 30.6 + 1,2°C
59 Exacon C-F04.30 catheter | intra-articular lateral 30min | 21.2 + 0.7°C 32.5 4 0.4 °C
temperature probe joint cavity
Thermocouple probe; Intra-articular medial . .
6 Model I'T-18, Physitemp aspect ofthe knee 2 19°C Right knee: 31.4 £
Digital thermometer Intraarticular . o o
30 ailey BAT 8 C suprapatellar pouch 60min () | 224£1°C 328+ 1.1°C
Model IT-18, Physitemp, Intraarticular .
91 Clifton, New Jersey suprapatellar pouch 2 ? Median 33.5°C
k-wire thermostat, Barnant Intra-articular o
42 90,Barrington, 1. lateroanterior aspect 2 26-28°C 339 %13
.. Anterior knee
] b _ (e} +
42 | Thermovision 900, Agema flexed 90 : 26-28°C 31.8 1.0
Infrared radi medial joint cleft
nfrared radiometer lateral joint cleft o . °
40 Thermopil Ultrakust lower border of pa- ? 22°C Mean of all 3 measurements:28.0 £ 1.1°C
tella
mid of patella
: bove patella .
Heimann 2 P : Mean right knee: 29.0% 0.4
& radiometer KT 41 lateral of gjﬁgﬂ; 13 min 18-22 Mean left knee 29.07+0.24
lateral poplitea
Thermometer, type TE3
(Ellab Instruments, Copen- : : )
56 hagen), thermocouple skin mid of patella 5 min 21-25°C 30.3 £0.9°C
applicator, type H2,
Mon-a-therm adhesive skin ,
38 probes (Mallinckrods) Gerdy’s tubercle ? ? 32.0 £0.9°C
- Anterior and . o Side-to-side diff. ant. knee: 0.26 £ 0.05°C
14 AGA 680M thermovision posterior knee 15 min 20°C Side-to-side diff.post. knee: 0.25 &+ 0.04°
Total knee Total knee: 31.4 £0.8
Suprapatellar . ° Suprapatellar: 31.840.7
4 Agema 870 Scanner Infrapatellar 15 min 20°C Infrapatellar:31.5 +0.9
patella Patella: 31.5+0.9
22 Zeiss Ikotherm Anterior knee 10 min 20-23°C Mean knee: 29.36:11.09
11 Bofors Scanner Anterior knee 20°C Mean knee:27.5 £ 0.4
12 Bofors Scanner Anterior knee 20min 20°C Mean knee:27.5
67 Bofors Scanner Anterior knee 20°C Meanknee 27.65 £1.13
68 Bofors Scanner Anterior knee 20°C Mean knee: 27.8 £ 0.4
: Patella, medial and . Before cooling:
15 Hughes Probeye 4000 lateral joint line 15min 24°C Patella. 30.4 °C
65 AGA Thermovision 680 Lateral knee 30 min 20°C Lateral knee, mean: 29.8 + 1.8
20 Meditherm Med2000™ Anterior knee 10 min 23.1°C 30.6 £0.8°C
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Table 3a
Osteoarthritis
Sample Age : : :
Ref. Author sizg males | females | (mean®SD, Diagnosis objective
range)
. . Latent Investigation in
30 Haimovici 1982 52 ° : ° osteoarthritis joint temperature
. . Active Investigation in
> ? ? nvestg
30 Haimovici 1982 78 r : ; osteoarthritis joint temperature
- Investigation in joint
37 Horvath 1949 6 6 48-67 Osteoarthritis temperature
s Investigation in joint
37 Horvath 1949 6 6 48-67 Osteoarthritis temperatur
Investigation in occurrence
64 Qiu 2011 56 19 37 5559_’780 50 ?AT’ 2 RA of deeF venous thrombosis
after arthroplasty
76 Schneider 1997 18 8 10 66110 Osteoarthritis Trial with hyalronic acid
71 Romano 40 28 12 5633_';5/8 Osteoarthritis | Postoperative management
73 - Postoperative management
55 Mehra 2005 19 12 7 4485 osteoarthritis of arthroscopy
. - Evaluation of pain threshold
33 Hendiani 2003 27 4 23 532+ 2.1 Osteoarthritis in chronic arthropathies
44 Kraeff 1995 13 ? ? ? Osteoarthritis Evaluation of cryotherapy
» Postoperative management
54 Mayr 1995 4 Osteoarthritis %f arthroplast%f
4 Ammer 1998 29 7 22 | 540%114 | ostcoarthrids | Correlaton WOMACand
nee temperature
. . Investigation in
68 Ring 1980 200 Osteoarthritis joint temperature
61.919.2 » Correlation between thermo-
20 Denoble 2010 15 15 46-76 osteoarthritis graphy and radiography
. 70 o Postoperative management
29 Haidar 2006 32 10 22 50.85 osteoarthritis of arthroplasty

the results from measurements during and after arthrotomy
or arthroscopy.

Table 6 shows 5 studies that did not report mean tempera-
tures, but employed pattern description instead. The largest
of these studies reported examples from a database of
approximately 5000 thermal images of various disorders of
the knee recorded over 25 years [97].

Site of temperature measurement
Intra-articular

13 studies performed intra-articular temperature measure-
ments of the knee joint [6, 16, 26, 30,37,42, 51,60,64,73,
76,91, 95]. The suprapatellar pouch[16, 26,30,73,91] and
the lateral gutter [20,51] were the preferred localisation of
intra- articular thermometers. 2 studies measured the tem-
perature inside of the tibial bone during bone surgery, 2 and
3mm away from the cutting surface [46,47].

Figure 1 shows the mean intra-articular temperatures £
95% confidence interval of 224 healthy subjects, 156
patients with rheumatoid arthritis, 210 patients with
osteo- arthritis and 101 subjects during arthroscopy.

Subcutaneous temperature

1 study measured the subcutaneus temperature above the
patella during postoperative cryotherapy and compared it
to then non operated knee [16].
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Skin temperature

Skin temperature was determined in 15 studies with con-
tact thermometers [6,29,30,35,36,37,38,42,49,56,59,60, 62,
85,91]. 5 Publications reported skin temperature measure-
ments with radiometers [33,40,44,55,75] and the remaining
19 studies applied infrared cameras [4,11,12,14, 15,20,21,

| | |
healthy subject 32.60+1,11
theumatoid arthritis | IO | 35.06:0.9

osteoarthritis 33.4+34
arthrotomy | n=101 — . | 29.88+6.94
| |
000 1000 2000 30,00 40,00
Mean temperature
Figure 1

Mean intra-articular knee temperatures £95% confidence in-
terval of healthy subjects, patients with rheumatoid arthritis
or ostearthritis and during arthrotomy
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Table 3b
Osteoarthritis
Ref. Measurement device Measurement site Acclin&atisation Room temperature value
me temperature
Digital thermometer Intra-articular : o o
30 ailey BAT 8 C suprapatellar pouch 60 min (?) 2x1°C 329 £0.9°C
Digital thermometer Intra-articular : o o
3 ailey BAT 8 C suprapatellar pouch 60 min (?) 2+1°C 36.1£1.2°C
37 | Thermocouple or thermistor Inflg";‘flgcgﬁén‘;n‘ 30 min 24°C Female 34.5 + 0.6°C
Thermocouple or Skin temperature . o . o
37 thermistor of patella 30 min 24°C Female: 32.2 = 1.2°C
Intra-articular:
Thermocouples, Tse Company, | suprapatellar bursa suprapatellar bursa: 29.0 £ 0.9
64 Nanﬁng, China Intra-articular: 22-24 popliteal fossa:29.4 = 0.8
popliteal fossa
Licox temperature probe Intra-articular, site . )
76 ((EJMS) not reported 2 ? Intra-articular: 34.8 2.0
NEC-AVIO ThermoShot Anterior knee 5 5 - . +
n 308 digital telethermocamera. | (supine position) j ; Prior to surgery: 32.2 *1
Genius First Temp 2 points upper bor- . .
55 Monitor er of the patella, ? ? Prior to surgery:30.8
Infrared thermometer lateral inferior . . .
33 Entest, Inc., Carrollton, TX aspect of knee i i Side-to-side diff.: 0.5 £0.1°C
Surface Temperature Scanner 5 5 5 o
44 Omega Medical Corp ) ) ) 28°C
Before surgery
Patella gery
54 NEC Thermotracer suptapatellar 15 min 20°C Patella 12196 s 1-6_T_C
infrapatellar suprapatellar:: 29.0 *1.1
infrapatellar: 29.7 £1.5
Total knee Total knee: 31.8 £1.1
Suprapatellar . o Suprapatellar: 31.8 +1.1
4 Agema 870 Scanner Infrapatellar 15 min 20°C Infrapatellar:32.0 0.8
patella Patella: 31.5+1.2
68 Bofors Scanner Anterior knee 15 min 20°C 29.4 £ 1.0°C
20 Meditherm Med2000™ Anterior knee 10 min 23.1°C 30.6 £0.9°C
digital pocket surface .
29 | thermometers (PT-100C, Superomedial : E Before surgery:30.4°C
Sealed Unit Parts Co. Inc,) O the patetia

22, 28,34,42,62,65,67, 68, 54, 71,86,87,96]. The anterior
knee was imaged in 15 of 19 thermal imaging studies, 1
study imaged only the lateral knee [65], and in another
paper the lateral aspect of both lower extremities was
imaged. 1 publication reported addiditonal images of the
medial and the lateral joint line [15], and in 3 studies images
in the posterior view of the knee were also recorded [14, 34,
87]. Thermal images for pattern description were recorded
in the lateral view with the kne 90° flexed [19; 20, 74, 97]. 2
papers reported also anterior views, 1 with the knee 90°
flexed [20] and the other with the knees fully extended [97].

Contact temperature measurements were performed at
the superomedial, superolateral, inferomedial, and infero-
lateral border of the patella [36], (somewhere) over the
patella [37], at the mid of patella [49, 56], above the patella
[29, 62], , lateral and medial of the patella [62], at the medial
joint cleft [60], at Gerdy s tubercle [38] and at the anterio-
medial aspect of the knee [85].

The localisation of spot measurements by radiometers
was the lateral inferior aspect of the knee [33], the medial
[40] and the lateral joint cleft [40], the lower border of the

patella [40], the mid of patella [75], above the patella [55,
75], medial and lateral of the patella [75], and the lateral
poplitea [75] .

Regions of interest, different in shape and size, were used
for determination of knee temperature from thermal images
One paper derived the mean temperature of the knee from
multiple spot temperature measurements [15, | another one
from line scans [22].

Pattern description of heat distribution

Salisbury defined the normal heat pattern of a joint “as one
in which there is a negative gradient from the centre fo the periphery of
the joint without localised areas of increased temperature. In general
this gradient is in the order of 2-3°C* [74]. The author used the
relative frequency of 64 gray levels representing a tem-
perature range of 10°C inside of a defined region of
interest as measure for heat distribution. The heat dis-
tribution index (HDI)was defined as mean relative fre-
quency * standard de- viation. The normal pattern shows a
mean of 19 + 3.0 gray levels equal to 3.0 = 1.0°C. Inflamed
joints present with a mean of 39 * 9 gray levels which is
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equivalent to 7.9 £ 2°C. However, absolute values for the
HDI of normal and inflamed knees have not been re-
ported by the author.

Devereaux et al. mentioned that in normal knees the
patella acts as a heat shield visible on the anterior view,
whilst on the medial view a gradual cooling from thigh and
calf muscle towards the patella can be observed (21).Vujic
based the “normal pattern of knees” on (a) thermal
symmetry over the knees; (b) the knees were colder than
the adjacent areas; (c) a narrow temperature isotherm
produced a well shaped oval central prepatellar zone or, in
adipose subjects a well shaped line tending from the su-
perolateral towards the inferomedial part of the knee
(89).Gabrhel (97,98) did not provide an explicit descrip-
tion of the temperature distribution over the knee of
healthy subjects, but based his definition of “normal pattern”
on a study, which he has published together with H.Tauch-
mannova (99) in which the temperature distribution of
knees of healthy subjects have been described “as hypo-
thermic region over the patella on the anterior view.”.

Patients with patellofemoral arthralgia presented on the
anterior view with an increase of heat medially beside the
patella, and an increase in heat atising from the patella and
radiating into the vastus medialis muscle on the medial
view. (21). High temperature around the patella was also re-
ported by Gabrhel in patients with patellofemoral osteo-
arthritis (97). Vuijic based the thermographic diagnosis of
chondromalacia patellae on (a) themal asymmetry; (b) nat-
rowing, irregular form or diminishing of the prepatellar
zone of more than 50%; (c) isotherms spreading from the
adjacent areas (except that of varicose veins) over the
prepatellar zone (89).

Gabrhel described 1995 different thermal patterns in young
athletes with knee pain. Local hyperthermia was related to
painful tendon and ligament insertions, mostly caused by
overuse. Four other patterns such as diffuse heat, warm
patella, hot spots over the condyli and horseshoe-shaped
hyperthemia either above or below the patella have been
described, but not related to clinical symptoms (97). In
recent review based on 5700 investigations, patterns of

Table 4a
Rheumatoid arthritis
Sample Age
Ref. Author izp males | females | (mean*SD, Diagnosis objective
see range)
: .~ Rheumatoid Investigation in
30 Haimovici 1982 104 g ° ? arthritis joint ter%lperature
Rheumatoid Investigation in joint
37 Horvath 1949 13 7 6 18-71 arthritis temperatute
Rheumatoid Investigation in joint
37 Horvath 1949 13 7 6 18-71 arthritis temperatu
Inflammatory . i
60 Oosterveld 1994 3 | 22 | 19 | 619115 | arthritis (33RA, | Dvaluation of cryotherapy
4 OA, 2 SpA) and thermotherapy
Inflammatory :
60 Oosterveld 1994 39 22 19 | 619% 115 | arthritis (33RA, | Dvaluation of cryotherapy
4 OA, 2 SpA) and thermotherapy
Rheumatoid Investigation in knee
26 Menard 1980 13 ’ ’ ’ arthritis joint %emperature
1 Collins 1976 6 E E E Rheumatoid | y1uon of NSAR therapy
. Rheumatoid Evalution of intra-articular
12 Collins 1974 8 g g ? arthritis corticosteroids
35 Hoeft 1988 5 | 39 17 I Inflammatory | g yaluation of cryotherapy
. Rheumatoid | Evaluation of pain threshold
33 Hendiani 2003 28 4 24 469+ 23 arthritis in chronic arthropathies
Rheumatoid Evalution of intra-articular
62 Paterson 1978 9 arthritis corticosteroid
Rheumatoid Evalution of intra-articular
62 Paterson 1978 9 arthritis corticosteroid
. . Investigation in
68 Ring 1980 200 Osteoarthritis joint P perature
Undifferentiated | Correlation WOMAC and
4 Ammer 1998 8 3 > 5314179 arthritis knee temperature
14 Coughlin 1987 33 7 26 3%753 algodystrophy | Diagnosis of algodystrophy
. . Traumatic Investigation in
30 Haimovici 1982 8 ? ’ ’ arthritis joint ter%lperature
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temperature distribution have been related to the under-
lying diagnosis in patients with knee pain (98). Juvenile
rheumatoid arthritis shows diffuse heat with maximum
over the joint cleft. “Growth pain” is characterised by a
cold patella and high temperature over the medial and
lateral 1 condyli of femor or tibia, respecvtively. Tumonr
growh :shows hot spots over the growing tumour. In
patients with hydrops or haemarthros: high temperature
over recessi, decreasing over time, may be observed. In
-flammatory arthritis is presenting with diffuse heat with
maximum over the joint cleft, hot patella, osteoarthritis
shows also diffuse heat with maximum over the joint cleft,
but the over the patella is less intensive than in inflam-
matory arthritis. Sympathetically maintained pain is
characterised by low temperature over the total knee.

Mean knee temperature
Healthy subjects

The mean temperatures varied with respect to the applied
measurement technique and the site of measurement.
Mean intra-articular knee temperature was 32.6 + 0.9°C
(95% confidence interval: 31.5 to 33.7°C). Based on con-

Review

tact temperature measurements, the mean temperature of
the anterior knee in healthy subjects was 30.5 + 1.1°C.
Determined with radiometers, the corresponding mean
temperature was 28.7 £ 0.6°C (95% confidence interval:
27.9 to 29.5). In thermal images from healthy subjects, the
mean temperature of the anterior knee was 29.5 + 1.6°C
(95% confidence interval: 28.5 to 30.5°C) and 33,1 = 0.0 °C
of the posterior knee. The side difference of temperature
was 0.2 £1°C for both the anterior and the posterior knee.

Osteoarthritis

Intra-articular temperature was 33.4 + 2.7°C with lower
values in patients with latent osteo arthritis 32.9 +0.9°C
than in patients with inflamed osteoarthritis 35.8 £ 1,5.[30].
In 38 osteoarthritis patients, contact thermometers ob-
tained a mean antetior knee temperature of 31.3 £ 1.3°C.
Measurements with an infrared radiometer found a mean
temperature of 30.8°C in a small sample of 19 patients.
Temperature measurements from infrared thermograms
revealed a mean temperature of 30.7 £ 1.3°C (95% con-
fidence interval: 29.4 to 32.0 °C).

Table 4b
Rheumatoid arthritis
Ref. Measurement device Measurement site Agclim.atisa- Room temperature value
ion time | temperature
Digital thermometer Intra-articular . o o
30 ailey BAT 8 C suprapatellar pouch 60 min () | 22 £1°C 358 £1.5°C
Thermocouple or Intra-articular un- . o Female 34.7 £ 0.7°C
57 thermistor der the patella 30 min 24°C Male: 34.0 £ 0.9°C
Thermocouple or Skin temperature . Female: 33.4 = 1.8°C
57 thermistor of potella 30 min 24°C Male: 32.8 + 0.7°C
Exacon C-F04.30 catheter Intra-articular . 21.5 £
60 temperature probe lateral joint cavity 30 min 0.7°C 35.6 £ 0.4°C
Exacon C-F04.30 catheter | skin medial joint . 215 % °
60 temperature probe line 30 min 0.7°C 32.3£05°C
Thermometer, type TE3
(Ellab Instruments, Copen- : : o o
56 hagen), thermocouple skin mid of patella 5 min 21-25°C 32.2 £1.8°C
applicator, type H2,
11 Bofors Scanner Anterior knee 20°C 29.3 £ 0.8°C
12 Bofors Scanner Anterior knee 20 min 20°C 29.8°C
35 Thermocouples upper border of : ? 31.4°C
patella
Infrared thermometer lateral inferior . . . o
33 Entest, Inc., Carrollton, TX | aspect of knee 2 ° Side-to-side diff.: 1.3 £ 0.3°C
. . Prior to injection
+ [e]
62 Bofors Anterior knee 15 min 20 £ 1°C Side-to-side diff: 1.2 + 1.3°C
. Medial, lateral and . o Prior to injection
62 Ellab DU-3 Thermistor superior of patella 15 min 20 £ 1°C Side-to-side diff: 2.3 + 2.5°
68 Bofors Scanner Anterior knee 15 min 20°C 30.2 £ 1.2°C
Total knee Total knee: 321.8 £1.3
Suprapatellar . ° Suprapatellar: 32.5 1.2
4 Agema 870 Scanner Infrapatellar 15 min 20°C Infrapatellar:32.8 1.3
patella Patella: 32.71£1.4
Side-to-side diff. ant. knee: 0.65 = 0.1°C
- Antetior and . o SEM
14 AGA 680M thermovision postetior knee 15 min 20°C Side-to-side diff.(})oost. knee: 0.61 +
0.09°SEM
Digital thermometer Intra-articular . o o
30 ailey BAT 8 C suprapatellar pouch 60 min () | 22%£1°C 352+ 14°C
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Table 5a Arthroscopy and arthrotomy

Age
Ref. Author Sarir;p le | males | females (meantSD, Diagnosis objective
s1ae range)
. meniscal tear,
: 39.4+16.4 osteoarthritis, | Evaluation of cryotherapy
= Martin 2001 17 13 4 18-76 loose body plica, after arthroscopy
chondromalacia
95 Zaffagnini 1998 30 Evaluation of cryotherapy
26 Glenn 2004 16 8 8 1 5-319 recmﬁgﬁc tion | Evaluation of cryotherapy
46.9 meniscal tear,
73 Sanchez-Inchausti 2005 30 19 11 18-72 osteoarthritis, Evaluation of cryotherapy
j loose body
16 Dahlstedt 1996 8 5 3 a %_541) recorﬁgﬁc tion | Evaluation of cryotherapy
: : Postoperative pain
49 Martin 2008 38 n.r n.r n.r. Knee arthroplasty mahagement
71 Romano 2011 40 28 12 5633_?8 Knee arthroplasty| Postoperative management
55 Mehra 2005 20 13 7 4 1—38 5 Knee arthroplasty| Postoperative management
36 Honsawek 2011 49 40 9 67.8 + 1.1 |Knee arthroplasty| Postoperative management
54 Mayr 1995 16 2 14 72.3 £5.1 |Knee arthroplasty| Postoperative management
: 70 o Postoperative management
29 Haidar 2006 32 10 22 50-85 osteoarthritis of arthroplasty
Table 5b Arthroscopy
Ref. Measurement device Measurement site Acclimati- Room temperature value
sation time | temperature
51 thermocouple probe intra-articular lateral gutter 53;8 17 5 At start of cooline: 25.5 +1.4°C
(Model I'T-18,Physitemp) of the knee. n ’ Start of cooling: 239 ==
of surgery
digital thermometer Intraarticular: . o
% ischer Scientific intercondylar notch ’ ’ At start of cooling:34.8 £ 1.0°C
Intra-articular
85t0155
thermocouple probe suprapatellar pouch : . 5
26 (Model IT-18,Physitemp | intra-articular lateral gutter | o of ? Atsstart of cooling: 27.0°C
of the knee surgery
Intra-articular 2374+0,21 o
73 PT 100 (Intersa) suprapatellar pouch ? 5C 3221 0.3°C
6 hours after surgery(cooled knee)
Intra-articular Median skin temperature:
Ther . suprapatellar pouch After 24(20-28)°C
16 e.?:]ols\ff_nlsg s subcutaneous: above operation ? Median subcutaneus
NiCr-Ni(K) suprapatellar pouch | (60-70 min) temp.32(27-34)°C
Skin: above patella ligament Median intra-artic..temp:
35(32-36)°C
49 @Trgfgglgﬁﬁgtnggc)_ Mid of patella : 22°C 31,5+ 0.3 (SEM)°C
NEC-AVIO ThermoShot 1st day after surgery: 35.3+1.2°C
7 F30S dioital Anterior knee 5 5 3rd day after surgery36.7£1.5°C
! gia (supine position) ) : 7thday after surgery 35.2+1.8°C
telethermocamera Y gery
13th day after surgery:33.740.8°C
2 o border of th 1 week after surgery: 35.3+1.2°C
55 | Genius First Temp Monitor |~ PO UPPEr porder of the ? ? 6 weeksy after surgery36.7+1.5°C
p ’ 18 weeksafter surgery 35.24+1.8°C
Operated knee
divital pocket surf; superomedial, superolateral, after 2 weeks: 36.3 = 0.3
36 & ti I;?HC ren Stur ace inferomedial, inferolateral ? ? after 6 weeks: 36.0 = 0.8
crmometers border of the patella after 14 weeks_35.8 £ 1,2
after 26 weeks: 34.3 + 1.7
Patella Operated knee, patella
54 NEC Thermotracer suprapatellar 15 min 20 After 2 weeks: 31.8 £ 1.1°C
S T after 8 weeks: 30.3 +1,5
P after 16 weeks: 29.6 1.3
dlgltal pocket Surface . Prior to Surgery: 3040(:
29 ghelrmome.ters (PT-100C, Stgp:}:fggigﬁ 7 days after surgery:34.0°0C
ealed Unit Parts Co. Inc,) 6 weks after surgery: 32.0°C
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Table 6a
Pattern description
Sample Age . . o
Ref. Author size | males | females | (meantSD, Diagnosis objective
range)
. : 41.5 B Investigation in
74 Salisbury 1983 368 30 30 13-79 Healthy subjects joint temperatute
. : 46.65 Inflammatory arthriis Investigation in
4 Salisbury 1983 322 » >0 15-75 (82RA, 2 SpA, 1 Behcet) joint temperature
19 De Silva 1986 20 7 13 o8 Rheumatoid arthritis Asscssment of
23.3 . Thermography of
20 Deveraux 1986 30 18 12 11.61 patellofemoral pain patellofemoral pain
.y . Th hy of
89 Vujcic 1891 157 62 95 15-59 Chondromalacia patellae patgﬁfgf‘;‘fnfgfr’afp‘;m
14.4 Young athletes with knee Thermography of
97 Gabthel 1995 137 % 41 12-17 pain; healthy controls knee pain
Growth pain
knee injuries
osteoarthritis, theumatoid| Assisting diagnosis in
98 Gabrhel 2012 ~5000 ? ? 6(2)-80(?) arthritis combination with
tumour, bursitis ultrasound imaging
Sympathetically
maintained pain
Table 6b
Pattern description
Ref. Measurement device Measurement site | £xcclimati- Room temperature value
sation time | temperature
AGA Thermovision 680 Lateral knee, . ° Heat distribution index (HDI)
74 medical system 90° flexed 15 min 20£05°C Values not reported
AGA Thermovision 680 Lateral knee, . ° Heat distribution index (HDI)
4 medical system 90° flexed 15min 120 £05°C Values not reported
AGA Thermovision 680 Lateral knee, . ° Heat distribution index (HDI)
19 medical system 90° flexed 15min | 20£05°C mean: 1.254 +0.361
Diffuse heat in osteoarthritis and
rheumatoid arthrits:
2 AGA Thermovision 680 | Anterior and lateral 15 min 20°C Patelofemoral pain: Increased heat medial-
medical system knee, 90°flexed ly beside the patella (anterior view)
Heat arising from the patella and radiatingi
nto the vastus medialis muscle (medial view,
Chondomalacia patella:
.. . . narrowing, irregular form or diminishin,
89 AGﬁlt}éﬁrr?o‘?stl?g 780 | Anterior a?d POSEELIOL | 15 min 18-20°C | of the prepatellar zone of more than 50%;
cdical syste view and isotherms spreading from the
adjacent areas over the prepatellar zone
Painful tendon insertions: local hyperthermia
AGA th sion 780 | Anteri d . Inflammation: diffuse heat, warm patella
97 thermovision nrenor and pOsterior | 5 iy 23%£1°C | Other patterns: hot spots over the condyli
medical system knee in full extension . /
Horseshoe-shaped hyperthemia above or
below the patella
Juvenile rheumatoid arthritis: diffuse heat
with maximum over the joint cleft
“Growth pain”. Cold patella, high
temperature over the medial and lateral 1
condyli of femor or tibia respecvtively
Tumour growth: hot spots over the
AGA 780, Anterior and posterior growing tumour
Raytek Ti30 knee in full extension : ° Hydrops or haemarthros: high
%8 Flzlke Ti32 Medial and lateral 15 min 23¢1°C temperature over recessi, decreasing over
Fluke Ti32 knee 90° flexed time
Inflammatory arthritis:diffuse heat with
maximum over the joint cleft, hot patella
Osteoarthritis: diffuse heat with maximum
over the joint cleft, warm patella
Sympathetically maintained pain: low
temperature over the total knee
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intra-articular contact thermometer IR thermography
Figure 2

Inflammatory arthritis: mean anterior and intra-articular knee
temperatures = 95% confidence interval

Intra-articular measurements: n=293 (including 85 traumatic
arthritis plus 78 inflamed osteoarthritis,

contact thermometry: n=95

Infrared thermography: n=222

Inflammatory arthritis

Measurements from 110 patients with rheumatoid arthritis,
85 patients with traumatic arthritis and 78 subjects suf-
fering from inflamed osteoarthritis were cumulated for the
mean intra-articular temperature of inflaimmatory arthritis
(figure 2). Contact thermometry obtained 2 degrees higher
surface temperatures than infrared thermography.

