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Abstract

In this study the potential usefulness of infrared thermography (IRT) as a non-invasive tool  
to rapidly screen the most common non-infectious foot lesions in dairy cows was evaluated.  
Thirty-eight healthy cows and 38 cows affected by foot diseases were enrolled. Diseased cows 
showed the following disorders at lateral and medial claw in the hind foot: white line lesion, sole 
ulcer, sole haemorrhage, horizontal fissure, axial fissure. Thermography images of hind foot were 
collected for each animal using a digital infrared camera. Foot temperature was measured in four 
regions: central area of the hind foot (A1), interdigital area of the hind foot (A2), lateral (A3) and 
medial (A4) claw in the hind foot. Higher temperature values in the regions A1 and A2 compared 
to A3 and A4 were found in both healthy and diseased cows (p<0.001). Cows affected by foot 
diseases showed higher foot temperature values compared to healthy cows (p<0.05) in all consi- 
dered regions. This study highlights the potential application of IRT as a reliable, practical tool 
for detection of hoof lesions in dairy cows. Multiple scanning images and comparisons between 
affected and healthy anatomical structures could be useful in defining the consistency of abnor-
mality.
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Introduction

Diseases of the digital region are frequent in dairy 
cattle resulting as a severe welfare problem in livestock. 
Lameness causes detrimental effect on longevity 
(Cramer et al. 2009), productivity (Green et al. 2009), and 

reproductive performance (Garbarino et al. 2009) in 
dairy cattle. Consequently, it is among disorders causing 
the largest economic losses in the dairy industry (Ette-
ma and Ostergaard 2006). A number of studies have 
now reported that higher yielding cows are more likely 
to become lame (Barkema et al. 1994, Green et al. 2009). 
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These lame cows might produce less milk than unaf-
fected cows (Warnick et al. 2001, Hernandez et al. 2002) 
or less milk than their potential as demonstrated by 
Green et al. (2009) and as predicted by Rowlands and 
Lucey (1986). Approximately 90% of the causes of 
lameness involve foot lesions (Murray et al. 1996,  
Shearer and Van Amstel 2013), although foot lesions do 
not necessarily result in lameness (Manske et al. 2002). 
Regardless of whether foot lesions cause lameness, they 
have a high impact on animal welfare (Bruijnis et al. 
2012) and farm economy. Therefore, the inspection of 
foot lesions as a routine management practice facilitates 
earlier identification and treatment of lesions, plausibly 
enhancing herd productivity and welfare (Chapinal  
et al. 2009). Each type of lesion has its own patho- 
physiology and specific risk factors. Foot lesions are 
commonly categorized according to their aetiology into 
infectious and non-infectious lesions (International 
Lameness Committee 2008, Potterton et al. 2012).  
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 disease. 

Reliable, practical and non-invasive methods to fre-
quently and rapidly screen in real time for the presence 
of diseases at foot and cow level are needed. Infrared 
thermography (IRT) is a non-invasive, quantitative di-
agnostic tool that measures surface temperature of an 
object and produces it in a thermal colour map. This 
technique has been used in both human and veterinary 
medical research, primarily as a diagnostic tool for the 
detection of local inflammation due to disease and inju-
ry (Talukder et al. 2015, Martello et al. 2016, Perazzi et 
al. 2016, Schrank et al. 2017). Thermographic imaging 
has been recently applied in veterinary medicine and in 
animal production as a potential diagnostic and pre-
ventive device to avoid undue stress reactions (Godyń 
et al. 2013, De Almeida et al. 2016, Salles et al. 2016). 
In the bovine species, IRT has been used as a diagnostic 
tool for disease detection (Stelletta et al. 2012, Bortol-
ami et al. 2015, Perazzi et al. 2016, Schrank et al. 2017). 
IRT has the potential to be a rapid, non-invasive, re-
al-time method of detecting since a symptom of diseas-
es is the increase in local temperature from inflamma-
tory reactions in dairy cows (Bortolami et al. 2015). It 
has been reported that IRT could detect elevated coro-
nary band temperatures in cows with sole haemorrhage 
lesions (Nikkhah et al. 2005), and that this technique is 
reliable in detecting elevated temperatures associated 
with foot lesions (Stokes et al. 2012).

The aim of this study was to evaluate the potential 
usefulness of IRT as a non-invasive tool to rapidly 
screen the most common non-infectious foot lesions in 
dairy cows.

