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n Puerperal diseases with sows such as the mastitis metri-
tis agalactia complex (MMA) are common phenomena [1]. In 
most cases this disease is accompanied by fever [2]. Timely 
introduction of targeted preventive action depends on early 
recognition of symptoms. The possibility of continuous moni-
toring of sows’ body temperatures, especially in the farrowing 
department, is therefore of great importance. This would play 
a role, not only in good economic results and associated profit, 
but also in animal welfare. Rectal temperature measurement 
is the accepted practice in commercial farming. However, this 
method is mostly associated with stress for the animals and is 
also time consuming.

In previous trials with sows the conclusion already reached 
is that IR thermography offers the possible utilisation of body 
surface temperature recording for early identification of dis-
ease [3].

In a further study it was reported that fever could be detect-
ed with a sensitivity of 74.6 % using IR measurement on the eye 
with ponies [4]. With consideration of influencing factors such 
as climate, circadian rhythms or surface dirt in the analysis 
of the measurement results, the results indicate that IR ther-
mography certainly offers a possibility for early recognition of 
temperature increases and therefore of diseases [5]. In other 
studies [5; 6] the areas which are most suitable for recording 
body temperature of farm animals non-invasively have already 

been investigated. To be clarified in the trial presented here is 
the most suitable IR technique and whether the eye and back 
of auricle are suitable for adoption as surface localisation for 
temperature measurement of pigs. 

Animals, materials and methodology
The trial took place on a pig production farm with 340 breed-
ing sows (Large White x German Landrace) and 17 000 feeding 
pigs. One week ante partum sows were penned in the farrowing 
station where the measurements took place. All the sows were 
in conventional farrowing crates with a length of approximately 
2.25 m. Each farrowing pen was 1.80 m wide and 2.40 m long. 
The animals had free access to water. Feeding took place twice 
daily. Feed was individually rationed after farrowing. 

The trial was divided into two parts. 
The first part was carried out with 15 sows. On days one to 

four 10 sows were examined twice daily (in total eight meas-
urements per sow and localisation). On days three and four 5 
further sows were examined twice daily (in total four measure-
ments per sow and localisation). In the second part of the trial 
30 sows were observed over a period of four days, each sow 
being examined every second day.

In both parts of the trial temperature measurements were 
between feeding times. An examination took about 10 minutes 
per sow and always followed the same sequence:

1.  Measurement of rectal temperature (RT) with a micro-
life VT 1831 digital thermometer (ApoNorm, Hillscheid, 
Germany)

2.  Measurement of body surface temperature with an infra-
red camera (IRC) (PI 160, Optris, Berlin, Germany)

3.  Measurement of body surface temperature with an infra-
red hand thermometer (IRT) (Raytek, Berlin, Germany).
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Application of infrared thermo- 
graphy on lactating sows
One of the most important disease indicators in livestock is the rectal temperature. This pro-
cedure is, compared to the infrared thermography, more time consuming and needs animal 
contact. The infrared thermography is a contactless and non-invasive method to detect the 
body temperature. Regarding to animal welfare the infrared thermography is a good method  
to detect the body temperature. A trial with sows in farrowing crates under practical condi-
tions has shown that the body regions eye and back of the ear are appropriate localisations  
to record the body temperature using infrared thermography. Therefore the infrared thermo- 
graphy can provide an essential contribution to disease prevention and can improve the  
welfare of lactating sows.
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For both infrared measurement techniques an emission factor 
of 0.985 was adjusted, which equals the emission factor for the 
human skin surface. Each infrared measurement took place 
with a distance of 30–40 cm between animal and measuring 
instrument. The IRC film was stored and later evaluated with 
analytic software (PI Connect, Optris, Berlin). Via the software 
it was later possible to establish measurement fields with their 
respective average and maximum temperature. The data re-
corded by the IRT measurements were noted for each animal 
immediately after the measurement, being average values over 
a measurement period of around 10 seconds. The measurement 
area represented, with a measurement distance of 30–40 cm, 
approximately 2 cm. The eye measurement area covered the 
eyeball and its surroundings whereby excess tear flow present 
on the eye was taken account of and avoided during measure-
ments. The measurement on the back of the auricle took place 
on the transition area where the cartilaginous auricle meets 
the muscle immediately behind (M. cutaneus colli). Here too, 
the concern was to achieve a clean recording area of skin. 
Threshold value denoting an increased body core temperature 
for sows was selected as 39.5 °C [7] and in the case of IRT was 
also defined as 90 % quantile. The evaluation of the data took 
place using the statistical program SAS 9.3 (SAS Institute Inc., 
Cary, North Carolina). To present the results in graphical form 
Box-Whisker-Plots were completed for the first part of the trial. 
The data of the animal groups from the second part of the trial 
were graphically evaluated via the Bland and Altman method 
[8]. The influences of the IR measurement methods and the 
localisation on the fluctuation range between RT and the infra-
red temperatures were tested with a two-way factorial ANOVA 
model without interactions at a significance level of 5 %. 

