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Summary: The aim of this study was to investigate the influence of heart rate, respiratory rate – which are used among other parameters
for evaluating pain – and body core temperature on infrared-imaging of the horse’s head. The results should be a base for future studies
for dectecting signs of pain in lateral IR-images of the head. Furthermore, an evaluation method was proposed which does not strongly
depend on the effects of the named circulatory parameters on infrared (IR)-imaging. For this, lamefree horses without any clinical signs
(n=9) were exercised in a controlled manner on a treadmill. Prior to exercising (measuring time point: MTP1) and after a 10 min walk
(MTP2), 5min slow trot (MTP3) and 5min fast trot (MTP4) thermographic images of the lateral views of the horse’s head were taken and
the named physiological parameters recorded as well. The taken IR-images were evaluated, taking into account the anatomical structures
of the horse’s head so as to define the Regions of Interest (ROIs). Assessment of the change in surface temperature was carried out by cal-
culating unilateral temperature differences (Dϑ) between the maximum temperature (ϑmax) in the region of the medial angle of the eye
(ROI1) or the region of the eye (ROI2) and the average temperatures (ϑm) of the remaining ROIs (ROI1, ROI3-6). The ROIs were defined
above blood vessels. It was apparent in the course of exercise after MTP3 that some calculated temperature differences were significantly
reduced (DϑROI6 and DϑROI5.3). ROI6, the region arteria angularis occuli, showed an instable course (DϑROI6) with a large relative
percent range of variation of 36%. This measuring area is located after the arteria dorsalis nasi has left the end artery of the arteria facialis.
In contrast to this ROI4 positioned at the ventral edge of the horse’s head rostrally from the muscle masseter (DϑROI4) showed the most
stable course, a small relative percent range of variation with 8% and insignificant (0.8≥p≥0.2) Wilcoxon signed rank (multiple compari-
son test) over the whole time span among all defined temperature differences during the entire examination period. Further studies for dec-
tecting signs of pain in IR-images of the head seem to be reasonable.
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Einfluss von Herz- und Atemfrequenz auf die Infrarot-Bildgebung am Pferdekopf

Ziel dieser Studie war es, den Einfluss von Herzfrequenz, Atemfrequenz und Körperkerntemperatur auf das thermische Infrarot(IR)-Bild des
Pferdekopfes zu untersuchen. Die Ergebnisse sollten möglichst als Basis für zukünftige Untersuchungen zur Erkennung von Anzeichen für
Schmerzen im lateralen IR-Bild des Kopfes dienen. Des Weiteren wurde eine Auswertmethode vorgeschlagen, die vom Einfluss der genann-
ten Parameter auf die Infrarot-Bildgebung möglichst unabhängig ist. Dafür wurden klinisch unauffällige, lahmfreie Pferde (n=9) einer kon-
trollierten Belastung auf dem Laufband ausgesetzt. Vor Beginn der Belastung (Messzeitpunkt: MZP1) und jeweils nach 10min Schritt 
(MZP 2), 5min langsamen Trab (MZP3) und 5min schnellem Trab (MZP4) wurden thermografische Aufnahmen der jeweils lateralen Ansicht
des Pferdekopfes aufgenommen sowie die genannten physiologischen Parameter bestimmt. Die aufgenommenen IR-Bilder wurden unter
Berücksichtigung der anatomischen Strukturen des Pferdekopfes beurteilt, um geeignete Regions of Interest (ROIs) zu definieren. Die Beur-
teilung der Veränderung der Oberflächentemperaturverteilung erfolgte über die Berechnung von unilateralen Temperaturdifferenzen (Dϑ)
zwischen der maximalen Temperatur (ϑmax) im Bereich des medialen Augenwinkels (ROI1) bzw. der Augenregion (ROI2) und den Durch-
schnittstemperaturen (ϑm) der ROIs (ROI1, ROI3–6), die über definierte vaskuläre Bahnen positioniert wurden. Es zeigte sich, dass im Ver-
lauf der Belastung nach MZP3 einige der berechneten Temperaturdifferenzen signifikant kleiner wurden (DϑROI6 und DϑROI5.3). ROI6,
die Region arteria angularis occuli, zeigte einen instabilen Verlauf (DϑROI6) mit einer großen relativen Schwankungsbreite von 36%. Dieser
Messbereich befindet sich nach der Abzweigung der arteria dorsalis nasi aus der Endarterie arteria facialis. Die am ventralen Rand des
Pferdekopfes und rostral des M. masseter gelegene ROI4 zeigte im Gegensatz dazu den stabilsten Verlauf (DϑROI4) der Temperaturdiffe-
renzen, eine geringe relative Schwankungsbreite von 8% und einen nichtsignifikanten (0.8≥p≥0.2) Wilcoxon signed rank (multiple com-
parison test) über den gesamten Untersuchungszeitraum. Weitere Untersuchungen zur Erkennung von IR-Bilddetails am Kopf, die auf
Schmerzen hinweisen können erscheinen sinnvoll.
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Introduction 

