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Effects of hair coat characteristics on radiant surface temperature
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Abstract

Horse owners may lack knowledge on natural thermoregulation mechanisms in horses. Horses
are managed intensively; usually stabled at night and turned out during the day, some are
clipped and many wear a blanket, practices which reduce the horse’ ability to regulate the heat
dissipation. The aim of this study was to investigate the relation between hair coat
characteristics, body condition and infrared surface temperatures from different body parts of
horses. Under standard conditions, body surface temperature of 21 adult horses were
investigated using infrared thermography. From several readings on the same body part, a
mean temperature was calculated for each body part per horse. Detailed information on horse
breed, age, management and body condition was collected. Hair coat samples were also taken
for analyses. A mixed statistical model was applied. Warmblood horse types (WB) had lower
hair coat sample weights and shorter hair length than coldblood horse types (CB). The highest
radiant surface temperatures were found at the chest 22.5 = 0.9 °C and shoulders 20.4 £ 1.1
°C and WB horses had significantly higher surface temperatures than CB horses on the rump
(P<0.05). Horses with a higher hair coat sample weight had a lower surface temperature
(P<0.001) and hind hooves with iron shoes had a significant lower surface temperature than
unshod hind hooves (P=0.03). In conclusion, individual assessment of radiant surface
temperature using infrared thermography might be a promising tool to give horse owners

objective management advice, based on the individual horse’s actual needs at the time.

1. Introduction
Increasing the knowledge of owners is crucial for making good decisions for horse day to day
management. In areas with unstable winter conditions this is especially important, as weather

may change from wet and windy to sunny conditions in short time periods. A survey among
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horse owners in Sweden and Norway showed that the use of blankets is common practice and
owners have little knowledge on how the natural thermoregulation of an animal works (Bge et
al., 2014; Hartmann et al., 2017). Furthermore, the survey showed that hair coat clipping was
common, also in winter, and that the majority of the warmblood riding horses were clipped.
Finding an objective and consistent method for assessing the individuals need for extra

protection during turnout is thus needed.

When the environment is cooler than an animal’s surface, temperature gradients potentiate
sensible (non-evaporative) heat loss from the animal (Curtis, 1983). Hence, the sensible heat
loss will increase with decreasing environmental temperature. In horses, Morgan et al. (1997)
used a climatic chamber and found that the non-evaporative heat loss increased by 2.78 W/m?
for every 1 °C decrease. The size and shape of the horse further adds to the equation, as the
heat dissipation is dependent on the relation of the animal’s volume to its surface (review:
Watt et al., 2010). This explains why large body size is advantageous in cold climate, as the
ratio between: a) surface over which heat can be dissipated and b) body mass that can produce
and retain heat, is lower in large animals compared to in small animals (Bligh, 1998). In
addition to this, each horse breed has adapted to the climate and environment in which it has
evolved (Langlois, 1994). For example, a slender body conformation (e.g. Arabian horse)
gives a larger body surface to body mass ratio, compared to a more compact horse (e.g. Fjord

horse).

Sport horses often are shod with shoes made of iron, which is a good conductor. Thus it is
expected that the conduction of heat between the hooves and the ground is larger in shod
hooves. Heat loss due to conduction is expected to lead to a reduced hoof surface temperature,

at least close to the shoe and nails, when a shod horse stands on a cool, non-insulated floor.
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Sport horses of breeds evolved in hot climate, live and perform as top athletes all over the
world. They will, to some extent, grow winter coats that increase their external insulation
when moved to a cooler climate (Curtis, 1983; Blaxter, 1989), but hair coat characteristics
and thus the thermal insulance of the coat may vary considerably both between and within
breeds (Morgan, 1997 a). The total insulation in an animal involve muscle, fat, skin and hair
coat, while physiological responses to cold also involve piloerection and vasocontriction
(Blaxter, 1989; Cymbaluk, 1994). Heat loss estimated by surface temperatures related to body

condition scores has not been studied in horses previously.

