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Original article

Methods of Scoring the TISEM-Checklist with an example
of application

Kurt Ammer

European Association of Thermology, Vienna, Austtia
Faculty of Computing, Engineering and Science, University of South Wales, Pontypridd, United Kingdom

SUMMARY

BACKGROUND: The TISEM-checklist was used as a quality assessment tool of studies reporting infrared imaging stud-
ies, but the best method for scoring is yet unclear.

OBJECTIVE: To compare 3 methods of scoring and to investigate whether articles that cite the TISEM achieve higher
scores than articles that do not cite the checklist.

METHOD: Database were searched for articles that cite the TISEM. Clinical studies were extracted from the found hits
and evaluated using two versions of an ordinal scale and a quantitative scale. An identified review article used an ordinal
scale for quality assessment of 33 articles. All clinical studies that cited the TISEM and all articles, already scored in the re-
view article, were evaluated by the three scoring methods. Two groups of articles were built, articles that quoted the
TISEM and articles that did not cite the checklist and their scores were compared using the Mann-Witney-test. Agree-
ment of scores in the review article and of the repeated scoring was evaluated by Bland-Altman-plots.

RESULTS. The quantitative scoring performed best in quantifying incomplete reporting. Agreement of the repeated
scoring with the original ordinal score was fair with wide limits of agreement (22 points). TISEM citing articles showed
significantly higher scores (70% completeness of reporting) than papers that did not quote the TISEM (40% complete-
ness of reporting).

CONCLUSION: Awareness of the checklist may be an effective strategy for improving complete reporting of thermal im-
aging studies. However, quality assessment of clinical thermography studies should not be restricted to the application of
the TISEM checklist.

KEYWORDS: quality assessment, thermal imaging studies, TISEM, infrared thermography

METHODEN ZUR SCOREWERTBILDUNG BEI DER TISEM-CHECKLISTE MIT EINEM
ANWENDUNGSBEISPIEL

HINTERGRUND: Die TISEM-Checkliste wurde als Instrument fiir Qualititsbewertung von Studien mit Infrarot-
Thermographie eingesetzt, jedoch ist die beste Methode fiir die Bewertung noch unklar.

ZIELSETZUNG: 3 Methoden der Bewertung zu vergleichen und zu untersuchen, ob Artikel, die die TISEM zitieren,
hoéhere Punktzahlen erzielen als Artikel, welche die Checkliste nicht zitieren.

METHODE: Die Datenbank wurde nach Artikeln durchsucht, die die TISEM zitieren. Klinische Studien wurden aus
den gefundenen Treffern extrahiert und mit einem 2 Ordinal-Skalen und einer quantitativen Skala ausgewertet. In einem
identifizierten Review-Artikel wurde bereits eine der ordinalen Skalen fiir die Qualititsbewertung von 33 Artikeln
verwendet. Alle klinischen Studien, die die TISEM zitierten, und alle Artikel, die bereits im Review-Artikel bewertet
worden waren, wurden nach den drei Methoden der Score-Bildung bewertet. Es wurden zwei Gruppen von Artikeln
gebildet: Artlkel die die TISEM zitierten, und Artikel, die die Checkliste nicht zitierten, und ihre Score-Werte wurden mit
dem Mann-Wltney—Test Verghchen Die Uberelnstlmmung der Scores im Ubersichtsartikel mit den Ergebnissen der
wiederholten Bewertung wurde mit Bland-Altman-Plots untersucht.

ERGEBNISSE. Die quantitative Bewertungsmethode schnitt bei der QuantlﬁZlerung einer unvollstindigen Bericht-
erstattung am besten ab. Die Ubereinstimmung der wiederholten Score-Bestimmung mit dem urspriinglichen ordinalem
Score-Wert war akzeptabel, bot aber weite Zustimmungsgrenzen (22 Punkte). TISEM zitierende Artikel zeigte deutlich
hohere Werte (70% Vollstindigkeit der Berichterstattung) als Arbeiten, welche die TISEM nicht zitierten (40% Voll-
stindigkeit der Berichterstattung).

SCHLUSSFOLGERUNG: Die Kenntnis die Checkliste kann eine wirksames Strategie zur Vetbesserung der voll-
stindigen Berichterstattung bei Wirmebildstudien sein. Die Qualitidtsbewertung klinischer Thermographie-Studien
sollte sich jedoch nicht auf die Anwendung der TISEM-Checkliste beschrinken.

SCHLUSSELWORTER: Qualititsbewertung, Wirmebildstudien, TISEM, Infrarot-Thermographie

Thermology international 2019, 29(4) 127-135
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Introduction

The Thermal Imaging in Sports and Exercise Medicine
(TISEM) Checklist [1] was developed in a Delphi process
between 2016- 2017 aiming a consensus on reporting
thermographic studies in sports and exercise medicine as
authors stated in [2]. Meanwhile, more than 40 articles have
cited the TISEM, most of them referenced the checklist as
guideline for designing their own thermographic study, but
two papers applied the checklist as a tool for quality control
by checking the complete reporting of conditions, that
cause uncertainties in temperature measurements derived
from infrared thermal images.

The checklist includes 15 items in 5 domains such as sub-
ject conditions, ambient conditions, camera conditions, im-
age capture and image analysis [3]. Their reporting is
classified as absent, unclear or complete. When used for
quality control, different methods of scoring are found in
the literature. Vardasca et al. scored an absent reporting as
zero points, unclear reporting with 1 point and complete
reporting with 2 points, resulting in a possible maximal
score of 30 points [4]. In a previous pilot study [4], com-
plete reporting scored 3 points, incomplete or unclear in-
formation received 2 points, and missing information was
labelled with 1 point. Scoring an item with 3 points fol-
lowed the principle, that an absent condition must be exclu-
sively reported as absent to be labelled as completely
reported item. Lack of information on subitems resulted in
ascore of 2 points. The need of an alternative approach to
scoring was discussed due to the fact, that the class of un-
clear reporting is inhomogeneous, because some items of
the TISEM are composed of different numbers of sub-
items. Irrespective of the number of missing sub-items, in-
complete reporting was always scored with 2 points.

The original aim of this study was to identify articles citing
the TISEM article [1] extracting clinical studies from the ci-
tations and apply the TISEM to check complete reporting
in the articles. Since the search identified a review article [4]
that applied the checklist as a tool for quality assessment,
the study aim was modified. The extended study goal is a
comparison of complete reporting in articles, that have
been scored in [4], with identified clinical papers, that cited
the TISEM. For evaluation 3 different methods of scoring
will be used.

Methods

Data selection

The databases Google Scholar, Web of Science (WoS),
Scopus were searched for the TISEM article [1] and the
number of citing articles was recorded. The identified cit-
ing articles were classified as review article or report of a
clinical study and all detected clinical studies were consid-
ered for scoring by the TISEM checklist. These articles
have been assigned to the TISEM quoting group.

One systematic review [4] had used the TISEM checklist as
a tool for quality assessment of included articles and scored
thereby 33 articles These articles form the not quoting
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Figure 1
Search strategy

Recordsidentified through
database searching
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scoring (n = 57)

1 conference abstract

group. Finally, full versions of all these articles were re-
trieved, which was not successful in 3 papers. The search
strategy and number of hits are presented in Figure 1

Article assessment and scoring

The scores from [4] were copied. In this article [4] an absent
reporting scored zero points, unclear reporting 1 point and
complete reporting 2 points, resulting in a possible maxi-
mal score of 30 points. It remains unclear, whether scoring
was performed consensual by all or some authors or reflect
the opinion of single author only.

In the current study, the author assessed all included arti-
cles using the TISEM. The following three methods of
scoring were applied.

Ordinal scale 1 (OS1) [5]

The original nominal scale of the TISEM may also be un-
derstood as ranking, like an ordinal scale from nil to maxi-
mum possible. Since item 14 (method of drying wet skin)
may not applicable, which scores zero points, a scale from 1
(=absent) over 2 (=incomplete or unclear reporting) to 3
(=complete reporting) seems appropriate. Consequently,
the minimal sum score is equal to the number of applicable
items, and the maximal score is the 3-fold minimal score.
The corresponding mean of the minimal score is equal to 1
point, and the highest possible mean of the maximal score
is 3 points.

Ordinal scale 2 (OS2) [4]

An ordinal scale from 0 to 2 allows semi-quantification of
the completeness of reporting. However, a zero score is
not unambiguous, because it may represent absence of re-
porting or lack of applicability. The range of sum scores is
between 0 and 30, the corresponding mean values are be-
tween 0 and 2.
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Table 1
Frequencies of reporting per item comparing articles that quoted the TISEM checklist with articles that did not cite.
Quoting articles (n=25) Non quoting articles (n=32)
ronbing | revortve | reponing | Ner reoning | renoring | sepordng | Nt
(% of cases) (% of cases) (% of cases) applicable (% of cases) (% of cases) (% of cases) applicable

Item 1 88 12 0 62.5 31.25 6.25

Ttem 2 54.17 20.83 25 1 18.74 3.13 78.13

Item 3 37.5 25 37.5 1 15.62 9.38 75

Item 4 56 32 12 21.88 56.24 21.88

Item 5 48 24 28 12.5 15.62 71.88

Ttem 6 80 20 0 53.13 43.74 3.13

Item 7 72 28 24 65.63 3.13 31.24

Item 8 36 4 60 3.13 3.13 93.74

Ttem 9 68 28 4 21.88 53.12 25.00

Item 10 52 28 20 18.74 28.13 53.13

Item 11 60 4 36 34.38 65.62

Item 12 52 12 36 12.5 3.13 84.37

Item 13 60 20 20 25 48.87 28.13

Ttem 14 57.14 14.29 28.57 18 100 30
Item 15 87.5 12.5 0 37.5 53.13 9.37

Quantitative Scale (QS)

A continuous scale from 0 (=absent reporting) to 1 (=com-
plete reporting) may be used to estimate the quantity of
complete reporting. Since some items are composed of
subitems, the original defines a class of unclear or incom-
plete reporting, Unclear reporting is scored with an esti-
mate of 0.5 points. Reporting of subitems is scored pro-
portionally, for example, in case of 4 subitems each receives
0.25 points. Range of the sum scores is between 0 and 15
points, their mean values are between 0 and 1.

For each method the sum and an average (i. e. sum divided
by number of reported items) of all item scores was calcu-
lated. Reporting in included articles was evaluated by all
three scoring methods.

Statistical analysis

The software package MedCalc version.19.0.7 was used.
Descriptive statistics were calculated including the mean
and standard deviation of each score, also the frequencies
of score classes. Paired comparisons of each score were
performed with the Mann-Whitney Test, agreement of
scores in repeated evaluation were tested with Bland-
Altman-plots.