Thermal infrared imaging is a non-invasive method for two-
dimensional visualisation of surface temperature distributions
of objects (Clark and Cena 1972, Turner et al. 1986, Diaki-
des and Bronzino 2007). All warm-blooded mammals radiate
infrared electromagnetic waves in the range of 4 to 20 µm
(Planck 1900, Bergmann and Schäfer et al. 1943). Previous

veterinary studies on horses dealt mainly with hypotheses whet-
her IR-imaging can be used for diagnostics of inflammations,
blood vessel diseases, metabolic disorders, nerval disorders
and neoplastic diseases. On horses IR-imaging was used in
orthopaedic diagnosis (Schweinitz 1999, Turner 2001, Schul-
ze 2004), recognition of the Horner syndrome (Purohit et al.
1979) and sinusitis (Krogbeumker et al. 2009, Siewert et al
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2011, Krogbeumker et al. 2014). The reduction in the skin
surface temperature caused by cold air passing through the
nasal path was documented with IR-imaging (Siewert et al
2009) and calculated with a Finite Elements Method (Siewert
et al 2011). The temperature distribution of a mammal
depends on external parameters and patient-related parame-
ters like surface properties like texture including fur and ana-
tomical layers below the skin, subcutaneous tissue, perfusion,
metabolic activity of the tissue and muscle activity (Turner et al.
1991, Siewert et al. 2011). Most of these parameters are
included in the equation of biological heat conduction found
by Pennes (1948), cf. chapter ‘discussion’. Thus fundamental
knowledge about anatomy and physiology of the anatomical
region is essential for the diagnosis with IR-images. External
parameters which have an influence on the surface tempera-
ture distribution are ambient temperature, air flow over the
skin, radiation from the sun, certain light sources eg. halogen
lamps and air humidity. In addition to the examination proto-
cols used in human medicine (Saxena 2007, Diakides and
Bronzino 2012, Vollmer and Möllmann 2010) for minimising
the influence of those parameters the following recommenda-
tions have been established: Waiting time for a period of rest
in the room before IR-images are taken, shutting out the day
light in the examination room, ambient temperature below the
temperature limit for perspiring. To make the interpretation of
IR-images more independent concerning the influence of
ambient temperature and measurement errors of the IR-
camera there are two possibilities: I) Calculating temperature
differences between saggital-symmetrical anatomical regions
(Ford et al. 1997, Krogbeumker et al. 2009, Krogbeumker et
al. 2014) within one IR-image matrix data set or II) Calculating
unilateral temperature differences between an anatomical
reference region and an anatomical target region within one
IR-image matrix data set. However, unilateral temperature dif-
ferences eg. between ROI eyes and regions above blood ves-
sels (DϑROI5.2 or DϑROI6) are not independent of the
ambient temperature (Siewert 2013).

In comparison with the central body region head and trunk –
in contrast – limbs had a higher physiological fluctuation ran-
ge (Zapoudrina 2008). Consequently, Savary et al. (2008)
found that the comparison of saggital symmetrical regions on
porcine limbs with regard to the diagnosis of joint inflamma-
tions led to a higher percentage of false positive results 
(27–34%) than the calculation of unilateral temperature dif-
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ferences between a reference area and an anatomical target
area above the joint (2–23%) within one IR-image.

Until now a largely unaddressed problem has arisen in the
interpretation of IR findings regarding the influence of an
increased heart rate (resulting in an increased blood perfu-
sion) or respiratory rate caused by stress, fear or pain on the
surface temperature distribution of a certain anatomical
regions. The assessment of pain in horses by using physiolo-
gical or endocrinological parameters is often insufficient
because the heart- and respiratory rate can be influenced by
excitement or fear (Meyer 1999). 

A combination of physiological, endocrinological and etho-
logical parameters has become more relevant for the defini-
tion of pain scales for horses especially in orthopaedic appli-
cations and in diagnosing the severity of colic (Bussières et al.
2008). Zierz (1993) used, besides physiological parameters
ethological parameters such as non weight bearing on the
lame or painful limb in opposite to the normal posture,
expressing peripheral pain in the face „aching face“, standing
up, lying down, rolling the body on the ground to define a
pain scale including grading of severity.

Bussières et al. (2008) examined these parameters on 18
horses with experimental pain induction and different treat-
ment approaches regarding the reproducibility and sensitivity.
While the physiological parameters had a moderate sensitivi-
ty, the ethological parameters (posture, restless stumping and
scraping of hooves, kicking against the abdomen, unusually
restless head movement) showed, besides good reproducibi-
lity a good sensitivity regarding pain detection.

The aim of this study is to investigate the effect of exercise on
the treadmill on the temperature distribution of the lateral
horse’s head. An analytical method for IR-images of the late-
ral horse’s head shall be developed which should be influen-
ced as less as possible by blood and respiratory circulation

Fig. 1 Anatomical structures of the horse`s head including posi-
tion and size of the ROIs, modified according to Budras et al. (2009).

Fig. 2 Musculature of the horse`s head, modified according to
Nickel et al. (2001).
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parameters. The aim for future studies will be to use „pain-
sensitive“ anatomical regions (ROIs) which are not influenced
by circulatory parameters for detecting acute or chronic pain. 

Material and methods

A thermal infrared camera type VarioCam® high resolution
inspect (Fa. InfraTec, Dresden, Germany) was used for taking
IR images. The absolute accuracy of this IR camera is for an
object temperature range 0–100°C specified by the manufac-
turer with ±1.5°C. The mean value of the measured detector
inhomogeneity error of this IR camera was s (standard devia-
tion)≈0.07°C (90 IR-images sequence of a black body refe-
rence radiator, (Siewert 2014)). This means practically that the
thermal resolution within one infrared image data set or object
is much higher than the large absolute measurement uncer-
tainty (±1.5°C). In the present study any black body reference
radiator with a precise temperature measurement could be
used, because the anxious behaviour of the horse did not tole-
rate an unknown black cube close to the head. The thermal
resolution is specified by the manufacturer with 50mK (Pre-
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mium Mode). The IR camera which was used uses a microbo-
lometer array matrix of 384×288 pixels as detector. The IR
camera was switched on 15min before taking medical IR ima-
ges. It was not switched off during the experiment. For the hor-
ses fur an emissivity of 0.97 was assumed (Hassan et al.
2008, Vollmer et Möllmann 2010, Diakides and Bronzino
2012). IR images were evaluated with the image viewer soft-
ware IRBIS®-3plus (InfraTec, Dresden, Germany).