Materials and Methods

All treatments, housing and animal care reported 
below were carried out in accordance with the stan-
dards recommended by the EU Directive 2010/63/EU 
for animal experiments. The study was conducted in an 
intensive Italian dairy herd located in North Italy  
(45° 38′ N; 10° 87′ E) at an altitude of 68 m. The selected 
farm had 200 Holstein Frisian dairy cows in lactation 
with a milk production per cow of about 10.000 kg per 
year. A maintenance claw-trimming scheme was car-
ried out before the study receiving routine hoof trim-
ming twice a year in the farm (-70±15 days before and 
+50±15 days after calving). Scheduled hoof trimming 
sessions were performed by a veterinarian professional 
claw trimmer two months before calving. Cows were 
placed in an up-right chute equipped with a head lock 
gate and a manually operated rope foot lift. Each limb 
was raised with a rope fastened mid-diaphysis of the 
third metatarsal bone. All feet were cleansed and 
trimmed to remove stained, overgrown hoof horn tis-
sue following guidelines of the Dutch Technique (Tous-
saint Raven 1989); during trimming sessions one leg at 
a time was raised to preserve as much as possible the 
welfare of the animals and reduce their stress. All lame 
cows were also checked and recorded. 

Thirty-eight healthy cows (2-3 years old; mean body 
weight 625±115 kg) and 38 cows affected by foot dis-
eases (2-3 years old; mean body weight 612±102 kg) 
were enrolled in the study. 

A complete clinical examination was performed 
based on the cow’s reaction to palpation. The disease 
status of the foot was confirmed using a thorough clini-
cal examination. In the cases where both feet compro-
mised the one with more clinical importance was select-
ed based on reaction to palpation and pain. In the case 
of healthy cows the same procedure was performed.

Enrolled animals were cleaned with cold water and 
dried in order to remove dirt. 

Sick cows have shown the following diseases on the 
lateral and medial claw foot: white line lesion, sole ul-
cer, sole haemorrhage, horizontal fissure and axial fis-
sure, according to the guidelines of ICAR Claw Health 
Atlas (Egger-Danner et al. 2015).

Selected cows were separated from the herd and 
introduced in a cattle chute where affected feet were 
nursed. 

Thermography images of hind foot were collected 
from each animal using a digital infrared camera (Ther-
maCam P25 Model, Flir Systems, Boston, MA, USA). 
In order to minimize confounding factors all feet were 
cleaned and trimmed to remove the dirt before the ac-
quisition of thermal images. After foot washing and 
drying, a five minute timeout period was set to allow 
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blood flow to return to its pre-wash state. Moreover, all 
thermographic images were collected in a closed, in-
door environment, while the animals were restrained in 
the stall in a standing position. 

Mean ambient temperature was recorded at the 
time of taking the thermal images and it showed a mean 
value of 16.7±3.61°C.

All images were scanned at the same distance  
(0.7 m) from the subject in order to reduce the effects 
of environmental factors on thermographic readings. 
The settings of the camera were as follows: range of 
temperature 10-40°C; emissivity of skin: 0.98; reflected 
air temperature (Trifl): 20°C; distance between camera 
and skin surface (Dist): 0.7 m; and field of view (FOV): 
23°. The detector consisted of a focal plane array (FPA) 
uncoiled microbolometer with the following specifica-
tions: 320 × 240 pixels resolution, thermal sensitivity of 
0.08°C (at 30°C), spatial resolution (IFOV) of 1.3 mrad, 
spectral range between 7.5 and 13 µm and accuracy 
±2°C. Automatic corrections based on user input were 
conducted for reflected ambient temperature, distance, 
relative humidity, and atmospheric transmission.

Foot temperature was measured in four specific re-
gions of interest including central area of the hind foot 
(A1), interdigital area the hind foot (A2), lateral (A3) 
and medial (A4) claw in the hind foot. Absolute mean 
temperature of each region of interest was calculated 
using thermography software (Thermacam Researcher 
Basic 2.8 software, FLIR, Wilsonville, Oregon, USA). 

All data were tested for normality of distribution 

using Kolmogorov-Smirnov test. All data were normal-
ly distributed (p>0.05) and statistical analysis was per-
formed. Two-way analysis of variance (ANOVA) was 
applied to evaluate the significant change of tempera-
ture between the selected foot areas and whether sig-
nificant differences in foot temperatures occur between 
healthy cows and cows affected by foot diseases. When 
significant differences were found, Bonferroni’s post 
hoc comparison was applied. The statistical analysis 
was performed using the STATISTICA software package 
(STATISTICA 7 Stat Software Inc., Tulsa, Oklahoma).

Results

All the obtained results are expressed as mean ± 
standard deviation (M±SD). 

Figure 1 shows a representative thermographic im-
age of foot with the selected regions of interest.

Statistical analysis showed higher temperature val-
ues (p<0.001) in the regions A1 and A2 compared to 
A3 and A4 in healthy and diseased cows (Fig. 2). More-
over, cows affected by foot diseases showed higher foot 
temperature values compared to healthy cows (p<0.05) 
in all considered regions (Fig. 3). 

Discussion

The skin temperature and, particularly, foot tem-
perature are of great importance as an indicator of dis-

Fig. 1. Representative infrared thermal image of hind foot of dairy cow with the areas of interest: A1, central area; A2, interdigital 
area; A3, lateral claw; A4, medial claw (settings at gray-scale for subsequent analysis; brighter colors correspond to higher tempera-
tures as indicated on the bar on the right).
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Fig. 2. Mean values ± standard deviation (±SD) of hind foot temperature measured in healthy cows and in cows with foot lesions 
together with the statistically significant differences found among the different areas of interest (A1, central area; A2, interdigital 
area; A3, lateral claw; A4, medial claw).

