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IS THE LOW COST THERMAL CAMERA FLIR C2 SUIT-
ABLE FOR MEDICAL THERMAL MEASUREMENTS?

Ricardo Vardasca, Joaquim Gabriel

LABIOMEP, UISPA-LAETA-INEGI, Faculty of Engineering,
University of Porto, Portugal

Compact low cost infrared thermal imaging systems have been
launched to the market in 2015. Their specifications are low, not
meeting the minimal requirements suggested for clinical use, al-
though given the relative low cost and portability, they have at-
tracted enthusiasts, which attempted to use it for clinical pur-
poses claiming applicability.

Attention is required and comparative assessment must be per-
formed to raise advisory warning to this enthusiasts in the out-
comes given by those low cost and specification systems.

Itis aim of this research to acquire thermal images with the FLLIR
C2 compact system, which has an sensor array size of 80x60,
NETD < 100mK and accuracy of £2°C, and a FLIR E60sc por-
table camera, which has an sensor array of 320x240, NETD <
50mK and an accuracy of +2°C, and compare the obtained tem-
perature values of regions of interest (ROI).

A total of 12 thermal images were taken with each imaging sys-
tem from 4 volunteers of 3 different views of ankles following
the Glamorgan capture protocol guidelines and 4 ROIs were de-
fined to perform the measurements, which were assessed in

Figure 1

Abstracts

terms of mean, minimum and maximum temperature and stan-
dard deviation. Examples of images are shown in Figure 1

From the obtained results, despite from the good value pre-
sented by the correlations between the four quantitative parame-
ters (mean temperature = 0.8037; minimum temperature =
0.8528; maximum temperature = 0.4076; standard deviation =
0.8222) within the two used systems, significant mean differ-
ences were found (mean temperature = 0.74+0.72; minimum
temperature = 0.1620.81; maximum temperature = 0.741+1.30;
standard deviation = 0.04£0.15), which are able to strongly in-
fluence clinical outcomes.

With this, regardless the attractiveness of the price and apparent
correlation of measurements obtained, the low sensitivity of the
compact costless infrared imaging instruments, they do not offer
the minimal guarantees to be able to be used for clinical pur-
poses, and its use is not advised for that purpose.
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DOES THE TYPE OF SKIN TEMPERATURE
DISTRIBUTION MATTER?

Kurt Ammer

European Association of Thermology, Vienna, Austria

Medical Imaging Research Unit, University of South Wales,
Pontypridd, United Kingdom

It is generally assumed that skin temperature follows a normal
Gaussian distribution in which mean, mode and median are in
the same place i.e. the middle of the bell-shaped outline of the
distribution. Consequently. regional skin temperatures are de-
scribed by mean temperature and standard deviation following
classical statistics. For allowing explanatory data analysis, skin
temperatures [1] should behave like

1. random drawings;

2. from a fixed distribution;

3. with the distribution having fixed location; and

4. with the distribution having fixed variation

Figure 2

Histoorams of skin temperature distribution

If one tests the 4 assumptions above, it turns out that skin tem-
perature data violate 1 or 2 of these basic requirements of a valid
statistical analysis.

METHOD: Thermal images were retrieved from the database
"Atlas of normal skin temperature distribution" and all total
body views, the views "neck (dorsal view)", "upper back", "both
hands (dorsal view)" and "lower legs (dorsal view)" from the
same subject were selected. Regions of interest were defined
with respect to the proposals of the Glamorgan protocol [2] us-
ing the software package CTHERM. An additional rectangular
measurement area of 900-pixel size was located at the left scapu-
lar region, the left ROI of the neck, the left dorsal hand close to
the 3rd metatarsal joint and in the middle of the right calf. Mean,
standard deviation and histograms of each region were obtained
from the statistics sub-programme in CTHERM. Mean skin
temperature was estimated using the mean temperatures of the
small rectangular boxes in the formula

Tskin= (Tneck 0.28)+(Tscapula0.28)+(Thand0.16)+ (Tcalf 0.28)

and compared to the mean temperatures of all total body views.

Total body anterior wew

Total body postericr wiewr

T ctal body left lateral wewr Totalbody srht lateral view

J|l - 1

44T M 45 .

Histozmamleft dowsal seck, | Histozramlefthand tota Histogram kft upper back, | Histogram leftupper back
total ROI ROI tota ROI total ROI
Maar=3319C | Mearm2? 15°C MHes=32 02°C Maarm3052C |
0e25°C - She1 4°C SP+1 30w 0 NE
J J {1
Histoztamle ft dowsalneck, | Histogramleftdexsalhand, | Histograma kft upper back, | Histogram lefte alf, smmall
steall box stnall box stnall box box
Mean=33EB3°C Mearm2T 73T Hearw32 02°C MeswmI) 6L
SD=D27C o b SD-2%0C 0-023C o SD=04TC o

S6




RESULTS: Histograms clearly show, that skin temperature does
not follow a Gaussian distribution (figure 2). In most regions of
interest, the distribution is skewed to the left. However, the histo-
grams of the small rectangular measurement were close to nor-
mal distribution.

Estimated mean skin temperature was 31.49°C, which is about 2
degrees higher than the mean temperature readings obtained
from the total body view (anterior view: 29.64; posterior view:29.78;
lateral view: 29.42) However, the median of skin temperature in
total body views was with 29.61°C close to the estimated value of
mean skin temperature.

CONCLUSION: Skin temperature is not normally distributed in
large measurement areas irrespective if they enclose the total
body or only defined anatomical regions. Better agreement exists
between estimated mean skin temperature and the median tem-
perature than with the mean temperature of total body views

REFERENCES

1.NIST/SEMATECH e-Handbook of Statistical Methods,
http:/ /www.itl.nist.gov/div898 /handbook/, accessed 2016-03-24

2.Ammer K. The Glamorgan Protocol for recording and evaluation of
thermal images of the human body. Thermology International 2008;
18(4):125-129.