Documentation of ambient parameters

At the beginning of the thermographic examination of each
horse the ambient temperature and air humidity were measu-
red with a GMH 3330 and TFS 0100 E sensor (Greisinger
electronic GmbH, Regenstauf, Germany). During the exami-
nation the details in the room were recorded. Possible sources
of disturbance (e.g. halogen lamp radiation, draught, radia-
tion of the sun, thermal radiation of heaters) were documen-
ted and if possible avoided.  

Horse group for treadmill training

For the study a group of 9 clinically inconspicuous non-lame
warm-blooded horses (aged: 6.2±4.2) (3 geldings, 6 mares)
from the Clinic for Horses (University of Veterinary Medicine,
Hannover, Foundation) was used. All horses were similar in fur
length. Before exercising on the treadmill the horses received
a special orthopaedic examination and were lame-free.

 
Table 1    Evaluated ethological parameters. 
 Posture duration and type of unusual posture 

  head- and tail position 

  locomotion 

  lifting of limbs was tolerated 

Behaviour auscultation 

  disquietness 

  making sounds  

  behaviour during the examination 

Facial 
 

posture and movement of ears  

  reaction on acoustical stimuli was present 

  chape of nostrils and mouth region  

  size of palpebral fissure, size of pupil 

 

Table 2    Definition of the relevant measuring time points (MTP)  
and parameters of the treadmill protocol. 

Measuring time point Definition 

MTP1 before exercise 

MTP2 after 10 min training in step (1.5 m/s) 

MTP3 after 5 min slow trot (2.7 m/s) 

MTP4 after 5 min fast trot (3.6 m/s) 

 

Fig. 3 a,b Construction of the ROIs (black) in the IR-image, mare, 6 years of age, ambient temperature 16.2°C, RH 36.2%.
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Experimental Procedure

Recording of ethological and physiological parameters and
taking IR-images was carried out with all horses in the same
room under similar ambient conditions (ambient temperature:
18.2±1.9°C, relative air humidity: 34.3±3.7%, without direct
radiation from sun light). The resting time (acclimatisation peri-
od) before the training in the examination room was 10min.
The name, age, breed, gender, colour of fur, changes of fur
colour in the relevant region were documented. During the
resting state the heart rate ((HR), measured with auscultation),
respiratory rate (RR), body core (rectal) temperature (CT) were
measured and nutritional status, respiratory type and nasal
discharge recorded. During the acclimatisation phase and
exercise period on the treadmill ethological parameters which
would indicated pain were verified (s. Tab. 1). Digital photos
were made to record possible ‘artefacts’ in the IR-images
(scars, sore places, marks, fur inhomogenities, dirt in the fur).

For an improved anatomical orientation in the often low-con-
trasted IR-images two aluminium washers (diameter=20mm)
were attached at the crista facialis (Fig. 3a). 

At the beginning IR images of lateral views of the horse’s head
were taken at measuring time point 1 ((MTP1), cf. Tab. 2) and
physiological parameters like heart rate, respiratory rate and
body core temperature (rectal temperature) were measured.
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Then the horses were exercised for 10 minutes walking in step
(1.5m/s) on the treadmill model 2200 Mustang (Fa. Kagra,
Gruber AG, Switzerland). During the subsequent short inter-
ruption of the training programme, the physiological parame-
ters were measured again and lateral IR-images were taken
(MTP2, cf. Tab. 2). After applying the bridle and an adaption
period of 1–2min walking in the step, the horses were trained
in the slow trot for 5min (2.7m/s) on the treadmill. Then the
same procedure was carried out again (MTP3) and after 5 min
in the fast trot (3.6m/s) a last time (MTP4). 

Evaluation of IR images 

The positions of the ROIs were defined by anatomical speci-
mens on the basis of blood vessels and facial muscles com-
pared to IR images (see Fig. 1 and 2), (Fleischmann 2009).
The radiuses of ROI 4, ROI 5.1, 5.2, 5.3, ROI 6) are thus
proportionally reduced to 1/2 of the distance between H1
and H2 cf. Fig. 3. The reference line H1 touches the dorsal
head contour and a parallel line H2 is defined by the rostral
end of the crista facialis marked with a thin aluminium washer
(diameter=20 mm). The diameter of circle K1 multiplied by
three scaling factors (0.102; 0.235; 0.132) are defining the
diameters of ROI1, ROI2 and ROI3. To minimise the systema-
tic absolute measurement error of the IR camera (±1.5°C)
(Infratec GmbH, operating manual) and to achieve a minor
relationship on the ambient temperature, temperature diffe-

Table 4    Median values, minimum, maximum, range of 4 median values and relative percent range of variation of the temperature differences for 
the relevant MTP in the IR-image. 

