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SUMMARY 
 
Introduction: The technical improvement and new applications of Infrared Thermography (IRT) with 
healthy subjects should be accompanied by results about the reproducibility of IRT measurements in 
different popula-tion groups. In addition, there is a remarkable necessity of a larger supply on software 
to analyze IRT images of human beings. 
Therefore, the objectives of this study were: firstly, to investigate the reproducibility of skin 
temperature (Tsk) on overweight and obese subjects using IRT in different Regions of Interest (ROI), 
moments and side-to-side differences (ΔT); and secondly, to check the reliability of a new software 
called Termotracker®, specialized on the analysis of IRT images of human beings. 
Methods: 22 overweight and obese males (11) and females (11) (age: 41,51±7,76 years; height: 1,65±0,09 
m; weight: 82,41±11,81 Kg; BMI: 30,17±2,58 kg/m²) were assessed in two consecutive thermograms (5 
seconds in-between) by the same observer, using an infrared camera (FLIR T335, Sweden) to get 4 
IRT images from the whole body. 11 ROI were selected using Termotracker® to analyze its 
reproducibility and reliability through Intra-class Correlation Coefficient (ICC) and Coefficient of 
Variation (CV) values. 
Results: The reproducibility of the side-to-side differences (ΔT) between two consecutive thermograms 
was very high in all ROIs (Mean ICC = 0,989), and excellent between two computers (Mean ICC = 
0,998). The re-liability of the software was very high in all the ROIs (Mean ICC = 0,999). Intra-
examiner reliability analysing the same subjects in two consecutive thermograms was also very high 
(Mean ICC = 0,997). CV values of the different ROIs were around 2%. 
Conclusions: Skin temperature on overweight subjects had an excellent reproducibility for consecutive 
ther-mograms. The reproducibility of thermal asymmetries (ΔT) was also good but it had the influence 
of several factors that should be further investigated. Termotracker® reached excellent reliability 
results and it is a relia-ble and objective software to analyse IRT images of humans beings. 

 

1. INTRODUCTION 

Infrared Thermography (IRT) is a technique, which 
allows us to get rapidly and non-invasive thermal 
images from objects or human beings. Since the 
first applications of IRT on humans in the medical 
sector in 1950’s and early 1960’s (3, 25), this 
technique has underwent different and fluctuant 
stages, from the increasing interest in the 1970’s and 
1980’s, to the rejection during the 1990’s due to the 
lack of methodological standards and poor quality 
of the imaging systems (11). Nowadays, IRT is 
facing a new revival due to the technical 

improvements, which are paving the way for new 
applications (13, 14, 24).  
Even if IRT has been widely used in pathological 
conditions, there are much less data available from 
healthy subjects (35). Moreover, the increase of 
interest on the application of IRT, not only in the 
medical sector but also in other fields as the physical 
activity with healthy subjects, makes more necessary 
to increase the knowledge concern-ing the factors 
affecting the application of IRT on humans (5, 24, 
35), as well as the reproducibility of IRT 
measurements in different potential groups of 
application as children, elderly, overweight, disabled, 
or physically active subjects. 
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Overweight people represent a growing population 
group worldwide, mainly in occidental countries (5). 
Although IRT has been used on overweight and 
obese people –from the detection of some 
pathologies as diabetes (10, 29) to cellulite 
assessment (19)- few is known about the 
reproducibility of IRT measurements in overweight 
and obese subjects.   
Ring has recently defended and described the new 
features of IRT technology and the improvement 
on standardization protocols (24). Nevertheless, 
most of research groups keep on analyzing IRT 
images using the software packages provide by the 
camera manufacturers, which are mainly created for 
industrial or architectural purposes, rarely adapted 
to human analysis (17). Therefore, there is a 
remarkable necessity of a larger supply on software 
to analyze IRT images of human beings. 
The aims of the present study were: firstly, to inves-
tigate the reproducibility of skin temperature on 
overweight and obese subjects through IRT in dif-
ferent body regions, moments and thermal asymme-
tries (ΔT); and secondly, to check the reliability of 
the new software called Termotracker®, specialized 
on the analysis of IRT images of human beings and 
created by the research group of the Faculty of 
Phys-ical Activity and Sport Sciences-INEF from 
the Technical University of Madrid with the 
collabora-tion of several institutions. 