3.Maniar N, Bach AJE, Stewart IB, Costello JT. The effect of using dif-
ferent regions of interest on local and mean skin temperature. Journal
of Thermal Biology 2015, 49-50:33-38

THE INFRARED CONTROVERSY 1800 -1840
Francis Ring

Medical Imaging Research Unit; University of South Wales
CF37 1DL Pontypridd, United Kingdom

It has been widely reported that infrared radiation was discov-
ered by William Herschel at the age of 61 in England in 1800.
Further research into the publications of time reveal that this an-

Figure 3
Herschel’s first thermograms

Abstracts

nouncement by Herschel was received with mixed reactions. The
president of the prestigious Royal Society in London was de-
lighted to write to Herschel to say that he considered this discov-
ery to be even more important than his eatlier discovery of the
new planet (Uranus) in 1781. However, the idea that invisible rays
were contained within the well known properties of sunlight was
to some impossible to accept. The Scottish physicist John Leslie
in particular was quick to publish a scathing criticism of
Herschel, claiming that this was a disgrace to science.

He had worked for 10 years and was about to publish his opus
magnum on radiant heat.

This led to a commissioned retrial of Herschel's experiment with
a group of well established scientists. Independent witnesses
were also brought in for experiments to be held at The Royal In-
stitution in London in 1801. This did result in a confirmation of
Herschel's findings, i.e. that "dark heat" could be detected be-
yond the red end of the spectrum. Herschel published further
papers to compare light and heat, noting that some features were
common to both such as reflection and refraction. Others were,
however showing differing properties. Then followed the debate
on the pluralistic vs the unified theory of radiation.

Subsequently work by the Italian Macedonio Melloni (1798-1854)
who with a Fresnel lens was able to detect low levels of heat from
moonlight in 1846, and the emergence of differences in wave-
length substantiated the presence and properties of what is now
termed infrared radiation. John Herschel after his fathet's death
made an image from sunlight by evaporography [1] in 1840
which he termed a Thermogram (figure 3), the term still in use
today to describe a thermal image.

REFERENCES

1. Herschel JEW. On the Chemical Action of the Rays of the So-
lar Spectrum on Preparations of Silver and other Substances,
both metallic and non-mettalic, and on some Photographic Pro-
cesses. Philosophical Transactions of the Royal Society of Lon-
don 1840, 130: 1-59
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REPORTING BODY COMPOSITION IN THERMAL IM-
AGING STUDIES, GENERAL OR LOCAL MEASURES?
PRELIMINARY RESULTS.

Seixas, A.12, Silva, M.1, Souto, M., Gabriel, J.2,Rodrigues, S.!

1 Escola Supetior de Satde, Universidade Fernando Pessoa,

Porto, Portugal

2IDMEC-FEUP, LABIOMEP, Faculty of Engeneering,

University of Porto, Portugal

A recent review [1] has emphasized the possible influence of
personal factors in skin temperature measurements. Body com-
position related variables are particularly important as fat has
been pointed as insulator and may affect thermoregulation [2].
Skinfold thickness, fat percentage, lean mass percentage and
body mass index are variables that can inform on body composi-
tion, however, the question whether to report general measures
(e.g. weight, body mass index) or local measures (e.g. skinfold
thickness) has not received much attention from researchers.
More importantly, the relationship between skin temperature
and body composition measures is not well established [2, 3].

The aim of this study was to assess the relationship between skin
temperature over the biceps and general and local body composi-
tion measures - body mass index, body fat percentage and
skinfold thickness.

Eleven healthy subjects (six females) aged 20-32 years were re-
cruited from the local community. Ambient temperature, humid-
ity and air flow were controlled to avoid experimental bias.
Anthropometric variables were measured according to the rec-
ommendations of the International Society for the Advance-
ment of Kinanthropometry [4]. Before thermal data were ac-
quired, all participants followed a 15 minute acclimatization pe-
riod. Thermograms were obtained with a FLIR E60 camera with
resolution of 320 x 240 pixels, thermal sensitivity <0.05°C and
1+2°C of accuracy. Images were obtained from the anterior view
of the arm and one region of interest was defined over the right

biceps (figure 4). Thermograms were analyzed with FLIR Re-
searchIR Max software.

Thermogram analysis revealed a high negative and significant
correlation (r=-0.832; p=0.001) between skin temperature over
the biceps and subcutaneous fat percentage and non-significant
correlations between skin temperature over the biceps and body
mass index (r=0.134; p=0.694) and biceps skinfold thickness
(r=-0.506; p=0.113).

In this study subcutaneous fat percentage was the body composi-
tion measure that correlated best with skin temperature over the
biceps. In this sample body mass index and skinfold thickness
were not associated with local skin temperature. The results sug-
gest that researchers should be controlling and reporting subcu-
taneous fat percentage in studies assessing skin temperature in
the anterior sutface of the arm. More studies are needed to con-
firm our findings and explore this relationship in other areas of

the body.

REFERENCES:

1.Fernandez-Cuevas I, Bouzas Marins JC, Arnéiz Lastras ], Gomez
Carmona PM, Pifionosa Cano S, Garcia-Concepcioén MA, et al. Clas-
sification of factors influencing the use of infrared thermography in
humans: A review. Infrared Physics & Technology. 2015;71:28-55.

2. Chudecka M, Lubkowska A. Thermal maps of young women
and men. Infrared Physics and Technology. 2015;69:81-7.

3. Fournet D, Ross L, Voelcker T, Redortier B, Havenith G. Body
mapping of thermoregulatory and perceptual responses of males and
females running in the cold. Journal of Thermal Biology.
2013;38(6):339-44.

4.Norton K, Olds T. Anthropometrica: A Textbook of Body Mea-
surement for Sports and Health Courses: UNSW Press; 1996.

Figure 4: A thermogram with the selected region of interest for the analysis.
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DIFFERENTIAL DIAGNOSIS OF GROWTH PAINS IN
THERMAL AND MUSCULOSKELETAL SONOGRAPHY
IMAGING

Gabrhel ].1, Popracova Z.2, Tauchmannova 3 H.

1 Private medical practice of treatment rehabilitation and acupuncture,
Thermal imaging diagnostics, Trencin,

2.University of Ss. Cyril and Methodius, Trnava,

3 National Institute of Rheumatic Diseases, Piestany

DEDICATION:
This work is dedicated to the jubillee of our longtime friend and
colleague Doc. MUDx. Helena "Vara" Tauchmannova, CSc.