 
!max(ROI2)- 
!m(ROI1) 

[°C] 

!max(ROI1)- 
!m(ROI3) 

[°C] 

!max(ROI1)-
!m(ROI4)  

[°C] 

!max(ROI1)- 
!m(ROI5.1)  

[°C] 

!max(ROI1)- 
!m(ROI5.2) 

[°C] 

!max(ROI1)- 
!m(ROI5.3) 

[°C] 

!max(ROI1)- 
!m(ROI6)  

[°C] 

Abbreviation �"!ROI1 �"!ROI3 �"!ROI4 �"!ROI5.1 �"!ROI5.2 "�!ROI5.3 �"!ROI6 

MTP1 
1.6 

(0.9 - 2.1) 
2.3 

(0.7 - 3.8) 
5.0 

(3.8 - 6.9) 
3.4 

(1.5 - 5.3) 
2.7 

(0.9 – 4.6) 
3.8 

(2.8 - 5.3) 
5.2 

(3.4 – 6.5) 

MTP2 
1.4 

(0.9 - 2.4) 
2.4 

(0.9 - 3.6) 
5.2 

(3.1 - 7.2) 
3.5 

(0.9 - 5.2) 
2.8 

(0.6 - 4.4) 
3.6 

(1.1 - 4.7) 
4.6 

(1.7 - 5.7) 

MTP3 
1.3 

(0.9 - 2.0) 
2.2 

(0.8 - 2.9) 
4.8 

(3.0 - 10.7) 
3.2 

(1.3 - 4.6) 
2.7 

(1.5 - 4.1) 
3.0 

(2.1-4.4) 
3.6 

(2.6 - 5.5) 

MTP4 
1.5 

(0.8 - 2.0) 
2.2 

(1.1 - 4.1) 
5.0 

(3.7 - 7.8) 
3.5 

(2.2 - 5.8) 
3.2 

(2.0 - 5.1) 
3.6 

(2.5 - 4.9) 
4.3 

(2.3 - 5.7) 

Ra4m= range of 4 median values 
(MTP1...4) 

0.3 0.2 0.4 0.3 0.5 0.8 1.6 

Relative percent range := 
Ra4m / averaged medians 
(MTP1...4) 

20.7% 8.8% 8.0% 8.8% 17.5% 22.8% 36.1% 

Median values (fluctuation range: minimum - maximum), Ra4m= range of 4 median values (MTP1...4) 

 

Table 3     Anatomical structures within the ROIs. 

Definition of ROIs Anatomical target region 

ROI 1 medial corner of the eye (canthus) 

ROI 2 region around the eye including both corners of the eye 

ROI 3 arteria/vena transversa facei, muscle masseter 

ROI 4 
arteria/vena facialis et arteria/vena labialis inferior, muscle depressor labii inferioris, muscle cutaneus faciei, 
muscle masseter  

ROI 5.1, ROI 5.2, ROI 5.3 
arteria/vena facialis et arteria/vena labialis superior et arteria/vena lateralis nasi, muscle levator nasolabialis, 
muscle lebator labii superioris, muscle caninus, muscle zygomaticus, muscle buccinator 

ROI 6 vena angularis occuli, muscle levator nasolabialis, muscle lebator labii superioris 
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rences (Dϑ) similar to former studies (Siewert et al. 2010)
were defined between reference regions with maximum
values   and average temperatures defined by target ROIs (cf.
Tab. 3) according to eq.(1,2). 

DϑROI1 := ϑmax,ROI 2 – ϑm,ROI 1 (1)
DϑROI3,...,6 := ϑmax,ROI 1 – �ϑm,ROI 3,…,6 (2)

Based on the results of the study by Stewart et al. (2008) and
observations from our own preliminary experiments (Fleisch-
mann et al. 2009) certain regions were used, because   tempe-
rature values around the eyes were considered to be relatively
stable. As a thermal reference value, the maximum tempera-
ture value of the medial corner of the eye (canthus) ϑmax(ROI 1)
or the region around the eye ϑmax(ROI 2) were defined. For the
target regions, the average temperatures of the ROIs
(ϑm ROI 3... ϑm ROI 6) were used for detecting the changes
resulting from increased muscle activity, increased blood flow
or respiratory rate due to increased exercise. Furthermore the
range of ambient temperature was limited to 18.2±1.9°C.
One horse had on the right head side a skin defect or abnor-
mality of the skin and has been affected in the region (ROI 3).
It was therefore not evaluated in this region. This horse did not
allow at any time to measure the rectal body temperature.

Statistical analysis of the results 

The statistical evaluation of the results was performed using
the SAS program (version 9.2, SAS Institute Inc., Cary, NC,
USA). An examination of the quantitative proband group data
by visual assessment of QQPlots did not confirm a Gaussian
normal distribution curve for all data. Thus, nonparametrical
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statistical tests were chosen and the correlation coefficient
according to Spearman had to be taken. For the descriptive
statistics median, minimum, maximum, range of 4 medians
and the relative percent range of variation of the temperature
differences DϑROI3...6 over the target regions were calcula-
ted at the measuring time points MTP1, MTP2, MTP3 and
MTP4, respectively. The change in temperature differences
within the timespan between paired samples was tested using
a Wilcoxon signed rank (multiple comparison) test.

To assess the statistical relationships of heart rate increase
(DHR), respiratory rate increase (DRR) and body core tempe-
rature increase (DCT) to the temperature differences the cor-
relation coefficient rs �according to Spearman was calculated.
Furthermore a linear regression analysis, to the temperature
differences was calculated with the physiological parameters
DHR and DRR as predictor variables. 

Results

The structuring is based on the stability of the ROIs starting
with DϑROI4.

Classification I: DϑROIs  stable – minor changes

DϑROI4: Most stable with minor changes in the temperature
difference

A time-dependent course with a stable characteristics especi-
ally the smallest relative percent range of variation with 8% (cf.
Tab. 4) was present during the duration of the experiment on

Table 6    Correlation coefficients according to Spearman to !HR, !RR, !CT; MTP1,3. 

