
SUMMARY
Diseases of the bovine foot are a serious threat to dairy cows welfare and productivity. Commonly divided in infectious and non-
infectious depending on their aetiology, infectious lesions include digital dermatitis, interdigital dermatitis, heel horn erosion,
and foot rot, whereas the most common non-infectious lesions are sole ulcer, toe ulcer, sole haemorrhage, and white line dis-
ease. Infrared thermography (IRT) has been adopted in livestock studies for different analyses such as metabolic responses to
thermal stress and the diagnosis of inflammatory processes. The aim of this study was to evaluate the potential usefulness of in-
frared thermography as a non-invasive tool to rapidly screen digital and interdigital dermatitis (DD and ID) in dairy cows. Forty-
eight healthy cows and forty-eight cows affected by DD and ID on central and interdigital regions of the hind feet were enrolled.
Feet were cleansed to reduce biases and artifacts and left to dry for five minutes to restore normal blood flow. Thermography
images of the hind feet were then collected using a digital infrared camera. Foot temperature was measured in four regions: cen-
tral area of the hind foot (R1), interdigital area of the hind foot (R2), lateral (R3) and medial (R4) claw in the hind foot. High-
er temperature values were found in the central (R1) and interdigital area (R2) compared to lateral (R3) and medial (R4) areas
in both healthy and diseased cows (P<0.001). Moreover, cows affected by DD and ID showed higher foot temperature values com-
pared to healthy cows in the R1 and R2 regions (P<0.001). Results from the present study show that IRT could be a useful di-
agnostic tool for the detection of DD and ID in dairy cows. The obtained results suggest that IRT could contribute in defining
the localization of areas of increased inflammation and could be useful for veterinary podologists, permitting to act directly on
the lesion detected by thermography rather than on the whole foot.
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INTRODUCTION

Lameness represents one of the main causes of decreased pro-
ductive performance and impaired animal welfare in the
dairy industry. Foot lesions are commonly categorized according
to their aetiology into infectious and non-infectious lesions1,2.
Infectious lesions include digital dermatitis, interdigital der-
matitis, heel horn erosion, and foot rot, whereas the most com-
mon non-infectious lesions are sole ulcer, toe ulcer, sole
haemorrhage, and white line disease. Digital and interdigital
dermatitis are a dynamic and multifactorial infectious foot dis-
ease with increasing prevalence in many countries3,4.
The precise aetiology of digital and interdigital dermatitis is un-
known. The marked susceptibility of lesions to topical an-
tibiotics5, as well as the isolation of spirochetes and pro-
teobacteria from the lesions caused by digital and interdigital

dermatitis, respectively suggest that bacteria have an important
role in the development of these diseases6.
Early detection of digital and interdigital dermatitis is the first
step towards therapeutic resolution and reduction of reservoirs
of infection within the herd7,8. Therefore, the need to make a
rapid and simple diagnosis remains a key feature in treating and
controlling lameness in dairy cows. Traditionally, locomotion
scoring is used to identify developing diseases of limb and foot
or for clinical follow-up. This approach, besides being time-
consuming to be used on the whole herd, may not always be
suitably sensitive to identify foot lesions9. Moreover, dermati-
tis is often present without any sign of locomotion impairment,
and lameness does not appear until the lesion becomes severe10.
Infrared thermography (IRT) has been adopted in animal pro-
duction studies for different analyses such as metabolic respons-
es to thermal stress11 and the diagnosis of inflammatory process-
es12,13.
The use of IRT to recognize lameness in cattle has increased
largely in the last years since it represents a non-invasive method,
ease of automation and low cost14. The newest generation of
IRT cameras is capable of measuring temperature in real-time.
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The equipment is light, portable and temperature detection
shows great sensitivity, which is significant in recording the heat
generated by animals’ skin15. Additionally, the camera software
permits analysis of temperature data in every surface or area
of the thermogram. Therefore, IRT can be useful to detect ther-
mal abnormalities in animals by characterizing changes in their
skin temperature16.
The skin surface is a highly efficient radiator, a fact that per-
mits to detect infrared emissions of the skin and to map tem-
perature distributions in a non-invasive manner17. IRT permits
to detect even small changes in temperature with precision and
without the need for physical contact with the animals18, and
has therefore become important as a safe assessment method
in experiments.
Aim of this study was to evaluate the potential usefulness of
infrared thermography as a non-invasive tool to rapidly
screen digital and interdigital dermatitis in dairy cows.