INTRODUCTION: Growth pains were first described by a
French physician Marcel Duchamp in 1823. They appear at the
age of 2-19; however, their most frequent clinical presentation
falls between the ages of 3-5 and 8-12. Their clinical manifesta-
tion primarily includes deep muscle pain. Most often the pain ap-
pears in the area of thigh, shin, calf, and popliteal fossa. Pain
attacks occur in the late afternoon and night hours, lasting from
several minutes to hours. Etiology and pathogenesis of growth

BAST, §TRS,LAT.FEM WEIN

Figure 5

Abstracts

pains remain unknown. As a result, they belong to the category
of per exclusionem diagnoses, i.e. being defined upon excluding
other causes such as inflammatory rheumatic diseases, orthope-
dic disorders, unrecognized trauma, neuromuscular disturbance,
endocrine malfunction, malignant diseases, or sympathetically
mediated pain.

METHODS: Examination by thermal imaging in both research
and clinical practice for assisting differential diagnosis of
musculoskeletal pain has been routinely done at our clinic for 30

years. In this period of time, we have completed and analyzed

tens of thousands of thermography records of different musculo-

skeletal system areas. Of these, one third contained thermo-

graphic records of lower extremity joints in all projections, with
the knee area presenting the largest proportion. The acquired
temperature records were analyzed using both the absolute val-
ues of thermal parameters and evaluations of thermal images in
each of the recoded views. The result of these analyses were
specified thermal patterns typical of particular age periods, ther-

mal patterns generated by various types of defects, disorders, or
excessive load in sport.

Thermographic (top line), radiographic (mid line) and ultrasonographic (bottom line) in a child with growth pains
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By analysing thermal patterns in children with leg pain, labeled
with an established diagnosis"growth pains" per exclusionem,
we recorded a significantly different thermal pattern from a nor-
mal thermal pattern, and from a thermal pattern in adults, espe-
cially in the knee area. When continually monitoring knee ther-
mal patterns in adolescentathletes of different sports disciplines,
we have noticed that this pattern no longer exists upon comple-
tion of physical growth in the monitored individuals. Hence, we
do not consider this pattern to be of pathological origin; how-
ever, we assume it to be caused by increased temperature in the
area of epiphyseal and diaphyseal plates due to their increased
metabolic activity when the physical growth is most accelerated.

Since 1992 we made efforts to gradually report our findings in
domestic and international thermography conferences [1,2], and
also in sports-medicine and rehabilitation symposia [3]. Our data
were published in both domestic [4-7] and international journals
[8-10] and were part of proceedings books [1, 3. In recent years, a
thermography examination complements the classic musculo-
skeletal sonographic examination. This way we not only obtain
the information about the patho- physiology of pain, but about
the type and the extent of damage to the soft musculoskeletal
structures as well. Between January 8,2013 and June 28,2014, we
had 29 pediatric patientswith lower extremity pain who under-
went differential diagnostic tests at our clinic.

RESULTS: Of the total sample of 29 pediatric patients in whom
differential diagnosis was used to examine pains occurring in dif-
ferent lower limb areas, 24 were presented with a specific struc-
tural cause, or some sort of patho- physiology behind the cause.
A diagnosis of growing pains made per exclusionem can be as-
signed to five patients. Our paper describes normal thermal pat-
terns and ultrasound findings of differentlower extremity sites,
thermal patterns and ultrasound findings suggestive of growing
pains, and thermal patterns and ultrasound findings of certain
types of damage and lower limb disease, excluding growing pains
as the core diagnosis.

CONCLUSION: Thermal imaging and musculoskeletal ultra
sound examination of individual lower extremity areas may help
us differentiate standard findings from findings suggestive of
growing pains and also from other serious diseases and injuries
to the lower extremity area.

REFERENCES

1. Tauchmannova H, Gabrhel |, Cibak M. Thermal Image of the injured
Knee. In Ammer K, Ring EFJ, eds, The Thermal Image in Medicine and
Biology. Uhlen Verlag Wien, 1995, p.178-18
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THERMAL CAMERA PERFORMANCE AT SIX SITES
Elizabeth Marjanovic! , Kevin Howell?

Hnstitute of Inflammation and Repair, University of Manchester,
United Kingdom and

2Microvascular Diagnostics, Institute of Immunity and Transplanta-
tion, Royal Free Hospital, London, United Kingdom
BACKGROUND: To determine the accuracy of the thermal
camera measurements in a multi-centre study, a blackbody has
been imaged at each of six centres (Salford, Cambridge, Newcas-
tle, Leeds, London and Bath).

METHODS: Measurements of the blackbody were obtained
during the thermal camera warm-up period (30 minutes) and at
2°C intervals between 180C and 400C. These measurements
have been obtained before and following patient visits.

RESULTS: Five of the thermal cameras reached the target tem-
perature of 30°C (+2°C) within the 30 minute warm up petiod.
One camera did not reach the target temperature. The tempera-
ture varying results showed a bias between the thermal camera
and blackbody measurements that were significantly different to

zero (p<0.05) at four centres (mean difference- Cambridge
3.2°C, Bath 1.4°C, Leeds 1.1°C and Salford 0.3°C).

CONCLUSION: The majority of thermal cameras reached the
target temperature within the warm-up period and there was a
strong linear relationship between the thermal camera and black-
body measurements. There was however, a significant bias at
four centres where the thermal camera recorded higher/ lower
temperatures than the blackbody although once this bias was ac-
counted for, the range of differences between the blackbody and
the thermal cameras were at most 21.37°C which is well within
the £2°C thermal camera accuracy.

SKIN TEMPERATURE RESPONSE ON JUNIOR ATH-
LETES AFTER HIGH INTENSE JUDO TRAINING

Sillero M, Lopez Diaz de Durana A, Moreira DG., Ferreira JJ,
Brito CJ

Physical Activity and Sports Sciences Faculty (INEF)
C/ Martin Fierro, 7, 28040, Madrid, Spain:

INTRODUCTION. The skin temperature (Tsk) registered by
infrared thermography (IRT) may assist the coaches and athletes
to understand organic responses resulting from the training. This
study measured Tsk before and after training and during the re-
covery process in highly trained junior judokas in order to under-
stand the thermal adaptations of the judoka to the training;

METHODOLOGY. The sample consisted on 33 judokas (17
male and 6 females) of the High Performance Training Center of
Madrid (18.81£3.95 y.0.) training judo since 7.07 4.10 years and
currently training 13.76 6.0 hours per week. They were measured
before and immediately after a high intensity 90-min judo train-
ing (IAT), and 1-hour and 24-hours during the recovery process.
We selected 8 ROI in the anterior and posterior views of the
lower limbs and 9 ROl in the anterior and posterior views of the
upper limbs and trunk from a thermograms recorded by a FLIR
T335 thermal imager following the TermoINEF protocol.l.