  
"max(ROI2)- 
"m(ROI1) 

[°C] 

"max(ROI1- 
"m(ROI3) 

[°C] 

"max(ROI1)- 
"m(ROI4) 

[°C] 

"max(ROI1)- 
"m(ROI5.1)  

[°C] 

"max(ROI1)- 
"m(ROI5.2)  

[°C] 

"max(ROI1)- 
"m(ROI5.3)  

[°C] 

"max(ROI1)- 
"m(ROI6) 

[°C] 

Abbreviation �!"ROI1 �!"ROI3 �!"ROI4 �!"ROI5.1 �!"ROI5.2 �!"ROI5.3 �!"ROI6 

rs(!HR) 
p-value 

-0.09 
0.72 

0.17 
0.51 

-0.13 
0.61 

-0.08 
0.75 

0.05 
0.85 

-0.23 
0.36 

-0.68 
0.002 

rs(!RR) 
p-value 

0.12 
0.6 

0.33 
0.19 

0.24 
0.34 

0.033 
0.89 

0.04 
0.88 

0.5 
0.035 

0.36 
0.14 

!CT, p-value 0.25 0.71 0.25 0.65 0.42 0.43 0.80 
correlation coefficient rs (Spearman; MTP1,3): statistical significant marked in grey (0.001<p!0.05) 

 

Table 5     p-values of the Wilcoxon signed rank (multiple comparison) for temperature differences between MTP1 and further MTPs. 

 
!max(ROI2) – 
!m(ROI1) 

[°C] 

!max(ROI1) – 
!m(ROI3) 

[°C] 

!max(ROI1) – 
!m(ROI4) 

[°C] 

!max(ROI1) – 
!m(ROI5.1)  

[°C] 

!max(ROI1) – 
!m(ROI5.2)  

[°C] 

!max(ROI1) – 
!m(ROI5.3)  

[°C] 

!max(ROI1) – 
!m(ROI6) 

[°C] 

Abbreviation �"!ROI1 �"!ROI3 �"!ROI4 �"!ROI5.1 �"!ROI5.2 �"!ROI5.3 �"!ROI6 

MTP1-MTP2 0.421 0.831 0.811 0.420 0.435 0.039 0.001 

MTP1-MTP3 0.025 0.309 0.199 0.053 0.184 0.001 0.000 

MTP1-MTP4 0.157 0.586 0.513 0.184 0.031 0.127 0.004 

Wilcoxon signed rank (multiple comparison) Statistical significant (0.001<p<0.05) in grey, statistical highly significant (p<0.001) in dark grey 

 

Table 7    Multiple regression analysis to !HR, !RR with coefficients of determination MTP1,3  

Abbreviation �!"ROI1 �!"ROI3 �!"ROI4 �!"ROI5.1 �!"ROI5.2 �!"ROI5.3 �!"ROI6 

coefficient of determination R2 
 

 

0.03 
 
 
 
 

0.14 
 
 
 
 

0.066 
 
 
 
 

0.03 
 
 
 
 

0.01 
 
 
 
 

0.25 
 
 
 
 

0.60 
 
 
 
 

p-value 0.80 0.35 0.60 0.79 0.92 0.12 0.001 
Multiple regression analysis (!HR, !RR; MTP1,3): significant (0.001<p<0.05) marked in grey 
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DϑROI4 (cf. Tab. 4–7). This result was consistent with not sig-
nificant p-values (p≥0.2; Wilcoxon signed rank (multiple com-
parison) test) (cf. Tab. 5) during the duration of the training.
The correlation test according to Spearman was not significant
with the parameters heart rate (p>0.60, r s=-0.13) and
respiratory rate (p>0.34, r s=0.24). This test is consistent to
a not significant result of the multiple regression analysis.

DϑROI3: Very stable

DϑROI3 (cf. Tab. 4–7) has the same classification as
DϑROI4. A very small relative percent range of variation with
8.8% (cf. Tab. 4). This result was consistent with not signifi-
cant p-values (p≥0.3; Wilcoxon signed rank (multiple com-
parison) test) (cf. Tab. 5), a not significant correlation test
according to Spearman with the parameters heart rate and
respiratory rate (p≥0.19) (cf. Tab. 6) and a not significant
result of the multiple regression analysis (p≥0.35) (cf. Tab. 7).

Classification II: Final statement impossible – neither stable
nor instable

DϑROI5.1: Neither stable nor instable – rather stable

DϑROI5.1 has a small relative percent range of variation with
8.8% (Tab. 4) which is consistent to nonsignificant p-values
(p>0.18) between MTP2-1 or MTP4-1 (Tab. 5) but not con-
sistent to a p-value lying on the significance threshold
(p=0.053) at MTP3-1 (Tab. 5). Spearman’s correlation coef-
ficients to the heartrate and respiratory rate were not signifi-
cant (p>0.7) (Tab.7). Spearman’s test is consistent with the
nonsignificant coefficient of determination (R2=0.03,
p=0.79), (Tab. 7). 

DϑROI5.2: Neither stable nor instable – more stable compa-
red to DϑROI5.3 and DϑROI6

DϑROI5.2 has a relative percent range of variation with
17.5% (Tab. 4) which is consistent with a significant p-value

Effect of heart rate and respiratory rate on thermal infrared-imaging C. Siewert et al.

Pferdeheilkunde 30 (2014)526

(p=0.03) at MTP4-1 (Tab. 5). However Spearman’s correla-
tion coefficients to the heartrate and respiratory rate were not
significant (p>0.8) (Tab. 6). Spearman’s test is consistent
with the insignificant coefficient of determination (R2=0.01,
p=0.92), (Tab. 7). 

DϑROI1: Neither stable nor instable – rather instable

DϑROI 1 has a relative percent range of variation with 20.7%
and the reduction in the temperature difference was signifi-
cant (p=0.025) between (MTP1-3) with Wilcoxon signed
rank (multiple comparison) test but not between (MTP1-2) or
(MTP1-4). Besides, no significant correlation (Tab. 6) or mul-
tiple regression analysis (Tab. 7) occurred with the parameters
heart rate (DHR) or respiratory rate (DRR).