Knee temperatures during and after knee surgery

Intra-articular temperature measured during knee surgery
showed a wide range of variation: 29.9 £ 4.4 (mean *
standard deviation) 95% confidence interval: 22.0 to 36.8).
After surgery, the side difference between the operated and
the non operated knee was less than 0.5 degrees after 9
weeks [45], 90 days [71], 18 weeks [55], 10 months [54] or
12 months [29]. A normal side temperature difference was
not achieved 26 weeks after surgery in one study [30].

Discussion

This is the first attempt to cumulate temperature measure-
ments from the human knee performed at different sites,
with different equipment, in healthy subjects and in pa-
tients with various knee disorders.

Highest intra-articular temperatures were observed in
rheumatoid inflammation of the knee, while the mean
temperature of healthy knees differed from osteoarthritic
knees only by 0.8°C. The lowest temperature values were
reported during arthrotomy, which might be caused by the
environtmental temperature in the operation room and due
to cleansing procedures during surgery.

Irrespectivly whether healthy or diseased subjects have
been investigated, higher surface temperatures were re-

148

corded with contact measurements than by single spot
measurements with a radiometer or an infrared thermo-
graphic camera. The difference between intra-articular tem-
perature and the surface temperature obtained by contact is
approximately 2 degrees in healthy subjects and patients
with osteoarthrits, but 2.7 degrees in inflammatory arthritis.
In the latter disease, the difference between intra-articular
and thermographiocally obtained surface temperature may
be as much as 5 degrees.

This paper has also some limitations. Firstly, the data search
might have been incomplete. Not accessed papers and
papers in published in other languages than English and
German might have provided important temperature data.
Secondly, pooling of temperatures was performed with
disregard to the environmental conditions and acclimati-
sation times. However due to small samples, data cumu-
lation without neglecting these conditions would not have
been possible. The same argument must be used for poo-
ling mean temperature values from differently shaped and
sized measurement areas. Finally, comparison of surface
temperatures, obtained by contact or radiometric thermo-
metry, with intra-articular temperatures across different
samples of patients, provide only a rough estimation of the
relationship between intra-articular and surface tempera-
tures or between contact and radiometric temperature
measurements, respectively. An accurate assessment of the
relationship of temperatures in different layers of knee
tissue can only performed when the various measurement
methods are applied in parallel within one sample of
investigated knee joints.

In conclusion, knee temperatures vary with respect to the
method of temperature determination and between dif-
ferent health conditions of the knee joint. A temperature
gradient from the joint cavity to the knee surface in the
magnitude of 2 to 3(5)°C is supported by this analysis. The
mean surface temperature of the knee describes the
condition of the knee incompletely and should be sup-
plemented with a description of the temperature distri-
bution
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Cold provocation improves breast cancer detection with

IR thermography- A pilot study

E. Ladperi ', A-L. Ladperi' , M. Strakowska °>, B. Wiecek °, P. Przymusiala’
1 Tampere University Hospital, Finland, 2 Technical University of LLodz, Poland, 3 Termowizja S.A., Lodz, Poland

SUMMARY

BACKGROUND: Previous studies applying infrared thermography for breast cancer detection have shown promising
results.We assumed that the reaction for cold provocation differs in healthy and cancerous tissue. In this study we used
cold provocation and movement correction in order to enhance the result.

MATERIALS AND METHODS: The cancer patients for the study are from a preliminary investigation made in Tampere
University hospital. Three out of nine patients examined were suitable for this study. We used a microbolometric uncoo-
led camera IRvox384 thermal camera developed at Technical University of Lodz for medical applications. We cooled the
breasts for 15 seconds and then a sequence of 300 images was recorded with the frame rate of 2 frames per second. The to-
tal recording time was 150 s.

RESULTS: We found higher time constant over cancerous areas than over healthy tissues. It means that the reaction of af-
fected tissuefis slower after thermal excitation . The temperature recovery to baseline readings takes a longer time over
cancerous tissue than in normal, unaffected tissue.

CONCLUSIONS: These unexpected findings of high time constants must be confirmed in alarger sample of breast can-
cer patients. We also need to establish standard procedures for the imaging sessions so that the results could be repeated
as precisely as possible.

KEY WORDS: breast cancer detection, thermal excitation, cold provocation

KALTEPROVOKATION VERBESSERT DIE ENTDECKUNG VON BRUSTKREBS MITTELS INFRAROT-
THERMOGRAPHIE- EINE PILOTSTUDIE

HINTERGRUND: Friihere Studien zur Brustkrebserkennung mittels Infrarotthermographie haben vielversprechende
Ergebnisse geliefert. Wir postulieren, dass die Reaktion auf eine Kilteprovokation an gesunden und karzinomatdsen
Gewebe unterschiedlichist. In dieser Studie wurden Kilteprovokation und eine Bewegungskorrektur eingesetzt, um die
Ergebnisse zu verbessern.

MATERIALS AND METHODS: Die Krebspatienten stammen aus einer vorliufigen Untersuchung, die im Uni-
versititsspital in Tampere durchgefiihrt worden war. Drei von neun Patienten waren fiir diese Pilotstudie geeignet, Wir
verwendeten eine ungekithlte mikrobolometrische Infrarot-Kamera IRvox384 , die an det Technischen Universitit Lodz
fiir medizischen Anwendungen entwickelt worden waren. Nach 15 Sekunden langer Kiihlung wurde eine Serie von 300
Bildern wurde bei Bildrate von 2 Bildern pro Sekunde aufgezeichnet. Die Aufzeichnungsdauer betrug 150 Sekunden.

RESULTS: Hohere Zeitkonstanten wurden tiber karzinomatésen Gewebe als iiber gesunden Gewebe gefunden. Das
heil3t, dass die Reaktion des erkrankten Gewebes auf thermische Reize verlangsamt ist und deshalb die Erreichung der
Ausgangstemperatur linger braucht.

SCHLUSSFOLGERUNG: Diese unerwarteten Ergebnisse langer Zeitkonstanten bedarf einer Bestitigung in einer
groBeren Gruppe von Patientinnen mit Brustkrebs. Auflerdem miissen Standards fiir die Aufzeichnung der Warmebilder
entwickelt und eingehalten werden, um die Ergebnisse mit bestméglicher Prizision wiederholen zu kénnen.

SCHLUSSELWORTER: Brustkrebserkennung, thermische Reizung, Kilteprovokation
Thermology International 2012, 22(4) 152- 156

Introduction

Breast cancer is the most common cancer among women diation or contrast media and must not be repeated

nowadays [1]. It’s very important to diagnose the cancer in
an early stage, as e the chance of being cured is 96.3% for
tumours less than 2 cm diameter and absent affection of
lymph nodes, but the 5 years survival rate decreases to
82,2% in tumours with 2 to 4.9 cm diameter and unin-
volved lymph nodes.|2]. Very often early detection is not
possible using traditional methods such as mammography,
magnetic resonance imaging (MRI) or ultrasonography
(USG) [3]. Some of these investigations require ionizing ra-
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frequently, figure 1.

Screening for breast cancer is primarily based on mam-
mography and secondarily on magnetic resonance imag-
ing (MRI) and medical ultrasonography (USG). The ad-
vantage of using mammography is its high specificity is (up
to 99,5 %) and disadvantages are that it requires radiation,
it is uncomfortable to the patient due to the compression
of the breasts, and the fact that the density of the breast tis-
sue affects the sensitivity. MRI has good sensitivity (up to



100 %) and specificity (up to 95 %), but it is expensive, it is
time consuming, and requires the application of contrast
medium. USG generates a lot of false positive results, but
shows good specificity in dense breast tissue. [4]

Due to the non-invasive and, harmless nature of infrared
thermography IRT, many trials have been performed to de-
tect and evaluate breast cancer with infrared cameras. A re-
cent study used an artificial intelligence programme to
evaluate infrared images for the detection of breast cancer
in small sample of 106 women who underwent biopsy with
65 malignant and 41 benign findings. IR resulted in an over-
all diagnostic sensitivity for breast cancer of 70% and a
specificity of 48%., butin small subgroup 21 women under
the age of 50 with 9 cancers in total the diagnostic sensitiv-
ity increased to 78% and specificity to 75 % [5].

The rationale to detect cancer with IR imaging is based on
the fact that metabolic activities of healthy and cancerous
tissue differ from each other. Cancer cells exhibit an in-
creased capacity for lactate production as the result of aer-
obic glycolysis, whilst normal, healthy cells depend on
oxidative phosphorylation to synthesize ATP [6]. Very sim-
plified, this results in the fact that tumour cells need mor
glucose but less oxygen than healthy subjects. One limiting
factor of tumour growth is perfusion, therefore the tu-
mour may stimulate vasculogenesis. The differences in dis-
tribution of perfusion ate visible in thermography. [1]

Most of the previous studies are based on asymmetric
distribution of thermal or texture features (signatures)
obtained from infrared images [7-10]. Typically, healthy
women have a symmetrical temperature distribution on
both breasts, figure 2, [11, 12].

During thermographic measurements it is very important
to keep the same environmental conditions. Duration of
preparation of subjects being investigated, environmental
conditions such as a defined and stable room temperature,
body positions during image recording and the field of view
of the body part of interest must be standardised. [13-10].

In most cases, the static distribution of temperatures on
the breast surface is recorded, and typically cancerous tis-
sue presents with spots of high temperature as shown in
figure 3 [17]. Reliable measurements of absolute skin tem-
perature are difficult to perform, because the skin tempera-
ture depends on many different factors.

This was the main argument to investigate dynamic chan-
ges of temperatures after cooling the skin instead of mea-
suring the absolute tempertures .over cancerous and heal-
thy breast tissue .

Materials And Methods

It is assumed that cancerous tissue has different thermal
time constants than unaffected, healthy tissue. The breast
cancer had been defined with mammogtraphy and/or ultra-
sound, and biopsy before IR-imaging, The breast cancer
was localized from mammography images

Original article

The skin of the breast of the patients was cooled for about
15 seconds using a 5mm thick cooling gel pad., which has
been stored in a refrigerator foranhourat 4°C. The cool-
ing pad was set directly on the skin covering both breasts,
and was removed before IR imaging. Both breasts were
cooled to compare the recovery time after cooling.. Mea-
surements were performed for the entire breasts, but mo-
tion correction was applied to the selected regions of
interest (ROIs.) [18,19]

We measured over time the temperature difference to the
baseline temperature recorded immediately after remov-
ing the gel, and we plotted recovery curves. Exemplary ima
ges from a set of a few hundred recorded for each patient,
are presented in figure. 4. A small square region of interest
with 16 pixels was defined, fig.ure 3 [20, 21].A sequence of
300 images was recorded at a frame rate of 2 frames per
second. The total recording time was 150 s.

The approximation using the exponential function was the
next step of the data processing. An example of approxi-
mation is presented in figure. 5.
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Figure 5.
Approximation of measured temperature recovery curve with
exponential function

We assume the single thermal time constant model of the
skin. It denotes that the temperature evolution is time can
be expressed by the equation (1).

T

T=T[1-¢> | (1)

where Ts is the temperature after full recovery and is the
thermal time constant describing the thermal inertia.

The preliminary investigations have been performed as the
result of scientific cooperation of Finnish and Polish
Technical Universities in Tampere and Lodz. Measure-
ments have been made in Tampere University Hospital
using microbolometric uncooled camera IRVox384 ther-
mal camera developed at Technical University of Lodz for
medical applications.
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Figure 1 Figure 2
Imaging of breast cancers using mammography (A) and MRI (B) Breast Thermal Image of an healthy woman

4

Z

Figure 3.
Breast cancer thermal images, the cancer locatioon position is marked (W)

-

Figure 4.
Breast cancer thermal images, frames no. 1, 32 and 300, sampling rate 0.5 s, total recording time 150 s.
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Table 1. Characteristics of the tumors

. Tumor size
Patient Tumor type (pathology) Grade
B5 Ductal 8 mm 1
B6 Ductal 14 mm 2
B7 Lobular 20 + 10 mm 2
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Figure 7.
Temperature evolution for breast cancer tissue after cold

Table 2.
Single thermal time constant model parameters for 3 cases of
breast cancer
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Figure 8.

Temperature evolution for healthy tissue after cold

Table 3.
Single thermal time constant model parameters for 3 cases of
healthy tissue

Case Ts, °C t, s

B5 35,5 9.2

B6 35,3 18.1

B7 32.8 27.5
Results

During the investigation 9 cases of breast cancer were
examined. Only 3 of them are reported in this work. The
main characteristics of the patients' tumours are sum-
marized in table 1 .

The temperature evolution after cold provocation in breast
cancer is shown in the diagrams of figure 7. Figure 8
presents the corresponding rewarming curves of healthy
tissue. Table 2 lists the parameters of thermal time con-
stants of breast cancer patients, table 3 those constants of
healthy tissue.

Case Ts, °C 1,8

B5 35,2 7.9

B6 348 9.4

B7 344 10,5
Discussion

It is obvious, that the value of time constant is higher in
cancerous cases. [t means that the reaction of unhealthy tis-
sue for thermal excitation is slower. and temperature re-
covery takes a longer period of time. Infrared radiation
from the human skin is closely related to the width of
superficial vessels. Dilatation of these vessels leads to
higher blood flow, a bigger area for heat dissipation and
therefore to higher temperature on the skin surface. How-
ever in the current study, the blood vessels induced by
tumour growth react to a cold challenge similarly as pa-
tients suffering from Raynaud’s phenomenon who are
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thermographically characterised by prolonged temperature
recovery after cold exposure [22]. This findingis in contrast
to the behaviour of other tumours such as malignant
melanoma after applying a cold challenge. Di Carlo [23] and
recently Santa Cruz et al [24] and Herman & Pirtini Cetingu
[25]reported quick recovery of the surface temperature of
melanomas after a short period of cooling,

Our preliminary results of rewarming patterns of cancer-
ous breast tissue must be confirmed in a greater sample of
patients with diagnosed cancers. Temperature measure-
ments should be done very precisely taking into account
environmental condition and other standard procedures in
order to repeat the measurement correctly.

Next step in our investigation is to extract parameters from
the thermal model of human tissue which will suit to the
experimental results. Then we will be able to do classifica-
tion for healthy and unhealthy cases in automatic and quan-
tified way.
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Short paper

A Method For Whole-Body Skin Temperature Mapping In

Humans

D. Fournet '*, B. Redortier * , G. Havenith '

! Loughborough University, Environmental Ergonomics Research Centre, Loughborough, UK
2 Oxylane Research, Thermal Comfort Sciences, Villeneuve d”Ascq, France

SUMMARY

The described method provides a novel way to quantitatively and qualitatively report thermographic assessments of
different humans. It combines a segmentation of defined body regions as well as a morphing technique in order to produ-
ce skin temperature body maps regardless of anthropometry and body position. This mapping method can be suitable for
the creation of a skin temperature database of healthy individuals in various situations and environments.

KEY WORDS: Segmentation, temperature mapping, database

EINE METHODE ZUR AUFZEICHNUNG DER HAUTEMPERATUR DES GESAMTEN MENSCHLICHEN
KORPERS

Die beschriebene Methode bietet eine neuartig quantitative und qualitative Bewertungt thermographischer Befunde von
unterschiedlichen Personen. Es kombiniert eine Segmentierung der definierten Kérperregionen mit einer Morphing-
Technik zur Herstellung Hauttemperatur-Karten, die unabhingig der Anthropometrie und Kérperposition sind. Diese
Kartenerstellung eignet sich fiir die Schaffung einet Hauttemperatur-Datenbank gesunder Personen in verschiedenen

Situationen und Umgebungen.

SCHLUSSELWORTER: Segmentierung, Temperatur-Kartenerstellung, Datenbank

Introduction

Infrared thermography is a powerful tool with the great po-
tential of mapping the skin over large areas of the human
body. Large body views are beneficial for many fields of re-
search. In the field of sport, thermographic studies often
report their quantitative findings by regions of interest
(ROI) arbitrarily obscuring the natural variation of skin
temperature. Furthermore, they usually display a single
thermogram only, questioning its representativeness for se-
veral participants. A processing technique enabling the
joint analysis of several thermograms can take advantage
of the thermographic mapping potential by providing po-
pulation-average whole-body maps of skin temperature.
The purpose of the described method is therefore to ob-
tain human maps representing the average values of alarge
population.

Challenges

Inter-individual variability in body dimensions and intra-in-
dividual variability in body position during repeated infra-
red measurements correspond to the two main challenges
when several thermograms must be aligned for mapping.
The proposed method aims at overcoming the above issues
using a specific image processing technique inspired by the
work on human hands [1] and applied to the whole human
body.

Procedure

The image processing method was entirely custom made
under MATLAB. It combines a standardised segmentation

with 51 ROI (based on superficial muscles) and a morphing
procedure required to average several thermograms.

A) Participant is standing in an anatomical position follo-
wing the body views 1 and 2 of the Glamorgan protocol [2]
in a controlled environment.

B) Each thermogram is processed using image registration
using 133 control points (CP) over the whole body. An au-
tomatic mask of CP from the reference image is positioned
over the input image. CP are then manually adjusted to the
defined anatomical landmarks.

C) CP coordinates are used for image morphing using a 3
order polynomial algorithm transformation. This mor-
phing is performed adequately to a reference body shape,
defined a priori as the participant with the population medi-
an values (height, weight, body fat). Anthropometrical cha-
racteristics are standardised without losing the spatial in-
formation of the original thermogram. Selected morphed
thermograms of a population can then be averaged to crea-
te various whole-body maps.

Outcomes and Application

Quantitative results (mean, min, max, median, standard de-
viation) are obtained for 51 ROI. Quantitative results (skin
temperature distribution) can also be visually observed via
the population-average absolute whole-body map of skin
temperature (Figure 1A). Averaging pixels over the entire
body gives a true estimation of the mean skin temperature
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anterior posterior

anterior posterior

Figure 1

Population average absolute (A) and relative (B) whole-body maps of skin temperature after 40 minutes of running at 70% in a
10°C environment for a group of healthy males after morphing individual images of 12 patticipants onto a reference body shape.
Relative body maps are obtained by dividing the absolute body map by the group mean skin temperature at this specific stage. A

value of 1 corresponds to the group mean skin temperature.
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for the group. This body mean skin temperature is then
used to obtain a population-average relative whole-body
map of skin temperature (Figure 1B). Our first results
highlight the importance of exercise-specific active mus-
cles (calves, hamstrings) as well as the exercise-induced va-
somotor changes in a cold environment in line with therm o-
graphic data during exercise [3]. A dynamic interplay bet-
ween heat production, heat transport to the surface and
heat loss to the environment necessarily contributes to the
distribution of skin temperature.

Conclusions

The standardised method offers a unique approach with a
limited number of body views |2] providing a whole-body
representation of skin temperature, particularly applicable
to exercising protocols. A normal database can be obtained
in order to compare spatial and temporal variations of skin
temperature between various exercise types, intensities and
various populations (age, gender, body fat, fitness level). In
thermal physiology, the detailed knowledge of regional
skin temperature distribution may bring new insights in the
autonomic and behavioural processes involved in human
thermoregulation. This knowledge can be used for thermal
manikin design and physiological modelling similarly to re-
cent advances in body mapping of sweat production [4].
Improvements in the CP selection will be interesting in or-
der to apply the method to a wider range of fields such as
sports medicine, medical research or other applications.

Short paper
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Report on the General Assembly of the European Association

of Thermology on September 5, 2012 at the Faculty of

Engineering, University of Porto, Rua Dr. Roberto Frias,

4200-465 Porto, Portugal from 17.00 to 19.00

James B. Mercer, Kevin Howell, Kurt Ammer

The president opened the General Assembly of the European
Association of Thermology on 17.00 hours. As only 12 of
36 members with voting rights were present, the opening
of the General Assembly was postponed to 17.30.

At the re-opening at 17.30 17 members with voting rights
were present. Those were delegates from the Austrian So-
ciety of Thermology, the Polish Society of Thermology,
the Romanian Society of Thermology, the Hungarian
So- ciety of Thermology and the UK Thermography
Association (Thermology Group). According to the num-
ber of members in these societies the Polish Society of
Thermology held 4 voting rights, the Austrian Society of
Thermology 2 voting rights, and the Romanian Society of
Thermology; the Hungarian Society of Thermology and
UK Thermography Association (Thermology Group) cach
had 1 voting right. A written proxy for transfering his
voting right to Prof. Ammer was given by Dr Gabrhel .

The agenda included: Report of the president, statement
of the auditors, change of statutes, honorary membership,
setting membership fee, election of a new board and any
other business.

President’s Report EAT 2009-2012

The president Professor James Mercer reported that
several national conferences in Zakopane, Vienna, and
Teddington and a short instructional course on medical
thermography in Leiria, Portugal, had attracted new
people who were interested in thermal imaging and other
applications of heat energy in medicine and biology A
loose cooperation had been initiated with the Brazilian
Association of Thermology to promote standards for
thermal images which were discussed at two symposia in
Brazil in 2010 and 2011. EAT board members were
continuously involved in conduction and examination of
PhD students based on thermology This had resulted in
new PhD awards in Norway, the United Kingdom and
Portugal. The EAT webpage, which is maintained by Prof.
Mercer, attracted ever higher numbers of visitors, although
the numbers had plateaued recently. The president regretted
that the German Society for Thermography and Regulation
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European Association of Thermology, Vienna, Austria

Medicine had cancelled their membership in the EAT in
October 2011. Finally the president expressed his thanks to
the EAT board members and to Dr. Vardasca and Prof
Gabriel who had been responsible for organizing the 12th
European Congress of Thermology in Porto.

Report of the General Secretary/ Treasurer

Currently the EAT has 6 ordinary members with the status
of a thermological association located in a European country
These associations ate active in Italy, Austria, Poland, Romania,
Hungary and the United Kingdom. There are also 26 indivi-
dual ordinary members from 13 European countries in the
EAT and 3 extraordinary members.

The current balance of the EAT account was 573.35 Euro
at the date of the General Assembly Inclusion of not paid
membership fees of 1480 Euro, would increase the bal-
ance of the EAT accounts to 2053.53 Euro. In the mean-
time 500 Euro of the missing fees have been paid.

The main expenses of the EAT are still the production
costs of the journal Thermology International, which are
covered to a proportion of 25% by the EAT In order to re-
duce further costs, the journal will change from a print
version to a fully internet-based electronic publication.
Therefore this issue, number 4 of volume 2012, will be the
last printed issue of Thermology International. From 2013
the journal will only be available from the website of the
journal at .http:/ /www.uhlen.at/thermology-international
/index.html. Access to the journal will only be possible
after the EAT membership fee or the subscription rate have
been paid. A pay-perview service for current and back
issues of the journal, also a facility for online subscription,
both based on PayPal will become available.

Change of statutes

The next point of the agenda was the discussion and
decision on the proposed change of statutes, which was
announced in full detail in the invitation letter to the
General Assembly. The General Assembly agreed un-
animously without abstentions to the proposed changes of
the statutes. The new text is as follows:



§ 7 Right and Duties of Members

7.3. Honorary members pay no membership fees. Ordinary
members with the status of an association of thermology
pay one membership fee.

7.4. All ordinary members have an active voting right. Or-
dinary and extraordinary members with the status of an as-
sociation of thermology located in a European country or
country outside of Europe have also only one voting right
which is administered by a designated delegate of the mem-
ber association.

§ 9 The General Assembly

9.6 All members have the right to attend General Assem-
blies. Only ordinary and honorary members have voting
rights. Every member has one vote. Legal persons are rep-
resented by a person with procura. Ordinary members with
the status of a thermological association located in a Euro-
pean country have also only one vote. Voting rights may be
transferred to another member by means of a written
proxy. No member present may represent more than 5 of
such proxy votes.