Fig. 3. Mean values ± standard deviation (±SD) of hind foot temperature in each area of interest (A1, central area; A2, interdig-
ital area; A3, lateral claw; A4, medial claw) together with different percentage change (∆) expressed in °C, and statistically signifi-
cant differences found between healthy cows and in cows with foot lesions.
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eases such as equine laminitis (Pollitt and Davies 1998) 
and foot rot in cattle (Rainwater-Lovett et al. 2009). 
Lameness in dairy cattle is a significant problem in in-
tensive dairy industries around the world, causing pro-
duction losses (Huxley 2013) and discomfort, under-
mining animal welfare (Whay et al. 1997). Achieving 
sustainable reductions in the levels of disease on farm 
requires a combination of two approaches: the imple-
mentation of effective farm-specific prevention strate-
gies to decrease the rate at which new cases develop; 
early identification and prompt and effective treatment 
of clinical cases to reduce the duration of time over 
which animals are lame. For this purpose the use of 
IRT has a significant meaning because this technology 
is useful not only for assessing physiological responses 
to milking and feeding, as observed in dairy cattle 
(Montanholi et al. 2008) but also to identify lameness 
(Alsaaod et al. 2015).

It has been reported that IRT was reliable in detec- 
ting elevated temperatures associated with foot lesions 
(Stokes et al. 2012). However, external factors such as 
the ambient temperature may influence the foot tem-
perature affecting the reliability of IRT imaging. In the 
present study, all thermographic measurements were 
done within the neutral zone for dairy cattle (Roenfeldt 
1998) and in closed barns at a controlled ambient tem-
perature, without exposure to any direct sunlight or de-
tectable airflow. Moreover, it has been stated that dirt 
influences the reliability of thermography by affecting 
the surface’s ability to radiate absorbed energy (emis-
sivity) and to conduct heat (conductivity). Thoroughly 
cleaning cows’ feet with water had a cooling effect 
(Stokes et al. 2012). In our study, all thermographic im-
ages were obtained after foot cleaning and drying 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 temperature meas-
ured in the four selected regions of foot showed different 
values both in cows affected by foot diseases than in 
healthy cows. In particular, higher amount of infrared 
radiation, 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 kerati-
nization, which may be associated to the lower tempera-
tures found in the sole regions (Rodríguez et al. 2016).

Cows affected by foot diseases showed higher tem-
peratures at each considered foot region compared to 
foot of cows without diseases. In particular, the temper-
ature of central and interdigital areas of hind foot of 
diseased cows showed an increase of 7.25% and 6.50%, 
respectively, in respect to the healthy cows, whereas the 

foot temperature of lateral and medial claw in the hind 
foot of diseased cows showed an increase of 9.63% and 
10.31% in comparison to the healthy cows. Our find-
ings agree with previous studies carried out on cows 
affected by hoof diseases reporting higher tempera-
tures in cows with hoof diseases compared to healthy 
cows (Nikkhah et al. 2005, Alsaaod and Büscher 2012). 
Inflammation or infectious conditions usually lead to 
an increase in the underlying circulation and tissue 
metabolic rate (Alsaaod et al. 2014) resulting in a local-
ised increase in the surface temperature of the affected 
areas (Stewart et al. 2007). Therefore, the variation in 
superficial thermal patterns resulting from changes in 
blood flow will alter the amount of radiated heat that 
may be easily identified by thermography and may re-
late to the inflammation of tissues underlying that point 
or to changes in metabolic activity (Purohit et al. 1985). 
Although thermography may not always provide specif-
ic pathology detail, it assists in defining the localization 
area of increased inflammation and/or injury (Alsaaod 
et al. 2015) and it would be useful for podologists to act 
directly on the lesion detected by thermography and 
not the entire foot. 

Conclusions

Early detection of foot diseases is likely to be valu-
able in the prevention of further progression and in 
early effective treatment. Foot diseases including white 
line lesion, sole ulcer, sole haemorrhage, horizontal fis-
sure and axial fissure caused an increase of foot tem-
perature compared to foot without lesions, as measured 
by thermography. An explanation for these findings  
is that the inflammation response in the case of foot 
lesions is associated with increased blood flow and tis-
sue metabolism rate leading to a localised increase in 
surface temperature that can be detected by thermog-
raphy. 

This study highlights the potential of infrared ther-
mography as a reliable, practical tool for detection  
of hoof lesions in dairy cows. In this aspect, multiple 
scanning images and comparisons between affected 
and healthy anatomical structures could be useful in 
defining the consistency of an abnormality. Thermo- 
graphy recording could allow to orchestrate lameness 
mitigation plans to successfully prevent, control, and 
manage foot lesions to enhance overall dairy perfor-
mance and animal well-being within each farm. 
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