Results
Included studies

Full versions of 3 articles out of 80 could not be retrieved
[6,7,8]. 20 other articles were excluded from scoring, be-
cause they did not report skin temperature measurements
in humans [9] or applied infrared thermal imaging in animal
experiments [10,11]. Topical reviews on publications on
thermology [12] and the use of thermal imaging for the de-
tection of brown fat activity [13,14,15] were not considered
for scoring. Also, educational material [16,17,18], editorials
[19], comments on publications 2, 20,21,] or letters [22,23]

were not analysed. Remaining exclusions were a paper on
quality assurance in medical thermography [24] and a PhD
thesis [25].

Scoring OS

3 recent articles [60, 73, 77] reached a maximal score, but
complete reporting was not observed in articles retrieved
from the review article by Vardasca [3]. The distribution of
scoring classes found a higher proportion of complete re-
portsinarticles that quoted the TISEM checklist than in ar-
ticles that did not cite (table 1). Item 14 ("method of drying
the skin") was most frequently not applicable.

Comparing either the total OS1 or the averaged OS1 by us-
ing the Mann-Whitney-test found significant differences in
favour of quoting articles (table 2, figure2).

Table 2
Otrdinal scale 1(OS1) comparison between quoting articles and
not quoting the TISEM checklist

Total Ordinal Scale Mean Ordinal Scale

Quoting  Non guotinal Quoting _Non guoting
Sample size 25 32 25 32
Lowest value 17 15 1.2 1.1
Highest value 45 38 3.0 2.7
Median 33 25.5 2.4 1.85
9o CIor thel 303 16, 38.9 0.0 t0 13.0| 2.0 10 2.7 | 1.6 t0 1.9
g‘;;fequam‘e 28 t0 41 (8.0 to 14.51.6 t0 1.95| 1.6 to 1.9
Mann-Whitney t test (independent samples)
Average rank of first group 38.9200 39.4600
Average rank of second group 21.2500 20.8281
Hodges-I.ehmann median difference 8 0.6
95% Confidenceinterval 5to 12 0.3 to 0.8
Mann-Whitney U 152.00 138.5
Test statistic Z (corrected for ties) -3.995 -4.223
Two-tailed probability p = 0.0001 p <0.0001
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Box and whisker plots of the total and the mean OS1 scores in the TISEM quoting and not quoting group. The box represents the
interquartile range, the line in the box the median and the whiskers mark extreme values.

Table 3

Comparison of total and mean OS2 scores between the scores

in [4] and their repeated score.

Total OS 2 | Total OS2 [Mean OS 2 Mean OS 2

in [4] repeated in [4] repeated
Sample size 32 32 32 32
Lowest value 1 3 0.1 0
Highest value 28 24 1.9 1.7
Median 13.5 12 0.85 0.80
oov ClLfor the 1060 15010010140] 07009 | 061009
Interquartile rangell0.0 to 16.518.0to 15.0 | 0.7to 1.1 | 0.6 t0 0.9

Mann-Whitney t test (independent samples)

Differences in | Differences in

the sum of scores| the mean scores
Average rank of first group 30.6250 33.2500
Average rank of second group 34.3750 30.7097
Hodges-LLehmann median 1 0
difference
95% Confidence interval 2t 4 -0.2to0 0.1
Mann-Whitney U 452.0 456.0
Test statistic Z -0.808 0.554
(corrected for ties)
Two-tailed probability p =0.4193 p =0.5793

totad €352 TP ited

Figure3

lotad €352 1 4]

Otrdinal scale 2 (OS2)

The scoring of 32 articles retrieved from the article by
Vardasca et al [4] was repeated and compared to the original
scores using the Mann-Whitney-test. The result of this
analysis is presented in table 3 and figure 3, showing slightly
smaller scores in the repeated evaluation. The higher scores
in [3] become less obvious in the comparison of the aver-
aged OS2.

Identical total scores were observed in 4 cases only, in 11
cases was the repeated score higher than the original score
and vice versa in the remaining 21 cases. Maximal differ-
ences were -9 and +17 points. A Bland Altman Plot found a
wide range of limits of agreement and a mean bias to total
agreement of -1.8 points (Figure 4).

Another comparison of the Ordinal Scale 2 (OS2) was in
favour of articles that quoted the TISEM checklist indicat-
ing an improvement in complete reporting (Mann-Whit-
ney: p=0.001)

i L2 mepacetal msan © 1% s |4

Box and whisker plots of the total and mean OS2 scores in [4] in compatison to the repeated scoring
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Figure 4
Agreement of the original total SQ scores with their repeated
score values.
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Quantitative Scale (QS)

Quantitative mean scoring resulted in a better description
of incomplete reporting, because it generates an estimate
percentage of completeness of reporting in articles which
report the conditions of thermal imaging incompletely.
Comparing QStotal and QSmean between TISEM quoting
and TISEM not quoting articles confirmed that citing the
TISEM significantly improves (p<0.0001) reporting in in-
frared imaging studies.

Figure5

Original article

Comparison of all scores

Table 6 shows the mean values and standard deviation of
all 3 scoring systems. In the group that quoted the TISEM
checklist, the mean values of the ordinal scale 1 and the
ordinal scale2 were by 0.5 points higher than in the non-cit-
ing group. The quantitative scale clearly indicates that
TISEM quoting articles reached 70% completeness in re-
porting, whilst the rate of complete reporting was only
40% in the comparison.

Table 4
Quantitative scale comparison between articles quoting and
not quoting the TISEM checklist

Total QS Total QS Mean QS | Mean QS

not guoting quoting Not quoting: guoting
Sample size 32 25 32 25
Lowest value 0.2 0.9 0.01 0.1
Highest value| 12 15 0.9 1.0
Median 15.3 9.5 0.4 0.7
95% CI for 4.0 to 6.1 7.7t012.9 0.3 to 0.4 0.5 to 0.9
the median
Interquartile | 3.7 to 6.7 70t013.2 | 0.3t00.5 0.5 to 0.9
range

Mann-Whitney t test (independent samples)

Differences in the|Differences in the
sum of scores mean scores

Average rank of first group 20.7500 20.5781
Average rank of second group 39.5600 39.7800
Hodges-Lehmann median 4.6 0.3
difference
95% Confidence interval 2.8 to 6.6 0.2 to 0.5
Mann-Whitney U 136.00 130.50
Test statistic Z -4.248 -4.366
(corrected for ties)
Two-tailed probability p < 0.0001 p < 0.0001

Box and whisker plots of the total and the mean Q scores in the TISEM quoting and non quoting group
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Table 6
Mean values and standard deviation of all scores (SD=standard deviation)
TISEM quoting Not TISEM quoting
OS1 total OS1 mean OSZ(Otal Oszmcan Qtotal chan OS1 total OS1 mean OSZtOtal OSchan Qtotal chan
mean 33.8 2.4 19.9 1.4 9.9 0.7 27.3 1.9 13.4 0.9 6.1 0.4
SD 7.3 0.5 7.3 0.5 3.7 0.2 7.5 0.4 53 0.4 2.8 0.2
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Discussion

As previously shown [3,4], the TISEM checklist success-
tully identifies deficits in complete reporting of thermal
imaging procedures. While the original scoring is done ona
nominal scale, this scoring can be transformed to an ordinal
scale or to a ratio scale. Particularly, the estimated percent-
age of complete reporting makes the interpretation of the
score much easier than the class or the rank provided by the
other two scoring methods.

The discrepancies between the scores reported by Vardasca
et al [4] and the repeated scoring is a strong argument, that
scoring should be performed by 3 persons, where the 3rd
serves as referee in cases when consensus on scoring can-
not be achieved. Main cause for inaccurate scoring is that
required information may be ovetlooked despite it is avail-
ablein the article, or that information was classified as pres-
ent, although it was not. The attempt to quantify the
content of each item by an estimate of completeness of re-
porting may be helpful in preventing non correct scoring.
One may argue that assessing the scores from the current
analysis with the scores obtained in [4] is an unfair compari-
son, because an unknown scoring process is related to the
evaluation of a single observer. However, several examples
of overlooked or as falsely present marked conditions
raises the suspect, that scoring was performed in [4] by a
single observer.

All 3 scoring methods support the impression, that the
TISEM checklist is effective in improving the reporting,
and indirectly the study design of thermal imaging studies.
However, the TISEM should not be applied as a tool for the
quality assessment of studies such as tools like QUADAS
[81] or risk of bias tool of the Cochrane Collaboration [82]
are used. The TISEM must be regarded as a tool to analyse
the quality of reporting conditions that influence tempera-
ture reading obtained in thermal imaging studies. Thus, it is
useful tool for assessing the uncertainty of temperature
measurements based on infrared thermal imaging.

Since the TISEM requites reporting of processes and not
to follow defined limits of environmental conditions, com-
parability of conditions should not be based on identical
TISEM scores of two articles, because different conditions
during infrared imaging may have been completely re-
ported such as ambient temperature of 28° in one study
and 18°C in the other study.

Nevertheless, high TISEM scores increase the credibility
of reported temperature values, although the consistency
of views, and body posture in serial thermal images cannot
be derived from the TISEM score. Typically, views and pos-
ture are demonstrated by a template or an example image
and deviations from this image in all recorded thermo-
grams are rarely shown, even with TISEM recommending
thata visual example of the standard body position of the
subjects should be present (item 13). Studies on the reli-
ability of positioning regions of interest are still rare, and
studies on the reproducibility of body postures are even
harder to find. Information on the reliability of these pro-
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cedures is desirable, although not yet included in the
TISEM.

There are two main limitations of this study. Scoring the ar-
ticles by just one investigator is one of them, selection and
comparison to historical score values obtained by unclear
methodology is the other. Therefore, the reproducibility of
the ordinal scale OS2 is only a rough estimate, and the re-
peatability of all 3 scoring methods remains unknown.

Definition of the search criteria for searching appropriate
studies is quite a difficult task. Inclusion of clinical studies,
that cite the TISEM article, is an obvious selection cti-
terium if the study aim is the awareness of the checklist.
But what features should be used in an investigation that is
interested in the temporal improvement of reporting of
thermal imaging studies? Ring and Ammer published in
2000 an article entitled "The Technique of Thermal Im-
aging in Medicine" [85], which mentioned already 14 of the
15 conditions included in the TISEM items [86]. Clinical
papers, that quote the "technique article", might provide in-
formation on progress in reporting, if their TISEM score is
compared to the scoring of TISEM citing articles.