Thermal data were analyzed considering lateral dominances of
the athlete.

RESULTS AND DISCUSSION. Thermal profile of the evalu-
ated judokas is characterized by symmetry. They have not been
registered the thermal asymmetries reported in previous pilot
studies. Distal ROIs of the lower limbs are quite cold probably
due to the isolating (cooling) effect of the tatami in the judokas
feed. Results show significant decrements of Tsk between 0,5°C
(Knees) and 2.0°C (Low back) in most the considered ROIs IAT.
Anterior and Posterior Forearms did not significantly modified
their Tsk (0,1°C) and Triceps and Ankle increased their Tsk IAT
(0,2 and 0,4 °C respectively). Judokas recovered or overpassed
their basal values after 1-hour of recovery and recoved their
basal temperatures 24 hours after training in all the cases. Differ-
ent response thermal patterns have been registered with local
(local) and spotted (dalmata) responses of skin temperatures
probably related with the intensity of the performed exercise
and/or the physiological characteristics of the judoka.

CONCLUSIONS. Thermography is able to register the thermal
response of the judokas after training and could be an useful tool
to estimate the recovery of the athlete after training,
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THE ANALYSIS OF THE COOLING PROCESS OF THE
BREAST AREA IN WOMEN UNDER
THERMOGRAPHIC MONITORING

Aleksandra Pypkowska!, Anna Szczesniak!, Anna Jung?

1 Braster S.A., Warsaw, Poland
2 Military Institute of Medicine, Warsaw, Poland

INTRODUCTION: Controlled decrease in the temperature of
the specific body surface area can increase the possibilities of re-
cording detection of infrared radiation from tissues located
close to the skin surface. This phenomenon is used in dynamic
thermography when external cooling sources are used. The spe-
cific body surface area is cooled with the use of, for example,
cold air flow. There is, however, concern that this cooling
method does not cover equally the whole area of interest, which
may impact the thermographic examination results. Therefore, it
seems interesting to follow the cooling process in which no ex-
ternal sources are involved.

STUDY PURPOSE: The purpose of this study was to analyze
the process of cooling the women's breast area at ambient tem-
perature without involving any external cooling sources.

MATERIAL AND METHOD: The study included a group of
women, healthy volunteers, aged 20-68 years (average age: 32
years old) who consented to participate in the study. In total, 93
examination procedures were performed in these women in ac-
cordance with the adopted scheme. Prior to the commencement
of the examination in the diagnostic laboratory, the body tem-
perature was determined for each woman, by calculating the av-
erage value of each measurement taken from inner corner of the
eye with the use of thermovision camera FLIR T650 SC. Next,
each woman was asked to undress from the waist up and remain
calm in a sitting position. The ambient temperature was in the
range of 20-25 degrees Celsius. Thermographic images of the
breasts were recorded immediately after the woman undressed,
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Figure 6:
Average temperature of the right (P) and left (I) breast measured at
different times [0 min, 6 min, 12 min|

and then after the 6th and 12th minute of the examination in the
regions of interest corresponding to the quadrants of both
breasts. At the same time the average temperature - Delta-T - was
determined with the use of the FLIR software.

The area of the examined surface was divided into 4 symmetric
quadrants for each breast: bottom outer quadrant, upper outer
quadrant, upper inner quadrant and bottom inner quadrant,
marked as P1, P2, P3, P4 respectively for the right breast and L1,
1.2, L3, L4 respectively for the left breast. A figure 6 shows the
marking of examined quadrants.

For each quadrant average temperatures were determined: the
temperatutre at the beginning of the acclimatization / cooling
process as well as the temperatures measured after the 6th and
12th minute of the acclimatization / cooling process. The results
obtained are presented in the charts below, divided by right and
left breast (figure 7Average temperature of the right (P) and left
(L) breast measured at different times [0 min, 6 min, 12 min]).

Table 1
The characteristics of the number of procedures in examined women
according to the BMI and age

BMI Age | o3 31.51 51 Total
>199 4 1 0 5
20-249 60 10 2 7
25-29.9 6 1 1 8
> 30 0 4 4 8

Right breast Leftbreast

PL P P3 P4 PL P2 93 P4 PL P2 P P4

omin 6min 12min o i Lein

Figure 7
Average temperature of the right (P) and left (I) breast measured at
different times [0 min, 6 min, 12 min)]
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Cooling process of the right and left breast
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Figure 8
Cooling process of the right and left breast.
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Additionally, besides calculating average temperatures of the
quadrants according to the time of the measurement, also it was
examined in detail what is the influence of such indicators as
BMI and age on this dependence. Appropriate graphs were cre-
ated indicating the average temperature of quadrants at different
times (0 min / 6th min / 12th min) broken down by subgroups
(table 1) with regard to the examined indicators.

CONCLUSIONS: Based on the preliminary analysis of the re-
sults obtained, some dependencies were observed:

e regardless of the age group and BMI, bottom quadrants (P1,
P4, 1.1, L4) are characterized by a lower temperature measu-
red after the 6th and 12th minute of the acclimatization as
compared to upper quadrants (P2, P2, 1.2, L.3) (figure 7);

* regardless of the age group and BMI, the cooling process is
symmetrical for right and left breast (figure 8);

* in women with lower BMI a higher breast surface temperatu-
re was observed. Similar conclusions were drawn with regard
to women from younger age groups. The younger the age
group, the higher the breast temperature (figure 9).
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Figure 9

Average temperature of the quadrants according to the BMI and age.
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INFRARED THERMOGRAPHY TO ASSESS THE
BLOOD DONORS ADAPTATION TO BLOOD LOSS

A.L.Urakov; T.V.Urakova; A.A.Kasatkin,
Izhevsk State Medical Academy, Izhevsk, Russia

INTRODUCTION: It is known that short-term and long-term
hypoxia, as well as acute massive blood loss causes adaptive
changes in the human body, which manifest his spontaneous
cooling (1-4). We hypothesized that the spontaneous cooling is
universal protective mechanism which can be measured using in-
frared thermography. The aim of this study was to investigate the
dynamics of the local temperature in the hands of blood donors.