Already in 1978, L.E. Mount proposed using thermography to measure surface temperatures
in addition to body shape and size, in order to assess the sensible heat loss from an animal in a
given environment. Since then, infrared thermography (IRT) has been used on animals,
mainly as a diagnostic tool to discover inflammation, illness or sources of lameness
(overview: McManus, 2016). The method has been validated for use on the horse’s body and
the relative consistency in thermal pattern generated over a one-week period is promising
(Tunley and Henson, 2004). Autio et al. (2006) also used the technique at low ambient
temperatures and found that heat loss from the trunk and neck was higher in warmblood and
light type horses than in coldblood horses. In Autio’s paper, the coldblood horses had a
significantly higher hair weight than warmblood horses. The study could however not
conclude whether this was due to the hair coat characteristics per se or because of general
differences between the horse breed types (subcutaneous fat, muscle and body mass to surface
ratio). In primitive horse breeds, Stachurska et al. (2015) found that the proportion of the body
covered with short hair increased in April and May and decreased in September and October,

and that there was a significant correlation with mean air temperature. In Icelandic horses,
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Mejdell and Bge (2005) found the maximum average coat length in December (46.3 mm),

shedding started in March, and minimum coat length was identified in June (5.0 mm).

Older horses have increased susceptibility for overheating during exercise, due to age related
alterations in physiological mechanisms important for thermoregulation (McKeever et al.,
2010). Knowing that also hair coat quality (Brosnan and Paradis, 2003 a,b; Innera, et al.,
2013; McGowan et al., 2010) and the distribution of adipose tissue may change in elderly
horses (McGowan, 2010), age is another individual factor to be considered when deciding

how to best manage a horse in changing weather.

The aim of this experiment was to investigate the relation between hair coat characteristics,

body condition and radiant surface temperatures from different body parts of horses.

We hypothesized that:
H1: horses of warmblood breed types have lower hair coat sample weights than horses
of coldblood breed types.
H2: horses with lower hair coat sample weights have a higher overall surface
temperature, indicating a larger sensible heat loss from their bodies.
H3: horses with high body condition scores have a lower sensible heat loss from their
bodies, compared to horses with low body condition scores.
H4: hooves with iron shoes have a lower surface temperature than unshod hooves,

when measured in the same cool environment.

2. Materials and methods
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The experiment was conducted in February and November 2014 in Sandnessjgen, located at
the coast in the northern part of Norway (65°N), just south of the Arctic Circle. Average

annual temperature in the region is 6.7 °C (range -14 to 25 °C).

2.1 Horses and management

The study included a total of 21 privately owned, healthy riding horses. Most of the horses
were tested both in February and November, yielding data from 16 horses in February and 15
horses in November (table 1). In the February sample, two horses were clipped (clipped in
November) while no horses were clipped when sampled in November. A total of 13 horses in

February and 8 horses in November had shoes. The rest were barefoot at the time (table 1).

(Table 1 here)

Horse body weight and body condition scores were recorded by a trained observer. Weight
was estimated using a standard weight estimation band (Ho6ks weightband) and varied from
234 kg to 645 kg (see table 1). Body condition (points 1=emaciated to 9=0bese) was scored
on six different body parts making an overall mean score for each horse (Henneke et al.,
1983). The total mean body condition score was 5.1 (table 1). We had no skinny (score <3) or
very fat horses (>7) in the study. We created a new description of BC status by grouping the
mean of scores from the six different areas of the body into five categories as follows: 1 low=
< 3.5; 2 medium low= 3.6 — 4.5; 3 medium= 4.6 — 5.5; 4 medium high= 5.6 — 6.5 and 5 high=

> 6.5.

Horses were stabled in individual boxes during night and turned out in individual or group

paddocks during the day. They were fed three times a day with individually adjusted rations
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of hay and concentrates. All horses were in light training, being exercised 3 to 6 days per
week according to their owners training plans. Horses were worked in dressage, show
jumping, carriage driving or lunging disciplines. They were all used to wearing blankets and

wore blankets during outdoor turnout in wet and windy weather.