Such a future study should involve three investigators, two
of them should independently evaluate the identified
"technique" and "TISEM" articles. The ordinal scale 1 and
the quantitative scale should be applied. After each investi-
gator has completed scoring, a consensual score should be
formed, and permanent discrepancies will be resolved by
the third investigator. The agreement of individual and
consensual score values should be calculated, while differ-
ent scores detived from "technique" or "TISEM" articles
might indicate an improvement in reporting results of in-
frared imaging studies.
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The reliability of an Achilles tendon infrared image analysis
method

Ben Oliver. A Munro, S. Gerald, L. Herrington
Salford University School of Health and Society, Salford, United Kingdom

SUMMARY

INTRODUCTION: Prior to utilising smartphone-based thermal imaging for clinical assessment of the Achilles tendon,
the intra-rater and inter-rater reliability of the method of analysis must be established, with associated standard error of
measurement (SEM) and minimal detectable change (MDC) values.

METHOD: A convenience sample of 7 participants (4male, 3female, age 18.57% 1.57 years, height 173.7 + 6.3cm, weight
73.8 £ 8.1kg) were recruited for the study, for a total of 28 skin temperature (TSk) measurements per camera. Measure-
ments were taken using two infrared cameras, one handheld (FLIR E8) and one smartphone-compatible (FLIR ONE),
from 0.5m and 1m distances. Regions of interest (ROI) were retrospectively selected using a freeform software ROI tool.

RESULTS: The method used to analyse TSk of the midportion of the Achilles tendon demonstrated excellent intra-rater
reliability at both 0.5m and 1m distances using the FLIR ONE (ICC = 0.99, ICC = 0.99) and FLIR E8 (ICC = 0.98, ICC =
0.95). There was excellent inter-rater reliability of the method at 0.5m and good inter-rater reliability at 1m with data cap-
tuted from the FLIR ONE (ICC = 0.97, ICC = 0.79), and excellent ICC's at both distances for the FLIR E8 (ICC = 0.97,
ICC = 0.99).

CONCLUSIONS: The method of TSk analysis using the FLIR ONE is acceptable at 0.5m and 1m distances, however
data capture is recommended for the closer distance.

KEYWORDS: Thermography, Achilles tendon, reliabilty

DIE ZUVERLASSIGKEIT EINER METHODE ZUR ANALYSE VON INFRAROT-WARMEBILDERN DER
ACHILLESSEHNE

EINLEITUNG: Vor der Nutzung von mit dem Smartphone aufgenommenen Wirmebildern zur klinischen Beurteilung
der Achillessehne muss fiir gleiche und unterschiedliche Untersucher die Zuverlissigkeit der Analysemethode mit dem
damit verbundenen Standardfehler der Messung (SEM) und minimalen MDC-Werten (erkennbarer Unterschied)
bekannt sein..

METHODE: Fiir die Studie wurde eine willkiirliche Stichprobe von 7 Teilnehmern (4 mannlich, 3 weiblich, Alter: 18,5 7+
1,57 Jahre, KorpergroBe: 173,7 + 6,3 cm, Gewicht 73,8 £ 8,1 kg) rekrutiert, um pro Kamera insgesamt 28 Temperatur-
messungen (TSk) durchzufiithren. Die Messungen wurden mit zwei Infrarotkameras, einer tragbaren FLIR E8 und einer
Smartphone-kompatiblen FLIR ONE aus 0,5m und 1m Entfernung durchgefiihrt. Die Auswerteareale (ROI) wurden
riickblickend mit einer geeigneten Software ausgewihlt.

ERGEBNISSE: Die Methode zur Analyse der TSk tiber dem mittleren Anteil der Achillessehne zeigte bei 0,5m und 1Im
Entfernungen Zuverlissigkeit bei gleichen Untersuchern eine ausgezeichnete fiir die FLIR ONE (ICC = 0.99, ICC =
0.99) und die FLIR E8 (ICC = 0.98, ICC = 0.95). Es zeigte sich fiir unterschiedliche Untersucher eine ausgezeichnete
Zuverlissigkeit der Methode bei 0,5m und eine gute Zuverlissigkeit bei 1m fiir Daten, die mit der FLIR ONE erhoben
wurden (ICC = 0,97, ICC = 0,79) und ausgezeichnete ICC-Werte bei beiden Entfernungen fiir die FLIR E8 (ICC = 0,97,
ICC =0,99).

SCHLUSSFOLGERUNG: Die Methode der TSk-Analyse mit der FLIR ONE ist bei 0,5m und 1m Entfernung
akzeptabel, jedoch wird die Datenerfassung der nihere Abstand empfohlen.

SCHLUSSELWORTEf: Thermographie, Achillessehne, Zuverlissigkeit
Thermology international 2019, 29(4) 136-145

Introduction

Achilles tendinopathy is a condition which has been shown
to affect up to 57% of running populations [1]. The condition
is prevalent throughout other sports, having accounted for
96% of all Achilles tendon disorders in elite male football
[2] and led to a higher total absence from training and
match play than any other ankle injury in rugby union [3].
The incidence of Achilles tendinopathy in the general pop-
ulation has been reported at 2.35 per 1000 registered across
a number of General Practices [4].
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The pathophysiology of the condition is complex and not
tully understood. Specifically, midportion Achilles tendino-
pathy is characterised by pain, swelling 2-6cm proximal to
the insertion on the calcaneus, and reduced performance,
all of which are cardinal signs of inflaimmation [5-7]. Re-
search has recently shifted from the assumption that Achil-
les tendinopathy was purely a degenerative condition, to
acknowledging that inflammatory cells are present in sym-
ptomatic tendons, however it is important to note that




physiologically these cells differ from those associated with
a typical acute response [5].

Biomechanical alterations have been proposed to contrib-
ute to the onset of Achilles tendinopathy, two of these be-
ing alterations to strain and stiffness of the tendon [8,9].
Alterations to these biomechanical properties will result in
a more compliant tendon, which is less efficient in return-
ing stored elastic energy, and greater energy being dissi-
pated via heat, termed mechanical hysteresis, a hypothesis
which was proven in symptomatic tendons by Wang etal [10].

The presence of both inflammatory cells and hysteresis
within the Achilles tendon may be indicated by some de-
gree of thermal change, a concept that has been established
previously in equine thermography [11]. This idea provided
the foundation to investigate whether thermal change ex-
ists at the surface of the skin over the Achilles tendon, us-
ing a device that can track skin temperature (TSk).

Infrared thermography provides a non-invasive method of
detecting changes in temperature from local regions of
skin [12,13] and has been utilised since the mid-twentieth
century for medical assessment purposes. It has replaced
traditional contact measurement devices for the measure-
ment of TSk, however, there has been a debate about the
usability of the technology, with some authors demonstrat-
ing poor concurrent validity [14-16].

In these studies [14-16], the contact devices were secured
to the skin of the participants using tape, which could influ-
ence local TSk values through the creation of a microcli-
mate. Quesada et al. [17] demonstrated that when using
tape to secure the contact device, a TSk difference (8T) of
0.5°C existed between a thermal camera and an iButton,
however, when the iButton was left uncovered, no 8T ex-
isted. Strong correlation was found between the thermal
camera and iButton prior to, during and after an exercise in-
tervention [17], indicating excellent concurrent validity
when infrared thermal imaging cameras are used to moni-
tor TSk in response to exercise.

As technology has improved, smartphone-based thermal
imaging cameras have become increasingly popular, but the
question exists again regarding their validity. One such de-
vice, the FLIR ONE, is deemed to have a lower specifica-
tion than most handheld devices (table 1), with lower
accuracy, infrared resolution (IR resolution), spatial resolu-
tion (instantaneous field of view - IFOV) and thermal sen-
sitivity. Definitions of these terms can be found in table 2.
Despite this, excellent criterion and convergent validity
have been demonstrated for the FLIR ONE when com-
pared against other TSk measurement devices [18,19].

The improvement in technology has seen the introduction
of Multi-Spectral Dynamic imaging, which is a patented
technology created by FLIR systems. It combines two pic-
tures taken by the same camera, a digital image with a regu-
lar thermal image and enhances the latter with the addition
of outline detail. This allows visible spectrum features to be
intertwined with those of the long-infrared range of the
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electromagnetic spectrum [20], creating an image with a
greater number of pixels than just the thermal image alone.
This is the case with the FLIR ONE infrared thermal imag-
ing camera, which has a thermal resolution of 120 x 160
pixels pixels but a pixel count of 480 x 640 when combined
with MSX technology. It is important to clarify that MSX
technology does not enhance the thermal resolution of the
IR camera, butitinterpolates the thermal and digital images
to create a temperature point every 4x4 pixels.

Despite its lower thermal specification, the FLIR ONE has
been shown to have excellent reliability [18,21,22], however
only one study has reported the standard error of measure-
ment (SEM) which was 0.22°C [22], but no study has re-
ported the minimal detectable change (MDC). It is im-

Table 1
The specification of the FLIR ONE and FLIR ES8 infrared
thermal imaging cameras

Specification FLIR E8 FLIR ONE
IR Resolution 320x240 160x120
MSX Resolution 320x240 640x480
Accuracy + 2% +5%

FOV (Horizontal /Vertical) |45°x°34 46°x35°
Spatial Resolution (IFOV) 2.6mrad 11.6mrad
Thermal Sensitivity <60mK 150mK
Spectral Range 7.5-13um 8-14um
Minimum Focus Distance 0.5m 0.3m

Table 2

Definitions of infrared thermal imaging terms

The manufacturer stated percentage
difference in a measured temperature
and the known temperature of a
reference source

Accuracy

The number of pixels contained
within an image. One pixel is one
temperature datum point.

IR resolution

Field of view The largest area that an infrared

(FOV) thermal camera can detect
_ The smallest distance from an object
Minimum focus hich the 1 f th .
distance at which the lens of the camera is
able to focus
The combination of an infrared
MSX technology thermal image and a digital image to

create a single infrared thermal
image with skeletonised digital detail

Often termed spatial resolution.An
angular projection of one single pixel
in the infrared image

Instantaneous field

of view (IFOV)

The wavelength range that the infrared

Spectral range : .
p g thermal imaging camera can detect

The smallest difference in tempera-
ture that an infrared thermal imaging
camera can detect over temporal
noise

Thermal sensitivity
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portant to report the SEM of the thermal imaging cameras
so that we know the standard deviation (SD) of the errors
of measurement around measured TSk values, and the
MDC allows us to understand values of AT that ate re-
quired for statistically significant TSk change thatis not as-
sociated with error. Kanazawa et al. [18] used the Cohen's
kappa coefficient statistic to assess criterion validity, intra-
rater and inter-rater reliability. Cohen's kappa coefficient is
used with categorical variables, so the researchers have
categorised temperature measurements as being higher or
lower at the wound bed than at the skin of the peri wound.
It is important not to rely solely on the results of this study
if assessing absolute TSk changes as the results are based
on categorical data analysis. It would be expected that two
devices measuring skin temperature would detect whether
a temperature is higher or lower than another point. It may
have been more appropriate to include intra-rater and
inter-rater reliability analysis using intraclass correlation co-
efficients (ICC's) on a continuous scale using obtained tem-
perature values alongside categorical classifications in order
to reflect the clinical application of the FLIR ONE device
and to use Bland-Altman analysis to determine whether de-
vices agree with each other [23,24].