METHODS: Dynamics of right hands temperature in 5 adult
blood donors was study before, during and within 60 minutes af-
ter 400 ml of blood loss. During the entire period of collecting
the blood donors were in the semi-recumbent position. Blood
sampling for all donors was performed of the saphenous vein of
the left hand. Spot temperatures of the finger tips were mea-
sured. Mean finger temperature was calculated by averaging the
finger tips temperature of the 2nd to the 5th finger. Thermal im-
ages of the right hand was perfomed immediately after the regu-
lar blood loss of donor in volume of 50 ml. Infrared monitoring
of hands temperature was performed by using ThermoTracer
TH9100XX (NEC, USA) thermal imager. Ambient temperature
of the examination room was 24 - 25°C, the temperature window
of the thermal camera was set to the range of 25 to 36°C. The
obtained data were processed using the Thermography Explorer
and Image Processor software. The obtained data were pro-
cessed using software Thermography Explorer and Image Pro-
cessor. The study was approved by the Ethics committee at
Izhevsk State Medical Academy and complied with the Declara-
tion of Helsinki. All donors gave informed consent.

RESULTS: The average age of donors was 45 * 11 years, female
2/5.Body Mass Index 32.2 £ 7 (n = 5). Blood collection took 10 -
15 minutes. After donating, the donors were kept in the semi-re-
cumbent position for 15 minutes more. After that, donors stood
up and walked or stayed in the sitting or standing position.

We found that the temperature in all fingers' pads of the right
hand in all donors was decreased by more than 0.1 °C after taking
approximately 100 ml of blood from the vein (the blood volume
which is usually taken in 2 - 4 minutes after the introduction of
the injection needle into the cubital vein of the left hand). Then,
in all donors, the temperature in each distal phalanx of the right
hand was progressively decreasing together with the increase in
the volume of blood drawn from the vein of theleft hand. At the
same time, the area of local hypothermia was increasing in each
fingertip. This increased cooling of fingertips and an increase in
local hypothermia areas was observed until 400 ml of blood was
drawn from veins (Fig. 1). In the final stage of blood collection,
local hypothermia in the fingertips increased by 0.8 £ 0.2°C (n =
5),and the size of the hypothermia area in the distal phalanges in-
creased by more than 3 times. Donors finger temperature begins
to rise 30 minutes after blood loss After 60 minutes of blood loss
from all donors fingertip temperature was increased and the ini-
tial values above 1.1 + 0,2°C.

Thus, an acute blood loss of more than 100 ml triggers an organ-
ism's protective. The fingers are among the first body parts to re-
spond to this signal that triggers a reflex spasm of blood vessels.
Infrared monitoring of local temperature performed by using
thermal imaging camera provided this information in real time.

CONCLUSION: Thus acute blood loss might trigger this pro-
tective response in healthy and sober people. Infrared thermo-
graphy reveals eatly adaptive response of the human body to
acute blood loss. The body activates it not only during apnea and
ischemia, butalso in any other acute critical conditions. The find-

Abstracts

ings may provide the basis for developing a method to assess the
stability of the donor acute hemorrhage.
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Figure 10

Infrared image of the right hand of blood donor (female U., at age 60),
recorded before (A), immediately after blood loss 400 ml (B) and 60
minutes after 400 ml of blood loss (C).
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THERMAL IMAGING IN THE EVALUATION OF CAR-
PAL TUNNEL SYNDROME

Agnieszka Trojankowska!, Armand Cholewka!, Michal Rzany*
Agata Stanek?, Karolina Sieron - Stoltny?, Marek Kawecki?,
Wieslaw Marcol*
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Medicine in Bytom, Medical University of Silesia, Batorego Street 15,
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INTRODUCTION: It is known that body core temperature
changes are connected with health state and the magnitude of
the core temperature is in standard used as an indicator of dis-
eases. As a standard method the contact thermometry is used
where the thermometers must be stick to the skin or put inside
the organism cavities i.e. mouth or ear. Mentioned methods eval-
uate the core temperature but it is very simple method to check
and visualize the skin temperature which also can give us some
important information about health state. The skin temperature
changes is sensitive indicator of metabolism taking place in the
superficial tissues which can be related to health state. Using the
thermal imaging and very sensitive thermal cameras we can find
some quantitative thermal parameters to evaluate or even diag-
nose some diseases. It is also possible to characterize some dis-
eases ie. spine diseases by using thermal maps obtained for
chosen patient. Maybe it may be possible to diagnose or evaluate
thelevel of carpal tunnel syndrome by using the thermovision.

The carpal tunnel syndrome is revealed by pressed and squeezed
the median nerve. The nerve runs from the forearm into the
palm of the wrist and allows control the impulses from hand
muscles and feelings from fingers (palm side) without thumb and
little finger [7-11].

Carpal tunnel (CT) is the narrow, rigid place of transition from
bones and ligament toward the base of the palm, in which the
tendons and median nerve are located. The disease can lead even
to a swelling or thickening of the tendon as a result of irritation,
causing additional pressure on the median nerve. In consequence
there may be occur numbness, weakness, and pain radiating to
the whole arm. Such disease can lead to problems with blood
microcirculation and can influence on the blood supply in the
soft tissues in the hand. It should be underlined that very impor-
tant factor in thermal imaging is association of the local blood

Figure 12.

Figure 11.
The scheme of regions of interest marked on the subjects hands. T
is defined as T02 - TO1.

AO1

flow with metabolism changes that can influence on the skin
temperature gradient what is a very good disease's indicator.

Therefore the main goal of this work is to find the difference in
the temperature gradient for patients suffered from carpal tunnel
syndrome (CTS) and healthy ones.

MATERIALS AND METHODS: The research included two
groups of volunteers: healthy (mean age 38 + 19 years) and pa-
tients who suffer from carpal tunnel syndrome (mean age 59 +
10 years). The Body Mass Index (BMI) was similar for studied
groups. The scheme of temperature gradient analysis per-
formed on the subjects hands is presented in Figure 11.