Classification III: �DϑROIs instable – major changes

DϑROI6, DϑROI5.3 

DϑROI 6 has the largest relative percent range of variation
with 36.1% (Tab. 4). The reduction in the temperature diffe-
rence was significant (p≤0.001) with Wilcoxon signed rank
(multiple comparison) test for �DϑROI5.3 and �DϑROI6 bet-
ween MTP3 and MTP1 (Tab. 5). DϑROI6 is the only one tem-
perature difference which has significant p-values
(p<0.008) between MTP2 and MTP1 (Tab. 5). A significant
correlation according to Spearman occurred with the para-
meter heart rate (p<0.002, r s=-0.68), (Tab. 6). This test is
consistent with a significant result of the multiple regression
analysis (coefficient of determination): R2=0.60; predictor
variables: DHR, DRR), (Tab. 7). �DϑROI6 had a large coeffi-
cient of determination compared to the other temperature
differences and a significant p-value (p=0.001; group ran-
ge �DϑROI1-6: p was between 0.001–0.92, median value
0.6, (Tab. 7). The multiple regression analysis of DϑROI5.3
is not consistent (p=0.12) with the significant correlation
according to Spearman of the parameter respiratory rate
(p<0.035, r s=0.5) and two significant Wilcoxon signed
rank tests (Tab. 5).

Fig. 4 IR-image series with marked ROIs, Hannoveraner, mare, 6 years of age, ambient temperature 18.2 °C, RH 35.1 %.
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Discussion

In contrast to the investigation of orthopaedic diagnostic
applications, especially inflammation of joints, only few stu-
dies which are dealing with IR-thermography for diagnostics
at the horse’s head exist. 

Regulation of the skin perfusion by the autonomic nervous
system

Purohit et al. (1979) analysed the diagnostic value of infrared
imaging in relation to the Horner-syndrome, a one-sided
miosis, with drooping of the upper eyelid, one-sided enoph-
thalamus and local skin temperature rise (1–2.5°C) caused
by a nerval damage to the vasosympathetic trunk followed by
a vasodilatation. The diagnostic with IR-imaging was helpful. 

Minimising of measurement error of IR camera  

The comparison of surface temperatures between anatomical
symmetrical regions, which cannot be included on one single
IR-image because the region is located on the opposite body
side (e.g. the lateral angle of the eye) requires an evaluation
method which minimises the measurement error (drift error)
of the IR camera. This requirement is fulfilled with the diffe-
rence-ROI-method (Siewert et al. 2010 and 2014). Which
uses temperatures of thermal stabile regions (eg. temperatu-
re of region around the eyes) and anatomical target areas
with subsequent difference calculation.
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Disadvantageous effect of ambient temperature on unilateral
temperature differences

With the calculation of temperature differences the disadvan-
tageous effect of the ambient temperature should be redu-
ced. In spite of this - a significant relationship on the ambient
temperature remains, even though unilateral temperature dif-
ferences were measured at the horse’s head (n=40 head
sides, healthy control group in an ambient temperature range
ϑA: 5–20°C, eq. 3,4 (Siewert et al. 2013):

DϑROI5.2~ - 0.41ϑA with  (rs= - 0.73, p=0.000) (3)
DϑROI6 ~ - 0.33ϑA with  (rs=- 0.76, p=0.000) (4)

Even a significant correlation (p=0.02) to the fur length
exist to DϑROI5.2 and DϑROI6 (p=0.045) tested with a
correlation according to Spearman (n=22 head sides) (Sie-
wert et al 2013). This means that a rise in ambient tempe-
rature of only 1°C causes a typical decrease of the unilate-
ral temperature differences of -0.41 respectively -0.33°C
(DϑROI5.2, DϑROI6), in the specified ambient temperature
range (Siewert et al. 2013) if the same length in fur is guar-
anteed. The knowledge of the effect of the ambient tempe-
rature on each temperature difference (eq. 1,2) is – when
comparing IR-findings of different individual animals – of
importance, because in practice in most cases no climate-
controlled examination room is available and the range of
the ambient temperature is not as narrow as in the present
study (18.2±1.9 °C). A requirement is that stable ROIs are
not located above the nasal air path because a cooling
down as a function depending on the temperature of the
inhaled air has to be expected as finite elements calcula-
tions (Siewert et al. 2011) and IR-studies at the horse’s head
(Krogbeumker 2009) confirm. This effect can be seen in Fig.
4 (MTP1, see white arrow) and even better on an IR-image
processed by relief method taken on a lower ambient tem-
perature Fig. 5a. 

Biological heat equation

For interpreting IR-images of the horse’s head it is essential to
determine the biological fluctuation range, particularly to
evaluate the heart rate as the blood perfusion rate�w is an
important factor in the second term of the biological heat
conduction equation (eq. 5) (Pennes 1948). w/w�relax=1...10

�k�T+wrb cb(Tb–T) + Qm=0 (5)

The Nabla operator (�) is a vector differential operator: 

�= (∂/∂x, ∂/∂y, ∂/∂z).

Constants: rb and cb are the density and the specific heat of
the blood (Gonzalez 2007) and are practically constants in
the ambient temperature range (14–22 °C) and a constant
blood temperature is defined by Tb. Cell metabolism produ-
ces heat, which is included in the parameter Qm defined as
metabolic heat. 