Moreira et al. [25] conducted a Delphi study and produced
the Thermographic imaging in sports and exercise medi-
cine (TISEM) checklist which has helped to standardise
methodology and improve reporting standards of thermal
imaging studies, which will ultimately increase the repro-
ducibility of thermal imaging studies.

Therefore, the aims of the current study were to determine
the intra-rater and inter-rater reliability of the method of
TSk analysis at 0.5m and 1m distances, with associated
SEM's and MDC's for both devices. The agreement be-
tween the devices will also be assessed.

Method

Testing was conducted at the University Human Perfor-
mance Laboratory. Ethical approval was granted by the
University Research, Enterprise and Engagement Ethical
Approval Panel (HSR1718-032).

Participants

A convenience sample of 7 participants were recruited for
this study (4male, 3female; age 18.6% 1.6 years, height
173.7% 6.3cm, weight 73.8% 8.1kg) based upon the paper
by Bujang and Baharum [26]. All of the participants were
University students who volunteered to participate follow-
ing a poster recruitment campaign. Participants were eligi-
ble to partake if they met a strict inclusion and exclusion
criteria. Participants were required to adhere to strict pre-
participation criterion. Prior to any of the testing sessions,
participants were instructed to avoid consumption of alco-
holic beverages, catfeine products and to avoid smoking on
the day of testing. Participants were asked not to eat a large
meal in the four hours prior to testing. Participants were
asked not to apply any lotions or cosmetics to their skin on
the day of testing and they were asked not to shower within
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4 hours of testing. Participants completed a Physical Activ-
ity Readiness Questionnaire (PAR-Q) which confirmed
that they were not taking any medication, along with details
regarding the level, duration and times of their last exer-
cise-based activities.

The 7 participants were tested across two days. Testing was
conducted with overhead lighting turned off to minimise
reflection, and in a location whereby external conditions
would not affect TSk. Room temperature and humidity
were recorded using a digital weather station. The mean
ambient room temperature was 22.17°C (£ 0.17°C) and the
humidity was 40.47% (+ 1.51%).

Experimental setup

A black polycotton sheet was hung to provide a smooth
dark background and a piece of foil was placed on this
sheet so that reflected temperature could be measured. A
line of tape was placed parallel to this, on the floor, with the
furthest edge of the tape 40cm in front of the sheet. Partic-
ipants stood with their heels at the edge of the tape in the
anatomical position, with their feet 24cm apart.

A grid of tape was then constructed, with four camera
placement points at 0° perpendicular to the regions of in-
terest (ROI) on the Achilles tendons, at 0.5m and 1m dis-
tances. This can be seen in Figure 1.

Testing was conducted with both the FLIR ONE (2nd
Generation) and the FLIR ES8 infrared thermal imaging
cameras. Their specifications can be seen in table 1.

The FLIR E8 was switched on 60 minutes prior to data col-
lection to stabilise at room temperature, however, this was
not possible with the FLIR ONE due to its short battery
life. Instead, the camera was left off during this period and
switched on at the beginning of the 15-minute acclimati-

sation period. The emissivity of both cameras was set to
0.98.

Figure 1
Tape grid with camera locations

A= Left leg TSk measure at 0.5m
B = Right leg TSk measure at 0.5m
C = Left leg TSk measure at 1m

D = Right leg TSk measure at Im




The cameras were placed perpendicular (0° angle) to the
tape markers (Figure 1 positions A, B, C & D) where the
participants stood, at a distance of 0.5m or 1m, in front of
the left or right leg. The placement order was block ran-
domised for each participant, with both legs being mea-
sured at both distances. The FLLIR E8 was mounted to a
clamp at a height of 0.21m, the lowest due to the height of
the camera. It was connected via USB cable to a laptop,
which was used to take the images, using FLIR Research IR
MAX (v4.40.9.30, FLIR Systems, Oregon, US). The FLIR
ONE was mounted on a tripod also at a 0.21m height to
replicate the placement of the FLIR ES.

Upon attendance at the laboratory, participants had their
anthropometrics measured. They then underwent a 15-min-
ute acclimatisation period in line with the recommenda-
tions set by Moreira et al. (2017) [25]. During this time, 4
thermally inert markers were stuck to the skin of the partic-
ipants at the following anatomical landmarks: insertion of
the Achilles tendon on the posterior tuberosity of the
calcaneus, the musculotendinous junction of the heads of
the Gastrocnemius and both the medial and lateral malleoli
(figures 2 and 3). These landmarks were identified through
palpation, with the participant standing in the anatomical
position. All of these anatomical landmarks were located
via palpation in the standing anatomical position.

Figure 2
An image obtained from the FLIR ONE with anatomical
markers

1. Calcaneal marker

2. Medial Mallelous marker

3. Lateral Malleolus marker

4. Muscle tendon junction marker

Original article

After the 15-minute acclimatisation period, images were
taken of the left and right legs of the participants from lo-
cations A & B (0.5m) and C & D (1m) as seen in figures 1
and 2, using both the FLIR ONE and the FLIR ES8.

Data analysis

There were a total of 28 TSk measurements captured per
camera, 14 ata 0.5m distance (7 at position A and 7 at posi-
tion B) and 14 at a distance of 1m (7 at position C and 7 at
position D). Thermal images from the FLIR E8 were
stored on the laptop that was connected to the thermal
camera, and on the smartphone for those captured by the
FLIR ONE. The FLIR ONE images were then retrospec-
tively transferred to the laptop for analysis.

Retrospective analysis of the thermal images was con-
ducted using FLIR Research IR MAX (v4.40.9.30, FLIR
Systems, Oregon, US). A freeform ROI was drawn be-
tween the distal and proximal anatomical markers, with the
examiners judging the line to trace through the centre of
the Achilles tendon. The line was then exported into
Microsoft Excel (v16.0, Microsoft corporation, WA, US) in
the format of a comma-separated values file (CSV). A 2cm
distance was then determined in the CSV file based on the
number of pixels equating to the known diameter of the
anatomical marker in FLIR Research IR Max. The start
points for calculating the mean TSk of the Achilles tendon

Figure 3
An image obtained from the FLIR E8 identifying anatomical
markers

1. Calcaneal marker

2. Medial Mallelous marker

3. Lateral Malleolus marker

4 Muscle tendon junction marker
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then began from the data point equating to 2cm proximal
to the insertion. The number of pixels that equated to a
6¢cm distance was followed from here, so that the TSk could
be tracked beyond the midpoint of the AT, to identify AT at
the proximal midpoint. The mean Achilles tendon TSk was
calculated from these points. An example of this image
analysis can be seen in figure 4.

This method was repeated after one week to establish
intra-rater reliability and one month later by a second-rater
to identify inter-rater reliability. Rater one had two years of
experience with infrared thermal imaging analysis as part
of a PhD project and rater 2 had no prior experience with
thermal image analysis.

Statistical analysis

Intra-rater and inter-rater reliability were assessed using
SPSS for Windows (v24.0 SPSS Inc, Chicago, Illinois,
USA). Assumptions of normality were assessed using the
Shapiro-Wilks test. Unless stated differently, data are pre-
sented as mean T standard deviation (SD).

Intraclass correlation coefficient (ICC) two-way mixed-ef-
fects, absolute agreement, single measurement model was

Figure 4
An example of the infrared thermal image analysis

IR Recearchilt Maw - PT_Cppeq (FLIR 0N  -150wE-00 ADER s 16)
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utilised to assess intra-rater reliability. A two-way random-
effects, absolute agreement, single measurement model
was used to assess inter-rater reliability, in line with recom-
mendations from Koo and Li (2016) [24]. Values <0.5 were
considered poor, 0.5-0.75 was considered moderate, 0.75-0.9
was good and values >0.9 indicated excellent reliability.
Once the ICC's wete calculated, the means and SD's of rat-
ing 1 and rating 2 for both intra-rater and inter-rater reli-
ability, the 95% confidence intervals (CI), the SEM's and
MDC's were calculated using Microsoft Excel (v16.0, Mi-
cro- soft corporation, WA, US). The SEM was calculated
using the equation (SD(pooled)*(v1—ICCand the MDC
was calculated using the formula (1.96*\5)*SEM). Micro-
soft Excel was used in order to calculated the pooled SD

($Drating1 * SDrating1) + (SDrating2 * S Drating?2)
5 .

Intra-rater, Inter-rater and between device agreement were
assessed using Bland Altman analysis, the mean bias and
95% limits of agreement (LoA) in SPSS. Mean bias repre-
sents the mean difference between rating/rater 1 and rat-
ing/rater 2 and between the FLIR ONE and FLIR E8. The




95% LoA represent the range of difference within which
we would expect 95% of data points to lie and was calcu-
lated using the following equation Bias £1.96 x SD. The
manufacturer stated accuracy of the FLIR ONE is £5%
therefore a priori acceptable mean bias is defined as a value
within 5% of the mean TSk measurement to account for
measurement error [27] . The manufacturer stated accuracy

Table 3
Mean, SD and 95% CI's for the TSk data from the FLIR ONE
and FLIR E8 at 0.5m and 1m

Distance | Mean Tsk | SD o
Camera (m) °C) °C) 95% CI
FLIR 0.5 27.7 1.8 26.8 28.6
ONE 1 27.7 12 | 271 | 284
0.5 26.6 1.2 26.0 27.2
FLIR E8
1 26.3 1.4 25.6 27.1
Table 4

Intra-rater reliability ICC, 95% Cl's, SEM's and SDD's for the
FLIR ONE and FLIR E8 at 0.5m and 1m

Original article

of the FLIR E8 is £2% therefore a priori acceptable mean
bias is defined as a value within 2% of the mean TSk mea-
surement to account for measurement error [27].

Results

Assumptions of normality were not violated (p>0.05). The
mean TSk values, SD's and 95% CI's can be seen in table 3
for both cameras.

Intra-rater reliability

The method used to analyse TSk of the midportion of the
Achilles tendon demonstrated excellent intra-rater reliabil-
ity at both 0.5m and 1m distances from the ROI for images
captured by both the FLIR ONE and the FLIR E8. The
1CC's, 95% CI's, SEM's and MDC's can be seen in table 4.
Mean bias and LLoA can be seen in table 5. Bland Altman
plots can be seen in figures 5 and 6.