§ 11 The Board

11.1 The board is created from 6 members the President,
Vice Presidents, Secretary Treasurer and 2 other board
member

13 Tasks of the Members of the Board

13.1 The President is the Association’ representative. Writ-
ten statements of the Association are only valid with the
President’ signature, in financial matters the signature of
the treasurer. Legal relationships between members of the
Board and the financial auditors have to be approved by the
General Assembly

13.2 Legal proxies to represent the Association in external
affairs and signature rights may be given only by the officers
mentioned in 13.1.

13.3 In emergency situations the president is entitled to act
alone in matters usually confined to the General Assembly
or the Board; these actions must be endorsed by the respec-
tive organ of the Association retrospectively

13.4 The President presides over both the General Assem-
bly and the Board.

13.5 The Secretary supports the president in leading the
Association. The Secretary keeps the minutes of the
meetings of the General Assembly and the Board.

13.6 The Treasurer is responsible for the financial matters
of the Association.

§ 14 will be deleted

The following paragraphs will be renumbered
15 to 14 . The Financial Auditors
16 to15. The Arbitration Council

17 to 16. Termination of the Association

Report

Honorary membership

Prof Mercer proposed to the General Assembly to award
Prof Francis Ring and Prof Kurt Ammer with honorary
membership in the EAT The proposals were accepted by
the General Assembly unanimously, with one abstention.

Setting membership fee

The membership fee was proposed to be 50 Euro. The
General Assembly agreed unanimously to this proposal.

Statement of the auditors,

The auditors Dt. Zuber and Dr Vardasca, who were nomi-
nated instead of the absent Dr Plassmann due to a recently
onset health problem, confirmed a careful and correct
management of the finances. Dr Vardasca asked the General
Assembly to accept the finance report and to relieve the
board members from their responsibilities. The General
Assembly agreed unanimously, with three abstentions..

Election of a new board

Prior to the General Assembly the following nominations
had arrived within the time limit set by the EAT

President: Prof James B. Mercer PhID, Norway
Vice President: Prof Anna Jung MD, PhD, Poland
Secretary: Kevin Howell PhD) United Kingdom
Treasurer: Prof Kurt Ammer MD, PhD, Austria

Members: Prof Manuel Sillero Quintana PhID), Spain
Ricardo Vardasca PhD, Portugal

The majority of the General Assembly agreed with the
nominations and the new board built of President, Vice
President, Secretary Treasurer and two members were
elected unanimously by the General Assembly.

Prof Adriana Nica MD, PhD and Aderito Seixas MSc. were
proposed for the function of auditors and the General
Assembly agreed unanimously with this proposal. The
newly elected board and the auditors graciously accepted
their positions and promised to fulfill their duties to the
best of their abilities.

Any other business

The frequency and time interval of the European Congress
of Thermology were the topics of the closing discussion.

Prof Mercer closed the General Assembly at 19.00.
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12t European Congress of Thermology in Porto 2012

The 12th European Congress of Thermology was remark-
able event with respect to scientific merrit and in attracting
new people interested in thermology. The pre-conference
course on medical thermography assembled participants
and lecturers from 7 countries (Spain, Portugal, Poland,
Turkey, Norway, England, Austria).

The audience of the main conference was composed of
attendents from 14 European countries (Denmark, Sweden,
Norway, Poland, Hungary, Romania,Turkey, Austria, Italy,
Portugal, Spain, United Kingdom, France, Ireland). Three
former presidents of the American Academy of Thermo-
logy and the previous president of the Japanese Association
of Thermology participated in the congress. Authors
originating from Japan, Brazil, Canada and USA presented.

papers.

The topics of the conference covered a wide range of
applications. Thermal physiology, surgery, rehabiliation
medicine, dermatology, urology, occupational medicine,
sports medicine and psychology were discussed. Standards
for image recording and archiving and application of ther-
mal imaging in veterianry medicine and in viticulture were
topics outside of human medicine

Prizes

Three prizes, one for the best overall oral presentation:, one
best student oral presentation and best poster presentation
were established. The winners received their prize during
the congtess dinner on Friday.

Best Overall Oral Presentation

"Mother and Child inSynchrony: Thermal Facial Imprints
of Autonomic Contagion",
Professor Arcangelo Merla (U. Chieti-Pescara, ITALY)

Best Student Oral Presentation (Francis Ring prize)

"The Highly Focalized Thermotherapy in the Treatment
of Solid Tumours: Temperature Monitoring Using Thermo-
graphy",

Ana Portela (U. Porto, PORTUGAL)

Best Poster Presentation (Kurt Ammer prize)

“A Method for Whole-Body Human Skin Temperature
Mapping",

Damien Fournet (U. Lougborough, UK)

Professor Gabriel and Dr. Ricardo Vardasca (Portugal) present a prize to Professor Merla (Italy) at the Congress Dinner
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Meetings

October 27, 2012,

Meetings

American Academy of Thermology Meeting in Greenville, South Carolina

Pre Meeting Certification Course:
Friday, October 26th, 2012

Take the next step toward AAT Membership status ele-
vation! Take an AAT Certification Course

1:30pm - 7:30pm
Neuromusculoskeletal Emphasis On CRPS/RSD &
Fibromyalgia

General Sessions:
Saturday, October 27, 2012

8am: Registration
8:30: Welcoming Remarks

8:45-10:30 Session 1:
Basic Science,
Clinical Conditions,

Skin Temperature Regulation,
AAT Guidelines & Indications

10:30-10:45 Break

10:45-12:00pm Session 2: Medical Thermal Imaging: Its
Role in Objective Measurement and Treatment Planning

12:00pm-1:30pm Lunch (on your own, around town)

1:30pm-3:30pm Session 3: Vasomotor Monitoring,
Neurovascular Considerations, Pitfalls and Look Alikes

2013

March15t-17t 2013

17%NationalCongtress of the PolishAssociation
of Thermology in Zakopane

Abstract deadline: February 15, 2013

Deadline for hotel reservation:March1st2013
Registrationfee: 200.-Euro

Local organizing committee

Prof. Anna Jung (Chair)

Dr Janusz Zuber (DeputyChair)
Dr BoleslawKalicki

Mgr Ing.Piotr Murawski

Further information
Prof Dr. Anna Jung

ajung@wim.mil.pl or a.jung@spencer.com

3:30- 3:45 Break

3:45-5:00pm Session 4: Infrared Thermal Imaging Case
Presentations and Paper Presentations

5:00-5:30pm Honor Ceremony for Past Presidents
6:30-7:30pm Meet and Mingle with the Leadership

AAT Committte Meetings:
Sunday, Ocotber 28th, 2012

8:30-10:00am AAT Board Meeting (Board Members only)
10:00-12:00pm AAT Committee Meetings:
Breast Guidelines

Complementary Alternative Medicine (CAM) and Allied
Health

Devices and Equipment

Get Involved!
Journal/Newsletter

Membership
Past Presidents (Past Presidents only)

Website: aathermology.org

3-5 July, 2013
18th International Conference on Thermal
Engineering and Thermogrammetry (THERMO)

Budapest University of Technology and Economics
Information :

Prof.Dr.Imre BENKO"

Faculty of Mechanical Engineering

Budapest University of Technology and Economics (BME)
H-1521 Budapest, PO.B.91,Muegyetem rpt.7
D.301.,HUNGARY

Mailing address: H-1112 Budapest, Cirmosu.1. 6/38 ,Hungary

Home Phone/Fax: 361-310-0999
Personal e-mail: ibenko@freestart.hu
and secretariat: mate@mate-net.hu
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EINLEITUNG

Prim.Dr.O.Rathkolb

Ludwig Boltzmann Forschungsstelle fir physikalische Diagnostik
und Institut fur physikalische Medizin im Hanuschkrankenhaus
der Wiener Gebietskrankenkasse

Die Thermographie gestatiet eine schmerzlose, den Patienten in keiner
Weise belastende Erkennung und Dokumentation lokaler Hypo- und
Hyperthermien. Besonders in der Gynékologie, Onkologie, Rheumato-
logie, Angiologie und Dermatologie haben Temperaturmessungen der
Kérpercberflache erheblich an diagnostischer Bedeutung gewonnen.

Dabei kann die Thermographie die bekannten klinischen, radiologi-
schen und laborchemischen Untersuchungsmethoden nicht ersetzen,
sondern nur sinnvoll erganzen. Thermographische Informationen las-
sen sich jedoch nur dann verwerten, wenn eine standardisierte Aufnah-
metechnik angewandt wurde. Zusatzlich ist quantitative Auswertung
der flachenhaften Temperaturverteilung notwendig, um den Krank-
heitsverlauf bzw. die Therapie-Wirkung beurteilen zu kdnnen.

Die Registrierung von evozierten Potentialen der Muskulatur, der Ner-
ven und des Gehirns hat sich in den letzten Jahren zu einem un-
entbehrlichen Hilfsmittel bei zahlreichen diagnostischen Problemen
entwickelt.

ich mbchte nun die Vortragenden vorstelien. Herr Dr.Ring ist seit 30
Jahren mit den Mdglichkeiten der diagnostischen Thermologie vertraut.
Als Leiter der Abteilung fGr klinische Messungen im Royal National
Hospital for Rheumatic Diseases dokumentiert er taglich den Verlauf
rheumatischer Erkrankungen und Knochenerkrankungen mit Hilfe der
Thermographie. Er war ganz wesentlich an der Standardisierung der
Methode durch die Européische Gesellschaft flir Thermographie be-
teiligt, der er eine Zeitlang auch als geschaftsfihrender Sekretar vor-
stand.





Rathkolb/Einleitung

Herr Dr. Ring wird Uber die Mdglichkeiten berichten, die die Thermo-
graphie bei Erkrankungen des Bewegungsapparates bietet. Er hat in
zahlreichen experimentellen und klinischen Arbeiten nachgewiesen,
daB unter standardisierten Umfeldbedingungen eine reproduzierbare
Beurteilung der Aktivitat entzindlicher Gelenkerkrankungen durch
diese nicht invasive Methode mdoglich ist. :

Herr Prof.Dr. Partsch, Vorstand der Dermatologischen Abteilung am
Wilhelminen-Spital berichtet Gber den Stellenwert der Thermographie
in der Diagnostik von GefaBerkrankungen.

Herr Assistent Dr. Ammer von der Ludwig Boltzmann Forschungsstelle
fur physikalische Diagnostik wird Uber seine Erfahrungen im Umgang
mit der Thermographie-Kamera berichten und voriaufige Ergebnisse
einer Untersuchungsreihe mitteilen, in der die Mdglichkeit erkundet
wurde, die Thermographie als Screening-Methode in der Diagnose
peripherer Nervenkompressions-Syndrome einzusetzen.

Herr Prof.Dr. Baykouschev, Vorstand der Neurologischen Universitats-
klinik Plovdiv berichtet Uber transkraneale, nicht invasive Elektro-
stimulation des Kortex.
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DIAGNOSTIC POSSIBILITIES OF THERMO-
GRAPHY IN DISEASE OF THE LOCOMOTOR
SYSTEM

Dr.E.F.J Ring
Principle Physist of the Royal Nationai Hospital for Rheumatic
Diseases in Bath, UK

Introduction

My home is Bath in England, which is a city in the West of England. The
story of infrared thermography or thermal imaging should begin with one
man, Wilhelm Herschel, who came to Bath from Hannover in the 18th
century. He discovered infrared radiation by a simple experiment.

But it is signifcant that in the year 1800 he described infrared radiation.
Forty years later his son made the first thermogram. We are speaking
tonight about a very modern technique, but the history goes back to the
year 1800.

Bath is an old Roman city in the West of England. It is made famous by
the hot springs which the Romans used to treat many diseases. And today
many thousands of tourists visit Bath. They come to see the Roman baths,
the Roman remains and this is the reason why the city has become quite
large and quite popular in modern times.

The hospital, where | work, was founded in 1738. This year we are
celebrating 250 years of treatment of arthritis and locomotor diseases.

The department which | direct is called "Clinical Measurement". It is a
department which specializes not in diagnosis, but in patient assess-
ment.Because we deal with chronic diseases we are particularly con-
cerned with non-invasive procedures.
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Figure 1
Clinical measurement
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As you see on figure 1, we serve many different clinics, disabled clinic,
dermatology, bone diseases, foot diseases, surgery, connective tissue
diseases etc. And in this context we find infrared thermography to be
extremely valuable.

Measurement of Inflammation

In the rheumatic diseases a common problem is of course inflammation.
Ths classical signs of inflammation are heat (calor), redness (rubor),
swelling, pain, loss of function.

| think that nearly all the clinical tests used in modern rheumatology and
physical medicine are based on the assessment of one or more of these
clinical signs. With thermography we are measuring heat.

You can broadly classify the tests used in physical medicine and
rheumatology into laboratory tests, clinical assessment and the imaging
techniques shown here. Figure 2 shows a very, very simplified diagram
of the chronic inflammatory process. As you know, it is self-perpetuat-

ing.
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Figure2
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in the clinic we are so often concerned with tests which are based upon
pain and swaang, the visua analogue scale, the grip test and so on.

With thermography we are measuring indirectly the increase in heat
from inflamed tissues, lying beneath the surface.lt is also established
that we can image very effectively the increased blood flow or perfusion
by the isotope techniques. There are two disadvantages here.

One is that it is invasive and injection of isotope is necessary. Secondly,
they are quite difficult to standardise for measurement. We have found
that it is possible to standardise and to measure from the technique of
thermography.
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It is possible to measure the temperature of the human body by these
three classic principles: convection, conduction and radiation.

Probably the most common use is made of temperature measurement
by conduction. With thermography we are using infrared which is given
off by the human body as part of its normal heat regulation.

Figure 3
Thermographic  laboratory
-

Figure 3 shows our laboratory where infrared measurements are made.
The principles are very simple. The camera is here, the computer for
image processing is here. The temperature of the room is standardised.
We use various devices to calibrate the equipment and monitor the
temperature of the room.

You can summarize the necessary parameters to standardise thermo-
graphy. | want to say that these are very important , indeed. If you want
to use this technique for measurement, and you should use it for
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measurement, then you need to pay attention to these simple
parameters. (Figure 4)

Figure 4
Standardised Parametres for Infrared-Thermography
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The room temperature should be controlled.We find that for a measure-
ment of inflamed tissues 20 degrees Celsius is ideal. For measurement
of vascular function 22 - 24 degrees Celsius is better. And so you have
the simple procedure to standardise the camera as you do in normal
X-ray procedures.

A simple thermogram will show hot as white and cold as black, or the
reverse. The modern equipment is now at a quality which has never
been in the past so fine. The reason is that formal imaging cameras are
needed for satellites, for military, for aircraft navigation and the technol-
ogy has been really very well developed.

We are slow to make use of this fantastic technology in medicine. But
if you look at a picture taken now with a thermal camera compared with
that possible ten years ago, the difference is quite dramatic.On figure
5 picture you can see clearly the superficial vessels of the hand are

10
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resolved. You see the digital vessels here. You see the diffuse heat
around the nailbed and so on.

Figure 5
Thermogramm of an high-resolution camera

82.05.14 CT 34.0¢ TW 3I.00 ID;00000000

It is difficult to understand how hot or how cold the picture is, even
though you have a calibrated scale. This is also a picture taken by a
thermal imaging system. A new camera designed and built in England
is now capable of resolving the individual sweat pores on the skin.

Figure 6 is the thermal image of a finger.The resolution of this is
sufficient to be able to show the cooling from the evaporation of sweat,
the sudorific function. We are working on a technique to count how
many of the sweat pores are functioning per unit area of skin, because
we think this may be of interest in the early diagnosis of scleroderma

11
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and connective tissue diseases.

Figure 6
Thermographic image of the sweatpores of a finger

| must explain again that this quality of image has not been available
before. This is quite new. And it is very possible now to obtain equipment
which is capable of this kind of picture.

if you look at the knee, which is the easiest joint to study ther-
mographically, you find that the normal knee has a cold patella.(Figure
7) . If you have an acute synovitis you can see quite a marked thermal
pattern in the infra-patella area. If the inflammation is chronic, the hot
area moved right across the whole joint area and the osteoarthritic
conditions usually give you very localised areas of heat. So by a simple
pattern classification you can see the differences.

12
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Figure 7
Thermographic patterns of the knee joint
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It is more obvious when you apply colour. In the picture of figure A each
colour is representing about 0.4 of a degree Celsius. It is simple to see
this is a normal knee with a cold patella, and this is a rheumatoid knee
with an active synovitis which is more active on the medial side than it
is on the lateral side.

This kind of picture can be easily produced. In actual fact, after the
patient has cooled for 10 to 15 minutes, this picture takes a few seconds
to record. The computer can store it for measurement and test against
future pictures, and as | will describe in a moment,you can produce a
numerical index from it. We devised a simple system a few years ago
to find a figure or thermal index for inflammation using and measuring
the areas of isotherms.

These columns in figure 8 represent degrees Celsius and they have
been made from an inflamed knee. A region of interest was taken from
the knee. The first column shows the distribution of isotherms in the hot
knee. Using this simple formula and measuring areas you come up with
a figure which is 4 on a scale running from O to 6 or 7. The other bar
shows the same knee after prednisone injection. Now you see the
temperatures are all in the lower temperature range. The distribution

13
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has changed and the index is reduced.

Figure 8
Thermal index
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This means that you can use this figure as you can use blood
parameters, biochemistry etc. to monitor inflammation.

Figure 9
Thermographic Index values for ankles,elbows,hands and knees in normal and arthritic patients
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We took 600 subjects. We looked at the ankles, elbows, hands, knees
of controls, osteoarthritic patients not receiving therapy and rheuma-
toid-arthritis patients off anti-inflammatory therapy. You can show with
this index that there is a statistical difference between each of these
three groups.

It is more useful to use the index to study the effect of anti-inflammatory
drugs. Over the last few years we have tested something like 24, 25
anti-inflammatory non-steroid drugs and the pattern is very similar.

In the short term you can see during an analgesic wash-out of seven
days, after one week, an increase in temperature in the actively in-
flamed joints (figure 10).

Figure 10
Change of Thermographic Index of Hands and Knees during a Drug Trial
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The black line in figure 10 represents the mean temperature of the
hands of a group of patients in this study. On analgesic-only therapy
the temperatures of the hands increase. The other line shows the
temperatures of the knees. They also increase, but not as much.

15
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When you switch to non-steroid anti-inflammatory therapy, then you
see a falling temperature. The most rapid fall occurs in the hands, and
less acutely in the knees and larger joints. The same applies for ankles
and elbows and so on. We are speaking about peripheral joints, not
central.

If you look at the rate of change and the statistical significance you can
show it this way: that in one week of wash-out the most significant
increase in temperature occurs in the small joints, whereas it is hardly
significant in the large joints, weight-bearing joints (figure 11).

When you switch to an oral non-steroid therapy for two weeks, then
again the most rapid and significant fall occurs in the small joints. It is
a much slower change that occurs in the larger joints.

Figure 11
Significance of T.Index Change (Student t)
HANDS ANKLES KNEES
Paracetomol 1 < 0,004 <(,025 <0,25
week
oral NSAID <{0,0005 < 0,008 < 0,01
2 weeks

Not surprising, but it raises the question about the design if non-steroid
trials and how much time should be aliocated to them. The only and
objective technique such as thermography can show this.

We have used the same technique to look for the optimum dose in a
new drug. This drug is now not popular (figure 12).

But at the time we used it to study experimental animals and to look for
the maximum effective dose. Two years later, when the drug became
available for clinical studies, it was applied on human patients. Again,
a dose-finding curve was obtained. We have applied this technique to
a number of anti-inflammatory drugs, not all non-steroids, but some of
the second line drugs are equally tested in this way.

16
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Figure 12
Dose response curves of treatment with azopropazone in man and experimental animals
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You can also show that it is possible to correlate with some of the other
clinical indices when there is a true anti-inflammatory effect. Some of
the tests used in the clinic in rheumatology and physical medicine are
very dependent on pain, the patient’s pain. Therefore you can show an
improvement in grip strength for example with an effective analgesic
drug. You must have an objective measure if you wish to show anti-in-
flammatory effects.

Figure 13
Correlation between Grip Strength and Thermographic Index
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Figure 13 shows a comparison with a drug given at two doses, 400 mg
and 600 mg a day. This was a placebo-balanced study and the diagram
shows the placebo response of each group as well. Here you see the
increase in grip strength at 400 compared with the decrease in ther-
mographic index. A decrease in temperature, and increase in grip
strength means improvement. When you increase the dose to 600, you
have a greater increase in grip strength, you have a greater decrease
in temperature.Interestingly enough you have a greater decrease as
well in the placebo. But that is typical.

M.Paget

It is not only in arthritis that the technique is useful. | would like to turn
now to Paget's disease of bone, osteitis deformans. We applied this
index to the tibia, which is a convenient site to measure Paget’s disease

of the bone.

Figure 14
Thermal index of the tibia of controls and patients with M.Paget
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In the first column you see a simple group of results from some control
subjects. The second row shows data of patients who have Paget's
disease, but not in the tibia and there is no difference (figure 14).

The third column represents patients who had Paget’'s disease of the
tibia, but without pain. And all patients who had severe pain, can be
found in the last row. You can see that the thermal index is much higher
in the pain group than it is in the non-painful group.

We have found that a change in the thermographic index can occur
before the relief of pain in treatment of Paget’s disease. Similarly, if the
temperature is rising it may well signify a remission in activity of the
disease.

A thermogram of a patient who has Paget’s disease of this tibia is shown
on figure B, compared with a normal one. Very simply to see, it is quite
easy to quantify a region over the tibia and to use that to monitor change.
We are also using now a microwave technique which is capable of
measuring temperature at a greater depth than infrared in the hope that
we can begin to monitor Paget’s disease of the hip and the spine, neither
of which are very successfull with infrared thermography.

Figure 15
Calcitonin treatment of Paget's disease monitored by thermography

19
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The graph in figure 15 shows the fall in thermographic index of a group
of patients treated with Calcitonin for six weeks. This is the alkaline
phosphatase of those patients. You see that when treatment is stopped,
although there is relief of pain, the index rises immediately over the next
three months. The rise in temperature preceedes the recurrence of
pain. The same patients treated for six months produced a greater
decrease in thermal index. Alkaline phosphatase also fell. Stopping
treatment, and again you see the return within that time period.

Thermography and bioengineering

Another interesting application for thermography is in the whole field of
bioengineering and rehabilitation studies. | have not the time to show
you the many ways that this has proved useful.

Figure C shows you a simple principle. We were studying a whole
variety of walking aids, frames, walking sticks etc. There are tre-
mendous pressures which the patients have to put on walking frames.
It is obviously very important that the design of these pieces of equip-
ment should be improved.

In this simple study a normal handle from the regulation frame which is
used by the British house service was compared against a new moulded
handle that distributed the weight over the hand more evenly.
Repeatedly in the study you could see a difference in the hyperemia of
the palm after a standard walking exercise.

This is only one picture, but there are many ways both in studying the
effects of seating on hemiplegic and paraplegic patients as well as this
kind of study where thermography can be useful.

Measurement of biood flow

As well as looking for increased temperature, we can look for decreased
temperature, which may be the result of ischemia, it may be a necrotic
lesion, it may be a nervory compression, we may be monitoring the
effects of cryotherapy and so on.

Figure 16 is a simple picture of a leg ulcer where the damaged tissue
appears cool. You can see from the temperature profile that there is a
warm area in the periphery in this part of the ulcer. But is that useful?

20
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Figure 16
Thermogram of a leg ulcer

We have been studying for the last five years ways to monitor healing
procedures of leg ulcers and pressure sores, sacal sores particularly.
Here you see a typical patient who has a leg ulcer. The foot is so cold
by comparison with this picture, which is on the same scale, that it is
hardly recording (Figure D).As the process of hospitalisation and con-
stant dressings, irrigation etc. continues you see the gradual increase
in perfusion in the foot and gradually the ulcer begins to heal so that in
nine weeks it has become quite small and at twelve weeks there has
been a total healing.

In addition to our thermal monitoring techniques we use the same
computer and the same image processing equipment with a video
camera, just a normal domestic video camera to record what the lesion
looks like on tape, but also to put that into the computer and simply
measure around the edge to have an assessment of area. From this
we can compute the area of the lesion. This we are doing to use the
two techniques side by side, visual monitoring and thermal monitoring
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of wound healing.

This is a plot of the area of that ulcer you have seen (figure D). You see
that it had occurred previously. The patient was sent home from
hospital. While at home it became quite large and troublesome. The
patient came back to hospital. This is the time course we were monitor-
ing here for healing. Then before the patient went home again it
relapsed, it was finally healed and staid cured.

You have the possibilities for completely objective monitoring of the
physical size and shape of a lesion and the thermal and the physiologi-
cal process that is going on.

This is a representation of the temperature profile of an ulcer during the
stages of healing (figure 17). As far as we can see it seems that the
increase in temperature at the periphery, if it is taking place slowly,
seems to be good prognosis. Of course if it is very steep there could
well be infection and that is quite a different story.There is a lot of data
still to be analysed. We are not certain about this observation.

figure 17
Temperature profile of ulcer healing

22





Ring/Locomotor System

Decreased temperature also can be the result of nerve root compres-
sion. Many of the neurologic problems that we see may have a change
in the thermogram.

Figure E gives the thermal images of a patient who quite clearly has a
problem in that the dermatome L5/S1. The leg here is quite cooler than
the corresponding side. You see the anterior picture above and below
the knee. There is also the posterior picture, the calf of the leg here,
the back of the knee here. The symmetry is very important.

We measured the symmetry of many points in a large group of controls.
We were surprised to find that in all cases we had less than 0.3 of a
degree Celsius from left to right. Therefore a change represented here
by more than one degree, in fact two degrees, is significant.

You can find that in a good number of patients with a nerve-root injury
this may occur. It will particularly become obvious in reflex sympathetic
dystrophy or algo-dystrophy on stressing the lesion, carrying out an
exercise that causes pain. Then this may become more obvious.
However, it is not 100% guaranteed to show.

In addition to the inflamed joints we see in rheumatoid hands, of course,
a common finding is Raynaud’s phenomenon. Thermography can also
be used to monitor and measure, actually quantify the vaso-spastic
reaction.