Results
With both localisations the measured infrared temperatures 
lay below the measured rectal temperatures and also showed 
a greater distribution (Figure 1). With back of auricle localisa-
tion average temperatures of all sows measured with the IRC 
lay nearer to the RT results compared with the results from the 
eye localisation, although the IRC recorded temperature range 
was greater from the back of the auricle. With both localisations 
the average IRT temperatures were just under 35 °C, whereby 

the range of readings from the eye was less than that from the 
back of the auricle.

In Table 1 temperature values from the second part of the 
trial are shown according to localisation and measurement 
method. The temperatures measured with the IRC were always 
higher than those taken with the IRT whereby the distribution 
range of the IRT temperatures was always smaller.

With IRC measurement of the body temperature on the 
back of the auricle 7 from 10 feverish sows (rectal temperature 
> 39.5 °C) were identified as such, whereby the 90 % quantile 
of the IR temperatures was 38.1 °C. The measurements on the 
eye with the IRC correctly identified 6 from 10 sows as feverish 
and the 90 % quantile of the IR temperatures in this case was 
36.9 °C

The Bland-Altman-Plot of the RT and IRC temperature dif-
ferences against their arithmetic mean indicated that most val-
ues lay within the 95 % threshold. To be noted here, however, is 
the wide range of the individual animal temperatures. For both 
localisations the mean difference between RT and IRC tempera-
tures was around 2 kelvins (Figure 2).

Comparison of the rectal temperature (RT) with the body surface 
temperatures, measured with an ifrared camera (IRC) or an infrared 
thermometer (IRT) at the eye and at the back of the ear of 15 sows 
(part 1 of the trial, n = 97 per box plot)

Fig. 1

Minimum, arithmetic mean, maximum and range of the body temperatures, measured with a rectal thermometer (rectal temperature = RT),  
an infrared camera (IRC) and an infrared thermometer (IRT) at 30 sows (part 2 of the trial)

Lokalisation
Region

Methode
Method

Minimum
Minimum

Arithm. Mittel 
Arithmetic Mean

Maximum
Maximum

Spannweite
Range

Rektal/Rectal RT/RT 38,0 38,8 40,3 2,3

Auge/Eye
IRK/IRC 34,41 36,93 40,64 6,23

IRT/IRT 32,97 34,69 36,01 3,04

Ohrrücken/Back of the ear
IRK/IRC 33,19 36,79 41,29 8,10

IRT/IRT 32,73 35,19 37,54 4,81

Table 1
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Discussion
Rectal temperatures were in each case higher than the tempera-
tures measured by the IR thermography method. This agrees 
with the results from Johnson et al. [4] and Traulsen et al. [3]. 
This was to be expected in that the IR thermography measured 
body surface temperature and not body core temperature.