Parameters: k is the thermal conductivity of the respective tis-
sue. Subcutaneous fat tissue has a thermal conductivity of 
k=0.16–0.2 Wm-1K-1 and muscle tissue approx. k=0.42

Fig. 5 a: Processed lateral IR-image after applying relief-method
according to Siewert 2009 taken from (Fleischmann and Siewert
2009). b: Anatomy of the horse’s head modified according to
Budras et al. (2009)

a

b
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Wm-1K-1 (Zheng 1990). Consequently, kmuscle is approx. twice
as high as the value in subcutaneous fat tissue. T is the local
tissue temperature.

The solution of eq. 5 for calculating temperature profiles in the
tissue is possible by application of the Finite Elements Method
(FEM) (Gonzalez 2007, Siewert et al. 2010b, Siewert et al.
2011). Investigating the effects of heart rate and respiratory
rate is essential: To investigate the effects of increased blood
flow (second term eq. 5) and respiratory circulatory parameters
on the IR-image of the horse’s head, a treadmill was used. 

Hypothalamos adjustment control for body core temperature
and heat dissipation

Thermoregulation in mammals (all homoithermal beings) is
controlled by the hypothalamos resulting in a narrow body
core temperature range. The produced heat is transferred by
means of short-term thermoregulatory mechanisms, e.g.
through increased perfusion of the subcutaneous tissue and
heat dissipation through the skin to the ambient air (von Engel-
hardt and Breves 2010). The macroscopic analysis of the tem-
perature distribution of an IR-image sequence of a horse to the
chosen measurement timepoints (cf. Fig. 4, MTP1-MTP3)
shows the warming of large regions of the lateral horse’s head
caused by the physiological regulation processes. Especially
the regions around the eyes and nostrils are affected (Purohit
et al. 1979). This former finding was based on a small group
of 6 horses before and after exercise on a treadmill. 

Effect of adrenaline caused by stress, pain or excitement

A logical explanation for a change in the temperature in the
region of the eye is the activation of the hypophysis-hypotha-
lamos-adrenal glands-axis e.g. caused by stress with adrena-
line subsequently being liberated into the blood plasma cau-
sing a vasoconstriction of blood vessels in the brain (Thews
and Mutschler et al 2007). 

Stewart et al. (2007) used the regulatory function of this
system and exposed cows to different biochemical substances
(intravenous application of ACTH, CRH, adrenaline), stres-
sors like social isolation and examined the change in the
maximum temperature of the eye in the region of the lacrimal
sack located at the medial angle of the eye.

For verifying the effect of the vasosympathetic autonomous
nerval system on the maximum temperature of the region
(medial angle of the eye) calves (n=16) received an infusion
of adrenaline or physiological saline solution (Stewart 2008,
PhD thesis). A significant decrease (1.4°C, p=0.01) in the
maximum temperature in the region lacrimal sac caused by an
adrenaline infusion compared to the maximum temperature
before infusion was observed. The explanation for this tempe-
rature drop is plausible but cannot be regarded as finally pro-
ven because it is not known if the drift error of the IR-camera
(Siewert 2014) was determined during Stewart’s experiment.
This absolute measurement error can vary depending on the
type of IR camera, the sensor type (Chrzanowski 2001, Hart-
mann 2001), ambient temperature and duration of the meas-
urement. If the duration of the IR-image sequence is, for exam-
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ple 15min the drift error can be approx. 1.2–2 °C (Siewert et
al 2014). In a previous study of Stewart (2008) the decisive
temperature change took place in the timespan of approx. 4
min 30 IR-images were taken every 30s before adrenaline
infusion and 30 IR-images after infusion and compared with
the control group which received an isotone saline solution.
The maximum temperature values (n=30) at the medial angle
of the eye were averaged before and averaged after the adre-
naline infusion. The observed maximum drift error within a time
interval of one minute can be in the order of magnitude of 0.4
to 0.65°C (Siewert and Dänicke et al. 2014). This cited char-
acterisation of thermal infrared cameras was carried out with
two IR cameras, using an uncooled microbolometer array as
detector. One of these IR-cameras was identical to the IR-
camera type VariaCAM (production year 2009) used in the
present study. In the present study the measurement error was
minimised by a difference calculation using a difference ROI-
method (Siewert et al. 2010 and 2014). 

In an experimental study assessing pain during chirurgical
castration on calves (n=16) 8 of which were in the control
group (Stewart et al. 2010b) a significant increase in the
measured heart rate (+15.1/min, p<0.05), of the adrenali-
ne (+50%, p<0.05) or noradrenalin concentration
(+300%, p<0.001) in blood plasma after surgical castra-
tion was observed. A significant increase in heart rate caused
by pain resulting from colic was reported in a study of Hinch-
cliff (2005) on 35 horses with a colic (r=0.68, p<0.001).

The result of the intravenous infusion of adrenaline with cal-
ves (Stewart et al. 2010a) confirms the physiological effect,
that after the moment of starting the adrenalin infusion the
sympathetic nervous system causes a vasoconstriction of the
blood vessels (skin, mucosa) analogous to the blood vessels
of the brain (Thews and Mutschler 2007, p.657). This led to
a decreasing perfusion and resulting decrease in surface tem-
perature in the regions of the lacrimal sacks located at the
medial angle of the eyes.