2. METHODS 

2.1 Subjects 
 
A total of twenty-two overweight and obese right-
handed males (11) and females (11) (age: 
41.51±7.76 years; height: 1.65±0.09 m; weight: 
82.41±11.81 Kg; BMI: 30.17±2.58 kg/m²) 
exercising at least 2 times per week, took part of the 
study. They did not report any orthopedic limitation 
or diseases, consumption of medicaments or drugs. 
Subjects were previously asked to avoid a list of 
factors affecting skin temperature on their daily 
activity (i.e. alcohol or tobacco consumption, 
applica-tion of creams or ointments, or physical 
activity) in the 24 hours before the test an signed a 
writing con-sent for participating in the study. 
During the accli-matization period, they were asked 
to answer a ques-tionnaire to know the existence of 
any possible influence factor affecting IRT results. 
The project was previously approved by the Ethics 
Committee of the Technical University of Madrid, 
following the principles outlined by the World 
Medical Assembly Declaration of Helsinki. 
 
2.2 IRT evaluation 

 
The evaluation took place in a laboratory with 
stand-ardized conditions (Temperature = 
23.55±1.19ºC; Humidity = 46.59±4.08%; and 
Atmospheric Pressure = 942.69±3.03 mb/hPa) 
following guidelines of the European Association of 
Thermology (EAT) (2).  
Whole body skin temperatures (Tsk) of each subject 
were recorded in four IRT images (Anterior and 
Posterior of Upper and Lower body) – as it is 
shown in figure 1- in two consecutive thermograms 
(5 seconds in-between) by the same observer. We 
decided to separate both thermograms just with 5 
seconds in order to minimize the influence of 
factors that could affect the skin temperature 
records, as others authors have described in their 
studies (35). 
 
2.3 Equipment 
 
All thermal images were taken by an infrared camera 
(FLIR T335®, FLIR Systems, Danderyd, Sweden) 
with thermal sensitivity of 50mK, a wide range of 
temperature from -20 °C to +120 °C, spectrum 
range of 7.5-13 μm, resolution of 320 x 240 pixels, 
emis-sivity set at 0.98 (Steketee et al. 1973) and an 
accu-racy of ± 2%. The environmental conditions 
were controlled by a BAR-908-HG portable 
weather sta-tion (Oregon® Scientific, USA). 
Moreover, we use a tripod Hama Omega Premium 
II (semiprofessional Tripod 62.5-148 cm) and a 
“Roll-up" 125 x 206 cm to obtain a homogeneous 
background behind the subjects. We used also a 
"step" with marks for fixing the standing protocol 
position and raising slightly the subject from the 
floor surface. IRT images were transferred to a 
laptop Sony® VAIO Y11S1E/S (Sony, Japan). The 
IRT images were analyzed using the IRT software 
Termotracker® (pemaGROUP, Madrid, Spain) and 
statistic analyses were made through SPSS version 
20.0 for Mac (IBM® Corpo-ration, Armonk, NY, 
USA).  
 
2.4 Software 
 
Termotracker® (pemaGROUP, Madrid, Spain) is a 
software for analysing IRT images of human beings, 
which was created by the Thermography research 
group of the Faculty of Physical Activity and Sport 
Sciences-INEF from the Technical University of 
Madrid with the collaboration of several 
institutions, as TS Company (Madrid, Spain), 
Spanish National Research Council (CSIC, Spain) or 
Alava Ingenieros (Madrid, Spain). The software is 
able to analyse the 4 IRT images of a subject 
(Anterior and Posterior, Upper and Lower body) 
dividing automatically each IRT image in Regions of 
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Interest (ROI) based on ar-ticular and muscular 
areas of the human anatomical structure (as it is 
shown in fig. 1) Termotracker® recognises a total 
of 78 ROI by a feature called “artificial vision” and 
based on an algorithm that identi-fies the subject 
shape and anatomical key points to automatically 
trace the ROIs, without requiring any external 
marker, which are often used by other authors in 
literature (6, 28). Termotracker® extracts from the 
total of pixels of each ROI the maximum, minimum 
and mean temperature with standard deviation 
(SD). The images can be organised in folders, ROI 
can be handily modified and the results can be 
transferred to an excel file. For this study, we decide 
to use 11 ROI: abdominal, right and left thigh union 
of several ROI, right and left anterior knee, right 
and left chest, right and left calf, back and lumbar 
ROI marked on the fig. 2. We decided to select only 
these ROIs because of their relevance and size, and 
to reduce the amount of information.  All images 
were assessed in two different laptops with the same 
software. 
 