Here is a simple procedure we use. We take a thermogram of the dorsal
surface of the hand. We protect the hand with a plastic glove, put it in
a water bath at 20 Celsius for one minute. We then measure the
recovery. At a resting state, normally the fingers may be a little cooler
than the dorsal hand. After cooling the dorsal hand is usually only a little
cooler, the fingers cool quite a lot and then there is a recovery phase.

You may have of course in a normal person reactive hyperemia. It is
possible to watch in real time the fingers warming up and to see the
vessels heating.

I wish that | had brought with me a video tape of this procedure in real
time for you to see. Because it is quite dramatic how you can watch the
fingers going into reactive hyperemia and the dorsal vessels warming
up on the hand. Of course you can quantify this reaction in real time.

Here is an interesting observation that - | do not know what percentage
- but may be some 30 percent of the patients we examine appear to
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have normal hands if they are examined in a room at 22 or 24 Celsius.
When you apply the cold stress test, then you see if there really is a
vaso-spastic reaction. And this would be missed by a simple clinical
examination without stress testing.

Figure18 Betablockers and Cold Stress Test

To summarize, using
our index as a temper- T HVPERTENMVE |
ture gradient from wrist MSGRE s | 58 [ss+Ofse+v |
to fingers in normal
subjects you can see a
temperature gradient
of around 3 degrees.
This is combining the
temperature gradient
before and after stress
around 3 degrees to
about minus 1,87, a
mean which is positive.

The other group was a
sample of hyperten-
sive patients we were
examing of betablok-
kers. The third group
were rheumatoid arth-
ritis patients with Ray-
naud’s, with a mean of
minus 4, a range down
to minus 8.

If you look on the con-
trols you see one scat-
ter with lower values
than the controls. All
these people smoked
cigarettes.

Of course it is possible then to monitor the effects of treatment. With
this | am going to finish. .

| think that clinical medicine can have a powerful tool which is far beyond
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the advantages that the clinical thermometer was thought to have in
past decades. We now can have the advantage of modern technology.
We can use it to monitor inflammation, peripheral vascular change. We
can look at wound healing, we can monitor Paget's disease etc.

| hope that if there is sufficient interest from all the many people here
tonight, that you have all the beginnings of a wonderful Austrian society
for medical thermography, perhaps.
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Beitrag Ring
Figure A Figure B
Rheumatoid Arthritis of the knee Paget's disease of the tibia

Figure C
Different handles of crutches

FPALMAR HANDS AFTER CRUTCH WALKING
STANDARD HANDLE MOULDED HaANDLE
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Figure D Figure E
Leg ulcer Nerve Root Compression
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Farbabbildungen

Beitrag Partsch

Abbildung A

Indirekte Korperwarmung bei einem gesunden Probanden fuhrt zu einer massiven

Durchbiutungszunahme der FiBe. BF bedeutet Ruhedurchblutung in ml/100mi/min. gemessen
durch VenenverschluBplethysmographie,

NORMAL HYPEREMIA AFTER
INDIRECT BODY HEATING
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Abbildung B

Bei einer diabetischen Neuropathie kommt es nach indirekter Rumpferwarmung zu keinem nen-
nenswerten Anstieg der erhchten Ruhedurchblutungswerte am FuB, eine direkte Abkihlung
fuhrt nur zu einer minimalen Durchbiutungsabnahme.
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STELLENWERT DER THERMOGRAPHIE IN
DER DIAGNOSTIK VON GEFASSER-
KRANKUNGEN

Prim.Prof.Dr.H.PARTSCH
Dermatologische Abteilung im Wilhelminenspital, Wien

Einleitung

Fir die klinische Routine-Diagnostik von peripheren GefaBerkrank-
ungen spielt die Thermographie eine untergeordnete Rolle.Trotzdem
gibt es einige interessante Indikationen far thermographische Unter-
suchungen. Ich mdchte versuchen, lhnen davon einige Beispiele zu
geben.

Periphere, arterielle VerschiluBkrankheit

Wir bekommen recht interessante Informationen bei der Klinischen
Fragestellung einer arteriellen Embolie, d.h. wir kénnen den akuten,
arteriellen VerschluB, dessen typisches klinisches Kriterium die Kalte
ist, die wir mit den Fingern tasten, thermographisch verifizieren.

Ein Beispiel fir arterielle Embolien zeigt die Abbildung 1. Bei einem
jungen Madchen mit einem kongenitalen Vitium und einem Morbus
Hodgkin kommt es pldtzlich zum Auftreten eines eiskalten FuBes, zu
hochgradigen Schmerzen und zur Bewegungsunfahigkeit im FuB. Eine
Angiographie aufgrund des M.Hodgkin ist eher problematisch. Nach
Durchfihrung einer verzweifelten, blinden Fibrinolyse wird der FuB der
warm. Das kann man mit der Thermographie sehr schén dokumen-
tieren.
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Abbildung 1

Telethermographie bei einer Patientin mit arteriellen Embolien im Unterschenkel vor und nach
Fibrinolyse.

ARTERIAL EMBOLI

after

FIBRINOLYSIS

Vasospasmen

Die Abbildung 2 zeigt eine vasospastische Reaktion nach Nikotin. Die
Thermographie wurde bei einem gesunden Probanden vor, nach einer
halben Zigarette und am Ende einer Zigarette durchgefihrt. Eine
deutliche vaskonstriktorische Reaktion ist zu erkennen. Bereits nach
einer halben Zigarette kann man sehen, daB die Hand wesentlich
kUhler wird. Am Ende der Zigarette ist bei diesem gesunden jungen
Mann die Hand eiskalt, die Finger sind thermographisch nicht mehr
nachweisbar.

31





Partsch/Angiologie

Abbildung 2
Vasospastische Reaktion beim Gesunden

Raynaud-Phanomen

Abbildung 3 zeigt den Temperaturverlauf nach Kaltetest beim Gesun-
den.

Vor der Kaltebelastung liegt beim Gesunden die Durchschnitts-
Temperatur der Hand tber 32 Grad Celsius. Nach einer Minute bei 20
Grad kalten Handbad in einem Plastik-Handschuh kommt es zum
Absinken der Hauttemperatur und nach 10 Minuten ist beim Gesunden
die Ausgangstemperatur wieder hergestellt. Im Gegensatz dazu sind
beim Patienten mit einem Raynaud-Phidnomen die Ausgangswerte
wesentlich niedriger. Nach dem KaltestreB kommt es zu einer deut-
lichen Reduktion, die im AusmaB nicht so hoch ist wie beim Gesunden.
Entscheidend ist, daB nach 8 bis 12 Minuten noch immer niedrigere
Werte als vor der Kaltebelastung festzustellen sind, ein typisches
Kriterium flr ein Raynaud-Phanomen.
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Abbildung 3
Registrierung der Hautemperatur vor und nach einminiitigem Handbad (Piastikhandschuh) bei
20 Celsius (in Anlehnung an E.Cooke).

(a)
‘ ©
Hand .
Temperature
(°C)
[ Ny S T WS S — -

it

d ki eed
before 0 -4 8 12 before 0 4 8 12
stress Time (minutes) stress Time (minutes)

Autonome Neuropathie

Wir kbnnen eine autonome Neuropathie beweisen, indem wir eine
indirekte Kd&rpererwarmung und ein Thermogramm der FuBsohlen
machen. Wenn wir diese Untersuchung beim Gesunden durchflhren,
so sehen wir, daB die FuBe erwartungsgemaB zum Glihen kommen
(Abbildung A).

Wie die Abbildung B zeigt, fehlt die Temperaturzunahme der FuBsohien
bei einem Patienten mit diabetischer Neuropathie als Hinweis fir eine
gestdrte Reflexvasodilatation. Bei einer diabetischen Neuropathie
kommt es nach indirekter Rumpferwarmung zu keinem nennenswerten
Anstieg der erhdhten Ruhedurchblutungswerte am FuB, eine direkte
AbkUhlung fahrt nur zu einer minimalen Durchblutungsabnahme.
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Die Haut war aufgrund dieser spinalen Angiomatose mit einer Inner-
vationsstdrung der SchweiBdrisen auf einer Thorax-Seite strohtrok-
ken. Dort, wo die Haut normal durchsaftet war, sehen Sie einen ver-
starkten Warmeentzug der Haut und dadurch imponiert das Areal
kUhler. Auf der trockenen Seite imponiert die Haut warmer und zwar
nicht aufgrund einer verstarkten Durchblutung, sondern einfach
aufgrund einer SchweiB-Innervationsstdrung.

Ich hoffe, ich habe lhnen zeigen kénnen, daB uns die Thermographie
einige interessante Aspekte flir verschiedene periphere GefaB-
Probleme eréffnen kann. Ein ganz groBer Vorteil der Thermographie,
den wir sonst mit keiner anderen durchblutungsmessenden Methode
haben, ist der, daB sie uns immer ein konstantes Bild ber ein groBeres
Hautareal gibt.
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ERFAHRUNGEN MIT DEN DIAGNOS-
TISCHEN MOGLICHKEITEN EINER
INFRAROTKAMERA

Ass.Dr.Kurt Ammer

Ludwig Boltzmann Forschungsstelle fiir physikalische Diagnostik
und Institut fir physikalische Medizin im Hanuschkrankenhaus
der Wiener Gebietskrankenkasse

Einleitung

Es sollen beispielhaft die diagnostischen Moglichkeiten der Infrarotther-
mographie besprochen und vorlaufige Ergebnisse einer Untersuchung
zum Stellenwert der Thermographie bei peripheren Nervenkompres-
sionssyndromer: vorgestelit werden.

M. Paget

Abbildung A zeigt das Thermograrm einer Patientin mit einem hochak-
tiven M.Paget, der bei alleinigem Befall der rechten Tibia eine Aktivitat
der alkalischen Phosphatase von Gber 1200 E im Serum verursachte.
Das Rontgenbild dieser Patienten bestatigt die bereits vom Aspekt
einer verdickten und verformten Tibia vermutete Diagnose eines
M.Paget. Die Beurteilung der Aktivitit der Erkrankung, das aktuelle
AusmalB des Knochenumbaus, kann durch das Rontgenbild, das eine
morphologische Momentaufnahme des Krankheitsprozesses zeichnet,
nicht erfolgen. Hierzu bedarf es nuklearmedizinischer Verfahren, labor-
chemischen Untersuchungen oder bei Erkrankung von Knochen, die
knapp unterhalb der Kérperoberflache liegen, der Thermographie.
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Ring hat gezeigt, daB an der Tibia der Temperaturindex Ober den
erkrankten Knochenarealen sehr gut mit der Aktivitatssspeicherung in
der Knochenszintigraphie bzw. der Hohe der alkalischen Phosphatase
im Serum Kkorrelieren (9).

Die Thermographie |8t sich damit als nicht-invasive Methode zur
Dokumentation der Krankheitsaktivitat beim Morbus Paget einsetzen.
Dementsprechend findet sich bei der Patientin eine deutliche Tem-
peraturerhéhung Gber der befallenen Tibia, wobei die Durchschnitts-
temperatur um 2 Grad Uber der Temperatur der Gegenseite liegt. Wie
gut die Muskulatur als Warmeisolierung funktioniert, 138t sich ab-
schatzen, wenn man die erkrankte Tibia im postero-anterioren Strah-
lengang aufnimmt. Wéahrend bei der thermographischen Aufnahme von
vorne eine Temperaturdifferenz zwischen gesunder und kranker Seite
von 2 Grad nachweisbar ist, ist bei der Aufnahme von hinten praktisch
kein Unterschied in der Warmeabstrahlung zu entdecken. Dieses Bei-
spiel zeigt, daB mit der Infrarotthermographie lediglich oberflachlich
gelegene Veranderungen der Temperaturverteilung nachweisbar sind.
Der Nachweis von Temperaturveranderungen in der Tiefe des Ge-
webes ist nur mit der noch im experimentellen Stadium befindlichen
Mikrowellen-Thermographie nachweisbar (7).

Verletzungen

Die Beurteilung von Entzindungsprozessen (2,10) in peripheren Ge-
lenken ist eine der Standardaufgaben der Thermographie. Aber auch
die begleitenden entzindlichen Veranderungen nach Gewebsverletz-
ungen 8Bt sich thermographisch erfassen (12). So konnte zum Beispiel
der Nachweis von Marschfrakturen am Mittelfu thermographisch
gezeigt werden. Auf die diagnostischen Einsatzméglichkeiten in der
Traumatologie wurde wiederholt hingewiesen (5,6).

Abbildung B zeigt das Thermogramm einer klinisch vermuteten und
laborchemisch untermauerten Adduktorenzerrung. Das etwas Uber-
warmte Areal stimmte mit der maximal druckempfindlichen Zone gut
Uberein. Weitere Untersuchungen sind jedoch noch notwendig, um den
diagnostischen Stellenwert der Thermographie bei Weichteilverletzun-
gen festzulegen.
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Vorlaufige Ergebnisse einer Vergleichsstudie zwi-
schen Thermographie und Nervenleitgeschwindig-
keit bei Karpaltunnelsyndrom

Die Symmetrie der Wéarmeverteilung ist ein ganz wichtiger Parameter
in der Beurteilung von Thermogrammen. Tabelle 1 zeigt die Tem-
peraturunterschiede an den Fingerspitzen, bzw zwischen dem Medi-
anus- und dem Ulnaris-innervierten Anteil der Hand. Aus diesen Daten
geht eindeutig hervor, daB im Normalfall keine gréBere Temperaturdif-
ferenz als 0,6 Grad Celsius zu finden ist.

Tabelle 1
Normalwerte der Seitendifferenz bei Thermographie (nach 3}

Differenz SD path.Differenz
Finger +Fingerspitzen 0,45 0,13 0,58
Medianus- und Ulnaris-an- 0,37 0,28 0.65
teil der Hand

Diese symmetrische Verteilung und der EinfluB autonomer Nerven-
fasern auf die Temperaturverteilung ist Ausgangspunkt fir den diag-
nostischen Einsatz der Thermographie bei Verletzungen peripherer
Nerven.

Uematso stelit die unterschiedliche Aktivitdt des Sympathicus bei Teil
und Volllasionen peripherer Nervenlasionen in den Mittelpunkt seiner
Betrachtungen (14). Wahrend die partielle Denervierung mit einem
erhéhten Sympathikotonus einhergeht, fGhrt die totale Lasion auch zum
Ausfall sympathischer Fasern und damit zur Vasodilatation und héherer
Warmeabstrahiung.

Wir haben deshalb versucht, die wiederholt fir die Diagnose peripherer
Nervenkompressionssyndrome empfohlene Thermographie auf ihre
Brauchbarkeit als Screening-Methode bei peripheren Entrapement-

Syndromen zu Gberprifen.
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Patientengut und Methode

19 Patienten, die wegen des Verdachtes eines peripheren Ner-
venkompressionsyndroms zur Bestimmung der Nervenleitgeschwin-
digkeit (NLG) zugewiesen wurden, erhielten neben der elektro-
physiolgischen Untersuchung auch eine thermographische Beurteilung
beider Hande.

Ziel der Untersuchung war es festzustellen, wie haufig eine Tem-
peraturasymmetrie mit dem Nachweis pathologischer NLG-Befunde

Ubereinstimmte.

Die Thermographie wurde mit einer Hughes-Infrarot-Kamera auf fol-
gende Weise durchgeflhrt. Die Raumtemperatur war mit 24 Grad +-
0,5 Grad Celsius durch ein Klimagerat konstant gehalten (1). Die
Empfindlichkeit der Kamera wurde mit 1 Grad gewanhit.

Das erste Thermogramm wurde 5 Minuten nach Betreten des Unter-
suchungsraumes angefertigt.

AnschlieBend wurden die Hande, durch Plastikhandschuhe geschitzt,
1 Minute lang in einem Wasserbad von 20 Grad Celsius abgekihit.
Unmittelbar danach wurden in Abstanden von 2 Minuten weitere Ther-
mogramme bis zur Wiedererwarmung angefertigt.

Das erste und das jewelils letzte Thermogramm wurden fir die Unter-
suchung ausgewertet.

An den zu beurteilenden Thermogrammen wurde an jedem Finger-
strahl am Carpus, Metacarpus, Grund-, Mittel, und Endphalanx eine
Referenztemperatur gemessen. Aus diesen Einzelwerten wurden zwei
- Indizes gebildet. Einerseits wurde die mittlere Temperatur der medi-
anusinnervierten Finger 1 bis 3 mit der mittleren Temperatur der
ulnarisinnervierten Finger 4 und 5 verglichen. Die Differenz beider
gemittelten Temperaturen wurde als Index 1 gewertet.

Auch am 2.und 4.Finger wurde eine mittlere Temperatur errechnet und
die Differenz dieser beiden Temperaturen als Index 2 vermerkt.

Ein Unterschied von 1 Grad oder mehr wurde bei beiden Indizes
Zeichen einer asymmetrischen Temperaturverteilung angesehen.
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Ergebnisse

Bei 10 Patienten fanden sich pathologische NLG-Befunde, die 5 mal
durch ein beidseitiges, 3 mal durch ein rechtsseitiges und 1 mal durch
ein linksseitiges Karpaltunnelsyndrom bedingt waren. Ein Patient bot
ein linksseitiges Sulcus-ulnaris-Syndrom. Bei 9 weiteren Patienten
konnte die Verdachtsdiagnose eines peripheren Kompressionssyn-
droms nicht elektrophysiologisch bestéatigt werden. Insgesamt wurden
38 Hande und 76 Thermogramme ausgewertet.Schon wahrend der
Untersuchung war auffallig, daB neben typischen Temperaturasym-
metrien bei einer Reihe von Patienten falsch positive und falsch nega-
tive Temperaturmuster zu finden waren. Tabelle 2 stellt die Uber-
einstimmung der einzelnen Indizes mit dem NLG-Befund bei 76
Handen zusammen.

Tabells 2
Ubersinstimmung von NLG-Befund und Temperaturdifferenz

INDEX 1 INDEX 2
pos neg pos neg
alle Thermogramme 36,9% 63,1% 55,3% 44,7%
erste  Thermogramme 36,7% 63,3% 50,0% 50,0%
letzte Thermogramme 37.0% 63,0% 58,7% 41,3%

Die Temperaturdifferenzen der ulnaris- bzw medianusinnervierten An-
teile zeigen lediglich in einem Drittel der untersuchten Hande eine
Ubereinstimmung mit dem NLG-Befund. Der Vergleich zwischen
zweitem und viertem Finger fand eine Ubereinstimmung zwischen 50
und 59 Prozent, wobei die héchste Trefferquote beim Index 2 beim
Thermogramm nach Wiedererwdrmung zu sehen war.

41





Ammer/Erfahrungen

Schiisseit man die nicht Ubereinstimmenden Thermogramme nach
falsch negativen und falsch positiven Befunden auf, findet man ein
Verteilung wie sie Tabelle 3 zeigt.

Tabelle 3
Haufigkeit falsch positiver und falsch negativer Thermogramme

INDEX 1 INDEX 2
FP FN FP FN
alle Thermogramme 43,8 58,2 23,5 73,5
erste  Thermogramme 31,6 68,4 13,3 86,7
letzte Thermogramme 51,7 48,3 36,8 63,2

FP =falsch positiv FN =faisch positiv

Auffallig ist hiebei, daB bei beiden Indizes falsch negative Befunde
Uberwiegen. Diese Tendenz ist beim Vergleich der mittleren Tem-
peratur des 2. und 4.Fingers ausgepréagter als bei der Differenz des
medianus- und ulnarisinnervierten Anteils der Hand. Aus diesen Daten
1aBt sich die Sensitivitdt, Spezifitdt und der prognostische Wert der
Thermographie errechnen. Tabelle 4 zeigt die prozentuellen Werte der
genannten Parameter.

Tabelle 4
Sensitivitat, Spezifitit und prognostischer Wert der Thermographie

Thermogramme Index 1 Index 2
S SP P S SP P
alle 10 50 12,5 16,6 72,7 35,7
erste 0 57,1 0 0 83,3 0
letzte 17,6 45,4 23 29 66,6 41,8

S =Sensitivitit SP =Spezifitit P =Prognostischer Wert
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Diskussion

Die Angaben zur Wertigkeit thermographischer Untersuchungen bei
peripheren Nervenkompressionssyndromen, insbesondere des Kar-
paltunnelsyndroms sind widersprachlich. Neben Empfehlungen, die
von einer hohen Ubereinstimmung mit dem Klinischem Beschwer-
debild, aber auch mit der Nervenleitgeschwindigkeit berichten (4,11),
existieren auch Aussagen, welche die Diskrimination eines Karpaltun-
nelsyn-droms mit Hilfe der Thermographie verneinen (8,13,15).

Die vorliegende Untersuchung stitzt diese letzte Aussage. Es kann
zwar durch einen zusétzlichen Kalte-Stress-Test die Haufigkeit posi-
tiver Ergebnisse erhdht werden, insgesamt ist jedoch ein prognosti-
scher Wert von 41 % zu gering, um die Thermographie als Screening-
methode bei Verdacht auf Karpaltunnelsyndrom einzusetzen.

Die Methode hatte zwar eine ausreichende Spezifitdt, aber die Sen-
sitivit mit maximal 29 % nach Kalte-Stress ist so gering, daB die
‘Thermographie als den Patienten nicht belastende Methode nicht
imstande ist, die Symptomatik peripherer Nervenkompressionssyn-
drome ausreichend zu beweisen.
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MOTORISCHE EVOZIERTE POTENTIALE
(MEP) NACH NICHTINVASIVER HIRN-UND
ZERVICALELEKTROSTIMULATION BEI DER
DIAGNOSE VON ZENTRALMOTORISCHEN
STORUNGEN

Prof.Dr.sc.med.St.Baykuschev

Leiter der Neurologischen Klinik, Medizinisches Institut
4000 Plovdiv, Bulgaria

Einleitung

Die Registrierung von evozierten Potentialen aus Muskeln, Nerven und
Gehirn hat sich in den letzten Jahren zu einem untentbehrlichen
Hilfsmittel bei der Diagnose in zahireichen medizinischen Fachrichtun-
gen, wie Neurologie, Neurochirurgie, Orthopéadie, physikalische
Therapie und Rehabilitation, Padiatrie, Innere Medizin, Ophtalmologie
u.s.w. entwickelt. Neuerdings werden auch diagnostische Methoden
angewandt, die nicht nur bei der Untersuchung der Muskein und des
peripheren Nervensystems, sondern auch bei der Beurteilung zentraler
Nervenstrukiuren und des Gehirns bzw. des Rlckenmarks wertvoll
sind.

In den 70-er Jahren wurden evozierte Potentiale von Hirnrinde, Hirn-
stamm und Rlckenmark in die klinische Untersuchung der sensiblen
Strukturen eingefthrt. Die Leitung in zentralen motorischen Bahnen
blieb dagegen nicht zugéngiich. Die Forschungsarbeiten von Deecke
et al.(5) bewiesen ein pramotorisches und ein motorisches Potential bei
willkGrlichen Bewegungen und deren Veradnderungen bei zentral-
motorischen Stérungen. Spater ist es uns gelungen (2) durch Averaging
der transkranialen Ableitungen von dem motorischen Kortexgebiet
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wahrend willklrlicher Bewegung Potentiale nachzuweisen, die der
extrapyramidalen (reprogrammierbaren) und der pyramidalen (exeku-
tiven) Erregung entsprechen.

Das ist aber von groBerem theoretischen Interesse als von praktischer
Bedeutung. Das gilt besonders fur unsere Verfahren, weil die Durch-
fihrung von 500 Kontraktionen sogar flr gesunde Probanden schwierig
und fur die Paretiker fast unmoglich ist.Deshalb ist die klinische Anwen-
dung der nicht-invasiven transkranialen Kortexelektrostirmulation ein
wichtiger Beitrag zu den neurophysiologischen diagnostischen
Methoden. Die Mdéglichkeit, den motorischen Kortex beim Menschen
transkraniell mit einzelnen, elektrischen Stimuli zu erregen und als
Folge eine Kontraktion entsprechender Muskulatur zu registrieren,
wurde 1980 von P.Merton und H.Morton bewiesen (13). Eine direkte
Elektrostimulation des Kortex haben bereits G.Fritz und E.Hitzig in
Tierexperimenten im Jahre 1870 und T.Rasmussen und W.Penfied
1947 bei Menschen gemacht (15).

Die transkranielle nichtinvasive elekirische Stimulation des motoris-
chen Kortex des Gehirns wurde wahrend der letzten Jahre in der
klinischen Praxis eingefUhrt. Die Methode wird meist MEP (=motor
evoked potential) genannt. Der Zweck der Methode ist, die zentral-
motorische Leitgeschwindigkeit zu messen (4,17) und eine funktionale
Diagnocse bei verschiedenen Hirnverletzungen zu erméglichen (6,9,12,
18).

In Korrelation mit dem klinischen Schweregrad zeigen sich 3 Schadig-
ungsmuster: Latenzverlangerung und Amplituden-Reduktion, fehlende
Antwort (14).

Zunachst wurden speziell gebaute Gerate benutzt, weil eine sehr hohe
Spannung und Starke des Reizes notwendig waren. Spater war es mit
einer von N.Hassan et al 1985 entwickelten Methode mdglich (8),
industriell produzierte und in EMG-Gerate eingebaute Stimulatoren fir
diesen Zweck zu nutzen. Das ermdglichte die Untersuchung in jedem
elektromyographischen Labor.

Methodik

In unseren Laboratorien wurden am "Medicor 440" EMG Gerat gekop-
pelt mit einem "Pravetz 32" Computer, oder am "Schwarzer 2000"
registriert. Gereizt wurde mit groBflachigen Elektroden: die aktive
Elektrode - eine Elektrodenplatte von ca. 30 mm Durchmesser und
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inaktive Elektrode als Band, das wie eine Kopfbinde 1,5 mm Uber die
Linie :Ursprung der Nase-Protuberantia occ. ext. gelegt wird.