Camera Dizglce IcC | 95% CI S(Eé\)d 1\(4%(:
FLIR 0.5 0.99 | 0.96 | 1.00 | 0.2 0.5
ONE 1 0.99 | 096 | 1.00 | 0.1 0.4
FLIR 0.5 0.98 | 0.81 | 1.00 | 0.2 0.5

E8 1 095 | 027 | 099 | 03 0.9
Figure 5

Bland Altman plots for intra-rater agreement for the FLLIR ONE

Bland Altman plot for Intra-rater agreement of the FLIR ONE at 0.5m
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Figure 6

Bland Altman plots for intra rater agreement of the FLIR E8

Bland Altman plot for Intra-rater agreement of the FLIR E8 at 0.5m
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Table 5
Intra-rater agreement of the FLIR ONE and FLIR E8
Device Distance Bias Lower 95% | Upper 95%
(m) (°C) LoA (°C) LoA(°C)
FLIR 0.5 0.07 -0.47 0.61
ONE 1 0.08 -0.29 0.45
FLIR 0.5 0.16 -0.14 0.47
E8 1 0.36 0.11 0.82
Bland Altman piot for Intra-rater agreement of the FLIR ONE at 1m
g L .
g d By

Mean (°C)

Bland Altman plot for Intra-rater agreement of the FLIR E& at 1m
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Inter-rater reliability

There was excellent inter-rater reliability for the method
used to analyse TSk of the midportion of the Achilles ten-
don for data captured by the FLIR ONE at a distance of
0.5m and for the values obtained by the FLIR E8 at 0.5m
and 1m distances. At a 1m distance, this inter-rater reliabil-
ity was classed as good for data captured by the FLIR
ONE. These results can be seen in table 6. Mean bias and
LoA can be seen in table 7. Bland Altman plots can be seen
in figures 7 and 8.

Table 6
Inter-rater reliability ICC, 95% ClI's, SEM's and SDD's for the
FLIR ONE and FLIR E8 at 0.5m and 1m

Inter-device agreement

Agreement between the two infrared thermal imaging cam-
eras was not acceptable. Mean bias and the 95% LoA were
high at both 0.5m and 1m distances and the confidence
limit exceeded the a priori acceptable figures, as can be seen
in table 8 and figure 9.

Table 7
Inter-rater agreement of the FLIR ONE and FLIR E8
. . Lower Upper
Device Dlzglce ?é; 95% LoA |  95%
°C) LoA(°C)
FLIR 0.5 -0.36 -0.92 0.21
ONE 1 -0.28 -1.80 1.25
0.5 -0.23 -0.62 0.15
FLIR E8
1 0.04 -0.33 0.40

Device Dizfjl?‘:e ?1(35 95% CI S(Ecl\f 1\(“2)(:

FLIR 0.5 097 | 054 | 099 | 03 | 09

ONE 1 079 | 048 | 093 | 06 | 1.6

FLIR 0.5 097 | 061 | 099 | 02 | 06

E8 1 0.99 | 097 | 1.00 | 0.1 0.4
Figure 7

Bland Altman plots for interrater agreement of the FLIR ONE

Bland Altman plot for Inter-rater agreement of the FLIR ONE at 0.5m
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Figure 8
Bland Altman plots for inter-rater agreement of the FLIR E8

Bland Altman plot for Inter-rater agreement of the FLIR E8 at 0.5m
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Bland Altman plot for Inter-rater agreement of the FLIR ONE at 1m
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Discussion

The aim of this study was to establish the intra-rater and
inter-rater reliability of a method of analysing the TSk of
the midportion of the Achilles tendon.

There was excellent intra-rater reliability of the method
used to analyse Achilles tendon TSk at a distance of 0.5m
with data captured from as seen in table 4. The results re-
vealed a low SEM (0.2°C) and a low MDC (0.5°C). There
was also excellent intra-rater reliability ata 1m distance with
the data obtained from the FLLIR ONE, with a low SEM
(0.1°C) and a low MDC (0.4°C). In comparison, despite
also having excellent intra-rater reliability at both distances,
the SEM and MDC values for the FLIR E8 were higher
than those from the FLIR ONE. The higher SEM's and
MDC's obtained from the FLIR E8 suggest that the meth-
odology used results in more reliable readings from the
FLIR ONE possibly due to the interpolation of images
creating a temperature point every 4x4 pixels, meaning that
despite more pixels being available with the analysis image,
there is only TSk change every 4 pixels in each direction. It
also suggests that the consistency of line placement by
rater one is excellent. However, this same reason could also
explain why there are lower SEM's and MDC's from the
FLIR ES8 during inter-rater interpretation of the images,
with 230,400 ((480x640) - (320x240)) more pixels being
available in the FLIR ONE image there is a greater chance
for variation in line placement throughout the midportion
of the Achilles when rater 2 analysed images compared to
rater 1, despite temperature change only occurring every
4x4 pixels.

As the distance increases from 0.5m to 1m, the clarity of
the thermal image decreases, making it harder to identify
the borders of the Achilles tendon, as seen in figure 10.
Less pixels cover the ROI on the tendon, which may ex-
plain why the inter rater ICC is low, and the SEM and MDC
values are higher.

Tumilty et al. [28] also assessed the Achilles tendon using an
infrared thermal imaging camera. Their study focussed on
assessing the TSk of the Achilles over a 9-week period of a

Figure 9

Original article

collegiate cross-country season. The infrared thermal cam-
era that they used was the FLIR T450SC, which was similar
to that of the FLIR ES8, with a 320x240 infrared thermal
pixel count, a 1% accuracy and a sensitivity <0.05°C. Inter-
estingly, the emissivity value was set to 0.95, but the recom-
mended emissivity setting of human skin is 0.98 [29].

Whilst the study displayed acceptable ICC's, the methodol-
ogy used would not be appropriate for measuring changes
in Achilles tendon TSk in response to exercise, which may
limit the usability of thermography in the athletic setting.
Tumilty et al. (2019) utilised the box analysis tool in the
FLIR Tools (FLIR Systems, Oregon, US) software pro-
gramme. They standardised the analysis by using a 10x40
ROL. The distal border of the box was defined as the point
on the calcaneus where there was a colour change between
the bone and the tendon as judged by the rater. It may have
been possible that the colour change was different between
sessions and between participants, meaning that TSk may
be read from differentlocations. Additionally, if this was to
be used as a tool for tracking TSk post-exercise, there may
be substantial changes in the thermal profiles around the
calcaneus, meaning that it may not be possible to standard-
ise box placement using colours alone. Additionally, not all
Achilles tendons travel in a linear fashion, meaning that a

Figure 10
An image obtained by the FLIR ONE at 0.5m (A) and an ima-
ge of the same tendon from

Bland Altman plots for inter-device agreement FLIR ONE versus FLIR E8

Bland Altman plot for Inter-device agreement of the FLIR ONE VS FLIR E8 at 0.5m
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box placement may encompass areas medial and lateral to
the tendon. In close proximity to the Achilles tendon medi-
ally, lies the Posterior Tibial Artery [30], which could im-
pact TSk readings when a box tool is used. The results
highlight the need for identification of known anatomical
landmarks opposed to a post-hoc placement of ROI's
based on temperature profiles.

In agreement with the hypothesis, the FLIR ONE had ex-
cellent inter-rater reliability at a 0.5m distance, with low
SEM's (0.3°C) and MDC's (0.9°C). The inter-rater reliabil-
ity at 1m was good, with a slightly higher SEM (0.6°C ) and
MDC (1.6°C). In compatison, the FLIR E8 had excellent
inter-rater reliability at both 0.5m (SEM 0.2°C, MDC 0.6°C)
and 1m distances (SEM 0.1°C, MDC 0.4°C).

The FLIR E8 has lower SEM's that the FLIR ONE at both
0.5m and 1m distances from the ROI when analysed be-
tween clinicians. The cost of the two devices to purchase is
vast, with the FLIR ONE retailing at approximately one-
tenth of that of the FLIR ES8. This difference in price,
combined with the acceptable intra-rater and inter-rater re-
liability may mean that clinically, infrared thermography
may now be a viable option to track Achilles tendon TSk. It
is important to note that the results of this study do notin-
fer that the devices can track TSk change over time, which
could be useful future study. Based upon these results, it is
suggested that measures of TSk using the FLIR ONE in-
frared thermal imaging camera are taken from a distance of
0.5min order to improve the reliability of the readings. The
results of the current study also reveal that the inter-device
agreement is unacceptable, with mean bias and 95% LoA
lying outside the acceptable 2% limits as defined a priori. It
is therefore recommended that despite high reliability of
the TSk analysis method of the FLIR ONE and the FLIR
E8, when absolute TSk values are used, results between the
devices are not compared, as the devices do not agree suffi-
ciently.

At a distance of 0.5m the MDC for the FLIR ONE be-
tween raters of vastly different expetience levels is 0.9°C,
and 1.6°Catadistance of 1m. For the assessment of Achil-
les tendon TSk, it is not known whether these are accept-
able and further work beyond the reliability of method
analysis is required. AT between the symptomatic and
asymptomatic Achilles tendon is expected to exceed this in
response to loading exercise based on early preliminary ex-
perimentation. Future study will investigate what the nor-
mal TSk response of symptomatic vs asymptomatic Achilles
tendons is and whether an MDC of 1.6°C is excessively
large.

Limitations

A limitation in the methodology was identified; in the tall-
est participant, who measured 184.2cm in height, the most
proximal anatomical marker was not fully visible. Itis antic-
ipated that taller participants may undergo data collection
in the future, therefore it may be appropriate to move the
camera backwards in relation to the ROI to account for
this. It is therefore recommended that for future study, the
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effect of distance on TSk readings over the midportion of
the Achilles tendon is assessed, to see whether moving the

camera results in statistically significant AT.

This study did not assess the repeatability of the device
over time. Future study will assess this.

Conclusion

The method of analysis used for the FLIR ONE infrared
thermal imaging camera displayed acceptable intra-rater
and inter-rater reliability for use in the assessment of Achil-
les tendon TSk. Ata 0.5m distance, a AT of 0.5°C would be
classed as significant change that we can be sure is not due

to error when comparing intra-rater readings, and a AT of
1.2°C would be the value when comparing between two
raters of vastly different experience levels. At 1m 0.4°C
would be classed as significant TSk change that we can be

sure is not due to error when assessed intra-rater and a AT
of 1.6°C would be the value when comparing between two
raters of differing experience. Caution must be drawn in
future study if the camera is moved between 0.5m and 1m
distances, and new ICC, SEM and MDC values must be cal-
culated to ensure robust results. The absolute TSk values
should not be used interchangeably between the FLIR
ONE and the FLIR E8 as the results from the analysis
method show that the devices do not agree sufficiently.
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SUMMARY

BACKGROUND:The thyroid gland is a buttetfly-shaped organ located in the neck anteriorly to the larynx and trachea,
typically extending from the level of C5-T1. It is responsible for the release of hormones that control metabolic rates and
thereby modifying obligatory and adaptive thermogenesis. This organ can be affected by nodules and cellular malforma-
tions, which can result in malignant neoplasia or benign cysts. Those manifestations may change the normal pattern of
skin temperature distribution in the affected area. The aim of this study is to investigate the thermal pattern of a subject
presenting a hypervascularized nodule located on the left side of the thyroid.