 
Fig. 1 - Distribution of the 78 Regions of Interest 
(ROI) made by Termotracker® software by 
analysing IRT images. 
 
2.5 Statistics 
 
Kolmogorov-Smirnov tests were used in order to 
verify the normality of the dependent variables and 
to determine the use of parametric or 
nonparametric statistics. The results indicated a 
normal frequency distribution, therefore parametric 
statistics were applied. 
A two-way mixed model was used to determine: the 
Intra-class Correlations Coefficient (ICC) consider-
ing the obtained data from two different computers 
(reliability of the software); the intra-examiner relia-

bility (two thermograms of all subjects by the same 
researcher); and the reproducibility of thermal 
asymmetries between bilateral ROIs (ΔT) (obtained 
by two computers from two different 
thermograms). Coefficient of Variation (CV) 
(SD/mean * 100) was also used to analyze the 
dispersion of the data. In addition, Bland-Altman 
plots were calculated to show the intra-examiner 
agreement and the disper-sion of all readings with 
95% agreement limits.  Pearson Correlation 
Coefficient was calculated in order to describe the 
correlation of ΔT results be-tween 1st and 2nd 
thermogram. The level of signifi-cance was set at 
α=0.05. 
 

Fig. 2 - Anterior and Posterior IRT iamges of Upper 
and Lower body with the ROI selected by 
Termotracker® and analysed in this study (n=22). 

3. RESULTS 

Coefficients of Variation (CV) were calculated (see 
table 1) showing higher CV on the upper body 
ROIs (i.e. right and left chest, lumbar and ab-
dominal) and lower CV on the lower body (i.e. right 
and left calf). Nevertheless, the CV results were 
ranged between 1.20% and 3.10% in both thermo-
grams, with a CV mean value of 2.08% for the 
Thermogram 1, and 2.13% for Thermogram 2.  
Concerning the side-to-side differences (ΔT) 
between bilateral ROI (see table 2), the bigger 
asymmetry was found on the knee, with a result of 
(ΔT = 0.13±0.38). Despite the fact of all subjects 
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were right handed, the results of ΔT show warmer 
skin temperatures in the left ROIs excepting the 
chest, were the right side was hotter than the left 
(ΔT =  0.08±0.22). Pearson Correlation Coefficient 
of ΔT results between thermogram 1 and 
thermogram 2 were very high (r > 0.98 in all 
bilateral ROIs; p < .001)   
Intra-class Correlation Coefficients (ICC) analysis is 
summarized in table 3. On the one hand, the Intra-
class Correlation Coefficients (ICC) from the analy-
sis of the IRT images in two different computers 
was very high in all the ROIs (mean ICC = 0.999); 
on the other hand, the intra-examiner reliability 
using the software to analyse two consecutive 
thermograms of the same subjects was also very 
high (mean ICC = 0. 997). The lowest ICC value 
was found on the Abdominal ROI (ICC = 0.987). 
More-over, Figs. 3 and 4 show the Bland-Altman 
mean difference plots, which can be used to 
visualize the overall degree of agreement. In this 
case, they corre-spond to intra-examiner agreement 
between both thermograms (fig. 3) and both 
computers (fig. 4), with only 4.13% and 3.30% of all 
readings falling outside the 95% agreement limits 
respectively. 
In table 4 the side-to-side differences (ΔT) results 
are summarized considering bilateral ROIs. The 
outcomes point out the high level of agreement 
between both computers (mean ICC = 0.998). 
Likewise, the reproducibility of ΔT between two 
consecutive themograms was also very high in all 
ROIs (mean ICC = 0.989), despite they were the 
lowest values compared with other reliability and 
reproducibility results (see table 5). 
 