Die Ableitung erfolgte vom Thenar der kontralateralen Seite mit
Oberfiachenelektroden. Als aktive Elekirode wurde zunéchst wie Ublich
die Anode benutzt. Am Nacken/C6/ wurde als aktive Elekitrode die
Kathode mit Durchmesser 30 mm und, als inakiive Elektrode, eine
Platte 7 x 3 cm verwendet Die Ableitung folgte vom ipsilateralen
Thenar.

Die Reizparameter waren: eine Dauer von O,5 - 2 ms und eine Starke
bis zu 500 V. Manchmal wurde von anderen Muskeln abgeleitet.

Die zentrale Latenz wurde als Differenz der Reizantwort zwischen
kortikaler und spinaler Reizung bestimmt. Dieser Latenzwert wurde um
einen Faktor von 1 ms vermindert, um die synaptische Ubertragung auf
das 2.Motorneuron zu kompensieren.

Nach der Meinung A.Ludolphs et al.(11) |48t das Verhalten der
Reizantwort vermuten, daB bei der spinalen Stimulation nicht das
Rickenmark, sondern die Vorderwurzeln stimuliert werden. Ihre Erfah-
rungen weisen darauf hin, daB mit dieser Methode auch noch proximal-
motorische Defizite fir diagnostische Zwecke erfaBt werden kdnnen,
wenn bei schweren Laesionen eine zuverlassige F-Wellen-Untersuch-
ung nicht mehr méglich ist. Das ist eine zusatzliche Mdéglichkeit, die bei
peripheren Nervenverletzungen verwendet werden kdnnte.

Dartberhinaus haben wir bei Encephalopathien verschiedener Ur-
sache eine Inversion oder Ausgleichung der Anode-Kathode-Reizfor-
mel nachgewiesen (1). Im Vergleich zur Routine MEP-Methode, wurde
bei Erhdhung des Reizes an der differenten Elekirode die Polung immer
wieder gewechselt . D.h. es wurde die aktive Elektrode alternierend als
Kathode und als Anode gepolt. Bei normalen Probanden ist die kortikale
Stimulation mit der Anode die einzige, die wirksam ist. In Encephalo-
pathien verschiedener Ursachen erhalt man gleiche oder sogar be-
ssere Antworten mit der Kathode, wie wir in einer Arbeit gezeigt haben

(3).
Ergebnisse

Es wurden 10 gesunde Probanden, 13 chronische Alkoholiker und 8
Hemiparetiker untersucht. Die Patienten nach Insulten zeigten Halbsei-
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tenzeichen. Bei ihnen wurden die Ergebnisse der gesunden Seite mit
denen der paretischen Seite verglichen.

Neben einer signifikanten Verlangerung der Latenz bei den Alko-
holikern und an der paretischen Seite bei Insultpatienten im Vergleich
mit der Gruppe der gesunden Probanden wurde etwas ganz Neues
gefunden. Bei 4 von den 8 Insulterkrankten, als auch bei 5 von den 13
Alkoholikern wurde eine Ausgleichung oder sogar Inversion der Reiz-
formel bei dem kortikalen Reiz gefunden. D.h. bei jeder Erhéhung des
Reizstimulus erwies sich der Kathodenreiz gleich wirksam oder effek-
tiver als der Anodenreiz.

Wir haben auch Kranke mit multipler Sklerose, amyotropher Lateral-
sklerose und extrapyramidalen Stérungen untersucht, aber bis jetzt
keine Inversion der Reizformel gefunden.Vielleicht hangt das vom Grad
der Schadigung ab.

Diskussion

Neu in unserer Untersuchung ist der alternierende Wechsel von Anode-
Kathode an der aktive Elekitrode. Die Inversion der Reizformel ist ein
objektives Zeichen der Encephalopathie und eine neue Mdglichkeit,
diese als auch andere toxische, traumatische Encephalopathien neuro-
physiologisch zu beweisen und unter Therapie zu kontrollieren.

Die Natur der Inversion der Reizformel ist nicht klar. Doch wir kennen
ein analoges Phanomen in anderen reizbaren Strukturen, namlich bei
der Verletzung und Degeneration des Nervs und bei der Denervation
und Degeneration des Muskels (W.Erb, 1881, L.R.Rubin 1962). Sowie
die Pfligersche Zuckungsformel mit der Permeabilitdt der Zellmem-
bran und der verschiedenen Wirkung der Stromrichtung zu erklaren ist
(7), so ist vielleicht eine degenerative Veradnderung der Membran fur
die Inversion verantwortiich.

Mit der vorgeschlagenen Methode der Anode-Kathode sind neue
Moglichkeiten fir die funktionelle Diagnostik bei Encephalopathien
geschaffen. Bis jetzt wurde auch die zentrale Latenz nicht gemessen,
wenn mit der Ublichen Starke der Reize kein evoziertes Potential
gelungen war.
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Mit dem Kathodenreiz weisen wir nicht nur die Inversion der Formel an,
sondern ermdglichen die Messung der Latenz.

Die Epilepsie ist eine relative Kontraindikation flir die Methode. Es ist
bekannt, daB fir Epilepsie typische EEG-Veranderungen durch Reiz
einer Dauer von etwa 1 ms ausgeldst werden kdnnen, jedoch sind daflr
rhythmische Stimulationen notwendig.

Die absoiute Kontraindikation far die Untersuchung mit MEP ist ein
Pacemaker. Um ein evoziertes Potential mit einem niedrigen Reiz zu
ermoglichen, braucht man verschiedene facilitierende Techniken. Das
kann eine vorgehende elektrische Stimulation, eine parallel laufende
Kontraktion der untersuchten Muskulatur, eine Dehnung derselben
oder benachbarter Muskulatur oder eine Spiegelsynergie (Imitations-
synergie durch Kontraktion der Muskulatur der Gegenseite) sein.

Die zentrale Latenz ist allerdings nicht stabil und kann sich je nach der
Art der Rekrutierung der Motorneuronen und der Reizstarke um einige
Milisekunden veréndern. Unserer Erfahrung nach ist die Bahnung bei
der Hilfe der Imitationssynergie von fast keiner Verkirzung der Latenz-
zeit begleitet, sodaB sie sehr gut zur Faszilitierung der zentralmotoris-
chen Latenzmessung geeignet erscheint.

Zusammenfassend kann gesagt werden, daB die MEP-Methodik ihren
Platz in der Diagnostik der zentralmotorischen Stérungen gefunden hat.
Das neue Verfahren, welches die Inversion der Reizformel nachweisen
kann, ist eine wichtige Erweiterung der Md&glichkeiten der MEP-
Methodik.
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DISKUSSION MIT DEM AUDITORIUM

MODERATOR:Prim.Dr.0.RATHKOLB

Ludwig Boltzmann Forschungssteile fiir physikalische Diagnostik
und Institut flir physikalische Medizin im Hanuschkrankenhaus
der Wiener Gebietskrankenkasse

Diskussion zum Beitrag Ring

Prof. Dr.DITTRICH,Wien:

Sir, it is a couple of years ago that | have been in Sweden and | saw
there the Bofors camera. And | saw the possibility of diagnosis of breast
cancer, especially of women’s breast cancer. | would like to know what
is the difference in the method of Bofors camera and yours?

Dr.RING, Bath:

We used to use a Bofors camera actually because the resolution, the
quality of the picture was very good. But it is not available now, it has
been stopped being made.The Bofors camera, | can say, produced a
good-quality picture, the only difference from the newer cameras we
use now is that we now can get more resolution, more information in a
much quicker time. With a faster camera speed you do not have to worry
about the patient moving. So that is the main difference.

For the breast cancer work, | think, it is a very difficult subject. There
are people who are quite convinced that by using thermography in
addition to all the other investigations they are able to find some
abnormalities. | am not really prepared to argue that.

Prim Dr.GRABER, St.Pélten
| have a question about the temperature detection in the shoulder joint.
You know that this is a three-dimensional form. Do you think your
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thermographic index works as well in this joint, or do you think we should
make some other investigations?

Dr.RING, Bath:

Yes, | know. The changes in temperature you see on the trunk of the
body are never as big and as dramatic as they are on the extremities,
in the hands and feet. This is a fact of physiology. We have found that
by looking at a symmetry, looking at the difference in temperature from
one side to the other that it is possible to see some change. But most
of the changes we have found from this region have really been more
related to cervical problems, cervical compression.

Some work has been done to show that frozen shoulder syndrome can
produce some clear thermographic changes. 1 think it is only about 50%
successful.

Prof.Dr. BAYKUSCHEV, Plovdiv:

We have to thank you for this very informative and brilliant report. | would
like to ask you if there is some information, some experience about
possibilities that the method creates for occlusions of carotid artery. And
especially in these cases where supplementary fluid through the exter-
nal artery would replace deficit from partial occlusion of the internal
carotid artery.

Dr.RING, Bath:

Yes. Thank you. Prof. PARTSCH referred to this question. A few years
ago there was quite good and active work being done on looking at
carotid stenosis. And like DVT (deep venous thrombosis) it is more
obvious when there is a collateral circulation to see. | think the reason
perhaps it is not used so much now is that we have good ultrasound
techniques which probably provide more information and so thermo-
graphy is not used so much.But there are several centres around the
world where thermography of the face is still used with very good results
because it is a non-invasive technique and, provided you continue to
use it as a physiological indicator rather than an anatomic one, then |
think the information is valid.

Prim.Prof.Dr.PARTSCH,Wien:
Perhaps | may add some remarks concerning carotid diagnosis. | think
it is not any more worth while to do it as a screening method for detecting
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carotid obstructions but for special problems, like for instance the
problem of external-internal anastomosis done by neuro-surgeons. You
can get just beautiful pictures and together with HIRSCHL, the man who
followed me in the Hanusch Krankenhaus, we did a subject on this study
concerning extra-internal anastomosis. But as a screening method for
detecting carotid obstruction | think it is not any more worth while to do
it. We have much better methods now.

Dr SCHINDL, Wien:

Could you give us a little bit more information about the standardised
situation when you did your experiments.

Dr. RING, Bath:

Yes. We followed a procedure which is now being published in two
journals, one is the European Journal of Rheumatology and Inflamma-
tion, the other was the European Journal of Clinical Pharmacoclogy, both
of which | can send you.

The procedure for standardisation is quite simply that the room tem-
perature is controlled. The patients enter the room where the ther-
mogram is to be carried out for a period of not less than ten minutes,
preferably about 15 minutes. If you monitor the cooling of the human
body if you take off your clothes, you find that the most rapid fall in
temperature occurs in the first five minutes, and by about 15 minutes it
is beginning to flatten. it does not actually stabilise for many hours, but
the most rapid is in the first few minutes, at least on the extremities. If
you need to examine the trunk of the body, you often need a lower
temperature.

People who have been working on the spine or on the breast, the
mamma, have used 18 Celsius. Looking at the extremities, usually 20
Celsius is quite good. But again, if you are looking for vasomotor tone
or you are looking at an autonomous nervous system reaction, then you
need a higher temperature. Then 22 or 24 is used. And it is interesting
that in Southern states of USA and in Japan they use even higher
temperatures. So it has to do with thermal comfort rather than an
absolute figure.As | showed on the slides, standardise your views, your
regions of interest. Always put the patient in the same position, and then
you can compare pictures on subsequent occasions. And | think that is
the main way to standardise. But this has been described by a European
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Committee who agreed on these criteria a few years ago and it has all
been published. | would be glad to send you a copy.

Dr.SCHINDL ,Wien:

We have literature about that. But what we found is that 20 is a little bit
too low for many patients. They start freezing and then they show other
reactions of course.

Dr.RING,Bath:

Well, if it is too cold then it should be higher. In the North of Europe -
and it does vary - it has certainly been found true, in the Scandinavian
countries, the Netherlands and Northern parts of France and Great
Britain that sweating begins to occur at about 23, 24, 25 and shivering
begins at 17 or 18. But these temperatures vary with latitude and longi-
tude. And I think in Vienna You have much nicer weather than we have.

Prim.Dr.GAL,Wien:
| want to know something more about the microwave thermography.
Dr.RING:

Microwave energy is given off from the body as is infrared, but in very
much smaller quantities. It is possible to use a detector, an antenna,
which you put in contact with the skin, and you get a signal which is a
representative of body temperature. Perhaps | should use this overhead
projector.

if you put an antenna to the skin, which is sensitive in the microwave
frequencies, you will actually receive a mean temperature of a plot of
tissue, which may be 4 to 6 cm in depth. The problem with microwave
is that only at around 3 Gigahertz you do get any true penetration of
depth. At all other frequencies you are reading aimost the same depths
as in infrared.

People have been working to measure at this temperature. The
principle is attractive, the practical difficulties are enormous. We have
a system which gives a resolution of about 3 cm diameter only, and with
this you can plot across the skin and allow about one minute for each
reading and gradually construct a thermal image. The resolution is poor.
The possibilities are good because - like infrared - the technology is
improving all the time. We think that we have seen big temperature
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changes over infected hip protheses, but only in about 60% of the
known cases. Why we did not find it in the other 40% we cannot find
out. Perhaps the resolution is too poor.

But in the next few years a new technique is coming, which is very
exiting. This is microwave tomography, where natural spontaneous
microwave energy is combined with active microwave from a heat
source. It is possible like CT-scanner to do it in microwave around the
body and to construct a two-dimensional image of the temperature, for
example through the forearm, and you can see the bone, you can see
the hot marrow, you can see the vessels. Resolution is much better.
That takes about 15 minutes to just do the forearm. The technique |
think will take about four years at least to become good enough to use.
Then, | think, we see some progress in this field.

Diskussion zum Beitrag Partsch

Dr.KAINZ, Wien:

Sie haben die Korrelation zwischen der Amputationshdéhe und der
thermographischen Bestimmung angesprochen. Warum ist diese
Entsprechung nicht so gut gegeben? Sie sind darauf nicht weiter
eingegangen, kdnnten Sie das bitte erganzen.?

Prim.Prof.Dr.PARTSCH,Wien:

Die schlechte Korrelation kann dadurch erkliart werden, weil die Haut-
temperatur im Stadium 4 der arteriellen VerschluBkrankheit, also beim
Gangréan, ein sehr schlechter Indikator ist.

Wir kennen alle das Problem der heiBen GreisenfliBe.Gerade Artero-
sklerotiker mit einer peripheren Gangrén mit und ohne Diabetes haben
oft sehr heiBe FUBe. Es kommt das Problem der Dernarkation, der
entzindlichen Demarkation rund um die Gangran dazu. Also alles
zusammen Faktoren, die gerade die Hauttemperaturbeurteilung, die
wir mit dem Thermogramm sehr schdn erfassen kdnnen, als sehr
schlecht geeigneten Parameter fir die optimale Amputationszone her-
anziehen koénnen. Etwas, was uns in diesem Zusammenhang offenbar
viel besser AufschluB gibt, ist die transkutane Sauerstoffmessung.
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Diese scheint wesentlich bessere prognostische Aussagen zu ergeben
als die Hauttemperaturmessung.

Diskussion zum Beitrag Ammer

Dr.KAINZ,Wien:

Die Messungen, die Sie Uber dem Ulnaris- und Medianusinnervations-
gebiet durchgefuhrt haben, waren das punktférmige Messungen oder
haben Sie das Uber Regions of Interest gemacht?

Dr.AMMER,Wien:

Ich kann leider vorerst nur punktférmig messen, ich habe aber versucht,
weitgehend an identen Stellen innerhalb der genannten Zonen zu
messen. Wenn ein MeBgebiet unterschiedliche Temperaturen zeigte,
wurde versucht, durch mehrmalige Messung innerhalb der Zone eine
mittlere Temperatur zu gewinnen. Unser Gerat kann leider noch keine
Regions of Interest festlegen, was eine derartige Messung nicht nur
einfacher, sondern auch genauer machen wurde.

Dr.KAINZ, Wien:

Besteht ihrer Meinung nach die Méglichkeit durch eine Erhéhung der
Zahl von untersuchten Patienten und eine Messung mittels Regions of
Interest das unginstige Ergebnis fir die Thermographie zu verbes-
sern?

Dr.AMMER,Wien:

Mdglicherweise ja, die Untersuchung lauft ja noch weiter. Die vorge-
stellten Ergebnisse sind sicher noch nicht endguiltig.

Es gibt ja zu unserem Gerat seit neuestem ein Computerauswertungs-
programm, das Regions of Interest definieren und vermessen kann.
Jedenfalls werden wir diese Fragestellung weiter verfolgen. Bereits
jetzt scheint sich aber abzuzeichnen, daB der Vergleich der Temperatur
einzelner Finger die besser diskriminierende Methode ist als der
Temperaturvergleich zwischen den gesamten Innervationsgebieten.
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Rathkolb/Diskussion

Diskussion zum Vortrag Baikoushev

Prim.Dr.RATHKOLB,Wien:

ich méchte Dich fragen, ist die Anzahl der Patienten aussagekraftig,
um Rackschlisse auf Veranderungen des ersten Zentralneurons zu
ziehen?

Prof.Dr.BAYKUSCHEV,Plovdiv:

Ja, ich glaube das die Zahl ausreichend ist. Ich mdchte noch etwas zu
dem peripheren Motorneuron sagen. An der 32.Tagung der deutschen
EEG- Gesellschaft in Ludwigshafen hat LUDOLF darlber berichtet. Er
meint, daB bei denjenigen Patienten, bei denen die F-Welle keine
Aussagen erlaubt, man durch die nicht-invasive Elektrostimulation am
Nacken auch noch informationen fir das motorische Defizit finden
kann. Das heiBt die spinale Stimulation erlaubt in diesen Fallen doch
noch eine Beurteilung des Motorneurons.

Prim.Dr.RATHKOLB,Wien:

Ich glaube, wir haben eine interessante Veranstaltung absolviert und
eine Reihe von Anregungen fUr die Weiterentwicklung der Thermo-
graphie und der Technik der evozierten Potentiale erhalten. Ich be-
danke mich vielmals bei allen Teilnehmern, bei den Vortragenden und
bei den Mitarbeitern, die mich unterstitzt haben.
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Editorial

Past and future of Thermology international

The Past

Preceded by proceedings of thermology symposia [1,2]
organised by the Ludwig Boltzman Research Unit for
Physical Diagnostics, the first issue of Thermology international,
was published in May 1991. The journals name was at that
time “Thermologie Osterreich”, cooperating publishers were the
Austrian Society of Thermology and the Ludwig Boltzman
Research Unit for Physical Diagnostics. 100 copies of the
first issue have been printed, most of them have been
distributed to the participants of the 4th Thermological
Symposium of the Austrian Thermology Society. In the
newly founded journal, this meeting was well documented
by abstracts [3] and full versions of talks [4] presented at
this and previous symposia [5].

Already in 1993, Thermologie Osterreich became the official
publication organ of the European Association of Thermo-
logy, changed its name in 1997 to “Eurgpean Journal of
Thermology” and finally in 1999 to Thermology international .
The historical development of the journal was described at
the 23rd Thermological Symposium of the Austrian
Society od Thermology [6]. 1 want to update the citation
history reported in 2010.

Meanwhile Thermology international (all former names
included) received 176 citations in Thompsons database
ISI. . Figure 1 shows the annual numbers of citations
received. Most cited paper with 29 hits is a tutorial that
describes conditions, equipment and indications for infra
red thermal imaging in medicine [7]. In my own archive,
paper was cited in total 109 times including journals, books
and theses.

2010 10 10.786% m
20071 17 9858% m
2004 16 g% m
2005 16 giE1% m
2012 15 3533i% nm
2011 14 T85% 0
2008 12 788% m
2007 11 82E0% 0
200 11 8X0% nm
1863 g a114% 1

Figure 1
Annual citations for Thermology international

Kurt Ammer

Austrian Society of Thermology, Vienna, Austria

In my own archive, 204 cited papers (65 for Thermuologie
Osterreich, 17 for the European Journal of Thermolggy, 121 for
Thermology international) received in total 867 citations. The
second rank in most cited papers is by James Mercer &
Louis d Weerd on the effect of Infrared-A irradiation on
skin temperature and skin blood flow [8§].

The Future

As the production of one printed issue of the journal costs
about 2200.- Euro, the current issue, number 4 of volume
22,2012, is the last one which appears in print. From 2013
on, Thermology international will be published as an elec-
tronic internet based journal. This will reduce cost of
production and allows to publish colour images or videos
without extra costs.

This change of production will not affect the journal’s
function as publication organ of the American Academy
of Thermology, the Brazilian Society of Thermology, the
Polish Society of Thermology and the UK Thermography
Association (Thermology Group). As the Austrian Society
of Thermology will stop all activities by the end of 2012,
the European Association of Thermology will remain the
only responsible publisher.

Authors interested to publish their work may submitt their
papets to the editors email address KAmmer1950@aol.com.
Decision on acceptance with or without amendments will
be available within 4 weeks after submission

From 2013 the journal will only be available from the
website of the journal at http//www.uhlen.at/ thermo-
logy-international. Access to the journal will only be pos-
sible after the EAT membership fee or the subscription rate
have been paid. A pay-per-view service for current and back
issues of the journal, also a facility for online subscription,
both based on PayPal will become available.

Finally, the long announced DVD containing all issues of
Thermologie Osterreich, European Journal of Thermo-
logy and Thermology international plus the proceedings
of the 1st and 2nd Thermological Symposum of the
Austrian Society of Thermology, the proceedings the Bath
conference 1994 [8] and all 3 volumes of the computed list
of papers on thermology and temperature measurement
[9,10,11] will become available by December 2012. This
archive of thermology papers can be purchased for
100.-Euro. Please use the order form on page 164 of this issue.

135








Thermology international 22/4 (2012)

References

1. Rathkolb O, K Ammer (Hrg) Thermographie-evozierte
Potentiale, LB tur Physikalische Diagnostik, Figenverlag, 1959

2. Ammer K., O.Rathkolb (Hrg) Kontaktthermometrie,
Thermographie Osterreichische Gesellschaft fiir Thermologie
LBF fir Physikalische Diagnostik, Figenverlag, 1990

3. 4.Thermologisches Symgosium in Wien am 25.Mai 1991.
Thermologie Osterreich 1991, 1(1) 29-32

4. Dachs E, Schartelmiiller T, Ammer K. Temperatur von
Kaltluft zur Kryotherapie und Verinderungen der Hauttem-
peratur am Kniegelenk nach Kaltluftbehandlung Thermologie
Ostet- reich 1991;1(1)9-14

5. Ammer K. AThermogra{)hie nach gipsfixierter Radiusfraktur
Thermologie Osterrreich 1991; 1(1) Z%:lg

6. Ammer K. Thermology international- 20th anniversary.
Thermology international %O 10, 20(4): 147-148

7. Ring BF], Ammer K The technique of thermal imaging in
medicine. Thermology international 2000; 10/1: 7-14

8. Mercer | B, de Weerd L. The effect of water-filtered infrared-A
(wIRA) irradiation on skin temperature and skin blood flow as

136

evaluated by infrared thermography and scanning laser Doppler
imaging. Thermology international 2005, 15(3) 89-94

9. Ammer K., EFJ Ring (eds): The Thermal Image in Medicine
and Biology, Uhlen-Verlag, Wien, 1995

10. Ammer K, Published Papers on Thermology or Tem-
perature Measurement between 1989 and 2003. http:// www.
uhlen.at/thermology-international/index.html

11.Ammer K, Published Papers on Thermology or Tem-
perature Measurement between 2004 and 2005. http:// www.
uhlen.at/thermology-international/index.html

12. Ammer K, Published Papers on Thermology or Tem-
perature Measutement between 2006 and 2011 http:// www.
uhlen.at/thermology-international /index.html

Address for correspondence

Prof Dr Kurt Ammer PhD
Austrian Society of Thermology
Hernalser Hauptstr 209/14
1170 Wien/ Osterreich







Review

Temperature of the human knee — a review

Kurt Ammer

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

SUMMARY

BACKGROUND: Temperature measurement of the knee joint has a long tradition in medical thermometry. However,
neither a standard for recording knee temperature nor agreed values of knees in healthy subjects or in articular disease are
available.

AIM OF THE STUDY: To compute available data on knee temperature from the literature including the conditions of
temperature recording, measurement sites and temperature values.

METHOD: A literature search was performed in the databases Medline and Embase using the search terms “skin
temperature or intra-articular temperature” and “knee”. Only papers written in English or German related to humans
were considered for inclusion. The following data were extracted from included papers: Surface (skin) temperature,
intra-articular temperature, site of measurement for skin or intra-articular temperature, measurement device, number of
investigated knees, diagnosis of investigated subjects, biographic data of investigated subjects, room temperature, time of
acclimatisation. If possible, temperature values were pooled if they have been recorded under similar conditions.

RESULTS: In total, the database included temperature measurements from 3463 knee joints, comprising data from 876
healthy subjects, 629 patients with osteoarthritis (OA), 512 patients with rheumatoid arthritis (RA), 67 patients with non
rheumatoid and other non specified inflammatory arthritis have been investigated. 86 patients suffered from joint inflam-
mation caused by trauma, and 96 patients had various injuries of ligaments and other fibro-cartilagenous tissues of the
knee. 131 temperature measurements were performed during surgery and 285 after surgery. 33 patients suffered from algo-
dystrophy, 200 patients were investigated during or after various methods of cryotherapy and 50 subjects during heat treat-
ment. Only pattern description without temperature values was reported in 5700 other subjects with various knee disor-
ders.

Based on contact temperature measurements, the mean temperature of the anterior knee in healthy subjects was 30.5 *
1.1°C. Determined with radiometers, the corresponding mean temperature was 28.7 £ 0.6°C (95% confidence interval:
27.9 to 29.5). In thermal images from healthy subjects, the mean temperature of the anterior knee was 29.5 + 1.6°C (95%
confidence interval: 28.5 to 30.5°C) and 33,1 + 0.0 °C of the posterior knee. The side difference of temperature was 0.2 +1°C
for both the anterior and the posterior knee.