2.2 Hair coat characteristics

Hair coat samples were collected once per horse in February and once per horse in November.
At test days the horses were taken from their indoor boxes in the morning (before turnout) and
led into a tie-stall (within the same stable). The indoor temperature was 10 °C and this was
kept stable throughout the two test periods and sampling days. Hair coat samples were
collected from a 3 x 3 cm large area above the gluteal muscle using a small electric clipper.
Two of the 16 horses in the February dataset had been clipped in November, and hence the
length of the hair was not possible to measure. The hair sample from each horse was put into
a permeable teabag, weighed and dried in a laboratory drying cabinet for two days at 50 °C.
After drying, the samples were again weighed on an electronic scale (Mettler Toledo, ME104;
d=0,0001g). For further analysis it was expedient to divide the data on hair coat
characteristics into four categories according to the weight of the sample: clipped (0.0-0.3 g,
n=3), low (0.4 - 1.0 g, n=9), medium (1.1 — 2.0 g, n=11) and high (> 2.0 g, n=8). In addition,
the length of most hairs and the length of the longest hairs in each hair coat sample were

measured using mm paper and careful visual inspection.

Radiant surface temperatures at different body parts
At the same days as the hair coat sample was collected, thermal imaging of head, neck,
shoulder, back, loin and hooves were taken on both sides of all horses using an infrared

thermal imaging camera (Flir i50, FLIR® Systems AB, Danderyd Sweden. Manufactured
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September 2008. Manual focus. Wavelength 635 nm, max output power 1 mW. Temperature
range -20 — 350 °C, 140 x 140 pixels image resolution. 0.1 °C thermal sensitivity at 25 °C)
(figure 1). Images were taken with approximately 30 cm distance between the camera and the
horse. The horses were allowed time to habituate to the camera and thermal images were
collected before the hair coat samples were taken, in order not to confound with increased
body temperature caused by stress. Temperature in the stable was kept at 10 °C and images
were taken between 9 a.m. and 3 p.m. Infrared images of the naked area from which the hair

coat sample was taken, were collected approximately five minutes after the area was clipped.

(Figure 1 here)

All images were saved by date and time labels on to a memory card and the data was later
downloaded and organized in a database. The images contained temperatures from the central
focal point and a temperature scale illustrated by colours (figure 2). A visual inspection of all
images was performed, and some images were not included in the dataset because they had

reduced quality.

(Figure 2 here)

The temperature that could be read from each IR image was recorded and organized under the
correct horse, date and body part in a spreadsheet. Average temperatures were calculated
using temperatures from multiple images taken from the same horse and the same body area
at the same time. Temperatures from left and right versions of the same body part was later

merged into one mean temperature for that body part.
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2.3 Data analysis

The effects of breed type on surface temperature from each body part was tested using a
mixed model ANOVA with the following class variables: Horse (1-21), Breed type (WB/CB),
Body condition score category (1-5), Time of year (February/November) and Hair coat
category (0-3). The interaction between Haircoat sample weights and BCS was added to the
model, in order to test the effect on surface temperature on the side body. Horse nested within
Breed type (WB/CB) was specified as a random effect and denominator degrees of freedom
were computed using the Satterthwaite’s approximation. The mixed model thus accounts for
repeated measures from the same individual horse. Differences between means were tested

using a Tukey-Kramer test for least square means within class variables.

The effect of shoeing status (shod/unshod) on hoof temperatures was investigated using a
similar mixed model ANOVA with Horse (1-21), Breed type (WB/CB) and Time of year
(February/November). Horse nested within Breed type (warm/cold) was specified as a

random effect.

The correlations between Breed type (WB/CB) and actual hair coat sample weights and mean
whole-body condition score points was investigated using a Spearman correlation test (Proc

Corr Spearman command). All analyses were performed using SAS software, Version 9.4 of

the SAS system for Windows version 6.2.92002 (Statistical Analysis System Institute Inc,

Cary, NC, 2011)

3. Results

3.1 Hair coat characteristics
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Even if the weight of the hair coat samples were significantly higher in November (mean +
STD; 2.1 £ 1.2 g) than in February (1.2 £ 1.0 g), there was no effect of time of year on the
mean length of the hairs and longest hairs (table 2). WB horses (mean £ SE; 1.1 + 0.5 g), had
lower hair coat sample weights than CB horses (2.3 = 1.4 g). Also the mean length of the hair
and length of longest hair was significantly longer for CB than for WB horses (table 2).

Especially among CB horses the individual variation was large.

(Table 2 here)

There was a significant correlation between hair coat sample weights and body condition
scores (Spearmans p= 0.4; P=0.008; figure 3), showing that horses with a low BCS also had

lower hair coat sample weights.