 
 
 
 

Table 2. Mean temperatures and standard deviations 
(SD) of thermal asymmetries (ΔT) –side to side 
temperature differences- of the Thermogram 1 and 
Thermogram 2. Pearson Correlation Coefficient 
between both Thermograms and p value **p < .001 
(n=22) 

 ΔT of ROI   

 Thermogram 1 Thermogram 2   

ROI Mean±SD Mean±SD Pearson  P value 

Thigh -0.09±0.23 -0.08±0.23 0.998** 0.000 

Knee -0.13±0.39 -0.13±0.38 0.994** 0.000 

Chest 0.07±0.23 0.08±0.22 0.986** 0.000 

Calf -0.09±0.33 -0.08±0.31 0.997** 0.000 

 

4. DISCUSSION 

Even if skin temperature is supposed to be constant 
along the time (9), or symmet-rical on both sides of 
the body in terms of skin temperature (18, 33), the 
list of factors affecting the skin temperature is so 
large (23), that a lack of feasibility on Tsk records 
could be considered one of the weakest points of 
IRT.  
Therefore, working on the improvement of IRT for 
a wider application consists not only on making 
better cameras with advanced features, but also on 
deepen our knowledge about skin temperature, and 
how it behaves depending on the interaction with 
extrinsic and intrinsic factors. Among the enormous 
quantity of further work left to do, this study pre-
tends to take two small steps forward: firstly, to 
analyse the reliability and reproducibility of IRT in a 
special population group, as overweight and obese 
people; and secondly, examining the reliability of a 
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specific software created to analyse IRT images of 
human beings. 
 

 
Fig. 3 - Bland – Altman plots for intra-examiner 
agreement between the same observed in two 
thermograms, 4.13% of all readings done fell 
outside the 95% agreement limits. 
 

Fig. 4 - Bland – Altman plots for intra-examiner 
agreement between the same software in two 
computers. 3.30% of all readings done fell outside 
the 95% agreement limits. 
 
Concerning the first objective, IRT reliability has 
been studied in several works, both with patients (6, 
12, 28, 31) and healthy subjects (16, 21, 35). So far, 
most of the studies cited above reached ICC results 
ranged between 0.4 and 0.9. However, some of 
them reported the influence of factors as technical 
errors, the physiological variability from one day to 
other (35), or the existence of anterior injuries (12). 
Consequently, we decided to use only one examiner, 
following a standardised protocol based on the 
guidelines of the EAT (2) with healthy subjects in 
two consecutive thermo-grams, separated by just 5 

seconds in order to avoid the potential influence of 
those factors. According to the Littlejohn (16) 
classification of ICC values (poor: 0 – 0.39, Fair: 
0.40 – 0.59, Good: 0.60 – 0.79 and Excellent: 0.80 – 
1.0), our results showed excellent ICC values 
between the two consecutive thermograms (mean 
ICC = 0.997), what is almost perfect.  
 

Table 4. Intra-class Correlation Coefficients (ICC) 
and their mean with Standard Deviation (SD) in two 
different computers with the same software 
Termotracker® and in two different thermograms 
for each Region of Interest (ROI) (n=22) 

 Software reliability 

Intra-examiner 

reliability 

ROI (two computers) 

(two 

thermograms) 

Abdominal 0.997 0.987 

Right Thigh 1 0.998 

Left Thigh 1 0.999 

Right Knee 0.999 0.998 

Left Knee 0.999 0.999 

Right Chest 0.999 0.997 

Left Chest 0.999 0.998 

Right Calf 0.999 0.998 

Left Calf 0.999 0.999 

Back 1 0.998 

Lumbar 0.999 0.998 

Mean±SD 0.999±0.001 0.997±0.003 

 
 
 
Table 5. Intra-class Correlation Coefficients (ICC) 
and their mean with Standard Deviation (SD) for 
the reproducibility of thermal asymmetries (ΔT) of 
the bilateral Regions of Interest (ROI) in two 
different computers with the same software 
Termotracker® and in two different thermograms 
(n=22) 
 