Mean intra-articular temperature varied between measurements recorded during knee surgery (29.9 £ 4.4 °C; 95%
confidence intetval: 23.0 to 36.8), in patients with rheumatoid arthritis (35,1 £ 0.7 °C; 95% confidence interval: 34.2 to
36.0°C) or osteoarthritis (33,5 2,7°C; 95% confidence interval: 30.1 to 36.9) and healthy subjects (32.6 £ 0.9°C; 95%
confidence interval: 31.5 to 33.7).

Measurements with contact thermometers revealed in patients with rheumatoid arthritis a mean temperature of 32.5
0.9°C (95% confidence interval: 31.4 to 33.9°C) for the anterior knee, while the corresponding temperature recorded with
infrared thermal images was 30.5 = 0.8°C (95% confidence interval: 27.8 to 33.1°C). In osteoarthritis patients, contact
thermometers obtained a mean anterior knee temperature of 31.3 £ 1,3°C and temperature measurements from infrared
thermograms revealed a mean temperature of 30.7 + 1.3°C (95% confidence interval: 29.4 to 32.0 °C).

CONCLUSION: Knee temperatures vary with respect to the method of temperature determination and between different
health conditions of the knee joint. Moreover, mean knee temperature describes the condition of the knee incompletely
and should be supplemented with a description of the temperature distribution.

KEY WORDS: knee, temperature, theumatoid arthritis, osteoarthritis, healthy subjects

DIE KNIETEMPERATUR DES MENSCHEN - EIN UBERBLICK

HINTERGRUND: Die Temperatumessung am Kniegelenk besitzt eine lange Tradition in der medizinischen Thermo-
metrie.. Trotzdem findet sich weder eine standardisiertes Vorgehen zur Temperaturmessung am (oder im ) Kniegelenk
noch existieren allgemein akzeptierte Temperturwerte der Knie von gesunden Personen oder von Patienten mit definier-
ten Gelenkerkrankungen.

ZIEL DER STUDIE war es, die vothandenen Daten iiber die Knietemperatur einschlieSlich der Messbedingungen, der
Messstellungen und der Temperaturwertee aus der Literatur zusammen zu tragen.

METHODE: Es wurde eine Literatursuche in den Datenbanken Medline und Embase unter Verwendung der Suchbe-
griffe “skin temperature (Hauttemperatur)* oder ”intra-articular temperature (intraartikulidre Temperatur”) und “knee
(Knie) ” durchgefiihrt. Es wurden nur Untersuchungen am Menschen beriicksichtigt, die in englischer oder deutscher
Sprache veroffentlicht wurden. Folgende Daten wurde aus den Publikationen extrahiert: Oberflichen - (Haut) Tempera-
tur, intra-artikulidre Temperature, Messstelle fiir die Bestimmung der Hauttemperatur oder der intraartikuldren Messge-
rit, Anzahl der untersuchten Knie, Diagnose der untersuchten Personen, biographische Angaben der untersuchten
Personen, Raumtemperatur, Akklimatisationszeit. Die Temperaturwerte wurden zusammengefasst und gemittelt, wenn
sie unter dhnlichen Bedingungen erhoben worden waren.
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ERGEBNISSE: Ingesamt enthilt die Datenbank Temperaturmessungen von 3463 Kniegelenken, die Daten von 876 ge-
sunden Personen, 629 Patienten mit Arthrose, 512 Patienten mit rheumatoider Arthritis, 67 Patienten mit nicht rheuma-
tisch bedingter Arthritis wurden untersucht, 86 Patienten litten an traumatisch bedingter Gelenkentziindung. und 96
Patienten boten Vetletzungen der fibro-kartilaginiren Binnenstrukturen des Kniegelenks. 131 Temperaturmessungen
wurden wihrend und 285 nach gelenkchirurgischen Eingriffen durchgefiihrt. 33 Patients waren an Algodystrophie er-
krankt. 200 Personen wurden wihrend unterschiedlichen Verfahren der Kryotherapie, 50 Personen wihrend einer Wir-
metherapie untersucht. Bei weiteren 5700 Personen mit unterschiedlichen Kniegelenkserkrankungen wurden lediglich
die Muster der Temperaturverteilung, jedoch keine Temperaturwerte berichtet.

Bei Messung mit Kontaktthermometern betrug bei Gesunden die mittlere Temperatur an der Vorderseite des Knie-
gelenks 30,5 £ 11°C. Bei Bestimmung mit einem Radiometers waren die entsprechende Durchschnittstemperatur 28,7 £
0,6°C (95% Vertrauensbereich: 27,9 to 29,5). In Wirmebildern von gesunden Personen betrug die mittlere Temperatur an
der Vorderseite des Kniegelenks 29,5 +1,6°C (95% Vertrauensbereich: 28,5 to 30,5°C) und 33,1 + 0,0 °C an der Riickseite
des Knies. Der Seitenunterschied war an der Vorder- und Riickseite des Knies 0,2 +1°C.

Die durchschnittliche intra-artikulidre Temperatur unterschied sich in Abhingigkeit, ob die Messungen wihrend eines
chirurgischen Eingriffs (29,9 * 4,4 °C; 95% Vertrauensbereich: 23,0 bis 36,8), bei Patienten mit rheumatoider Arthritis
(35,1£ 0,7 °C; 95%Vertrauensbereich: 34,2 bis 36,0°C), Arthrose (33,4% 2,7°C; 95% Vertrauensbereich: 30,1 bis 36,9) oder
gesunden Personen (32,6 £ 0,9°C; 95% Vertrauensbereich: 1,5 bis 33,7) durchgefiihrt worden waren.

Messung mit Kontaktthermometern fanden bei Patienten mit rheumatoider Arthritis eine Durchschnittstemperatur von
32,5 £ 0,9°C (95% Vertrauensbereich: 31,4 bis 33,9°C) an der Vorderseite des Knies, wihtend die entsprechenden
Temperaturen in Infrarot-Wirmebildern 30,5 £ 0,8°C (95%Vertrauensbereich: 27,8 bis 33, 1°C) betrugen. Bei Arthrose-
patienten, zeigte die Kontaktthermometrie an der Vorderseite des Kniegelenks eine mittler Temperatur von 31,3 + 1,3°C,
in Infrarotthermogrammen wurde die Durchschnittstemperatur mit 30.7 £ 1.3°C (95% Vertrauensbereich: 29.4 to 32.0 °C)
bestimmt.

SCHLUSSFOLGERUNG: Die Knietemperatur variert in Abhingigkeit von der Methode der Temperaturbestimmung
und bei unterschiedlichen Gesundheitszustinden. Dariiberhinaus beschreibt die mittlere Knietemperatur den Zustand
des Kniegelenks unvoll stindig und sollte mit einer Beschreibung der Temperaturverteilung erginzt werden.

SCHLUSSELWORTER: Knie, Temperatur, rheumatoide Arthritis, Arthrose, gesunde Personen
Thermology international 2012, 22(4) 137-151

Introduction

Temperature measurement of the knee joint has a long e Surface (skin) temperature
tradition in medical thermometry. Intra-articular temperature
measurements of the were reported 1949 by Horvath &
Hollander [37], case reports on thermal infrared imaging ® site of measurement for skin or intra-articular temperature
of the knee joint appeared in 3 articles [2,9,13] of the °
proceedings of symposium on medical thermography
organised by the New York Academy of Sciences in 1963.
Despite numerous papers reporting skin or intra-articular e diagnosis of investigated subjects
temperature of the human knee joint, neither a standard
for recording knee temperature nor agreed values of knees
of healthy subjects or in articular disease are available.

® intra-articular temperature

measurement device

e number of investigated knees

® biographic data of investigated subjects
® room temperature

The aim of this review is to compute available data on time of acclimatisation

knee temperature from the literature including the condi-
tions of temperature recording, measurement sites and
temperature values.

Method

Aliterature serach was performed in the database Medline
and Embase using the search terms “skin temperature® or
“intra-articular temperature” and “knee”. The findings
were completed with a hand search in the literature archive
of the author. Only papers written in English or German
related to humans were considered for inclusion. Case re-
ports of single patients were excluded as the minimum
sample size of case series for inclusion was 3 subjects .

Titles and abstracts of the identified papers were read and
if sufficient information was available from the abstract,
the full version of the publication was retrieved. The
following data were extracted from included papers:
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If possible, temperature values were pooled if they have
been recorded under similar conditions.

The Thermal index (TT) as described by Collins & Ring, was
converted to mean temperature values by adding 26° to the
TI. In case of TI percentage and the given reference of
28°C for 50%, the reported TI% were converted accord-
ingly (100% equal to 33°C).

Results

The search in Medline and Embase obtained 131 hits. After
removing papers related to “peripheral occlusive artery dis-

ISP E]

ease”, leg ischemia”’edema”, “erythema”, “skin ulcer”,

PEINT3

wound healing”, “diabetes mellitus”, “postoperative compli-
cation”, ”chronic disease”, “shivering”, and “hyperhermia”, 52
papers remained. The abstracts of these papers were read and
papers not reporting temperatures of the knee joint region

were excluded. Full text versions of the remaining papers were







retrieved, but in case that the full text version was not available,
these papers were added to the excluded material. Reasons for
exclusion are listed in table 1. In one non retrieved paper some
data could be extracted from the abstract . From the original
search remained 32 papers in the database. Hand search in the
literature archive of the author obtained another 50 publica-
tions.

Investigated Subjects

In total, the database included temperature measurements
from 3463 knee joints, comprising data from 876 healthy
subjects, 629 patients with osteoarthritis (OA), 512 patients
with theumatoid arthritis (RA), 11 patients with non rheu-
matoid inflammatory arthritis such a peripheral involve-
ment of ankylosing spondylitis (SpA), M Behcet and gout
and 65 other non specified inflaimmatory arthritis were in-

Review

vestigated. 86 patients suffered from joint inflammation
caused by trauma, and 96 patients had various injuries of
ligaments and other fibro-cartilagenous tissues of the knee.
131temperature measurements were performed during sur-
gery and 285 after surgery. 33 patients suffered from algo-
dystrophy, 200 patients were investigated during or after
various methods of cr yotherapy and 50 subjects during
heat treatment. All tables with the suffix “a” 2 show refer-
ence number, author, year of publication, sample size,
gender and age of participants, diagnosis and objective of
studies. Tables labelled “b” list the name of the measure-
ment device, measurement site, acclimatisation time, room
temperature and temperature values. Table 2is dedicated to
healthy subjects, table 3 lists the respective data for patients
with osteoarthritis, table 4 shows findings for rheumatoid
arthritis and other inflammatory joint diseases and table 5

Table 1
Excludes Studies
Reference Author. Year of Reason for exclusion
’ publication
1 Adam 1985 Not retrieved
3 Albrecht 1997 Baseline knee temperatures not reported
5 Arnold etal 1989 | NPl e bt souid mof seltea tohealth condione e
7 BenEliyahu 1992 Knee joint temperature not reported
10 Calvisi et al 2008 Knee joint temperature not reported
17 Darsow 1988 Not retrieved
18 Davidson 1979 Plausible knee joint temperature not reported
23 Farage 2010 Knee joint temperature not reported
24 Felhendler 1996 Knee joint temperature not reported
25 Fries 1990 Knee joint temperature not reported
27 Guadagni 1974 Not retrieved
31 Hayden 2003 Insufficent reporting of temperature
32 He etal 2008 Knee joint temperature not reported
39 Janik et al 2007 Knee joint temperature not reported; case report
43 Kladny 2005 Knee joint temperature not reported;
48 Marsh 1996 Knee joint temperature not reported;
50 Martin M 2002 Case report
52 Martin S 2002 Absolute knee joint temperature not reported
57 Mora 1999 Knee joint temperature not reported; case report
61 Parrini 2002 Knee joint temperature not reported; case report
63 Pelletier 1987 Case report
66 Rice 1989 Knee joint temperature not reported
80 Smith 1997 Not retrieved
81 Tanaka 1976 Not retrieved
82 Tanavalee 2111 Knee joint temperature not reported
88 Vardasca et al 2012 Knee joint temperature not reported
93 Yietal 2011 Knee joint temperature not reported
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Table 2a
Healthy subjects

Age
Ref. Author Sas?;lgle males | females | (meantSD, Diagnosis objective
range)
et Investigation in symmety of
86 Uematsu 1985 32 ? ? ? Healthy subjects temperature distribution
. Investigation in symmety of
87 Uematsu 1988 14 ? ? ? Healthy subjects temperature distribution
e Investigation in symmety of
28 Goodman 1986 31 17 14 20-50 Healthy subjects temperature distribution
L 47.96% 1.49 . Evaluation of pain threshold
33 Hendiani 2003 27 6 21 31-73 Healthy subject in chronic arthropathies
Evaluation of automated
34 Herry 2004 14 ? ? ? Healthy subjects | computerised assessment of
thermal images
Investigation in symmety of
96 Zhu 1999 223 138 35 42,5+ 8.8 | Healthy subjects temperature distribution
85 Uchio 2003 20 10 10 21-28 Healthy subjects | Evaluation of cryotherapy
37 Horvath 1949 4 4 32-44 Healthy subjects Investigation in joint
’ temperature
37 Horvath 1949 4 4 32-44 Healthy subjects Invest“ga“on 10 joint
) emperatur
e Evaluation of cryotherapy
59 Oosterveld 1992 42 16 26 20+2 Healthy subjects and thermotherapy
. Investigation in knee joint
6 Becher 2008 6 6 29.3 Healthy subjects | petature during sports
. -, . Investigation in
30 Haimovici 1982 140 ? ? ? Healthy subjects ‘oint ter%l perature
91 Warren 2004 12 5 7 26 Healthy subjects | Evaluation of cryotherapy
42 Kim 2002 20 15 5 332%#6182 ! Healthy subjects | Evaluation of cryotherapy
42 Kim 2002 20 | 15 5 955057 | Healtby subjects | Bvaluation of cryotherapy
40 Janssen 1988 15 ? Healthy subjects | Evaluation of cryotherapy
75 Schmidt 1979 15 ? ? ? Healthy subjects | Lvaluation of cryotherapy
’ ’ ’ ¥ subj and thermotherapy
et Investigation in knee
56 Menard 1980 50 ? ? ? Healthy subjects joint temperature
38 Ibrahim 2005 18 10 8 202_638 Healthy subjects | Evaluation of cryotherapy
14 Coughlin 1987 16 16 ? Healthy subjects | Diagnosis of algodystrophy
: Correlation WOMAC and
4 Ammer 1998 10 10 33.1 £10.3 | Healthy subject knee temperature
et Investigation in knee
22 Engel 1978 246 ? 44 ? Healthy subjects joint femperature
- - Investigation in
11 Collins 1976 ? ? ? Healthy subjects ‘oint ter%lperature
. e Investigation in
12 Collins 1976 32 ? ? ? Healthy subjects ‘oint temperature
. el Investigation in
67 Ring 1976 60 ? ? ? Healthy subjects joint temperature
i - Investigation in
68 Ring 1980 200 ? ? ? Healthy subjects ‘oint temperature
15 Dachs 1991 5 Healthy subjects | Evaluation of cryotherapy
. . investigation 1
65 Rajapakse 1981 8 ? ? ? Healthy subjects jorilgfsteg? peC;I;tl?re
61.9£8.8 . Correlation between thermo-
20 Denoble 2010 15 15 4876 Healthy subjects graphy and radiography
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Table 2b
Healthy subjects
Ref. Measurement device Measurement site Acclimati- Room temperature value
sation time | temperature
86 | Thermography system A“t(e;;‘t’guﬁ)ﬂee ; : Side-to-side diff. patella: 0.23 + 0.17 °C
InfraEye 160 Thermogra- Anterior and . o Side-to-side diff. ant. knee: 0.23 £ 0.17°C
87 phy system (Fujitsu% Posterior knee 20 min 23-26°C Side-to-side diff.post. knee: 0.12 £ 0.1°C
28 | Dorex® thermograph | Right and left lateral| 5 5 i | 20 540.5°C | Side-to-side diff. lat. knee 0.28 +0.12°C
ower extremity.
Infrared thermometer lateral inferior aspect . . . o
33 Entest, Inc., Carrollton, TX of knee P 2 ? Side-to-side diff.: 0.3 £ 0.1°C
- Anterior and . o Side-to-side diff. ant. knee: 0.12 = 0.13°C
34 AGA Thermovision 680 posterior knee 15 min 23°C Side-to-side diff.post. knee: 0.15 £ 0.12°C
Right anterior knee: 30.4 £ 0.89°C
i, . Right posterior knee: 33.1 £ 0.58°C
96 | Thermoyision® 470 Pro | Anteriorand 30 min 25°C Left anterior knee 30.4+ 0.88°C
Left postetior knee:33.1 £ 0.58°C
Side-to-side difference: 0.0 £ 0.8°C
. Anteromedial aspect 5 o ° Male: 26.7 £ 1.3°C
85 Skin thermometer of the knee : 17.6°-20.4°C Female:25.8 + 1.9°C
Thermocouple or Intra-articular under .
37 thermist%r the patella 30 min 24°C Male 32.4 = 0.6°C
Thermocouple or Skin temperature . .
37 oo of pftena 30 min 24°C Male: 30.6 + 1,2°C
59 Exacon C-F04.30 catheter | intra-articular lateral 30min | 21.2 + 0.7°C 32.5 4 0.4 °C
temperature probe joint cavity
Thermocouple probe; Intra-articular medial . .
6 Model I'T-18, Physitemp aspect ofthe knee 2 19°C Right knee: 31.4 £
Digital thermometer Intraarticular . o o
30 ailey BAT 8 C suprapatellar pouch 60min () | 224£1°C 328+ 1.1°C
Model IT-18, Physitemp, Intraarticular .
91 Clifton, New Jersey suprapatellar pouch 2 ? Median 33.5°C
k-wire thermostat, Barnant Intra-articular o
42 90,Barrington, 1. lateroanterior aspect 2 26-28°C 339 %13
.. Anterior knee
] b _ (e} +
42 | Thermovision 900, Agema flexed 90 : 26-28°C 31.8 1.0
Infrared radi medial joint cleft
nfrared radiometer lateral joint cleft o . °
40 Thermopil Ultrakust lower border of pa- ? 22°C Mean of all 3 measurements:28.0 £ 1.1°C
tella
mid of patella
: bove patella .
Heimann 2 P : Mean right knee: 29.0% 0.4
& radiometer KT 41 lateral of gjﬁgﬂ; 13 min 18-22 Mean left knee 29.07+0.24
lateral poplitea
Thermometer, type TE3
(Ellab Instruments, Copen- : : )
56 hagen), thermocouple skin mid of patella 5 min 21-25°C 30.3 £0.9°C
applicator, type H2,
Mon-a-therm adhesive skin ,
38 probes (Mallinckrods) Gerdy’s tubercle ? ? 32.0 £0.9°C
- Anterior and . o Side-to-side diff. ant. knee: 0.26 £ 0.05°C
14 AGA 680M thermovision posterior knee 15 min 20°C Side-to-side diff.post. knee: 0.25 &+ 0.04°
Total knee Total knee: 31.4 £0.8
Suprapatellar . ° Suprapatellar: 31.840.7
4 Agema 870 Scanner Infrapatellar 15 min 20°C Infrapatellar:31.5 +0.9
patella Patella: 31.5+0.9
22 Zeiss Ikotherm Anterior knee 10 min 20-23°C Mean knee: 29.36:11.09
11 Bofors Scanner Anterior knee 20°C Mean knee:27.5 £ 0.4
12 Bofors Scanner Anterior knee 20min 20°C Mean knee:27.5
67 Bofors Scanner Anterior knee 20°C Meanknee 27.65 £1.13
68 Bofors Scanner Anterior knee 20°C Mean knee: 27.8 £ 0.4
: Patella, medial and . Before cooling:
15 Hughes Probeye 4000 lateral joint line 15min 24°C Patella. 30.4 °C
65 AGA Thermovision 680 Lateral knee 30 min 20°C Lateral knee, mean: 29.8 + 1.8
20 Meditherm Med2000™ Anterior knee 10 min 23.1°C 30.6 £0.8°C
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Table 3a
Osteoarthritis
Sample Age : : :
Ref. Author sizg males | females | (mean®SD, Diagnosis objective
range)
. . Latent Investigation in
30 Haimovici 1982 52 ° : ° osteoarthritis joint temperature
. . Active Investigation in
> ? ? nvestg
30 Haimovici 1982 78 r : ; osteoarthritis joint temperature
- Investigation in joint
37 Horvath 1949 6 6 48-67 Osteoarthritis temperature
s Investigation in joint
37 Horvath 1949 6 6 48-67 Osteoarthritis temperatur
Investigation in occurrence
64 Qiu 2011 56 19 37 5559_’780 50 ?AT’ 2 RA of deeF venous thrombosis
after arthroplasty
76 Schneider 1997 18 8 10 66110 Osteoarthritis Trial with hyalronic acid
71 Romano 40 28 12 5633_';5/8 Osteoarthritis | Postoperative management
73 - Postoperative management
55 Mehra 2005 19 12 7 4485 osteoarthritis of arthroscopy
. - Evaluation of pain threshold
33 Hendiani 2003 27 4 23 532+ 2.1 Osteoarthritis in chronic arthropathies
44 Kraeff 1995 13 ? ? ? Osteoarthritis Evaluation of cryotherapy
» Postoperative management
54 Mayr 1995 4 Osteoarthritis %f arthroplast%f
4 Ammer 1998 29 7 22 | 540%114 | ostcoarthrids | Correlaton WOMACand
nee temperature
. . Investigation in
68 Ring 1980 200 Osteoarthritis joint temperature
61.919.2 » Correlation between thermo-
20 Denoble 2010 15 15 46-76 osteoarthritis graphy and radiography
. 70 o Postoperative management
29 Haidar 2006 32 10 22 50.85 osteoarthritis of arthroplasty

the results from measurements during and after arthrotomy
or arthroscopy.

Table 6 shows 5 studies that did not report mean tempera-
tures, but employed pattern description instead. The largest
of these studies reported examples from a database of
approximately 5000 thermal images of various disorders of
the knee recorded over 25 years [97].

Site of temperature measurement
Intra-articular

13 studies performed intra-articular temperature measure-
ments of the knee joint [6, 16, 26, 30,37,42, 51,60,64,73,
76,91, 95]. The suprapatellar pouch[16, 26,30,73,91] and
the lateral gutter [20,51] were the preferred localisation of
intra- articular thermometers. 2 studies measured the tem-
perature inside of the tibial bone during bone surgery, 2 and
3mm away from the cutting surface [46,47].

Figure 1 shows the mean intra-articular temperatures £
95% confidence interval of 224 healthy subjects, 156
patients with rheumatoid arthritis, 210 patients with
osteo- arthritis and 101 subjects during arthroscopy.

Subcutaneous temperature

1 study measured the subcutaneus temperature above the
patella during postoperative cryotherapy and compared it
to then non operated knee [16].
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Skin temperature

Skin temperature was determined in 15 studies with con-
tact thermometers [6,29,30,35,36,37,38,42,49,56,59,60, 62,
85,91]. 5 Publications reported skin temperature measure-
ments with radiometers [33,40,44,55,75] and the remaining
19 studies applied infrared cameras [4,11,12,14, 15,20,21,

| | |
healthy subject 32.60+1,11
theumatoid arthritis | IO | 35.06:0.9

osteoarthritis 33.4+34
arthrotomy | n=101 — . | 29.88+6.94
| |
000 1000 2000 30,00 40,00
Mean temperature
Figure 1

Mean intra-articular knee temperatures £95% confidence in-
terval of healthy subjects, patients with rheumatoid arthritis
or ostearthritis and during arthrotomy
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Table 3b
Osteoarthritis
Ref. Measurement device Measurement site Acclin&atisation Room temperature value
me temperature
Digital thermometer Intra-articular : o o
30 ailey BAT 8 C suprapatellar pouch 60 min (?) 2x1°C 329 £0.9°C
Digital thermometer Intra-articular : o o
3 ailey BAT 8 C suprapatellar pouch 60 min (?) 2+1°C 36.1£1.2°C
37 | Thermocouple or thermistor Inflg";‘flgcgﬁén‘;n‘ 30 min 24°C Female 34.5 + 0.6°C
Thermocouple or Skin temperature . o . o
37 thermistor of patella 30 min 24°C Female: 32.2 = 1.2°C
Intra-articular:
Thermocouples, Tse Company, | suprapatellar bursa suprapatellar bursa: 29.0 £ 0.9
64 Nanﬁng, China Intra-articular: 22-24 popliteal fossa:29.4 = 0.8
popliteal fossa
Licox temperature probe Intra-articular, site . )
76 ((EJMS) not reported 2 ? Intra-articular: 34.8 2.0
NEC-AVIO ThermoShot Anterior knee 5 5 - . +
n 308 digital telethermocamera. | (supine position) j ; Prior to surgery: 32.2 *1
Genius First Temp 2 points upper bor- . .
55 Monitor er of the patella, ? ? Prior to surgery:30.8
Infrared thermometer lateral inferior . . .
33 Entest, Inc., Carrollton, TX aspect of knee i i Side-to-side diff.: 0.5 £0.1°C
Surface Temperature Scanner 5 5 5 o
44 Omega Medical Corp ) ) ) 28°C
Before surgery
Patella gery
54 NEC Thermotracer suptapatellar 15 min 20°C Patella 12196 s 1-6_T_C
infrapatellar suprapatellar:: 29.0 *1.1
infrapatellar: 29.7 £1.5
Total knee Total knee: 31.8 £1.1
Suprapatellar . o Suprapatellar: 31.8 +1.1
4 Agema 870 Scanner Infrapatellar 15 min 20°C Infrapatellar:32.0 0.8
patella Patella: 31.5+1.2
68 Bofors Scanner Anterior knee 15 min 20°C 29.4 £ 1.0°C
20 Meditherm Med2000™ Anterior knee 10 min 23.1°C 30.6 £0.9°C
digital pocket surface .
29 | thermometers (PT-100C, Superomedial : E Before surgery:30.4°C
Sealed Unit Parts Co. Inc,) O the patetia

22, 28,34,42,62,65,67, 68, 54, 71,86,87,96]. The anterior
knee was imaged in 15 of 19 thermal imaging studies, 1
study imaged only the lateral knee [65], and in another
paper the lateral aspect of both lower extremities was
imaged. 1 publication reported addiditonal images of the
medial and the lateral joint line [15], and in 3 studies images
in the posterior view of the knee were also recorded [14, 34,
87]. Thermal images for pattern description were recorded
in the lateral view with the kne 90° flexed [19; 20, 74, 97]. 2
papers reported also anterior views, 1 with the knee 90°
flexed [20] and the other with the knees fully extended [97].