MATERIALS AND METHODS: A male with 40 years old presenting a 11x6 mm nodule in the left side of his thyroid, con-
firmed by functional doppler imaging, was examined in a controlled environment using a FLIR E60 thermal camera and
two aluminium disks to provide a cooling provocation during one minute on the skin, above the thyroid gland location.
Thermal images were taken before and until the fifth minute after cooling at an interval of 1 minute. A 26x26 pixel square
region of interest (ROI) was drawn in the analysis software to statistically analyze the temperature values, histogram,
mean, median and mode temperature, standard deviation, kurtosis and skewness per ROI and side.

RESULTS:The ROI presented at baseline a bilateral difference in mean temperature of 0.4 °C, after cooling this difference
was accentuated, the affected side recovered quickly and showed a hot spot in the area of the nodule identified by Doppler
imaging.

CONCLUSION:This case study showed evidence of the utility on using dynamic infrared thermal imaging when assess-
ing thyroid nodules, which was confirmed by Doppler imaging to be highly vascularized. However, for diagnostic pur-
poses the traditional expensive methods such as biopsy and nuclear medicine are still required. Still the application of IRT
imaging should be further researched in possible monitoring and documenting the diagnosis and treatment evaluation
applied to thyroid conditions.

KEY WORDS: Dynamic thermography; skin temperature; thermal symmetry; thyroid nodule

EINE FALLSTUDIE ZUR AUSWERTUNG EINES DYNAMISCHEN WARMEBILDES EINES
SCHILDDRUSENKNOTENS

HINTERGRUND: Die Schilddrise ist ein schmetterlingsférmiges Organ, das sich am Hals vor dem Kehlkopf und der
Luftrohre befindet und sich typischerweise auf Hohe C5-T1 erstreckt. Es ist fiir die Freisetzung von Hormonen
verantwortlich, die Stoffwechselraten steuern und damit die obligatorische und adaptive Thermogenese verindern.
Dieses Organ kann durch Knotchen und zellulire Fehlbildungen verindert werden, die zu bosartiger Neoplasie oder
gutartigen Zysten fithren konnen. Diese Manifestationen kénnen das normale Muster der Hauttemperaturverteilung im
betroffenen Bereich verdndern. Ziel dieser Studie ist es, das thermische Muster einer Person zu untersuchen, die ein hy-
pet-vaskularisiertes Knétchen auf der linken Seite der Schilddriise aufweist.

METHODE: Ein durch funktionelle Doppler-Bildgebung bestitigter 11x6-mm gro3en Knoten an der linken Seite der
Schilddriise eines 40 Jahre alten Mannes, , wurde in einer kontrollierten Umgebung mit einer FLIR E60-Wirme-
bildkamera untersucht, nachdem mit zwei Aluminiumscheiben die Haut iiber der Schilddriisen 1 Minute lang gekiihlt
worden war. Wirmebilder wurden vor und bis zur fiinften Minute nach der Kiihlung im Minutenabstand aufgenommen.
Mit der Analysesoftware wurde ein quadratischer 26x26 Pixel groler Auswertebereich (ROI) gezeichnet, um Tem-
peraturwerte, Histogramm, Mittelwert, Median- und Modus-Wert der Temperatur, Standardabweichung, Kurtose und
Schiefe pro ROI und Seite statistisch zu analysieren.

ERGEBNISSE: Zu Beginn fand sich ein Seitenunterschied der mittleren Temperatur von 0,4°C. Dieser Unterschied
verstirkte nach der Kiihlung, die betroffene Seite erholte sich rasch und zeigte einen Hot Spot in dem Bereich, der durch
Doppler-Bildgebung als Knétchen identifiziert worden war.

SCHLUSSFOLGERUNG: Diese Fallstudie liefert Hinweise fiir den Nutzen der dynamischen Infrarot-Thermographie
bei der Beurteilung von Schilddriisenknoten, die durch Doppler-Bildgebung als hoch vaskularisiert bestitigt wurde.
Trotzdem sind fiir diagnostische Zwecke die traditionellen kostspieligen Methoden wie Biopsie und Nuklearmedizin
weiterhin erforderlich. Dennoch sollte die Anwendung der Infrarot-Bildgebung fiir eine mégliche Uberwachung und
Dokumentation der Diagnose und Behandlungsbewertung von Schilddriisenerkrankungen weiter erforscht werden.

SCHLUSELWORTER: Dynamische Thermographie; Hauttemperatur; thermische Symmetrie; Schilddriisenknoten
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Introduction

The thyroid gland is a large endocrine gland located in the
neck anteriorly to the larynx and trachea, typically extend-
ing from the level of C5- T1. Thyroid hormone influences
the metabolic rate in all cells of the body and modifies
many other metabolic processes in a complex interaction
with other hormones. By governing the metabolism, the
thyroid gland is contributing to the human homeostasis
and heat production [1].

This organ can develop cellular malformations, which can
resultin nodules that can be benign or malignant. In case of
carcinoma, it is one type of cancer that has grown in inci-
dence over the last decade, especially in women and at an
early age (2). It has a relatively low mortality rate but has a
high number of recurrences (3, 4). The most common
method of diagnosis is through biopsy and nuclear medi-
cine. The common treatments available today are surgery
and radiation, the surgery can be total (thyroidectomy) or
partial (ablation), the radiation can be through iodine 1131
or chemotherapy (5). The fact that this neoplasm is not as-
sociated with a high mortality rate lea to high treatment
costs (6). The total surgery in addition to the costs of the
procedure is linked to the dependency of drugs and addi-
tional costs for the lifetime (4).

Infrared thermal (IRT) imaging has already been used for
designing with success a prototype of a model to aid the di-
agnose of thyroid gland disease (7), however advanced im-
age processing methods and the use of dynamic thermo-
graphy could improve it. The idea of using the IRT tech-
nique in the research of thyroid conditions is not new, the
first suggestions were made in the 1970's (8,9), where the
authors described the method as an extremely valuable new
technique for the evaluation of thyroid nodules to aid the
diagnosis and follow up, since itis harmless to the patients.

Other conditions that affect this gland, such as hyper-
thyroidism causes an increase of cutaneous temperature.
Combining IRT imaging and isotope scanning was useful
for investigating non-active thyroid nodules; while malig-
nant tumors tend to present an increase in cutaneous tem-
perature, cysts could give rise to areas of relative hypo-
thermia. An increase in temperature was also showed in
1131 active toxic adenomas (10).

Clack et al. (11) when correlating the finding of ultra-
sonography and IRT examination have found that there
was a good correspondence between the two imaging
methods but without clinical significance.

Another research (12) found no evident correlation be-
tween the thermal gradient and the clinical diameter of the
thyroid nodule, the authors stated that thermography is not
reliable when used to select cold thyroid nodules for surgi-
cal removal.

Helmy et al. (7) assessed the IRT potential in the detection
of thyroid nodules. A cube was used as a simple geometric
shape model for the neck and performed a thermal analysis
based in the thyroid gland being a heat source. Finite Ele-
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Figure 1
Location of the thyroid gland and nodule.
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ment Analysis was used and it was concluded that the re-
sults of the new diagnostic method were in good agree-
ment with the current existing diagnostic method. How-
ever, this is a theoretical model and was never implemented
in practice

A study in Nigeria (14) concluded that IRT could be rele-
vant, and if combined with other imaging modality could
play a relevant role in the differential diagnosis of thyroid
diseases, providing more complementary data in evaluation
of the thyroid.

Another research using MRI and IRT imaging (14) demon-
strated that thermal contributions caused by varying the
breathing frequency and blood-flow velocity are negligibly
small enforcing the value of using IRT in investigations of
thyroid diseases.

Alves and Gabarra (15) compared the two imaging methods
of IRT and power Doppler sonography in the detection of
thyroid nodules, results demonstrated higher accuracy and
precision of IRT in the diagnosis of thyroid nodules.

Other authors (14, 16, 17) suggest that IRT can detect thermal
differences of skin overlying the thyroid, which might help to
discriminate different thyroid pathological conditions.

Gonzilez etal. (18) screened the neck of patients with thyroid
cancer with IRT images and concluded that the method
could be used as non-invasive tool for the detection of thy-
roid tumors. This was due to the assumed higher metabolic
activity of the thyroid tumor in comparison to the healthy
tissue, being the nodule detection made through the ap-
pearance of hot spots on the thermogram, which disrupts
the thermal symmetry of corresponding bilateral areas.

Recent studies (19, 20) have suggested that the use of ma-
chine learning classifiers over the findings of thermal im-
ages would facilitate the diagnosis of thyroid nodules and
cancer. Another research on image processing on a set of
thermograms sequence (21), found that the rate of change
of temperature, for every pixel within the image was of ma-
jorimportance. The derivation of the temperature for each
pixel not only quantifies the overall rate of change of tem-
perature associated with that pixel, butit can remove the dc
offset (a non-uniformity caused by the imperfection of in-
dividual detectors and readout circuit, which is a character-
istic of the technological process of recording an image)
component and noise due to its intrinsic averaging func-
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tion. Such algorithm would not be computationally de-
manding and can always guarantee convergence because
only one nonlinear variable needs to be optimized, all re-
maining parameters being linear in nature. This processing
was applied to thermal images of the neck of patients with
thyroid cancer and this variation rate showed to be more
adequate than mean temperatures of regions of interest.

Figure 2
The active Doppler image showing the hyper-vascularised
thyroid nodule in the left lobe.

Figure 3
— The aluminum disk used for the thermal provocation over
the thyroid area (diameter of 50 mm, thickness of 15 mm)

The aim of this study is to investigate the thermal pattern
of asingle case of a subject presenting a hypervascularized
nodule located on the left side of the thyroid, through dif-
ferent forms of objective image analysis.

Materials and Methods

A male patient with 40 years old and a BMI of 29.7 kg/m2,
was identified to have a thyroid nodule of 11x6 mm at the
left side of the thyroid gland (figure 1) in an occasional
Doppler scan, which also showed a hypervascularization
around the nodule as presented in figure 2. The nodule was
also identified by palpation.