Differences were also apparent between the IRC and IRT 
recorded temperatures. The IRC results showed less fluctuation 
compared with the standard procedure (rectal measurement 
with digital thermometer) than the IRT values. An explanation 
for this is that the IRC can measure the warmest point in the 
picture area while the IRT measures average temperatures of 
the area. Additionally, prevailing evaporation from the skin sur-
face or skin condition might influence the IRT measurements 
more strongly. The measurements showed that the range of the 
IRT values was less than that of the IRC ones. Apparently, the 
average IRT values return a lesser distribution range than the 
maximum values recorded as IRC temperatures. Less variance 
between the individual measurements is, however, more impor-
tant than the difference to the RT measurements if the aim is 
continuous monitoring of body temperature.

Using the IRC on the back of the auricle 7 from 10 feverish 
sows could be identified whereby the result from localisation on 
the eye was only 6 from 10 animals. These results agree in part 
with the results from Loughmiller et al. [9], Johnson et al. [4] 
and Schaefer et al. [10]. Thus Loughmiller et al. [9] reported 
that the detection of animals with fever is possible through 
measuring the body surface temperature. On anatomical and 
thermoregulatory reasons, the eye and the back of the auricle 
are especially good locations for conducting IR measurements. 
Additionally, procedural aspects also lead to the conclusion that 
these locations could be used. Because pigs have very few sweat 
glands thermoregulation is mainly achieved through increases 

in local blood circulation in the skin [11; 12]. Thus there are ar-
eas of the skin with low subcutaneous fat that are clearly very 
suitable as sites for measuring animal temperature.

The Bland-Altman-Plot showed that there were little agree-
ments between the RT and the infrared temperatures. For this 
reason the measurement of the rectal temperature as reference 
value with clinically healthy animals cannot currently be re-
placed. 

The distance between the infrared measuring instruments 
and the surface to be measured had strong influence on the 
measured temperature. Therefore a possibility for improving 
the method might involve further standardisation of the meas-
urement distance and minimization of the spot of skin to be 
measured. This especially applies to the IRT. A further diffi-
culty, and one which has to be considered in relationship with 
infrared thermography, are movements of the eye or auricle 
which can also have a considerable influence on the measur-
ing precision. An animal-individual observation over a longer 
period could additionally contribute towards increasing the 
identification success rate.

Conclusions 
Infrared measurements of temperatures with clinically healthy 
sows did not significantly agree with those measured by rectal 
thermometer. On the other hand, good results that agreed with 
measured rectal temperatures were achieved in some cases 
where the sows measured were clinically more obviously af-
fected. The results show that once-only measurement of body 
temperature with the IRC or the IRT brought no satisfactory and 
reproducible results under practical farming conditions. Further 
investigations and developments are necessary to establish 
such methods under practical conditions. The localisations eye 
and back of auricle are suitable for IR thermography measure-
ment, this approach being aided by the ease of reaching these 
body points with the device. Through its small variance range, 
the IRT appears to be well suited for continual monitoring of 
body temperature. But also the video-based IRC represents a 
very promising method in that this method allows a multiplicity 
of assessment possibilities compared with IRT.

References
[1] Plonait, H. (2004): Geburt, Puerperium und perinatale Verluste.  

In: Lehrbuch der Schweinekrankheiten, Hg. Waldmann, K. H.; Wendt, M.; 
Plonait, H.; Bickhardt, K., Hannover, Parey Verlag, 4. Aufl., S. 493–502

[2] Furniss, S. J. (1987): Measurement of rectal temperature to predict 
mastitis, metritis and agalactia (MMA) in sows after farrowing. Preventive 
Veterinary Medicine 5(2), S. 133–139

[3] Traulsen, I.; Naunin, K.; Müller, K.; Krieter, J. (2010): Untersuchungen 
zum Einsatz der Infrarotthermographie zur Messung der Körpertempera-
tur bei Sauen. Züchtungskunde 82(6), S. 437–446