Contact temperature measurements were performed at
the superomedial, superolateral, inferomedial, and infero-
lateral border of the patella [36], (somewhere) over the
patella [37], at the mid of patella [49, 56], above the patella
[29, 62], , lateral and medial of the patella [62], at the medial
joint cleft [60], at Gerdy s tubercle [38] and at the anterio-
medial aspect of the knee [85].

The localisation of spot measurements by radiometers
was the lateral inferior aspect of the knee [33], the medial
[40] and the lateral joint cleft [40], the lower border of the

patella [40], the mid of patella [75], above the patella [55,
75], medial and lateral of the patella [75], and the lateral
poplitea [75] .

Regions of interest, different in shape and size, were used
for determination of knee temperature from thermal images
One paper derived the mean temperature of the knee from
multiple spot temperature measurements [15, | another one
from line scans [22].

Pattern description of heat distribution

Salisbury defined the normal heat pattern of a joint “as one
in which there is a negative gradient from the centre fo the periphery of
the joint without localised areas of increased temperature. In general
this gradient is in the order of 2-3°C* [74]. The author used the
relative frequency of 64 gray levels representing a tem-
perature range of 10°C inside of a defined region of
interest as measure for heat distribution. The heat dis-
tribution index (HDI)was defined as mean relative fre-
quency * standard de- viation. The normal pattern shows a
mean of 19 + 3.0 gray levels equal to 3.0 = 1.0°C. Inflamed
joints present with a mean of 39 * 9 gray levels which is
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equivalent to 7.9 £ 2°C. However, absolute values for the
HDI of normal and inflamed knees have not been re-
ported by the author.

Devereaux et al. mentioned that in normal knees the
patella acts as a heat shield visible on the anterior view,
whilst on the medial view a gradual cooling from thigh and
calf muscle towards the patella can be observed (21).Vujic
based the “normal pattern of knees” on (a) thermal
symmetry over the knees; (b) the knees were colder than
the adjacent areas; (c) a narrow temperature isotherm
produced a well shaped oval central prepatellar zone or, in
adipose subjects a well shaped line tending from the su-
perolateral towards the inferomedial part of the knee
(89).Gabrhel (97,98) did not provide an explicit descrip-
tion of the temperature distribution over the knee of
healthy subjects, but based his definition of “normal pattern”
on a study, which he has published together with H.Tauch-
mannova (99) in which the temperature distribution of
knees of healthy subjects have been described “as hypo-
thermic region over the patella on the anterior view.”.

Patients with patellofemoral arthralgia presented on the
anterior view with an increase of heat medially beside the
patella, and an increase in heat atising from the patella and
radiating into the vastus medialis muscle on the medial
view. (21). High temperature around the patella was also re-
ported by Gabrhel in patients with patellofemoral osteo-
arthritis (97). Vuijic based the thermographic diagnosis of
chondromalacia patellae on (a) themal asymmetry; (b) nat-
rowing, irregular form or diminishing of the prepatellar
zone of more than 50%; (c) isotherms spreading from the
adjacent areas (except that of varicose veins) over the
prepatellar zone (89).

Gabrhel described 1995 different thermal patterns in young
athletes with knee pain. Local hyperthermia was related to
painful tendon and ligament insertions, mostly caused by
overuse. Four other patterns such as diffuse heat, warm
patella, hot spots over the condyli and horseshoe-shaped
hyperthemia either above or below the patella have been
described, but not related to clinical symptoms (97). In
recent review based on 5700 investigations, patterns of

Table 4a
Rheumatoid arthritis
Sample Age
Ref. Author izp males | females | (mean*SD, Diagnosis objective
see range)
: .~ Rheumatoid Investigation in
30 Haimovici 1982 104 g ° ? arthritis joint ter%lperature
Rheumatoid Investigation in joint
37 Horvath 1949 13 7 6 18-71 arthritis temperatute
Rheumatoid Investigation in joint
37 Horvath 1949 13 7 6 18-71 arthritis temperatu
Inflammatory . i
60 Oosterveld 1994 3 | 22 | 19 | 619115 | arthritis (33RA, | Dvaluation of cryotherapy
4 OA, 2 SpA) and thermotherapy
Inflammatory :
60 Oosterveld 1994 39 22 19 | 619% 115 | arthritis (33RA, | Dvaluation of cryotherapy
4 OA, 2 SpA) and thermotherapy
Rheumatoid Investigation in knee
26 Menard 1980 13 ’ ’ ’ arthritis joint %emperature
1 Collins 1976 6 E E E Rheumatoid | y1uon of NSAR therapy
. Rheumatoid Evalution of intra-articular
12 Collins 1974 8 g g ? arthritis corticosteroids
35 Hoeft 1988 5 | 39 17 I Inflammatory | g yaluation of cryotherapy
. Rheumatoid | Evaluation of pain threshold
33 Hendiani 2003 28 4 24 469+ 23 arthritis in chronic arthropathies
Rheumatoid Evalution of intra-articular
62 Paterson 1978 9 arthritis corticosteroid
Rheumatoid Evalution of intra-articular
62 Paterson 1978 9 arthritis corticosteroid
. . Investigation in
68 Ring 1980 200 Osteoarthritis joint P perature
Undifferentiated | Correlation WOMAC and
4 Ammer 1998 8 3 > 5314179 arthritis knee temperature
14 Coughlin 1987 33 7 26 3%753 algodystrophy | Diagnosis of algodystrophy
. . Traumatic Investigation in
30 Haimovici 1982 8 ? ’ ’ arthritis joint ter%lperature
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temperature distribution have been related to the under-
lying diagnosis in patients with knee pain (98). Juvenile
rheumatoid arthritis shows diffuse heat with maximum
over the joint cleft. “Growth pain” is characterised by a
cold patella and high temperature over the medial and
lateral 1 condyli of femor or tibia, respecvtively. Tumonr
growh :shows hot spots over the growing tumour. In
patients with hydrops or haemarthros: high temperature
over recessi, decreasing over time, may be observed. In
-flammatory arthritis is presenting with diffuse heat with
maximum over the joint cleft, hot patella, osteoarthritis
shows also diffuse heat with maximum over the joint cleft,
but the over the patella is less intensive than in inflam-
matory arthritis. Sympathetically maintained pain is
characterised by low temperature over the total knee.

Mean knee temperature
Healthy subjects

The mean temperatures varied with respect to the applied
measurement technique and the site of measurement.
Mean intra-articular knee temperature was 32.6 + 0.9°C
(95% confidence interval: 31.5 to 33.7°C). Based on con-

Review

tact temperature measurements, the mean temperature of
the anterior knee in healthy subjects was 30.5 + 1.1°C.
Determined with radiometers, the corresponding mean
temperature was 28.7 £ 0.6°C (95% confidence interval:
27.9 to 29.5). In thermal images from healthy subjects, the
mean temperature of the anterior knee was 29.5 + 1.6°C
(95% confidence interval: 28.5 to 30.5°C) and 33,1 = 0.0 °C
of the posterior knee. The side difference of temperature
was 0.2 £1°C for both the anterior and the posterior knee.

Osteoarthritis

Intra-articular temperature was 33.4 + 2.7°C with lower
values in patients with latent osteo arthritis 32.9 +0.9°C
than in patients with inflamed osteoarthritis 35.8 £ 1,5.[30].
In 38 osteoarthritis patients, contact thermometers ob-
tained a mean antetior knee temperature of 31.3 £ 1.3°C.
Measurements with an infrared radiometer found a mean
temperature of 30.8°C in a small sample of 19 patients.
Temperature measurements from infrared thermograms
revealed a mean temperature of 30.7 £ 1.3°C (95% con-
fidence interval: 29.4 to 32.0 °C).

Table 4b
Rheumatoid arthritis
Ref. Measurement device Measurement site Agclim.atisa- Room temperature value
ion time | temperature
Digital thermometer Intra-articular . o o
30 ailey BAT 8 C suprapatellar pouch 60 min () | 22 £1°C 358 £1.5°C
Thermocouple or Intra-articular un- . o Female 34.7 £ 0.7°C
57 thermistor der the patella 30 min 24°C Male: 34.0 £ 0.9°C
Thermocouple or Skin temperature . Female: 33.4 = 1.8°C
57 thermistor of potella 30 min 24°C Male: 32.8 + 0.7°C
Exacon C-F04.30 catheter Intra-articular . 21.5 £
60 temperature probe lateral joint cavity 30 min 0.7°C 35.6 £ 0.4°C
Exacon C-F04.30 catheter | skin medial joint . 215 % °
60 temperature probe line 30 min 0.7°C 32.3£05°C
Thermometer, type TE3
(Ellab Instruments, Copen- : : o o
56 hagen), thermocouple skin mid of patella 5 min 21-25°C 32.2 £1.8°C
applicator, type H2,
11 Bofors Scanner Anterior knee 20°C 29.3 £ 0.8°C
12 Bofors Scanner Anterior knee 20 min 20°C 29.8°C
35 Thermocouples upper border of : ? 31.4°C
patella
Infrared thermometer lateral inferior . . . o
33 Entest, Inc., Carrollton, TX | aspect of knee 2 ° Side-to-side diff.: 1.3 £ 0.3°C
. . Prior to injection
+ [e]
62 Bofors Anterior knee 15 min 20 £ 1°C Side-to-side diff: 1.2 + 1.3°C
. Medial, lateral and . o Prior to injection
62 Ellab DU-3 Thermistor superior of patella 15 min 20 £ 1°C Side-to-side diff: 2.3 + 2.5°
68 Bofors Scanner Anterior knee 15 min 20°C 30.2 £ 1.2°C
Total knee Total knee: 321.8 £1.3
Suprapatellar . ° Suprapatellar: 32.5 1.2
4 Agema 870 Scanner Infrapatellar 15 min 20°C Infrapatellar:32.8 1.3
patella Patella: 32.71£1.4
Side-to-side diff. ant. knee: 0.65 = 0.1°C
- Antetior and . o SEM
14 AGA 680M thermovision postetior knee 15 min 20°C Side-to-side diff.(})oost. knee: 0.61 +
0.09°SEM
Digital thermometer Intra-articular . o o
30 ailey BAT 8 C suprapatellar pouch 60 min () | 22%£1°C 352+ 14°C








Thermology international 22/4 (2012)

Table 5a Arthroscopy and arthrotomy

Age
Ref. Author Sarir;p le | males | females (meantSD, Diagnosis objective
s1ae range)
. meniscal tear,
: 39.4+16.4 osteoarthritis, | Evaluation of cryotherapy
= Martin 2001 17 13 4 18-76 loose body plica, after arthroscopy
chondromalacia
95 Zaffagnini 1998 30 Evaluation of cryotherapy
26 Glenn 2004 16 8 8 1 5-319 recmﬁgﬁc tion | Evaluation of cryotherapy
46.9 meniscal tear,
73 Sanchez-Inchausti 2005 30 19 11 18-72 osteoarthritis, Evaluation of cryotherapy
j loose body
16 Dahlstedt 1996 8 5 3 a %_541) recorﬁgﬁc tion | Evaluation of cryotherapy
: : Postoperative pain
49 Martin 2008 38 n.r n.r n.r. Knee arthroplasty mahagement
71 Romano 2011 40 28 12 5633_?8 Knee arthroplasty| Postoperative management
55 Mehra 2005 20 13 7 4 1—38 5 Knee arthroplasty| Postoperative management
36 Honsawek 2011 49 40 9 67.8 + 1.1 |Knee arthroplasty| Postoperative management
54 Mayr 1995 16 2 14 72.3 £5.1 |Knee arthroplasty| Postoperative management
: 70 o Postoperative management
29 Haidar 2006 32 10 22 50-85 osteoarthritis of arthroplasty
Table 5b Arthroscopy
Ref. Measurement device Measurement site Acclimati- Room temperature value
sation time | temperature
51 thermocouple probe intra-articular lateral gutter 53;8 17 5 At start of cooline: 25.5 +1.4°C
(Model I'T-18,Physitemp) of the knee. n ’ Start of cooling: 239 ==
of surgery
digital thermometer Intraarticular: . o
% ischer Scientific intercondylar notch ’ ’ At start of cooling:34.8 £ 1.0°C
Intra-articular
85t0155
thermocouple probe suprapatellar pouch : . 5
26 (Model IT-18,Physitemp | intra-articular lateral gutter | o of ? Atsstart of cooling: 27.0°C
of the knee surgery
Intra-articular 2374+0,21 o
73 PT 100 (Intersa) suprapatellar pouch ? 5C 3221 0.3°C
6 hours after surgery(cooled knee)
Intra-articular Median skin temperature:
Ther . suprapatellar pouch After 24(20-28)°C
16 e.?:]ols\ff_nlsg s subcutaneous: above operation ? Median subcutaneus
NiCr-Ni(K) suprapatellar pouch | (60-70 min) temp.32(27-34)°C
Skin: above patella ligament Median intra-artic..temp:
35(32-36)°C
49 @Trgfgglgﬁﬁgtnggc)_ Mid of patella : 22°C 31,5+ 0.3 (SEM)°C
NEC-AVIO ThermoShot 1st day after surgery: 35.3+1.2°C
7 F30S dioital Anterior knee 5 5 3rd day after surgery36.7£1.5°C
! gia (supine position) ) : 7thday after surgery 35.2+1.8°C
telethermocamera Y gery
13th day after surgery:33.740.8°C
2 o border of th 1 week after surgery: 35.3+1.2°C
55 | Genius First Temp Monitor |~ PO UPPEr porder of the ? ? 6 weeksy after surgery36.7+1.5°C
p ’ 18 weeksafter surgery 35.24+1.8°C
Operated knee
divital pocket surf; superomedial, superolateral, after 2 weeks: 36.3 = 0.3
36 & ti I;?HC ren Stur ace inferomedial, inferolateral ? ? after 6 weeks: 36.0 = 0.8
crmometers border of the patella after 14 weeks_35.8 £ 1,2
after 26 weeks: 34.3 + 1.7
Patella Operated knee, patella
54 NEC Thermotracer suprapatellar 15 min 20 After 2 weeks: 31.8 £ 1.1°C
S T after 8 weeks: 30.3 +1,5
P after 16 weeks: 29.6 1.3
dlgltal pocket Surface . Prior to Surgery: 3040(:
29 ghelrmome.ters (PT-100C, Stgp:}:fggigﬁ 7 days after surgery:34.0°0C
ealed Unit Parts Co. Inc,) 6 weks after surgery: 32.0°C
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Table 6a
Pattern description
Sample Age . . o
Ref. Author size | males | females | (meantSD, Diagnosis objective
range)
. : 41.5 B Investigation in
74 Salisbury 1983 368 30 30 13-79 Healthy subjects joint temperatute
. : 46.65 Inflammatory arthriis Investigation in
4 Salisbury 1983 322 » >0 15-75 (82RA, 2 SpA, 1 Behcet) joint temperature
19 De Silva 1986 20 7 13 o8 Rheumatoid arthritis Asscssment of
23.3 . Thermography of
20 Deveraux 1986 30 18 12 11.61 patellofemoral pain patellofemoral pain
.y . Th hy of
89 Vujcic 1891 157 62 95 15-59 Chondromalacia patellae patgﬁfgf‘;‘fnfgfr’afp‘;m
14.4 Young athletes with knee Thermography of
97 Gabthel 1995 137 % 41 12-17 pain; healthy controls knee pain
Growth pain
knee injuries
osteoarthritis, theumatoid| Assisting diagnosis in
98 Gabrhel 2012 ~5000 ? ? 6(2)-80(?) arthritis combination with
tumour, bursitis ultrasound imaging
Sympathetically
maintained pain
Table 6b
Pattern description
Ref. Measurement device Measurement site | £xcclimati- Room temperature value
sation time | temperature
AGA Thermovision 680 Lateral knee, . ° Heat distribution index (HDI)
74 medical system 90° flexed 15 min 20£05°C Values not reported
AGA Thermovision 680 Lateral knee, . ° Heat distribution index (HDI)
4 medical system 90° flexed 15min 120 £05°C Values not reported
AGA Thermovision 680 Lateral knee, . ° Heat distribution index (HDI)
19 medical system 90° flexed 15min | 20£05°C mean: 1.254 +0.361
Diffuse heat in osteoarthritis and
rheumatoid arthrits:
2 AGA Thermovision 680 | Anterior and lateral 15 min 20°C Patelofemoral pain: Increased heat medial-
medical system knee, 90°flexed ly beside the patella (anterior view)
Heat arising from the patella and radiatingi
nto the vastus medialis muscle (medial view,
Chondomalacia patella:
.. . . narrowing, irregular form or diminishin,
89 AGﬁlt}éﬁrr?o‘?stl?g 780 | Anterior a?d POSEELIOL | 15 min 18-20°C | of the prepatellar zone of more than 50%;
cdical syste view and isotherms spreading from the
adjacent areas over the prepatellar zone
Painful tendon insertions: local hyperthermia
AGA th sion 780 | Anteri d . Inflammation: diffuse heat, warm patella
97 thermovision nrenor and pOsterior | 5 iy 23%£1°C | Other patterns: hot spots over the condyli
medical system knee in full extension . /
Horseshoe-shaped hyperthemia above or
below the patella
Juvenile rheumatoid arthritis: diffuse heat
with maximum over the joint cleft
“Growth pain”. Cold patella, high
temperature over the medial and lateral 1
condyli of femor or tibia respecvtively
Tumour growth: hot spots over the
AGA 780, Anterior and posterior growing tumour
Raytek Ti30 knee in full extension : ° Hydrops or haemarthros: high
%8 Flzlke Ti32 Medial and lateral 15 min 23¢1°C temperature over recessi, decreasing over
Fluke Ti32 knee 90° flexed time
Inflammatory arthritis:diffuse heat with
maximum over the joint cleft, hot patella
Osteoarthritis: diffuse heat with maximum
over the joint cleft, warm patella
Sympathetically maintained pain: low
temperature over the total knee
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intra-articular contact thermometer IR thermography
Figure 2

Inflammatory arthritis: mean anterior and intra-articular knee
temperatures = 95% confidence interval

Intra-articular measurements: n=293 (including 85 traumatic
arthritis plus 78 inflamed osteoarthritis,

contact thermometry: n=95

Infrared thermography: n=222

Inflammatory arthritis

Measurements from 110 patients with rheumatoid arthritis,
85 patients with traumatic arthritis and 78 subjects suf-
fering from inflamed osteoarthritis were cumulated for the
mean intra-articular temperature of inflaimmatory arthritis
(figure 2). Contact thermometry obtained 2 degrees higher
surface temperatures than infrared thermography.

Knee temperatures during and after knee surgery

Intra-articular temperature measured during knee surgery
showed a wide range of variation: 29.9 £ 4.4 (mean *
standard deviation) 95% confidence interval: 22.0 to 36.8).
After surgery, the side difference between the operated and
the non operated knee was less than 0.5 degrees after 9
weeks [45], 90 days [71], 18 weeks [55], 10 months [54] or
12 months [29]. A normal side temperature difference was
not achieved 26 weeks after surgery in one study [30].

Discussion

This is the first attempt to cumulate temperature measure-
ments from the human knee performed at different sites,
with different equipment, in healthy subjects and in pa-
tients with various knee disorders.

Highest intra-articular temperatures were observed in
rheumatoid inflammation of the knee, while the mean
temperature of healthy knees differed from osteoarthritic
knees only by 0.8°C. The lowest temperature values were
reported during arthrotomy, which might be caused by the
environtmental temperature in the operation room and due
to cleansing procedures during surgery.

Irrespectivly whether healthy or diseased subjects have
been investigated, higher surface temperatures were re-
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corded with contact measurements than by single spot
measurements with a radiometer or an infrared thermo-
graphic camera. The difference between intra-articular tem-
perature and the surface temperature obtained by contact is
approximately 2 degrees in healthy subjects and patients
with osteoarthrits, but 2.7 degrees in inflammatory arthritis.
In the latter disease, the difference between intra-articular
and thermographiocally obtained surface temperature may
be as much as 5 degrees.

This paper has also some limitations. Firstly, the data search
might have been incomplete. Not accessed papers and
papers in published in other languages than English and
German might have provided important temperature data.
Secondly, pooling of temperatures was performed with
disregard to the environmental conditions and acclimati-
sation times. However due to small samples, data cumu-
lation without neglecting these conditions would not have
been possible. The same argument must be used for poo-
ling mean temperature values from differently shaped and
sized measurement areas. Finally, comparison of surface
temperatures, obtained by contact or radiometric thermo-
metry, with intra-articular temperatures across different
samples of patients, provide only a rough estimation of the
relationship between intra-articular and surface tempera-
tures or between contact and radiometric temperature
measurements, respectively. An accurate assessment of the
relationship of temperatures in different layers of knee
tissue can only performed when the various measurement
methods are applied in parallel within one sample of
investigated knee joints.

In conclusion, knee temperatures vary with respect to the
method of temperature determination and between dif-
ferent health conditions of the knee joint. A temperature
gradient from the joint cavity to the knee surface in the
magnitude of 2 to 3(5)°C is supported by this analysis. The
mean surface temperature of the knee describes the
condition of the knee incompletely and should be sup-
plemented with a description of the temperature distri-
bution
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Cold provocation improves breast cancer detection with

IR thermography- A pilot study

E. Ladperi ', A-L. Ladperi' , M. Strakowska °>, B. Wiecek °, P. Przymusiala’
1 Tampere University Hospital, Finland, 2 Technical University of LLodz, Poland, 3 Termowizja S.A., Lodz, Poland

SUMMARY

BACKGROUND: Previous studies applying infrared thermography for breast cancer detection have shown promising
results.We assumed that the reaction for cold provocation differs in healthy and cancerous tissue. In this study we used
cold provocation and movement correction in order to enhance the result.

MATERIALS AND METHODS: The cancer patients for the study are from a preliminary investigation made in Tampere
University hospital. Three out of nine patients examined were suitable for this study. We used a microbolometric uncoo-
led camera IRvox384 thermal camera developed at Technical University of Lodz for medical applications. We cooled the
breasts for 15 seconds and then a sequence of 300 images was recorded with the frame rate of 2 frames per second. The to-
tal recording time was 150 s.

RESULTS: We found higher time constant over cancerous areas than over healthy tissues. It means that the reaction of af-
fected tissuefis slower after thermal excitation . The temperature recovery to baseline readings takes a longer time over
cancerous tissue than in normal, unaffected tissue.

CONCLUSIONS: These unexpected findings of high time constants must be confirmed in alarger sample of breast can-
cer patients. We also need to establish standard procedures for the imaging sessions so that the results could be repeated
as precisely as possible.

KEY WORDS: breast cancer detection, thermal excitation, cold provocation

KALTEPROVOKATION VERBESSERT DIE ENTDECKUNG VON BRUSTKREBS MITTELS INFRAROT-
THERMOGRAPHIE- EINE PILOTSTUDIE

HINTERGRUND: Friihere Studien zur Brustkrebserkennung mittels Infrarotthermographie haben vielversprechende
Ergebnisse geliefert. Wir postulieren, dass die Reaktion auf eine Kilteprovokation an gesunden und karzinomatdsen
Gewebe unterschiedlichist. In dieser Studie wurden Kilteprovokation und eine Bewegungskorrektur eingesetzt, um die
Ergebnisse zu verbessern.

MATERIALS AND METHODS: Die Krebspatienten stammen aus einer vorliufigen Untersuchung, die im Uni-
versititsspital in Tampere durchgefiihrt worden war. Drei von neun Patienten waren fiir diese Pilotstudie geeignet, Wir
verwendeten eine ungekithlte mikrobolometrische Infrarot-Kamera IRvox384 , die an det Technischen Universitit Lodz
fiir medizischen Anwendungen entwickelt worden waren. Nach 15 Sekunden langer Kiihlung wurde eine Serie von 300
Bildern wurde bei Bildrate von 2 Bildern pro Sekunde aufgezeichnet. Die Aufzeichnungsdauer betrug 150 Sekunden.

RESULTS: Hohere Zeitkonstanten wurden tiber karzinomatésen Gewebe als iiber gesunden Gewebe gefunden. Das
heil3t, dass die Reaktion des erkrankten Gewebes auf thermische Reize verlangsamt ist und deshalb die Erreichung der
Ausgangstemperatur linger braucht.

SCHLUSSFOLGERUNG: Diese unerwarteten Ergebnisse langer Zeitkonstanten bedarf einer Bestitigung in einer
groBeren Gruppe von Patientinnen mit Brustkrebs. Auflerdem miissen Standards fiir die Aufzeichnung der Warmebilder
entwickelt und eingehalten werden, um die Ergebnisse mit bestméglicher Prizision wiederholen zu kénnen.

SCHLUSSELWORTER: Brustkrebserkennung, thermische Reizung, Kilteprovokation
Thermology International 2012, 22(4) 152- 156

Introduction

Breast cancer is the most common cancer among women diation or contrast media and must not be repeated

nowadays [1]. It’s very important to diagnose the cancer in
an early stage, as e the chance of being cured is 96.3% for
tumours less than 2 cm diameter and absent affection of
lymph nodes, but the 5 years survival rate decreases to
82,2% in tumours with 2 to 4.9 cm diameter and unin-
volved lymph nodes.|2]. Very often early detection is not
possible using traditional methods such as mammography,
magnetic resonance imaging (MRI) or ultrasonography
(USG) [3]. Some of these investigations require ionizing ra-
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frequently, figure 1.