To monitoring of the temperature distribution on the skin sur-
face, mainly nearby wrist and whole hand in anterior position,
was done by using the Thermovision Camera E60 which was cal-
ibrated by black body. All measurements were performed at a
proper distance from the camera, depending from the size of the
controlling field (about 50cm) in accordance to standard proto-
col of infrared imaging in medicine [5,6]. To analyze obtained
thermal images we use a ThermaCAM TM Researcher Pro 2.8
SR-3. All statistical analysis were performed by using the Statistica
9.1. The differences with p<0.05 were recognized as statistically
significant.

RESULTS AND DISCUSSION: Figure 12 presents thermal im-
ages of two representative patient's wrists - with carpal tunnel
syndrome (Figure 12A) and healthy volunteer's hand (Figure
12B).

361°C

239°C

The thermal images of representative patient's hand suffering from carpal tunnel syndrome (A)

and in comparison the hand of representative healthy volunteer (B),
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One can see from Figure 2 the differences in thermal maps.
Taking into account that both thermograms were taken in the
same conditions and the thermovision diagnostics in medicine
protocol have been fulfilled it is easy to conclude that there can
be significant differences in hand and fingers blood supply be-
tween patient and healthy. It may be connected with occurred
carpal tunnel syndrome what lead to increase pressure on the
nerve and changes also the microcirculation in the distal parts of
the hand. However to better insight into the problem the statisti-
cal analysis were done and the temperature parameters derived
from marked regions (according to Figure 1) were collected in
the Table 1.

Performed test U for independent variables showed the statisti-
cal significant differences (p=0,001) between mean temperature
difference T defined as T02 - TO1 obtained for groups of pa-
tients suffering for carpal tunnel syndrome and healthy volun-
teers. It was illustrated in Figure 3.

Table 1.

The temperature parameters obtained for studied regions of
interests, where for each patient T is defined as T02 - T01,
and Ti is mean temperature for chosen region of interest.

PATIENTS AT] patients ATl healthy
1 4.0 1.4
2 4.2 0.5
3 4.1 1.1
4 5.9 0.3
5 5.6 0.3
6 2.6 0.7
7 1.5 0.8
8 2.3
6
5 -
O Mean
OsE
IsD
4
3
g, e
1
0
Healthy Patients
Figure 13.

The box graph presented differences between DT obtained for pa-
tients with CTS and healthy, where DT = T02 - TO1

CONCLUSIONS

® Thermovision can be helpful tool for diagnosing the wrist
isthmus diseases

® Further studies on the bigger studied groups are needed to
confirm obtained results. However, first results are promising

Abstracts

REFERENCES

1. Bauer J, HurnikP, Zdziarski], MielczarekW, PodbielskaH. Thermo-
vision and its applications in medicine, Acta Bio-Opt Inf Med, 1997,
3(2-4) 121-131.

2. Cholewka A, . Drzazga Z, Sieron A, Stanek A, Knefel G, Kawecki M,
Nowak M. Some applications of thermal imaging in medicine. In:
Drzazga Z, Slosarek K, eds, Some Aspects of Medical Physics - in vivo
and in vitro studies. Monographs-Polish Journal of Environmental
Studies, 2010, Vol. 1, pp. 51-58.

3.Cholewka A, Knefel G, Stanek A, Kawecki M, Nowak M, Sieron A,
Drzazga 7. Thermal imaging and TC oximetry measurements of
hyperbaric oxygen therapy (HBO) effects on trophic ulceration of the
crura, Journal of Thermal Analysis and Calorimetry 2012, 108(1) 25-31
4.Cholewka A, Drzazga Z, Michnik A, Sieron, B. Wisniowska B. Tem-
perature Effects of Whole Cryotherapy Determined by Thermography.
Thermology International 2004, 14 (2) 57-63.

5.Mercer JB, Ring EFJ, Fever screening and infrared thermal imaging:
concerns and guideliner, Thermology international 2009, 19(3) 67-69.

6.AmmerK. The Glamorgan Protocol for recording and evaluation of
thermal images of the human body, Thermology International, vol.
18(4), 2008, (125-129).

7.Ring EFJ, AmmerK., The technique of infrared imaging in medicine ,
Thermology International 2000, 10(1) 7-14.

7.Zanette G, Marani S, Tamburin S. Extra-median spread of sensory
symptoms in carpal tunnel syndrome suggests the presence of pain-re-
lated mechanisms, Pain 2006; 122:) 264-270.

8.Jesensek Papez B, Palfy M, Turk Z: Infrared Thermography Based On
Artificial Intelligence For Carpal Tunnel Syndrome Diagnosis. The
Journal of International Medical Research 2008; 36: 1363 - 1370.

9.Jesensek Papez B, Palfy M, Mertik M, Turk Z. Infrared Thermography
Based On Artificial Intelligence As A Screening Method For Carpal
Tunnel Syndrome Diagnosis, The Journal Of International Medical Re-
search 2009; 37: 779 - 790.

10.Z. Ming Z, Zaproudina N, Siivola J, Nousiainen U, Pietikainen S.
Sympathetic Pathology Evidenced By Hand Thermal Anomalies In
Carpal Tunnel Syndrome, Pathophysiology 2005; 12: 137-141.
11.Kiylioglu N, Akyol A, Guney E, Bicerol B, Ozkul A, Erturk A. Sym-
pathetic Skin Response In Idiopathic And Diabetic Carpal Tunnel Syn-
drome, Clinical Neurology And Neurosurgery 2005, 108: 1-7.

TECHNICAL CHALLENGES IN INFRARED FOOT
SCREENING

Ben Kluwe
Department of Computing, University of South Wales, Pontypridd, UK

INTRODUCTION: Historically, infrared cameras were expen-
sive and not dedicated to medical use. Consequently clinicians
were forced to use devices that were in effect constructed for en-
gineering applications rather than medicine.

With the advent of inexpensive embedded computing platforms
and similatly vastly cost reduced small infrared imagers it is now
possible to create devices targeted at the medical market that of-
fer highly specialised and bespoke functionality.

Similatly, extracting information from images has been focused
on algorithms for the visible spectrum. These algorithms, such as
edge detection, can only be used to an extent on infrared images,
making automated processing a difficult task.