 Reproducibility of ΔT 

ΔT of ROI Software Thermogram 

Thigh 0.998 0.980 

Knee 0.998 0.994 

Chest 0.996 0.985 

Calf 0.999 0.996 

Mean±SD 0.998±0.001 0.989±0.008 

 
In addition, we took into account the growing use 
of thermal asymmetries in the application of IRT on 
humans (7, 18, 33, 34) to calculate the side-to-side 
differences (ΔT) in the selected bilateral ROIs. In 
that case, our reproducibility results of bilateral ΔT 
for two consecutive thermograms, if somehow 
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slightly lower compared with the absolute Tsk 
values, were still excellent, with an ICC mean of 
0.989. The highest results correspond to the calf 
and knee, reaching chest and thigh lower values. 
This difference could be related to the ROI size, but 
fur-ther investigations with more time between 
thermo-grams are required to check this tendency. 
According to the second objective, we examined the 
reliability of a software created to analyse IRT 
images. Some authors reported inter-examiner 
variations (22, 35), due in some cases to the 
difficulty of selecting man-ually the areas of the 
ROIs (2). Therefore, in addition to the efforts done 
on creating standardised protocols and guidelines (2, 
23, 27), it should be suitable to develop specific and 
automatic software able to manage with this 
difficult task. Termotracker® is a new software with 
a computer vision algorithm, which automatically 
identifies the body shape and the regions of interest 
from the IRT images, providing a database with the 
main data of the con-sidered ROIs. The results of 
reliability and reproduc-ibility reached in this study 
by the software Termotracker are almost perfect 
(between 0.998 and 0.999) –table 5-. By comparing 
the results with those ob-tained by Zaproudina et al. 
(35) (see table 6), the higher reliability even in ICC 
intra-examiner results could be due to this 
automatic process to identify ROI, task done in 
other studies by the observer (6, 12, 28). This 
automation of determining the areas of each ROI 
improves the IRT reliability, making possible a 
faster and more efficient IRT analysis of the 
thermograms from human beings. These results 
should be expected to be perfect (ICC = 1.0), but 
the few imperfections showed in figure 4 should be 
improved by removing some random parameters 
from the computer vision algorithms implemented 
in Thermotracker®. 
In addition, the use of coefficients of variation (CV) 
showed a small dispersion of the Tsk in all ROIs. 
Our results are better than those reported by 
Zaproudina et al. (35), which indicated CV lower 
than 10%. Our CV mean values of 2.08% and 

2.13% -Thermograms 1 and 2 respectively- 
reinforce the good data obtained on the 
reproducibility results. Likewise, Bland-Altman plots 
showed good results of intra-examiner agreement, 
with only 4.13% of the readings out of the 95% 
agreement limits between Thermograms 1 and 2, 
and 3.30% in the case of intra-examiner agreement 
between computer 1 and 2.  
The distribution of skin temperatures showed 
warmer temperatures in the upper body ROIs, as 
back and right and left chest. The abdominal ROI 
will be supposed to be among or close to these 
values; but it reached lower Tsk values, which could 
be justify by the remarkable isolating effect of the 
sub-cutaneous fat in this body area (26). Colder 
temperatures are show on distal ROI as thighs or 
knees –table 1. 
In general terms, the results of this study are coin-
cident with those of Owens et al. (20) and Burnham 
et al. (4) with ICC over 0.9, but both au-thors did 
not used IRT cameras, but a handheld 
thermographic scanner and Infrared Skin Ther-
mometer respectively. Other studies examining inter 
and intra-examiner reliability of IRT cameras 
reached good results (6, 12, 16, 21, 28, 31, 35), but 
none took as sample of overweight subjects, and 
reached so excellent ICC results like the ones 
showed in our study. Moreover, among the new 
technological features (15, 30, 31) and similar 
softwares (Murawski et al. 2003), Termotracker® 
seems to be one of the firsts IRT software created 
to analyse IRT images of human beings, which 
reported excellent reliability results. Nonethe-less, it 
should be improved until reaching ICC values of 1, 
to ensure an automatically perfect analysis of the 
considered ROIs in IRT images.  

5. CONCLUSIONS 

Skin temperature on overweight subjects has an 
excellent reproducibility for consecutive 
thermograms. The reproducibility of thermal 
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asymmetries (ΔT) is also good but could be 
influenced by several factors that should be further 
investigated. The high reliability results of the 
software suggest the im-portance of using specific 
software to analyses IRT images on humans, 
eliminating the likely human error of drawing each 
ROI and improving the efficiency and objectivity of 
a technique with a high potential of application on 
humans. So that, we conclude that Termotracker® 
is a reliable and objective software to analyse IRT 
images of humans beings. 
 