The study took place, as suggested by IRT imaging recom-
mendations (23-25), in an environmental controlled room
of 3x4 min size (with a mean temperature of 22.0 °C, rela-
tive humidity of 45%, absence of incandescent lighting
over all equipment and laminar low air flow) at the Faculty
of Engineering, University of Porto. For image capturing it
was used a thermal camera FLIR E60 with a focal plane
sensor array size of 320x240, NETD of <50 mK at 30°C
and measurement uncertainty of +2% of the overall tem-
perature range.

A static thermal image was taken, after the acclimatization
period of 15 minutes, from the anterior view of the neck, it
was followed by a contact thermal stimulus provided by

Figure 4

Analysis of the images in the FLIR ThermaCAM Researcher
Pro 2.10 with the two regions of interest drawn over the thy-
roid gland. It is clear from the image that the left ROI presents
a higher temperature than the right side.

b
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%ilgks:titistical characterization of both ROIs over the provocation test
Time Right ROI Left ROI
Mean |Median | Mode | sd | Kurtosis |Skewness | Mean | Median | Mode | sd | Kurtosis | Skewness
Baseline 34.5 34.5 34.8 0.3 -1.23 0.01 34.9 35.0 35.1 0.2 - 0.65 -0.13
0 min 20.4 20.4 26.4 0.1 -0.36 0.35 26.8 26.7 26.4 0.4 0.82 0.14
1 min 29.7 29.7 29.7 0.3 0.82 0.38 30.8 30.7 30.1 0.7 -0.2 0.71
2 min 31.0 31.0 30.9 0.3 -0.4 0.5 32.3 32.2 32.2 0.2 -0.48 0.49
3 min 31.7 31.7 31.6 0.3 -0.32 0.6 32.9 32.8 32.7 0.5 -0.59 0.31
4 min 31.8 31.7 31.5 0.4 -0.45 0.6 32.6 32.6 32.4 0.6 -0.32 0.34
5 min 32.1 32.0 31.9 0.3 -0.72 0.51 33.0 33.0 32.7 0.6 -0.35 -0.03
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Figure 5

The thermal images taken during the whole dynamic test

Baseline

1 minute after provocation

5 minutes after provocation

e |
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Immediately after provocation

two aluminum disks with 50 mm diameter and 15 mm thick
and with a surface temperature equal to examination room
environmental temperature, being exposed to it during the
whole acclimatization period (figure 3). The disks were ap-
plied by conduction during 1 minute on both sides of the
anterior neck and above the Adam apple, 5 images were
taken at 1-minute interval. Two squared regions of interest
(ROI) of 26x26 pixels were drawn at the left and right side
of the thyroid skin region using the software package FLIR
ThermaCAM Researcher Pro 2.10 for assessing the ther-
mal data, as presented in figure 4.
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Figure 6
The histograms of the ROIs over the dynamic test.
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Figure 7

The characteristic charts of statistical parameter for both ROIs over the dynamic assessment.
Mean
Mode

Kurtosis

Figure 8
Thermal symmetry between bilateral ROIs along the thermal
stimuli test.
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Table 2
The blood test results on the thyroid hormones values
Hormone Normal Range
Free Thyroxin (Free T4) | 1.28 ng/dL 0.93-1.7
Thyrostimulant hormone
1.10uL/mL 0.27-4.2
(TSH) L /
Calcitonin <2.00 pg/mL | 0-20

Skewness

An analysis on histogram, mean, median and mode tem-
perature, standard deviation, kurtosis and skewness per
ROI and side is performed.

Results

Table 1 presents the statistical evaluation of mean, median,
mode, standard deviation, kurtosis and skewness of the 2
defined bilateral ROIs during the whole images captured
within the dynamic procedure. Figure 5 shows the thermal
images taken from the dynamic procedure. It can be ob-
served that the temperature dropped after cooling with the
aluminum medals and started to recover immediately after,
being the recover faster at the nodule affected ROL

Figure 6 shows the evolution of the histograms over the 6
images taken during the examination, where it can be
seenat none of the histograms followed the normal distri-
bution.

Figure 7 presents the evolution for the 2 bilateral ROIs of
the mean, median and mode temperature, standard devia-
tion, kurtosis and skewness during the whole procedure.
The mean, median, mode and standard deviation followed
a similar pattern. The kurtosis provides a descriptor of the
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shape of a probability distribution and showed a variability
during the sequence of images, being higher at the nodule
side. The skewness is a measure of the asymmetry of the
probability distribution, also had some variability in the se-
quence of thermograms, being this variability different for
both ROIs, the variations are subtler in non-nodule side
and with an accentuated pattern at the nodule side.

The figure 8 shows the graph of the evolution of the ther-
mal symmetry (Left ROI mean - Right ROI mean) during
the sequence of IRT images, it can be observed that this
value increases with the duration of the test, being higher
than 0.8 °C.

Table 2 shows the hormone values obtained from the
blood tests of the subject, which are normal.

Discussion

This study has followed the IRT imaging guidelines (22-24)
with respect to examination room and equipment prepara-
tion, the hypervascularized nodule was clear in the thermo-
grams and more evident after cooling, The correlation of
the findings in both imaging modalities is in line with the
existing literature (11, 15). The mean, median, mode and
thermal symmetry values are useful to discriminate the af-
fected side from the contralateral normal side. The utility
of the histograms and the value of skewness is debatable in
discriminating the sites. No utility was found for the kurtosis
value.

The use of histograms eases the task of identifying differ-
ent data, the frequency of the data occurring in the ROI
dataset and categories which are difficult to interpret in a
tabular form, helping to visualize the distribution of the
data within that ROL. This can be of extreme importance,
as shown in this example (table 3), for understanding the
thermal dynamic change of the data in small ROL

All the numeric values obtained from the sequence of im-
ages along with rate of the change in temperature per pixels
inside the ROI as suggested by the literature (21) in a large
database of thyroid condition patients, may be used as in-
puts for machine learning classifiers (19, 20), which can be
animportant aid for physicians in their diagnosis of thyroid
diseases.

The patient of this case study has to be regularly under sur-
veillance due to the hypervasculatization of the nodule
found, despite the result of the blood tests for the thyroid
hormones.

Conclusion

This case study showed evidence of the utility on using dy-
namic infrared thermal imaging when assessing thyroid
nodules, which was confirmed by Doppler imaging to be
highly vascularized and presenting a higher skin tempera-
ture when compared with the contralateral side. However,
for diagnostic purposes, the traditional expensive methods
such as biopsy and nuclear medicine are still required.

The application of IRT imaging should be further re-
searched in monitoring and documenting the diagnosis and
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treatments evaluation applied to thyroid conditions such as
cancet, hypothyroidism and hyperthyroidism. The applica-
tion of image processing techniques along with the statisti-
cal evaluations of ROIs should be used to populate large
databases and be inputs for decision support systems using
artificial intelligence methods to aid physicians in their di-
agnosis.
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Wroclaw announced as host city for XV Congress of the
European Association of Thermology, 15t - 4th September 2021

Maria Soroko

Department of Horse Breeding and Equestrian Studies, Wroclaw University of Environmental and Life Sciences, Wroclaw, Poland
Local organising committee chair, XV Congtress of the European Association of Thermology, Wroclaw

The European Association of Thermology is delighted to
announce that the XV Congress of the EAT will take place
1st - 4th September 2021 in the beautiful city of Wroclaw
in Poland. This sees the EAT Congtress return to eastern
Europe after our recent very successful visits to Portugal
(2012), Spain (2015) and London (2018).

Our venue will be the Faculty of Biology and Animal Sci-
ence at the prestigious Wroclaw University of Environ-
mental and Life Sciences, where longstanding EAT member
Dr. Maria Soroko is a Research Associate and Lecturet.

About the city

Wroclaw lies on the banks of the River Oder in western Po-
land, and is the capital of the Lower Silesian Vovoideship. It
was the European Capital of Culture in 2016, and won the
"European Best Destination" title in 2018.

Notable landmarks include the 10% century Cathedral, the
Centennial Hall from 1913 (registered as a UNESCO
World Heritage Site), and the distinctive architecture of the
Town Hall and Market Square. Wroclaw is also host to the
Raclawice Panorama, a 114m-long cycloramic painting
from 1894, commemorating the 100th anniversary of the
Battle of Raclawice.

In recent years Wroclaw has also become well-known for
its "little people" or "dwarves": small figurines scattered
across the city streets which were first conceived as part of
the city's anti-communist movement in 2005. These now
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number more than 350, and can be located with the help of
a dedicated tourist map.
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Wroclaw Zoo, close to our congress venue, is the oldest
zoo in Poland, and the third largest zoological gardens in
the world in terms of the number of species on display.

In summertime, large numbers of visitors are attracted at
night to Wroclaw's "Multimedia Fountain" close to the
Centennial Hall. This is one of the largest operating foun-
tains in Hurope, and stages dramatic light shows set to mu-
sic. We will have the opportunity to visit this spectacle as
part of the congress social programme.

Wroclaw has excellent road and rail transport connections,
and is served by Copernicus Airport, situated just 10km
from the city centre.

About the congress venue

Wroclaw University of Environmental and Life Sciences
has its origins in the University of Breslau Institute of Agri-
culture, which opened on Mattiaplatz in 1881. The Institute
moved to Hansastrasse in 1923, which remains the main
building of the university to this day. Higher education in
Wroclaw was entirely restructured in 1945 to form the State
University and Polytechnic. After 1951, the School of Agti-
culture was separated from these establishments to be-
come a distinct university, finally adopting its current title in
2006. The university is currently the place of education for
around 13,000 students.

Our congress venue is the Faculty of Biology and Animal
Science on Chelmonskiego in the eastern suburbs of Wroclaw:
The Faculty building boasts excellent conference facilities
including a large lecture theatre, ample lobby space for net-
working and poster presentations, and a spacious restau-
rant for lunch breaks. This is the perfect environment for
delegates to present their thermological research at Eu-
rope's flagship biomedical temperature congress.

A formal "first announcement" with further information
will be distributed in January 2020. The congtress "Call for
Abstracts" will be published in July, with abstract submis-
sion closing on 31t December 2020.

It will be our pleasure to welcome you to the XV Con-
gress of the EAT and Poland's best-kept secret: historic
Wroclaw! Save the date - and see you all in September
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175-19% April 2019

24th Conference of the Polish Association of
Thermology Combined with the
European Association of Thermology in Zakopane

Conference venue:

HYRNI Hotel, Pilsudskiego str 20, Zakopane

Abstract deadline March 15 2019
Please send your abstract to
ajung@spencer.com.pl or
armand.cholewka@gmail.com

Accepted abstracts will be published in

Thermology International.