METHODS: This paper outlines the concepts behind building
such a device mainly from off-the-shelf hardware with only few
specialised components and subsequent semi-automatic cre-
ation of comparable images for simple data extraction. This
modular concept can also be extended to software aspects such
as operating systems, application software and hardware drivers.
An example of an instrument constructed around this concept
demonstrates how medicine specific requirements can be imple-
mented on such a platform.
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RESULTS AND DISCUSSION The instrument constructed
demonstrates that specific medical requirements can be imple-
mented on such a modular platform. In particular, it can be
shown how the repeatability of measurements can be improved
by using live visual (non-IR) overlays of anatomical structures
and landmarks. In-built user assistance for targeting and focusing
and image analysis are also demonstrated.

While the advantages of designing such a modular device are ob-
vious the approach also generates a number of drawbacks. The
most significant disadvantage is the fast development cycle of in-
dustrial hardware and software modules used in such instru-
ments. This can quickly render components out of date, un-
usable or no longer available.

CONCLUSION: Results obtained with the example instrument
demonstrate high repeatability of measurements both in terms
of positional accuracy and thermal performance. These proper-
ties make the instrument highly suitable for use in trials and in ev-
eryday clinical settings.

EVALUATION OF HYPERBARIC OXYGEN THERAPY
EFFECTS IN ULCERATION OF CRURAS STUDIED BY
THERMAL IMAGING AND PLANIMETRY - PRELIMI-
NARY RESULTS

Liszka G, Englisz B!, Knefel G2, Kawecki M? Nowak M2,
Sieron-Stoltnym K3, Stanek A* Cholewka Al

1. A. Chelkowski Institute of Physics, University of Silesia,
Uniwersytecka 4, 40-007 Katowice

2, Burn Treatment Center Siemianowice Slaskie, Chair and Clinic of
General Vascular and Transplanting Surgery,

Silesian Medical University, Poland

38chool of Health Sciences in Katowice, Department of Physical
Medicine, Chair of Physiotherapy, Medical University of Silesia,
Medykéw Street 12, 40-752 Katowice, Poland

4School of Medicine with the Division of Dentistry in Zabrze,
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Medicine in Bytom, Medical University of Silesia, Batorego Street 15,
41-902 Bytom, Poland

INTRODUCTION: In hyperbaric oxygen therapy the human
body is exposed to increased atmospheric pressure in a special
rooms called hyperbaric chambers. There two types of hyper-
baric chambers: monoplace chamber performed for therapy
only one patient where gas used to pressurize the vessel is usually
100% oxygen and the chamber for several patients. Hyperbaric
therapy may be also applied locally for one shin [1-5].

The main role in the therapy plays ideal gas laws. When we con-
sider pulmonary embolism according to Boyl's law, the volume
of the gas bubble in arterial decreases what lead to decrease of
anoxia area. However the most important law which has its ap-
plication in hyperbaric oxygen therapy is Henry's law which
determinates the concentration of gas dissolved in a liquid to the
partial pressure of the gas exerted on the liquid surface. This
means that the increased gas pressure in the hyperbaric chamber
leads to increase of oxygen dissolved into the plasma and the soft
tissues due to theirs hydratation [1-5].

Nowadays the HBO can be applied to many of respiratory and
circulatory diseases. However very frequent application of this
treatment method in last decade can be found in different
nonhealing wounds. The example of nonhealing wounds is ve-
nous leg ulceration (VLU) of cruras. It is reported in literature
that almost 37% of people are endangered of venous insuffi-
ciency which can lead to VLU [1,2]. VLU is a chronic disease,
characterized by periods of exacerbation and remission. Such
harmful and hard to heal ulceration can last even a few years

[1-5].
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Hyperbaric oxygen therapy gives very good therapeutic effects
probably due to increasing of tissue oxygenation and many dif-
ferent biochemical and physiological organism reactions speed
up or even starting. The most important effect of the therapy is
the increase oxygen transport capacity of the blood what gets
better the tissue proliferation processes and lead to tissue healing,

There are methods like planimmetry and oximetry used in the
qualification of patient to the therapy and evaluate of the ther-
apy effects. However, the non-invasive, easy to perform and
quick method of treatment effects evaluation as well as to diag-
nosis the health state of the patient is still needed. Thatis why the
main aim of presented work is to determine and compare diag-
nostic value of thermal imaging of patients treated by hyperbaric
oxygen therapy.

EXPERIMENTAL PROCEDURES: The studied group con-
sisted of 25 patients (11 female and 14 male) in age 65 17 suf-
fered from venous chronic ulceration. The investigations were
carried out at the Burn Treatment Center in Siemianowice
Slaskie. Each session of hyperbaric oxygen therapy lasted 86
minutes. The pressure of air in the chamber was 2,5 ATA.

The distribution of the skin surface temperature was monitored
by using of a Thermovision Camera E60 calibrated by black
body. The thermograms of chosen regions of interests were pet-
formed before and immediately after HBO in the special room
outside the chamber. Thermal imagin was performed according
to Glamorgan Protocol [6]. Temperature in the chamber during
therapy as well as in the measurement room was 22,5+ 1C.

Simultaneously with thermal imaging the plannimetry parame-
ters were measured. All parameters (such as area of wound and
area counted from thermal imaging) were derived during three
different periods of treatment: I: 0-10 sessions, II: 10 to 20 and
III: more than 20 sessions of HBO. Statistical analysis were done
in Statistica 9.1 using t-tests, Wilcoxon's and Anova tests. Differ-
ences with a p<0.05 were regarded as significant.

RESULTS AND DISCUSSION: The thermal imaging for rep-
resentative patient suffering from VLU of crura performed be-
fore (a) and after (b) hyperbaric oxygen therapy session are
shown in figure 13. A photograph of the ulcer where planimetry
was performed, an a table with temperature and planimetric find-
ings are presented in Figure 14.

The region of interest (part of the crura) was divided into three
parts (inner AR2 - ulceration, AR1 - closer area above the
wound, ARO3 - further areas below the wound).

It can be clearly seen that body skin surface temperature is
changed due to the therapy what was reported eatlier [7-9]. Italso
follows from the studies that usually the decrease of mean tem-
perature of skin surface could be observed due to HBO.