[4] Johnson, S. R.; Rao, S.; Hussey, S. B.; Morley, P. S.; Traub-Dargatz, J. L. 
(2011): Eye thermographic temperature as an index to body temperature 
in ponies. Journal of Equine Veterinary Science 31(2), pp. 63–66

[5] Knizkova, I.; Kunic, P.; Gürdil, G.; Pinar, Y.; Selvi, K. (2007): Applications 
of infrared thermography in animal production. Journal of the Faculty of 
Agriculture 22(3), pp. 329–336

[6] Röhlinger, P.; Grunow, C.; Reichmann, A.; Zimmerhackel, M. (1979):  
Voruntersuchungen zur Ermittlung der Anwendungsgebiete der Infrarot-
meßtechnik in der Veterinärmedizin. Monatshefte für die Veterinärmedi-
zin (34), S. 287–291

Bland-Altman-Plot for rectal temperatures (RT) and temperatures 
measured with an infrared camera (IRC) of 30 sows (part 2 of the 
trial, n = 58 per localisation)

Fig. 2



landtechnik 68(4), 2013

231

[7] Blood, D. C.; Henderson, J. A. (1983): Veterinary Medicine. Eastbourne, 
Baillière Tindall, 6. Aufl.

[8] Bland, J. M.; Altman, D. G. (1999): Measuring agreement in method com-
parison studies. Statistical methods in medical research 8, pp. 135–160

[9] Loughmiller, J. A.; Spire, M. F.; Dritz, S. S.; Fenwick, B.W.; Hosni, M. H.; 
Hogge, S.B. (2001): Relationship between mean body surface temperature 
measured by use of infrared thermography and ambient temperature in 
clinically normal pigs and pigs inoculated with Actinobacillus pleuro-
pneumoniae. American Journal of Veterinary Research 62(5),  
pp. 676–681

[10] Schaefer, A. L.; Cook, N.; Tessaro, S. V.; Deregt, D.; Desroches, G.; Dubeski, 
P. L.; Tong, A. K.W.; Godson, D. L. (2004): Early detection and prediction 
of infection using infrared thermography. Canadian Journal of Animal 
Science 84(1), pp. 73–80

[11] Montagna, W.; Yun, J. S. (1964): The Skin of the domestic pig. Journal of 
Investigative Dermatology 43(1), pp. 11–21

[12] Moritz, A. R.; Henriques, F. C. (1947): Studies of Thermal Injury part 2: 
The relative importance of time and surface temperature in the causation 
of cutaneous burns. American Journal of Pathology 23(5), pp. 695–720

Authors
Veterinarian Mariana Schmidt and Dr. med. vet. Gundula Hoffmann 
are scientists, Dr. agr. Christian Ammon is member of the technical-
scientific staff in the department Engineering for Livestock Management 
at the Leibniz Institute for Agricultural Engineering Potsdam-Bornim (ATB) 
and Univ. Prof. Dr. Thomas Amon, S-professor for Livestock-Environ-
ment-Interactions at the Institute of Animal Hygiene and Environmental 
Health in the Department of Veterinary Medicine, Freie Universität of 
Berlin and is head of the department Engineering for Livestock Manage-
ment at the Leibniz Institute for Agricultural Engineering Potsdam-Bornim, 
Max-Eyth-Allee 100, 14469 Potsdam, e-mail: mschmidt@atb-potsdam.de

Dr. Ing. Peter Schön and Dipl.-Inf. Christian Manteuffel are members 
of the scientific staff at the Leibniz Institute for Farm Animal Biology, 
Wilhelm-Stahl-Allee 2, 18196 Dummerstorf

Acknowledgement
The authors thank Prof. Dr. Lahrmann from the Free Universität of 
Berlin and the company Big Dutchman Pig Equipment GmbH for their 
support. The financing of this study was undertaken by the Federal 
Ministry of Food, Agriculture and Consumer Protection (BMELV) through 
the Federal Office for Agriculture and Food (BLE) as part of the innovation 
support programme. 