MATERIALS AND METHODS

Farm and animal selection
The study was conducted in an intensive Italian dairy herd lo-
cated in North Italy (45° 38’ N; 10° 87’ E) at an altitude of 68
m. The selected farm had 200 Holstein Friesian dairy cows in
lactation. The herd production was in an average of 8412±1426
kg of milk per cow in 310±11 days. Farms made a dry period
of 55 days and a period of steaming-up of 15 days before calv-
ing. Cows were on a maintenance claw-trimming scheme be-
fore the study, thus receiving routine hoof trimming twice a
year in the farm (-70±15 days before and +50±15 days after calv-
ing). Scheduled hoof trimming sessions were performed by a
veterinarian professional claw trimmer.
Forty-eight healthy cows (35±10 months; mean body weight
630±74 kg) and forty-eight cows affected by foot diseases (39±11
months; mean body weight 626±95 kg) were enrolled in the
study. 
All cows were placed in an up-right chute equipped with a head-
lock gate and a manually operated rope foot lift at 55±10 days
in milk. Each limb was raised with a rope fastened on the mid-
diaphysis of the third metatarsal bone. All feet were cleansed
and trimmed to remove stained, overgrown hoof horn tissue
following guidelines of the Dutch Technique19. During trim-
ming sessions, one leg at a time was raised to preserve as much
as possible animals’ welfare and reduce their stress. A complete
clinical examination was performed based on the cow’s reac-
tion to palpation. The disease status of the foot was confirmed
using a thorough clinical examination. In the cases where both
hind feet were compromised, the one with higher clinical rel-
evance was selected based on the reaction to palpation and pain.
Moreover, all lame cows were also checked and recorded. The
same procedure was performed also for healthy cows.
Hind feet of enrolled animals were cleaned with cold water to
remove dirt and left to dry. Sick cows were affected by digital
dermatitis (DD) and interdigital dermatitis (ID), with DD and
ID lesions localized in central and interdigital regions of the
hind foot. Selected cows were separated from the herd and in-
troduced in a crush where the affected foot was nursed. 
Protocols of animal husbandry and experimentation were re-
viewed and approved in accordance with the standards rec-
ommended by the Guide for the Care and Use of Laboratory
Animals and Directive 2010/63/EU for animal experiments.

Infrared thermography and
thermogram analysis
Thermography images of hind feet were collected from each
animal using a digital infrared camera (ThermaCam P25 Mod-
el, Flir Systems, Boston, MA, USA). All feet were cleaned and
trimmed to remove dirt before the acquisition of thermal im-
ages to reduce biases and artifacts. After washing and drying
of the feet, a five-minute timeout period was set to allow blood
flow to return to its pre-wash state. All thermographic imag-
ing was performed in a closed, indoor environment, while the
animals were restrained in the stall in a standing position. 
Mean ambient temperature was recorded at the IRT time points
and it showed a mean value of 15.7±3.61 °C.
All images were scanned at the same distance (0.7 m) from the
subject to reduce the effects of environmental factors on ther-
mographic readings. The settings of the camera were as follows:
temperature range: 10-40 °C; emissivity of skin: 0.98; reflect-
ed air temperature (Trifl): 20 °C; distance between the camera
and skin surface (Dist): 0.7 m; and view field (FOV): 23°. The
detector consisted of a focal plane array (FPA) uncooled mi-
crobolometer with the following specifications: 320 × 240 pix-
els resolution, thermal sensitivity of 0.08 °C (at 30 °C), spatial
resolution (IFOV) of 1.3 mrad, spectral range between 7.5 and
13 m accuracy ±2 °C. Automatic corrections based on user in-
put were conducted for reflected ambient temperature, distance,
relative humidity, and atmospheric transmission.
Foot temperature was measured in four specific regions of in-
terest: central area of the hind foot (R1), interdigital area of the
hind foot (R2), lateral (R3) and medial (R4) claw in the hind foot.
The absolute mean temperature of each region of interest was
calculated using thermography software (Thermacam Re-
searcher Basic 2.8 software, FLIR, Wilsonville, Oregon, USA).

Statistical analysis
All data were tested for normality of distribution using Kol-
mogorov-Smirnov test. All data were normally distributed
(P>0.05) and statistical analysis was performed. Two-way analy-
sis of variance (ANOVA) was applied to evaluate the signifi-
cant change of temperature among the selected foot areas and
whether significant differences in foot temperatures occur be-
tween healthy cows and cows affected by foot diseases. When
significant differences were found Bonferroni’s post hoc com-
parison was applied. The statistical analysis was performed us-
ing the STATISTICA software package (STATISTICA 7 Stat Soft-
ware Inc., Tulsa, Oklahoma).

RESULTS

All the obtained results are expressed as means ± standard de-
viation (M±SD). Figure 1 shows a representative IRT of a foot
affected by DD and ID, with the selected regions of interest. As
reported in Figure 2, statistical analysis showed higher tem-
perature values (P<0.001) in the central (R1) and interdigital
area (R2) compared to lateral (R3) and medial (R4) areas of
the hind feet of both healthy and diseased cows.
Differences were also found in the regions R1 and R2, with cows
affected by DD and ID showing higher foot temperature val-
ues compared to healthy cows (P<0.001). In particular, the tem-
perature of central areas of diseased cows hind feet showed a
difference (∅) of 2.80 °C and an increase of 10.15% respect to
healthy cows; whereas the temperature values recorded from
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the interdigital areas of diseased cows showed a difference (Δ)
of 2.70 °C and an increase of 9.82% respect to healthy cows.