Classification I: DϑROIs  stable – minor changes

DϑROI4 most stable: minor changes in the temperature dif -
ference

A time-dependent course with a stable characteristics espe-
cially the smallest relative percent range of variation with 8%
(cf. Tab. 4) was present during the duration of the experiment
on DϑROI4 (cf. Tab. 4–7). This result was consistent with not
significant p-values (p≥0.2; Wilcoxon signed rank (multiple
comparison) test) (cf. Tab. 5) during the duration of the train-
ing. The correlation test according to Spearman was not sig-
nificant with the parameter of the heart rate (p>0.60, r s=-
0.13) and respiratory rate (p≥0.34, r s=0.24). This test is
consistent to a not significant result of the multiple regression
analysis. The measuring area ROI 4 includes the
arteria/vena facialis in the area of the branch-off of the arte-
ria/vena labialis inferior. The blood vessels are embedded in
fatty tissue by and additionally covered by musculature and
the head fascia (Nickel et al. 1996, Nickel et al. 2001,
Popesko 2007)(cf. Fig. 3 and 5). The blood vessels are loca-
ted deeper and covered by more tissue in comparison to the
regions in classification III and ROI1.
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DϑROI3 very stable

DϑROI3 (cf. Tab. 4-7) has the same classification like�
DϑROI4. A very small relative percent range of variation with
8.8% (cf. Tab. 4). This result was consistent with not significant
p-values (p≥0.3; Wilcoxon signed rank (multiple comparison)
test) (cf. Tab. 5), a not significant correlation test according to
Spearman with the parameters heart rate (p≥0.51) and respi-
ratory rate (p≥0.19) (cf. Tab. 6) and a not significant result of
the multiple regression analysis (p≥0.35) (cf. Tab. 7).

Classification II: Final statement impossible neither stable nor
instable

DϑROI5.2, DϑROI5.1, �DϑROI1

However, instability decreases with rising deepness of the major
blood vessel (arteria/vena angularis occuli) from DϑROI6,
DϑROI5.3, over DϑROI5.2, DϑROI5.1 up to DϑROI4 with the
maximum of stability. This is confirmed by increasing p-values
(0.001�0.43�0.811) in the Wilcoxon signed rank (multiple
comparison) test for DϑROI6�4 between MTP2 and MTP1
(Tab. 5) and by IR-images processed with the relief procedure
(Siewert 2009, Fleischmann 2009 et al.). In the region of ROI
6 and ROI5 (white circle, Fig. 5a) the blood vessel can be easily
recognised but in the region of ROI 4 it cannot be observed
(dark arrow, Fig. 5b) in the processed IR-image, because
musculature beginning with musculus zygomaticus (Fig. 2, nr.
5) covers with increasing tissue thickness the major blood ves-
sel. A temperature decrease at the location of the levator naso-
labialis muscle (Fig. 2, nr. 2) crossing the arteria/vena labialis
superior can be observed in Fig. 5a. The IR-image was taken
at a low ambient temperature (12.6°C).

DϑROI1 neither stable nor instable

DϑROI1 has a relative percent range of variation with 20.7%
and the reduction in the temperature difference was signifi-
cant between (MTP1-3) with Wilcoxon signed rank (multiple
comparison) test but not between (MTP1-2) or (MTP1-4).
Besides, any significant correlation (Tab. 6) or multiple
regression analysis (Tab. 7) occurred with the parameters
heart rate (DHR) or respiratory rate (DRR).

Classification III: DϑROIs instable - strong or major changes

DϑROI6, DϑROI5.3 

DϑROI 6 has the largest relative percent range of variation
with 36.1% (Tab. 4). The reduction in the temperature diffe-
rence was significant (p≤0.001) with Wilcoxon signed rank
(multiple comparison) for DϑROI5.3 and DϑROI6 between
MTP3 and MTP1 (Tab. 5). DϑROI6 is the only one tempera-
ture difference which has significant p-values (p≤0.004) bet-
ween MTP2 and MTP1 (Tab. 5) and also MTP4 and MTP1. A
significant correlation according to Spearman occurred with
the parameter heart rate (p<0.002, r s=-0.68), (Tab. 6).
This test is consistent with a significant result of the multiple
regression analysis (coefficient of determination): R2=0.60;
predictor variables: DHR, DRR), (Tab. 7). DϑROI6 had a large

Effect of heart rate and respiratory rate on thermal infrared-imaging C. Siewert et al.

Pferdeheilkunde 30 (2014) 529

coefficient of determination compared to the other tempera-
ture differences and a significant p-value (p=0.001; group
range. DϑROI1–6: p was between 0.001–0.9, median 0.6).
The measuring area after the arteria dorsalis nasi has left the
end artery of the arteria facialis is defined as arteria angularis
occuli (ROI6), which is located directly under the skin. (Nickel
et al. 1996 and 2001, Popesko 2007). 

The multiple regression analysis of DϑROI5.3 is with p=0.12
not consistent with the significant correlation according to
Spearman with the parameter respiratory rate (p<0.035,
r s=0.5) and the other tests (Tab.4-5). Statistical methods like
linear regression assume linear relations in the structure of 
f (x)=m x+b (Cohen et al. 2002, SAS manual 2008, Gaus
and Muche 2013), for optimal explanatory power. However
the second term in eq. 5 prevents a linear relationship. Thus,
it is not surprising that heterogeneous statements concerning
the statistical methods may occur, because especially the
relation of the body surface temperature to the perfusion or
heart rate is non-linear (cf. eq. 5).

Conclusion

The aching face of a horse is described with an increased
activity of the facial musculature (Meyer 1999). Through the
increased use of musculature an increase in the surface tem-
perature of the respective regions in the IR-images could be
expected. In order to distinguish this increase resulting from
muscular activity from the effects of a changed circulatory
situation it was necessary to identify the regions containing
the mimic muscles and simultaneously experienced almost
any change caused by an increase in the heart- and respira-
tory rate. This for an evaluation preferred region was the area
of the arteria/vena facialis at the branch-off of the
arteria/vena labialis inferior (ROI4). 

Evaluation methods for unilateral temperature differences at the
horse’s head which do not consider circulatory parameters
(heart rate or respiratory rate) may show strong deviations in the
order of magnitude of 10–30% regarding the resting values.
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