REFERENCES 
 
1. Ammer K. Need for standardisation of 
measurements in Thermal Imaging. In B. Wiecek 
(Ed.), Thermography and Lasers in Medicine (pp. 
13-17). Lodz, Poland: Akade-mickie Centrum 
Graficzno-Marketigowe Lodar S.A. 2003 . 
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. Berz R, Sauer H. The medical use of Infrared-
Thermography; History and recent applications. 
Paper presented at the Thermographie Kolloquium, 
Univesität Stuttgart 2007.  
4. Burnham RS, McKinley RS, Vincent DD. Three 
types of skin-surface thermometers: a comparison 
of reliability, validity, and responsiveness. [Clinical 
Trial Comparative Study]. Am J Phys Med Rehabil 
2006; 85(7), 553-558. 
doi:10.1097/01.phm.0000223232.32653.7f 
5. Costello JT, McInerney CD, Bleakley CM, Selfe J, 
Donnelly AE. The use of thermal imaging in as-
sessing skin temperature following cryotherapy: a 
review. Journal of Thermal Biology 2012; 37(2), 
245-274. doi: 10.1016/j.jtherbio.2011.11.008 
6. Denoble AE, Hall N, Pieper CF, Kraus VB. 
Patellar skin surface temperature by thermography 
reflects knee osteoarthritis severity. Clin Med 
Insights Arthritis Musculoskelet Disord 2010; 3, 69-
75. doi: 10.4137/CMAMD.S5916 
7. Feldman F, Nickoloff EL. Normal thermographic 
standards for the cervical spine and upper 
extremities. Skeletal Radiol 1984; 12(4), 235-249.  
8. Finucane MM, Stevens GA, Cowan MJ, Danaei 
G, Lin JK, Paciorek CJ, Ezzati M. National, 
regional, and global trends in body-mass index since 
1980: systematic analysis of health examination 
surveys and epi-demiological studies with 960 
country-years and 9.1 million participants. 
[Comment Research Support, Non-U.S. Gov't]. 
Lancet 2011; 377(9765), 557-567. doi: 
10.1016/S0140-6736(10)62037-5 
9. Frim J, Livingstone SD, Reed LD, Nolan RW, 
Limmer RE. Body composition and skin 

temperature variation. J Appl Physiol 1990; 68(2), 
540-543.  
10. Fujiwara Y, Inukai T, Aso Y, Takemura, Y. 
Thermographic measurement of skin temperature 
recovery time of extremities in patients with type 2 
diabetes mellitus. Exp Clin Endocrinol Diabetes 
2000; 108(7), 463-469. 
11. Head JF, Elliott RL. Infrared imaging: making 
progress in fulfilling its medical promise. 
Engineering in IEEE Medicine and Biology 
Magazine 2002, 21(6), 80-85. doi: 
10.1109/memb.2002.1175142 
12. Hildebrandt C, Raschner C. An Intra-Examiner 
Reliability Study of Knee Temperature Patterns 
With Medical Infrared Thermal Imaging. 
Thermology International 2009; 19(3), 73-76.  
13. Hildebrandt C, Zeilberger K, Ring EFJ, 
Raschner C. The application of medical Infrared 
Thermography in sports medicine. In Zaslav KR 
(Ed.), An International Perspective on Topics in 
Sports Medicine and Sports Injury 2012; 534: 
InTech. 
14. Lahiri BB, Bagavathiappan S, Jayakumar T, 
Philip J. Medical Applications of Infrared 
Thermography: A Review. Infrared Physics & 
Technology 2012. doi: 
10.1016/j.infrared.2012.03.007 
15. Lee J, Lee J, Song S, Lee H, Lee K, Yoon Y.  
Detection of suspicious pain regions on a digital 
infrared thermal image using the multimodal func-
tion optimization. Paper presented at the 
Engineering in Medicine and Biology Society, 2008. 
EMBS 2008. 30th Annual International Conference 
of the IEEE. 
16. Littlejohn RAN. Thermographic Assessment of 
the Forearm During Data Entry Tasks: A Reliability 
Study. (Master of Science), Virginia Tech 2008.  
Available from cyberthesis   
17. Murawski P, Jung A, Ring EFJ, Zuber J, 
Plassmann P, Kalicki B. Image ThermaBase – A 
Software Programme to Capture and Analyse 
Thermographic Images. Thermology International 
2003; 13(1), 5-9.  
18. Niu  HH, Lui PW, Hu JS, Ting CK, Yin YC, Lo 
YL, Lee TY. Thermal symmetry of skin 
temperature: normative data of normal subjects in 
Taiwan. Zhonghua Yi Xue Za Zhi (Taipei) 2001; 
64(8), 459-468.  
19. Nkengne A, Papillon A, Bertin C. Evaluation of 
the cellulite using a thermal infrared camera. Skin 
Research and Technology 2012, n/a-n/a. doi: 
10.1111/j.1600-0846.2012.00633.x 
20. Owens EF Jr, Hart JF, Donofrio JJ, 
Haralambous J, Mierzejewski E. Paraspinal skin 
temperature patterns: an interexaminer and 
intraexaminer reliability study. [Evaluation Studies]. 