DISCUSSION

Efforts to reduce lameness in dairy cattle remain a priority as
the industry strives to enhance animal welfare and productiv-
ity. Stress, especially during the transition period, is an unde-
sirable aspect of livestock production as it often results in im-
mune dysfunction and increased likelihood of infection20. Ear-
ly lactation can be a seriously challenging event for the severe
negative energy balance that high-yielding dairy cows can de-
velop21, this combination of stress, immune dysfunction and
metabolic demand induced by parturition and beginning of milk
production may help explain the increase in
infectious foot lesions. This stress and im-
munosuppression interaction likely con-
tributed to the high proportion of events di-
agnosed as foot rot22. In recent years, appli-
cation of new diagnostic technologies in the
dairy field such as non-reproduction related
ultrasound and IRT has improved greatly23,
and the experiments on animals performed
with the use of IRT have become very pop-
ular in livestock14,24-27. In some researches of
skin temperature detection, it has been
proved that the intensity of infrared radiation
emitted is directly proportional to the meta-
bolic processes occurring in some related sur-
faces and is associated with a simultaneous in-
crease in blood supply to a given area28. The
blood flow of the body surface depends on the
relationship between the autonomic nervous
system, the local vessel constriction and ves-
sel-dilation mediators29. In literature, it is been
reported that cow hooves infected with the
foot-and-mouth disease virus IRT was ap-
plied, and show a marked increase in the tem-
perature of sick animals before clinical symp-
toms appeared30. Although it is demonstrat-

ed that IRT was reliable in detecting elevated temperatures as-
sociated with foot lesions10, external factors such as the envi-
ronmental or facilities temperature and animal dirt may influence
the foot temperature using IRT. Thoroughly cleaning cows’ feet
with water had a cooling effect10. In the present study, the IRT
detections were done within the neutral zone for dairy cattle31

and in closed barns at a controlled temperature without exposure
to any direct sunlight or detectable airflow. In addition, all ther-
mographic images were obtained after foot cleaning and dry-
ing and a five-minute timeout period was set to allow blood flow
to return to its pre-wash state.
The results obtained in the present study indicated that the tem-
perature measured in the four selected regions of foot showed
different values both in cows affected by foot diseases than in

Figure 2 - Mean values ± standard deviation (±SD) of hind foot temperatures measured
at the different regions of interest (R1, central area; R2, interdigital area; R3, lateral claw;
R4, medial claw) in healthy cows and in cows with foot lesions together with the statisti-
cally significant differences found.

Figure 1 - Representative infrared thermal image of hind foot, with the regions of interest (R1, central area; R2, interdigital area; R3, lateral
claw; R4, medial claw), of healthy cow (a), cow affected by digital (b) and interdigital (c) dermatitis - Thermal scale is included on the right si-
de of the image.
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healthy cows. In particular, higher amount of infrared radia-
tion, indicative of temperature, was emitted from the central
and the interdigital areas of hind foot than from the lateral and
medial claw in the hind foot. This could be due not only to the
different vascularization and tissue metabolic activity of the foot
regions, but also, and probably more importantly to the
amount of keratinization, which may be associated to the low-
er temperatures found in the sole regions32. Cows affected by
DD and ID showed higher temperatures in the central and in-
terdigital regions of the foot compared to the foot of cows with-
out diseases. Our findings agree with previous studies carried
out on cows affected by hoof diseases reporting a rise in the val-
ues of temperature in cows with hoof diseases respect to healthy
animals10,26. Inflammation or infectious conditions usually lead
to a rise in the underlying circulation and tissue metabolic rate25

resulting in a localized increase in the surface temperature of
the affected areas, detected by IRT17,33.

CONCLUSION

In conclusion, the results obtained in this study show that IRT
could be a useful diagnostic tool in screening for DD and ID pres-
ence in dairy cows. In particular, DD and ID cause an increase
in foot temperature measured by IRT in both the central and in-
terdigital regions of affected feet, compared to feet without le-
sions. The study emphasizes the potential usefulness of IRT as
a reliable, practical and non-invasive tool for the detection of hoof
lesions in dairy cows, and suggests that IRT could contribute in
defining the localization of increased inflammation and/or in-
jury area. The application of IRT might be useful to veterinary
podologists in detecting foot lesions. The early detection of foot
diseases is likely to be valuable in the prevention of further pro-
gression and in early effective treatment. In this regard, the ther-
mography recording could allow coordinating lameness mon-
itoring plans to control and manage foot lesions to enhance dairy
performance and animal welfare within each farm.
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