Screening for breast cancer is primarily based on mam-
mography and secondarily on magnetic resonance imag-
ing (MRI) and medical ultrasonography (USG). The ad-
vantage of using mammography is its high specificity is (up
to 99,5 %) and disadvantages are that it requires radiation,
it is uncomfortable to the patient due to the compression
of the breasts, and the fact that the density of the breast tis-
sue affects the sensitivity. MRI has good sensitivity (up to







100 %) and specificity (up to 95 %), but it is expensive, it is
time consuming, and requires the application of contrast
medium. USG generates a lot of false positive results, but
shows good specificity in dense breast tissue. [4]

Due to the non-invasive and, harmless nature of infrared
thermography IRT, many trials have been performed to de-
tect and evaluate breast cancer with infrared cameras. A re-
cent study used an artificial intelligence programme to
evaluate infrared images for the detection of breast cancer
in small sample of 106 women who underwent biopsy with
65 malignant and 41 benign findings. IR resulted in an over-
all diagnostic sensitivity for breast cancer of 70% and a
specificity of 48%., butin small subgroup 21 women under
the age of 50 with 9 cancers in total the diagnostic sensitiv-
ity increased to 78% and specificity to 75 % [5].

The rationale to detect cancer with IR imaging is based on
the fact that metabolic activities of healthy and cancerous
tissue differ from each other. Cancer cells exhibit an in-
creased capacity for lactate production as the result of aer-
obic glycolysis, whilst normal, healthy cells depend on
oxidative phosphorylation to synthesize ATP [6]. Very sim-
plified, this results in the fact that tumour cells need mor
glucose but less oxygen than healthy subjects. One limiting
factor of tumour growth is perfusion, therefore the tu-
mour may stimulate vasculogenesis. The differences in dis-
tribution of perfusion ate visible in thermography. [1]

Most of the previous studies are based on asymmetric
distribution of thermal or texture features (signatures)
obtained from infrared images [7-10]. Typically, healthy
women have a symmetrical temperature distribution on
both breasts, figure 2, [11, 12].

During thermographic measurements it is very important
to keep the same environmental conditions. Duration of
preparation of subjects being investigated, environmental
conditions such as a defined and stable room temperature,
body positions during image recording and the field of view
of the body part of interest must be standardised. [13-10].

In most cases, the static distribution of temperatures on
the breast surface is recorded, and typically cancerous tis-
sue presents with spots of high temperature as shown in
figure 3 [17]. Reliable measurements of absolute skin tem-
perature are difficult to perform, because the skin tempera-
ture depends on many different factors.

This was the main argument to investigate dynamic chan-
ges of temperatures after cooling the skin instead of mea-
suring the absolute tempertures .over cancerous and heal-
thy breast tissue .

Materials And Methods

It is assumed that cancerous tissue has different thermal
time constants than unaffected, healthy tissue. The breast
cancer had been defined with mammogtraphy and/or ultra-
sound, and biopsy before IR-imaging, The breast cancer
was localized from mammography images
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The skin of the breast of the patients was cooled for about
15 seconds using a 5mm thick cooling gel pad., which has
been stored in a refrigerator foranhourat 4°C. The cool-
ing pad was set directly on the skin covering both breasts,
and was removed before IR imaging. Both breasts were
cooled to compare the recovery time after cooling.. Mea-
surements were performed for the entire breasts, but mo-
tion correction was applied to the selected regions of
interest (ROIs.) [18,19]

We measured over time the temperature difference to the
baseline temperature recorded immediately after remov-
ing the gel, and we plotted recovery curves. Exemplary ima
ges from a set of a few hundred recorded for each patient,
are presented in figure. 4. A small square region of interest
with 16 pixels was defined, fig.ure 3 [20, 21].A sequence of
300 images was recorded at a frame rate of 2 frames per
second. The total recording time was 150 s.

The approximation using the exponential function was the
next step of the data processing. An example of approxi-
mation is presented in figure. 5.
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Figure 5.
Approximation of measured temperature recovery curve with
exponential function

We assume the single thermal time constant model of the
skin. It denotes that the temperature evolution is time can
be expressed by the equation (1).

T

T=T[1-¢> | (1)

where Ts is the temperature after full recovery and is the
thermal time constant describing the thermal inertia.

The preliminary investigations have been performed as the
result of scientific cooperation of Finnish and Polish
Technical Universities in Tampere and Lodz. Measure-
ments have been made in Tampere University Hospital
using microbolometric uncooled camera IRVox384 ther-
mal camera developed at Technical University of Lodz for
medical applications.
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Figure 1 Figure 2
Imaging of breast cancers using mammography (A) and MRI (B) Breast Thermal Image of an healthy woman

4

Z

Figure 3.
Breast cancer thermal images, the cancer locatioon position is marked (W)

-

Figure 4.
Breast cancer thermal images, frames no. 1, 32 and 300, sampling rate 0.5 s, total recording time 150 s.
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Table 1. Characteristics of the tumors

. Tumor size
Patient Tumor type (pathology) Grade
B5 Ductal 8 mm 1
B6 Ductal 14 mm 2
B7 Lobular 20 + 10 mm 2
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Figure 7.
Temperature evolution for breast cancer tissue after cold

Table 2.
Single thermal time constant model parameters for 3 cases of
breast cancer
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Figure 8.

Temperature evolution for healthy tissue after cold

Table 3.
Single thermal time constant model parameters for 3 cases of
healthy tissue

Case Ts, °C t, s

B5 35,5 9.2

B6 35,3 18.1

B7 32.8 27.5
Results

During the investigation 9 cases of breast cancer were
examined. Only 3 of them are reported in this work. The
main characteristics of the patients' tumours are sum-
marized in table 1 .

The temperature evolution after cold provocation in breast
cancer is shown in the diagrams of figure 7. Figure 8
presents the corresponding rewarming curves of healthy
tissue. Table 2 lists the parameters of thermal time con-
stants of breast cancer patients, table 3 those constants of
healthy tissue.

Case Ts, °C 1,8

B5 35,2 7.9

B6 348 9.4

B7 344 10,5
Discussion

It is obvious, that the value of time constant is higher in
cancerous cases. [t means that the reaction of unhealthy tis-
sue for thermal excitation is slower. and temperature re-
covery takes a longer period of time. Infrared radiation
from the human skin is closely related to the width of
superficial vessels. Dilatation of these vessels leads to
higher blood flow, a bigger area for heat dissipation and
therefore to higher temperature on the skin surface. How-
ever in the current study, the blood vessels induced by
tumour growth react to a cold challenge similarly as pa-
tients suffering from Raynaud’s phenomenon who are
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thermographically characterised by prolonged temperature
recovery after cold exposure [22]. This findingis in contrast
to the behaviour of other tumours such as malignant
melanoma after applying a cold challenge. Di Carlo [23] and
recently Santa Cruz et al [24] and Herman & Pirtini Cetingu
[25]reported quick recovery of the surface temperature of
melanomas after a short period of cooling,

Our preliminary results of rewarming patterns of cancer-
ous breast tissue must be confirmed in a greater sample of
patients with diagnosed cancers. Temperature measure-
ments should be done very precisely taking into account
environmental condition and other standard procedures in
order to repeat the measurement correctly.

Next step in our investigation is to extract parameters from
the thermal model of human tissue which will suit to the
experimental results. Then we will be able to do classifica-
tion for healthy and unhealthy cases in automatic and quan-
tified way.
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Short paper

A Method For Whole-Body Skin Temperature Mapping In

Humans

D. Fournet '*, B. Redortier * , G. Havenith '

! Loughborough University, Environmental Ergonomics Research Centre, Loughborough, UK
2 Oxylane Research, Thermal Comfort Sciences, Villeneuve d”Ascq, France

SUMMARY

The described method provides a novel way to quantitatively and qualitatively report thermographic assessments of
different humans. It combines a segmentation of defined body regions as well as a morphing technique in order to produ-
ce skin temperature body maps regardless of anthropometry and body position. This mapping method can be suitable for
the creation of a skin temperature database of healthy individuals in various situations and environments.

KEY WORDS: Segmentation, temperature mapping, database

EINE METHODE ZUR AUFZEICHNUNG DER HAUTEMPERATUR DES GESAMTEN MENSCHLICHEN
KORPERS

Die beschriebene Methode bietet eine neuartig quantitative und qualitative Bewertungt thermographischer Befunde von
unterschiedlichen Personen. Es kombiniert eine Segmentierung der definierten Kérperregionen mit einer Morphing-
Technik zur Herstellung Hauttemperatur-Karten, die unabhingig der Anthropometrie und Kérperposition sind. Diese
Kartenerstellung eignet sich fiir die Schaffung einet Hauttemperatur-Datenbank gesunder Personen in verschiedenen

Situationen und Umgebungen.

SCHLUSSELWORTER: Segmentierung, Temperatur-Kartenerstellung, Datenbank

Introduction

Infrared thermography is a powerful tool with the great po-
tential of mapping the skin over large areas of the human
body. Large body views are beneficial for many fields of re-
search. In the field of sport, thermographic studies often
report their quantitative findings by regions of interest
(ROI) arbitrarily obscuring the natural variation of skin
temperature. Furthermore, they usually display a single
thermogram only, questioning its representativeness for se-
veral participants. A processing technique enabling the
joint analysis of several thermograms can take advantage
of the thermographic mapping potential by providing po-
pulation-average whole-body maps of skin temperature.
The purpose of the described method is therefore to ob-
tain human maps representing the average values of alarge
population.

Challenges

Inter-individual variability in body dimensions and intra-in-
dividual variability in body position during repeated infra-
red measurements correspond to the two main challenges
when several thermograms must be aligned for mapping.
The proposed method aims at overcoming the above issues
using a specific image processing technique inspired by the
work on human hands [1] and applied to the whole human
body.

Procedure

The image processing method was entirely custom made
under MATLAB. It combines a standardised segmentation

with 51 ROI (based on superficial muscles) and a morphing
procedure required to average several thermograms.

A) Participant is standing in an anatomical position follo-
wing the body views 1 and 2 of the Glamorgan protocol [2]
in a controlled environment.

B) Each thermogram is processed using image registration
using 133 control points (CP) over the whole body. An au-
tomatic mask of CP from the reference image is positioned
over the input image. CP are then manually adjusted to the
defined anatomical landmarks.

C) CP coordinates are used for image morphing using a 3
order polynomial algorithm transformation. This mor-
phing is performed adequately to a reference body shape,
defined a priori as the participant with the population medi-
an values (height, weight, body fat). Anthropometrical cha-
racteristics are standardised without losing the spatial in-
formation of the original thermogram. Selected morphed
thermograms of a population can then be averaged to crea-
te various whole-body maps.

Outcomes and Application

Quantitative results (mean, min, max, median, standard de-
viation) are obtained for 51 ROI. Quantitative results (skin
temperature distribution) can also be visually observed via
the population-average absolute whole-body map of skin
temperature (Figure 1A). Averaging pixels over the entire
body gives a true estimation of the mean skin temperature
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anterior posterior

anterior posterior

Figure 1

Population average absolute (A) and relative (B) whole-body maps of skin temperature after 40 minutes of running at 70% in a
10°C environment for a group of healthy males after morphing individual images of 12 patticipants onto a reference body shape.
Relative body maps are obtained by dividing the absolute body map by the group mean skin temperature at this specific stage. A

value of 1 corresponds to the group mean skin temperature.

158







for the group. This body mean skin temperature is then
used to obtain a population-average relative whole-body
map of skin temperature (Figure 1B). Our first results
highlight the importance of exercise-specific active mus-
cles (calves, hamstrings) as well as the exercise-induced va-
somotor changes in a cold environment in line with therm o-
graphic data during exercise [3]. A dynamic interplay bet-
ween heat production, heat transport to the surface and
heat loss to the environment necessarily contributes to the
distribution of skin temperature.

Conclusions

The standardised method offers a unique approach with a
limited number of body views |2] providing a whole-body
representation of skin temperature, particularly applicable
to exercising protocols. A normal database can be obtained
in order to compare spatial and temporal variations of skin
temperature between various exercise types, intensities and
various populations (age, gender, body fat, fitness level). In
thermal physiology, the detailed knowledge of regional
skin temperature distribution may bring new insights in the
autonomic and behavioural processes involved in human
thermoregulation. This knowledge can be used for thermal
manikin design and physiological modelling similarly to re-
cent advances in body mapping of sweat production [4].
Improvements in the CP selection will be interesting in or-
der to apply the method to a wider range of fields such as
sports medicine, medical research or other applications.

Short paper
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Report on the General Assembly of the European Association
of Thermology on September 5, 2012 at the Faculty of

Engineering, University of Porto, Rua Dr. Roberto Frias,
4200-465 Porto, Portugal from 17.00 to 19.00

James B. Mercer, Kevin Howell, Kurt Ammer

The president opened the General Assembly of the European
Association of Thermology on 17.00 hours. As only 12 of
36 members with voting rights were present, the opening
of the General Assembly was postponed to 17.30.

At the re-opening at 17.30 17 members with voting rights
were present. Those were delegates from the Austrian So-
ciety of Thermology, the Polish Society of Thermology,
the Romanian Society of Thermology, the Hungarian
So- ciety of Thermology and the UK Thermography
Association (Thermology Group). According to the num-
ber of members in these societies the Polish Society of
Thermology held 4 voting rights, the Austrian Society of
Thermology 2 voting rights, and the Romanian Society of
Thermology; the Hungarian Society of Thermology and
UK Thermography Association (Thermology Group) cach
had 1 voting right. A written proxy for transfering his
voting right to Prof. Ammer was given by Dr Gabrhel .

The agenda included: Report of the president, statement
of the auditors, change of statutes, honorary membership,
setting membership fee, election of a new board and any
other business.

President’s Report EAT 2009-2012

The president Professor James Mercer reported that
several national conferences in Zakopane, Vienna, and
Teddington and a short instructional course on medical
thermography in Leiria, Portugal, had attracted new
people who were interested in thermal imaging and other
applications of heat energy in medicine and biology A
loose cooperation had been initiated with the Brazilian
Association of Thermology to promote standards for
thermal images which were discussed at two symposia in
Brazil in 2010 and 2011. EAT board members were
continuously involved in conduction and examination of
PhD students based on thermology This had resulted in
new PhD awards in Norway, the United Kingdom and
Portugal. The EAT webpage, which is maintained by Prof.
Mercer, attracted ever higher numbers of visitors, although
the numbers had plateaued recently. The president regretted
that the German Society for Thermography and Regulation
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European Association of Thermology, Vienna, Austria

Medicine had cancelled their membership in the EAT in
October 2011. Finally the president expressed his thanks to
the EAT board members and to Dr. Vardasca and Prof
Gabriel who had been responsible for organizing the 12th
European Congress of Thermology in Porto.

Report of the General Secretary/ Treasurer

Currently the EAT has 6 ordinary members with the status
of a thermological association located in a European country
These associations ate active in Italy, Austria, Poland, Romania,
Hungary and the United Kingdom. There are also 26 indivi-
dual ordinary members from 13 European countries in the
EAT and 3 extraordinary members.

The current balance of the EAT account was 573.35 Euro
at the date of the General Assembly Inclusion of not paid
membership fees of 1480 Euro, would increase the bal-
ance of the EAT accounts to 2053.53 Euro. In the mean-
time 500 Euro of the missing fees have been paid.

The main expenses of the EAT are still the production
costs of the journal Thermology International, which are
covered to a proportion of 25% by the EAT In order to re-
duce further costs, the journal will change from a print
version to a fully internet-based electronic publication.
Therefore this issue, number 4 of volume 2012, will be the
last printed issue of Thermology International. From 2013
the journal will only be available from the website of the
journal at .http:/ /www.uhlen.at/thermology-international
/index.html. Access to the journal will only be possible
after the EAT membership fee or the subscription rate have
been paid. A pay-perview service for current and back
issues of the journal, also a facility for online subscription,
both based on PayPal will become available.

Change of statutes

The next point of the agenda was the discussion and
decision on the proposed change of statutes, which was
announced in full detail in the invitation letter to the
General Assembly. The General Assembly agreed un-
animously without abstentions to the proposed changes of
the statutes. The new text is as follows:







§ 7 Right and Duties of Members

7.3. Honorary members pay no membership fees. Ordinary
members with the status of an association of thermology
pay one membership fee.

7.4. All ordinary members have an active voting right. Or-
dinary and extraordinary members with the status of an as-
sociation of thermology located in a European country or
country outside of Europe have also only one voting right
which is administered by a designated delegate of the mem-
ber association.

§ 9 The General Assembly

9.6 All members have the right to attend General Assem-
blies. Only ordinary and honorary members have voting
rights. Every member has one vote. Legal persons are rep-
resented by a person with procura. Ordinary members with
the status of a thermological association located in a Euro-
pean country have also only one vote. Voting rights may be
transferred to another member by means of a written
proxy. No member present may represent more than 5 of
such proxy votes.

§ 11 The Board

11.1 The board is created from 6 members the President,
Vice Presidents, Secretary Treasurer and 2 other board
member

13 Tasks of the Members of the Board

13.1 The President is the Association’ representative. Writ-
ten statements of the Association are only valid with the
President’ signature, in financial matters the signature of
the treasurer. Legal relationships between members of the
Board and the financial auditors have to be approved by the
General Assembly

13.2 Legal proxies to represent the Association in external
affairs and signature rights may be given only by the officers
mentioned in 13.1.

13.3 In emergency situations the president is entitled to act
alone in matters usually confined to the General Assembly
or the Board; these actions must be endorsed by the respec-
tive organ of the Association retrospectively

13.4 The President presides over both the General Assem-
bly and the Board.

13.5 The Secretary supports the president in leading the
Association. The Secretary keeps the minutes of the
meetings of the General Assembly and the Board.

13.6 The Treasurer is responsible for the financial matters
of the Association.

§ 14 will be deleted

The following paragraphs will be renumbered
15 to 14 . The Financial Auditors
16 to15. The Arbitration Council

17 to 16. Termination of the Association

Report

Honorary membership

Prof Mercer proposed to the General Assembly to award
Prof Francis Ring and Prof Kurt Ammer with honorary
membership in the EAT The proposals were accepted by
the General Assembly unanimously, with one abstention.

Setting membership fee

The membership fee was proposed to be 50 Euro. The
General Assembly agreed unanimously to this proposal.

Statement of the auditors,

The auditors Dt. Zuber and Dr Vardasca, who were nomi-
nated instead of the absent Dr Plassmann due to a recently
onset health problem, confirmed a careful and correct
management of the finances. Dr Vardasca asked the General
Assembly to accept the finance report and to relieve the
board members from their responsibilities. The General
Assembly agreed unanimously, with three abstentions..

Election of a new board

Prior to the General Assembly the following nominations
had arrived within the time limit set by the EAT

President: Prof James B. Mercer PhID, Norway
Vice President: Prof Anna Jung MD, PhD, Poland
Secretary: Kevin Howell PhD) United Kingdom
Treasurer: Prof Kurt Ammer MD, PhD, Austria

Members: Prof Manuel Sillero Quintana PhID), Spain
Ricardo Vardasca PhD, Portugal

The majority of the General Assembly agreed with the
nominations and the new board built of President, Vice
President, Secretary Treasurer and two members were
elected unanimously by the General Assembly.

Prof Adriana Nica MD, PhD and Aderito Seixas MSc. were
proposed for the function of auditors and the General
Assembly agreed unanimously with this proposal. The
newly elected board and the auditors graciously accepted
their positions and promised to fulfill their duties to the
best of their abilities.

Any other business

The frequency and time interval of the European Congress
of Thermology were the topics of the closing discussion.

Prof Mercer closed the General Assembly at 19.00.

161








Thermology international 22/4 (2012)

12t European Congress of Thermology in Porto 2012

The 12th European Congress of Thermology was remark-
able event with respect to scientific merrit and in attracting
new people interested in thermology. The pre-conference
course on medical thermography assembled participants
and lecturers from 7 countries (Spain, Portugal, Poland,
Turkey, Norway, England, Austria).

The audience of the main conference was composed of
attendents from 14 European countries (Denmark, Sweden,
Norway, Poland, Hungary, Romania,Turkey, Austria, Italy,
Portugal, Spain, United Kingdom, France, Ireland). Three
former presidents of the American Academy of Thermo-
logy and the previous president of the Japanese Association
of Thermology participated in the congress. Authors
originating from Japan, Brazil, Canada and USA presented.

papers.

The topics of the conference covered a wide range of
applications. Thermal physiology, surgery, rehabiliation
medicine, dermatology, urology, occupational medicine,
sports medicine and psychology were discussed. Standards
for image recording and archiving and application of ther-
mal imaging in veterianry medicine and in viticulture were
topics outside of human medicine

Prizes

Three prizes, one for the best overall oral presentation:, one
best student oral presentation and best poster presentation
were established. The winners received their prize during
the congtess dinner on Friday.

Best Overall Oral Presentation

"Mother and Child inSynchrony: Thermal Facial Imprints
of Autonomic Contagion",
Professor Arcangelo Merla (U. Chieti-Pescara, ITALY)

Best Student Oral Presentation (Francis Ring prize)

"The Highly Focalized Thermotherapy in the Treatment
of Solid Tumours: Temperature Monitoring Using Thermo-
graphy",

Ana Portela (U. Porto, PORTUGAL)

Best Poster Presentation (Kurt Ammer prize)

“A Method for Whole-Body Human Skin Temperature
Mapping",

Damien Fournet (U. Lougborough, UK)

Professor Gabriel and Dr. Ricardo Vardasca (Portugal) present a prize to Professor Merla (Italy) at the Congress Dinner
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Meetings

October 27, 2012,

Meetings

American Academy of Thermology Meeting in Greenville, South Carolina

Pre Meeting Certification Course:
Friday, October 26th, 2012

Take the next step toward AAT Membership status ele-
vation! Take an AAT Certification Course

1:30pm - 7:30pm
Neuromusculoskeletal Emphasis On CRPS/RSD &
Fibromyalgia

General Sessions:
Saturday, October 27, 2012

8am: Registration
8:30: Welcoming Remarks

8:45-10:30 Session 1:
Basic Science,
Clinical Conditions,

Skin Temperature Regulation,
AAT Guidelines & Indications

10:30-10:45 Break

10:45-12:00pm Session 2: Medical Thermal Imaging: Its
Role in Objective Measurement and Treatment Planning

12:00pm-1:30pm Lunch (on your own, around town)

1:30pm-3:30pm Session 3: Vasomotor Monitoring,
Neurovascular Considerations, Pitfalls and Look Alikes

2013

March15t-17t 2013

17%NationalCongtress of the PolishAssociation
of Thermology in Zakopane

Abstract deadline: February 15, 2013

Deadline for hotel reservation:March1st2013
Registrationfee: 200.-Euro

Local organizing committee

Prof. Anna Jung (Chair)

Dr Janusz Zuber (DeputyChair)
Dr BoleslawKalicki

Mgr Ing.Piotr Murawski

Further information
Prof Dr. Anna Jung

ajung@wim.mil.pl or a.jung@spencer.com

3:30- 3:45 Break

3:45-5:00pm Session 4: Infrared Thermal Imaging Case
Presentations and Paper Presentations

5:00-5:30pm Honor Ceremony for Past Presidents
6:30-7:30pm Meet and Mingle with the Leadership

AAT Committte Meetings:
Sunday, Ocotber 28th, 2012

8:30-10:00am AAT Board Meeting (Board Members only)
10:00-12:00pm AAT Committee Meetings:
Breast Guidelines

Complementary Alternative Medicine (CAM) and Allied
Health

Devices and Equipment

Get Involved!
Journal/Newsletter

Membership
Past Presidents (Past Presidents only)

Website: aathermology.org

3-5 July, 2013
18th International Conference on Thermal
Engineering and Thermogrammetry (THERMO)

Budapest University of Technology and Economics
Information :

Prof.Dr.Imre BENKO"

Faculty of Mechanical Engineering

Budapest University of Technology and Economics (BME)
H-1521 Budapest, PO.B.91,Muegyetem rpt.7
D.301.,HUNGARY

Mailing address: H-1112 Budapest, Cirmosu.1. 6/38 ,Hungary

Home Phone/Fax: 361-310-0999
Personal e-mail: ibenko@freestart.hu
and secretariat: mate@mate-net.hu
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Thermology international - An electronic archive DVD

:

The Thermal Image
in Medicine and Biology

The Thermal Image
in Medicine and Biology

K. Ammer, E.E J. Ring (eds)

&

Thermologie

K. Ammer, E.E ]. Ring (eds)

Osterreich f.. Buropean Journal of & international

Putlished papers on
THERMOLOGY

or
TEMPERATURE MEASUREMENT
between 1889 and 2004

Published papers on

THERMOLOGY
or

TEMPERATURE MEASUREMENT
barbweon 2005 and 2006
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THERMOLOGY

o
TEMPERATURE MEASUREMENT

P K A D, PO

This data compilation contains all issues of

Thermologie Osterreich
May 1991 to April 1997

European Journal of Thermology
July 1997to October 1998

Thermology international
January 1998 to October 2012

Plus

The Thermal Image in Medicine and Biology
edited by K. Ammer and E.E]J Ring (1995)

Plus

Published Papers on Thermology and
Temperature Measurement

Volume 1 1989 to 2004
Volume 2 2005 to 2006
Volume 3 2007 to 2011

Plus

Proceedings of the First Thermological

Symposium of the Austrian Society of Thermology
Thermographie, evozierte Potentiale
edited by O.Rathkolb and K.Ammer

Plus

Proceedings of the Second Thermological

Symposium of the Austrian Society of Thermology
Kontaktthermometrie und Thermographie
edited by K.Ammer and O.Rathkolb

Plus
THERMOGRAPHIE 90 - Eine

computergestiitzte Literatursuche by K.LAmmer

The prize for the DVD will be 100.- Euro

The disk will be available by December 2012

and can be ordered

by email: KAmmer1950@aol.com or
machyl@ubhlen.at

by fax: +43 1 914 70 00

A electronic order form will be installed at
the homepage of Thermology international

at
http://www.uhlen.at/thermology-international