EAT2012 Book of Proceedings – Appendix 1 of Thermology international 22/3 (2012) 

137 
 

J Manipulative Physiol Ther 2004; 27(3), 155-159. 
doi: 10.1016/j.jmpt.2003.12.019 
21. Pauling JD, Shipley JA, Raper S, Watson ML, 
Ward SG, Harris ND, McHugh NJ. Comparison of 
infrared thermography and laser speckle contrast 
imaging for the dynamic assessment of digital 
microvascular func-tion. Microvascular Research 
2011. doi: 10.1016/j.mvr.2011.06.012 
22. Plaugher G, Lopes MA, Melch PE, Cremata EE. 
The inter- and intraexaminer reliability of a 
paraspinal skin temperature differential instrument. 
[Clini-cal Trial Randomized Controlled Trial 
Research Support, Non-U.S. Gov't]. J Manipulative 
Physiol Ther 1991; 14(6), 361-367.  
23. Ring EFJ, Ammer K. The Technique of Infra 
red Imaging in Medicine. Thermology International 
2000; 10(1), 7-14.  
24. Ring EFJ, Ammer K. Infrared thermal imaging 
in medicine. Physiol Meas 2012; 33(3), R33-46. doi: 
10.1088/0967-3334/33/3/R33 
25. Ring EFJ. The historical development of 
temperature measurement in medicine. Infrared 
Physics & Technology 2007; 49(3), 297-301.  
26. Savastano DM, Gorbach AM, Eden HS, Brady 
SM, Reynolds JC, Yanovski JA. Adiposity and 
human regional body temperature. Am J Clin Nutr 
2009; 90(5), 1124-1131. doi: ajcn.2009.27567 [pii] 
10.3945/ajcn.2009.27567 
27. Schwartz RG. Guidelines for 
neuromusculoskeletal Thermography. Thermology 
International 2006; 16(1), 5-9.  
28. Selfe J, Hardaker N, Thewlis D, Karki A. An 
accurate and reliable method of thermal data 
analysis in thermal imaging of the anterior knee for 
use in cryotherapy research. Archives of Physical 
Medicine & Rehabilitation 2006; 87(12), 1630-1635.  
29. Sivanandam S, Anburajan M, Venkatraman B, 
Menaka M, Sharath D. Medical thermography: a 
diagnostic approach for type 2 diabetes based on 
non-contact infrared thermal imaging. Endocrine 
2012. doi: 10.1007/s12020-012-9645-8 
30. Skala K, Lipic T, Sovic I, Gjenero L, Grubisic I. 
4D thermal imaging system for medical 
applications. [Article]. Periodicum Biologorum 
2011; 113(4), 407-416.  
31. Spalding SJ, Kwoh CK, Boudreau R, Enama J, 
Lunich J, Huber D, Hirsch R. Three-dimensional 
and thermal surface imaging produces reliable 
measures of joint shape and temperature: a potential 
tool for quantifying arthritis. [Comparative Study 
Evaluation Studies]. Arthritis Res Ther 2008; 10(1), 
R10. doi: 10.1186/ar2360 

32. Steketee  J. Spectral emissivity of skin and 
pericardi-um. Phys Med Biol 1973; 18(5), 686-694.  
33. Uematsu S, Edwin DH, Jankel WR, Kozikowski 
J, Trattner M. Quantification of thermal asymmetry. 
Part 1: Normal values and reproducibility. J 
Neurosurg 1988; 69(4), 552-555. doi: 
10.3171/jns.1988.69.4.0552 
34. Vardasca R. Symmetry of temperature 
distribution in the upper and the lower extremities. 
Thermology International 2008; 18(4), 154.  
35. Zaproudina N, Varmavuo V, Airaksinen O, 
Narhi M. Reproducibility of infrared thermography 
measurements in healthy individuals. Physiol Meas 
2008; 29(4), 515-524. doi: S0967-3334(08)74211-4 
[pii] 10.1088/0967-3334/29/4/007 
 
For Correspondence: 
 
Ismael Fernandez-Cuevas 
Faculty of Physical Activity and Sport Sciences – 
INEF 
Universidad Politécnica de Madrid 
Madrid, Spain 
ismael.fernandez@upm.es 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