The increased temperature is observed around the ulceration. It
can be recognized as inflaimmatory state and increased metabo-
lism processes occurring in this area. It may be also connected
with blood microcirculation problems in this part of wound be-
cause of capillaries malfunction. The situation seems to be
changed after hyperbaric oxygen therapy when the temperature
generally decreases in every region of interest.

To see the problem more cleatly the deeper analysis have been
performed and the mean temperature changes due to hyperbaric
oxygen therapy have been presented as boxes graph in Figure 2.
Such presentation confirmed that thermal map of crura is less
differentiated after HBO than before one. Moreover, prelimi-
nary analysis showed the biggest changes of temperature mainly
around the wound (ARO1 and AR03). However, as it can be seen
in Figure 2, the biggest decrease of mean temperature difference
was obtained between area 1 and 2. It was nearly 3 times less,
from AT=0,9 observed before hyperbaric oxygenation to AT=0.3
observed after one, respectively.




Such lowering the temperature especially in the closer area may
be very important in the healing process due to its possible con-
necting with decreasing swelling and above the wound and im-
provement of blood microcirculation what can play role in the
improvement of thermoregulation. Such phenomena may also
have some therapeutic meaning in better oxygen transport to
further parts of tibia and increase oxygen concentration in the
tissues what was disturbed when the swelling occurred. These
processes may improve the blood supply and start the neo-
angiogenesis and so the neovascularization what is the symptom
of wound healing.

Analyzing the effects of hyperbaric oxygen therapy by using the
plannimetry in confrontation with thermal imaging it was also
very interesting to check the compatibility of plannimetry pa-
rameters changes such as area of wound and area counted from

Figure 13:

Abstracts

thermal imaging during three different periods (I: 0-10 sessions, 1I:
10 to 20 and I1I: more than 20 sessions of HBO) of hyperbaric oxy-
gen therapy what was preliminary presented in table 1.

Table 1.

Percentage changes of the area counted from thermal and plannime-
try images in three different periods of hyperbaric oxygen therapy ob-
tained for two studied patients. The number 1 in the Ist period means
100% - initial area.

: Pmo.d of HBO I 1 11
Inmaging technique
Planimetry - Patient 1 1 091 0,76
Thermovision -Patient 1 1 0,21 0,20
Planimetry - Patient 2 1 0.82 0,38
Thermovision -Patient 2 1 0,57 0,40

380°C

280°C

The thermal image of representative patient suffering from venous chronic ulceration ,

performed before (a) and after (b) of the HBO session (period 1I)

-
10,00mm

Temperature and planimetric findings

Number of pi-
Area Tmean befo-| Tmean after| Area xels counted
re HBO [°C]| HBO [°C]| [mm? | from thermal
imaging
ARO01 33,0 31,6 - -
ARO02 313 30,5 818.8 2330,0
ARO03 332 31,8 - -
Figure 14

Photograph of the ulcer with planimetry (top)
Table with temperature and planimetric findings (bottom)
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Figure 15.
Changes of Tmean obtained from chosen areas for studied group of
patients performed before and after HBO
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As it can be seen from the tablel, there are differences in areas
changes evaluated from plannimetry and the thermal images. It
may be caused by two different ways of analysis - structural in the
case of plannimetry and metabolical in the case of thermovision.
This results must be confirmed by bigger statistics of study
group of patients and now the conclusion must be draw very
carefully. However it seems that connection of these two imag-
ing techniques may give additional information for diagnosis as
well as in estimation of therapy effects for the physician.

It should be underlined that the HBO effects are complicated
what was reported in previous papers [7-9]. However it seems
that the temperature changes and plannimetry parameters can
be connected wits health state of patient as well as with progres-
sion with healing progress what requires further studies and big-
ger group of patients.

CONCLUSIONS: Performed studies showed that the thermal
imaging can be useful in evaluation of hyperbaric oxygen therapy
effects however the protocol is needed.

It seems that connection of thermal imaging and planimetry may
give additional diagnosis as well as therapy effects information
for the physician
REFERENCES

1.Sieron A, Cieslar G (eds), Basics of hyperbaric medicine. Bielsko-
Biala, a-medica press 2006.

2.Neubauer RA, Walker M. ,Hyperbaric Oxygen Therapy. Avery, 375
Hudson St., New York, N.Y. 1998

3.Buckley NA, Isbister GK, Stokes B, Juurlink DN. Hyperbaric oxygen
for carbon monoxide poisoning : a systematic review and critical analysis

of the evidence. Chochrane Database Syst Rev 2011, CD002041.pub3

4.. Grolman RE,. Wilkerson DK, Taylor J, Allinson P, Zatina MA.
Transcutaneous oxygen measurement predict a beneficial response to
hyperbaric oxygen therapy in patients with nonhealing wounds and criti-
cal limb ischaemia. Am. Surg, 2001, 67(11), pp. 1072-1079.

5.John BV, Chamilos G, Kontoviannis DP. Hyperbaric oxygen as an
adjuvant treatment for zygomycosis. Clin. Microbiol. Infect. 2005,
11(7). 515-517.

6. Ring EFJ, Ammer K The technique of infrared imaging in medicine.
Thermol. Intern. 2000; 10(1): 7-14

7.Cholewka A, Knefel G, Stanek A, Kawecki M, Nowak M, Sieron A,
Drzazga Z. Thermal imaging and TC oximetry measurements of
hyperbaric oxygen therapy (HBO) effects on trophic ulceration of the
crura. | Therm Anal Calorim 2012; 108(1), 25-31.

8. Cholewka A, Stanck A, Sieron A, Drzazga Z. Thermovision in physi-
cal medicine, In: Podbielska H, Skrzek A, eds, Biomedical aplication of
thermovision. Oficyna Wydawnicza Politechniki Wroclawskiej, Wroclaw
2013

9.Cholewka A, Drzazga Z, Sieron A, Stanck A, Knefel G, Kawecki M,
Nowak M. Some Applications Of Thermal Imaging in Medicine. In:
Drzazga 7. Slosarek,eds, Some aspects of medical physics - in vivo and

in vitro studies. Monographs of Polish Journal of Environmental
Studies, 2010, Vol 1, pp 53-58

S18