Accommodation (2 nights) / meals, welcome
dinner 130 E per person ( participant, accompa-
nying person) will be paid in cash/credit card on
arrival in hotel reception

EARLY RESERVATION FOR ACCOMMODA-
TION before March 15t to ensure hotel reservation
by email to a.jung@spencet.com.pl

Organising Committee
Prof.Armand Cholewka Ph.D, Eng
Prof.Anna Jung MD, Ph.D
Dr.Janusz Zuber MD,Ph,D

Teresa Kasprzyk MSc,Eng
Dr.Anna Kowalczyk MD,Ph.D

Scientific Committee
Dr.Kevin Howell Ph.D (UK)

Prof.Kurt Ammer MD,Ph.D (AUT)
Prof.Sillero-Quintana Manuel Ph.D (SPA)
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Adetito Seixas Msc, DPT, (POR)

Dr.Ricardo Vardasca Ph.D (POR)
Prof.Armand Cholewka Ph.D,Eng (Poland)
Prof.Anna Jung MD,Ph.D (Poland)
Prof.Antoni Nowakowski Ph.D, Eng (Poland)
Dr.Janusz Zuber MD,Ph.D ( Poland)
Prof.Boguslaw Wiecek Ph.D, Eng (Poland)
PROGRAMME AT A GLANCE.

17th April, Friday - 7 p.m.
Welcome Dinner ( HYRNY Hotel)

18th April, Saturday

9.00 - 11.00 Session I

11.00 - 11.20 Coffee break

11.20 -13.00 Session 11

13.00 - 14.15 Lunch

14.30 - 16.00 Session 111

16.00 - 16.15 Coffee break

16.15 - 18.00 EAT board meeting

Further information:

Prof Anna Jung
ajung@spencer.com.pl or
Prof. Armand Cholewka

armand.cholewka@gmail.com
Gt - 10t July 2020

The 15% Conference on Quantitative InfraRed
Thermography in Porto, Portugal

For further information and updates, please visit the
website: http://www.qirt2020.com or

contact the organizing committee at

qirt2020@fe.up.pt

See pages 157 and 158




Meetings

Call for Papers

Since 1992, the Quantitative InfraRed Thermography (QIRT) conference is a biannual
international forum which brings together specialists from industry and academia, who share an
active interest in the latest developments of science, experimental practices and
instrumentation, related to IR thermography.

Following conferences in Paris (1992), Sorrento (1994), Stuttgart (1996), Lodz (1998),
Reims (2000), Dubrovnik (2002), Brussels (2004), Padova (2006), Krakow (2008), Québec City
(2010) and Naples (2012), Bordeaux (2014), Gdansk (2016) and Berlin (2018), QIRT 2020 will
take place in Porto, Portugal. Since 2015, due to the growing QIRT community, a sister
conference series, QIRT-Asia, was established. Chennai (India) 2015, Daejon (Korea) 2017
and Tokyo (Japan) 2019. All conference proceedings are available through the QIRT
Conference Open Archives at www.qirt.org.

QIRT 2020 will cover, but will not be limited to, the following topics:

+ State of the art and evolution in the field of IR scanners and imaging systems allowing
quantitative measurements and related data acquisition and processing.

= Integration of thermographic systems and multispectral analysis. Related problems like:
calibration and characterization of IR cameras, emissivity determination, absorption in media,
spurious radiations, 3D measurements, certification and standardization.

« Thermal effects induced e.g. by electromagnetic fields, elastic waves or mechanical stresses.

« Application of IR thermography to radiometry, thermometry and physical parameters
identification in all fields such as: industrial processes, material sciences, thermo-fluid dynamics,
energetics, non-destructive evaluation, cultural heritage, environment, medicine, biomedical
science, food production...

Important dates

* Abstract submission deadline: November 30, 2019
* Acceptance notification: February 29, 2020
* Paper submission deadline: April 30, 2020

Abstract and Paper Submission

The participants are invited to submit to the QIRT 2020 Web Site
(http:/fiwww.qirt2020.com) by November 30, 2019 an extended abstract of 2 pages (a template
is provided at the website), either for oral or poster presentation, including key figures and main
results. A book of abstracts will be distributed at the conference.

Following acceptance notification, camera ready, full paper of 6-10 pages including
colour figures should be submitted to the QIRT 2020 web site by April 30th, 2020.

All submissions for oral or poster presentation will be handled electronically via the
conference website http:/iwww.qirt2020.com

A Word template to be used for both abstracts and full papers is downloadable at the
website.

Authors are requested to propose the thematic section in which the paper should be
included.

Web-Based Proceedings and possible publication in QIRT Journal

Presented papers (oral and posters) will be published online in the QIRT Open-Archives,
which can be found at the website: www.qirt.org. A USB flash drive with all conference papers
will be also distributed to the conference participants.

After the conference, the Scientific Committee will carry out a pre-selection of the most
prominent presented papers for a possible publication in Quantitative InfraRed Thermography
Journal after a subsequent review by two experts.

Steering Committee

X. Maldague (Canada)
Chairman

P. Bison (ltaly)

J. Dumoulin (France)

D. Balageas (France)
J.C. Batsale (France)

G. Busse (Germany)

C. Maierhofer (Germany)
J.M. Buchlin (Belgium)
G. Cardone (ltaly)

G.M. Carlomagno (ltaly)
A. Nowakowski (Poland)
A. Salazar (Spain)

S. Svaic (Croatia)

B. Wiecek (Poland)

V. Vavilov(Russia)

J. Morikawa (Japan)
Won Tae Kim (Korea)

International Scientific
Committee

D. Balageas (France)

J.C. Batsale (France)

C. Bissieux (France)

J.M. Buchlin (Belgium)

G. Busse (Germany)

G. Cardone (ltaly)

G.M. Carlomagno (ltaly)
E. Cramer (U.S.A))

B. Jahne (Germany)

. Lybaert (Belgium)

. Maierhofer (Germany)

. Maldague (Canada)

. Millan (France)
Nowakowski (Poland)
Oswald-Tranta (Austria)
. Rozlosnik (Argentina)
Salazar (Spain)

Schrijer (The Nederlands)
. Shepard (USA)

. Svaic (Croatia)

. Wiecek (Poland)

. Wiggenhauser (Germany)
. Vavilov (Russia)

<SIDOOAPP>PTP>TVXOT

Organizing Committee

J. Mendes (chairman)
R. Vardasca (chairman)
R. Natal Jorge

J. Tavares

M. Clemente

A. Seixas

C. Magalhaes
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Pre-Conference short courses

QIRT short courses
In addition to the main technical program, the conference will include one-day short
courses (Monday, July 6).
It will include:
- Non-destructive testing using active thermography
- Non-destructive testing using lock-in thermography
- Passive and active thermography in civil engineering
- Thermal problems in fluid dynamics
- Analytical solutions for passive and active thermography
- Biomedical thermography applications.

The fee to attend the short course will be 200 € (VAT, coffee breaks and lunch included).

Awards

During the conference, the best scientific paper will be honoured by the Grinzato Award
and the best student paper by the Student Award.

Application for the Student Award is indicated at abstract submission. The nominees for
the Grinzato Award will be announced by the steering committee according to the rating of the
submitted abstracts.

Conference fees (VAT included)

Regular participants

« Early rate (deadline: May 30, 2020): 700 €

= Late rate (deadline: June 30, 2020): 750 €

« Desk registration rate: 800 €

Students & over 66<

= Early rate (deadline: May 30, 2020): 350 €

= Late rate (deadline: June 30, 2020): 400 €

« Desk registration rate: 450 €

Fee covers: Book of abstracts, Conference USB Proceedings, Welcome reception, Conference
dinner, 4 lunches and coffee breaks. Accommodation is not included.

For regular participanis only, fee includes also a subscription to QIRT Journal for 2 years
(Standard personal subscription rate).

Accompanying persons

« Rate (deadline: June 30, 2020): 160 €

This amount includes the Porto visiting card (with free transport for 4 days and discounts in
touristic places), Welcome reception and Conference dinner.

Venue

QIRT 2020 will be held at the Faculty of Engineering, University of Porto. The city of Porto
has been recognized as the best European destination in 2014 and 2017.

A list of hotels will be given in the conference website. Booking of hotel is not assumed
by the conference organization.

Host organization
Faculty of Engineering, University of Porto, Portugal

For further information and updates, please visit the website: http://www.qirt2020.com or
contact the organizing committee at qirt2020@fe.up.pt
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A Practical Guide to Thermal Imaging

Kurt Ammer | Frandis Ring
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978-981-4745-82-6 (Hardback)
978-0-429-01998-2 (eBook)

US$149.95

260 Pages - 19 Color & 38 B/W Illustrations
May 2019

e  Combines the physics of heat transfer
with thermal physiology to understand
skin temperature distribution

e  Provides a framework for standardized
recording and analysis of medical
thermal images

e Includes an atlas of body positions of
proven reproducibility for infrared
image capture

e  Proposes regions of interests for reliable
quantitative analysis

SAVE 20% with FREE standard
shipping when you order online at
www.crcpress.com and enter
Promo Code PANO1.

(/save)
. . Alternatively, you can contact
your nearest bookstore, or our

distributor as follows:

CRC Press (Taylor & Francis)

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487, USA

Tel: +1 800-272-7737

Fax: +1 800-374-3401

Email: orders@taylorandfrancis.com

The Thermal Human Body

A Practical Guide to Thermal Imaging

Kurt Ammer & Francis Ring

“There is no way to study thermal imaging and not learn from
the writings of Francis Ring and Kurt Ammer. Pioneers of the
application of infrared thermography in medicine, the authors
unveil the direction for a sensible use of the method. Luck for
us—students, professionals and enthusiasts—because we can be
grateful to receive a differentiated material that shortens the
learning path. No doubt a remarkable book.”

- Prof. Danilo Gomes Moreira, Science and Technology of
Minas Gerais, Brazil

“This book is set to become essential reading for anyone who
wants to perform reliable thermal imaging of the human body,
whether it be in medicine, clinical practice, sports science or
research.”

- Prof. Graham Machin, National Physical Laboratory, UK

“This book is a wonderful practical guide that takes the reader
through all the main stages required and will be of special
interest for those interested in entering the fascinating field of
clinical thermal imaging.”

- Prof. James B. Mercer, UiT—The Arctic University of
Norway, Norway

This book is a guide for the constantly growing community of
the users of medical thermal imaging. It describes where and
how an infrared equipment can be used in a strictly
standardized way and how one can ultimately
comprehensively report the findings. Due to their insight into
the complex mechanisms behind the distribution of surface
temperature, future users of medical thermal imaging should
be able to provide careful, and cautious, interpretations of
infrared thermograms, thus avoiding the pitfalls of the past.
The authors are well-known pioneers of the technique of
infrared imaging in medicine who have combined strict
standard-based evaluation of medical thermal images with
their expertise in clinical medicine and related fields of health
management.

JENNY STANFORD
PUBLISHING