(Figure 3 here)

3.2 Radiant surface temperatures

The mean surface temperatures did not change significantly from February to November, for
any of the body parts investigated in this study (e.g. neck: February 19.9 + 3.1 vs. November
19.2 £ 3.3; F1,20=1.6; P=0.22). The highest radiant surface temperatures were found at the
chest and shoulders, whereas body parts with more hair cover, like the side and loin, had the
lowest radiant surface temperatures (table 3). In general, WB-horses had higher radiant
surface temperatures than CB-horses, but differences were significant only for the side body
and rump (table 3). The lowest temperature was found on the hooves, and there was no effect

of breed on this measure.

10
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There was a mean temperature difference of nearly 8 °C between the naked area where the
hair coat sample had been taken and the area right next to it, still with a complete hair cover
(table 3). There was no significant difference in radiant surface temperature at the naked skin

area between CB and WB horses (table 3).

Horses with a higher hair coat sample weight also had a lower surface temperature (figure 4).

(Figure 4 here)

The surface temperatures measured from the neck, chest, side body, back, loin and rump

decreased as the hair coat sample weights increased (table 4).

(Table 4 here)

Horses with a lower body condition score had a higher surface temperature on their back,

suggesting that they lost more heat to their surroundings than horses with high body condition

scores (Spearmans p=-0.53; P=0.026). However, BCS ranged from 3-7, so there were no

skinny or fat horses in the study.

(Figure 5 here)

Horses with iron shoes had a significantly lower surface temperature on their hind hooves

(14.3 + 1.4 °C) compared to horses without shoes (20.0 + 2.0 °C) (F2.4=9.4; P=0.031). The

surface temperature of front hooves showed the same trend, but the difference was not

11
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significant (shod horses: 14.7 + 4.4 °C vs. unshod horses: 20.1 + 1.9 °C; F24=5.0; P=0.081)

(figure 6).

(Figure 6 here)

4. Discussion

4.1 Hair coat characteristics

As we hypothesized (H1), the WB horses had lower hair coat sample weights than CB horses.
It is also interesting to notice that variation in weight of the hair samples were much higher in
CB than in WB types. The hair coat samples were collected in November and in February,
just before spring shedding, hence when the hair coat was assumed to be at the thickest. Still,
the weight of the hair coat samples were significantly higher in November than in February.
Our finding is supported by Osthaus et al (2018) who found that the weight of the hair
samples in horses were highest in December and significantly lower in March. Also earlier

results from Norwegian conditions correspond well with this (Mejdell and Bge, 2005).

The mean hair length was found to be 2.4 cm, regardless of horse breed type or sampling
month. This correspond well to the findings of Bocian et al. (2017). The mean hair length and
length of the longest hairs in the present study were significantly longer in CB than in WB

breed types. Our findings concur with previous studies (e.g. Langlois 1994).

Morgan (1997 b) found that a dry winter coat had a thermal insulance of 0.123 m2 KW-1 in a
cold and calm environment. Horses with a thick hair coat have been observed to spend more
time outdoors during winter, compared to horses with a thinner hair coat (Jgrgensen et al.,

2016). This insulance might however vary considerably with differences in the hair coat

12
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characteristics. The chest and shoulders are areas vulnerable to chafing and hair coat damage
due to excessive use of rugs and blankets, further reducing the quality and cover of the hair
coat. In the present experiment, only two horses were noted to have some hair coat damage on

the chest, from wearing blankets.

4.2 Radiant surface temperatures

As hypothesized (H2), our study found that horses with a thinner hair coat had a higher
overall surface temperature. This indicates a larger sensible heat loss and supports the idea
that insulation properties of a thick (heavy) hair coat exceeds a thin (light) hair coat.
Measuring this in day-to-day management and knowing when the horse might need extra
protection is however challenging. Horses kept outside or in non-insulated buildings, will be
exposed to a range of climatic conditions. In contrast to horse owners’ assumptions, Mejdell
et al. (2019) showed that horses generally preferred to stay without a blanket during turnout at
moderately cold and mild temperatures without precipitation and wind. Furthermore,
acclimatized Icelandic horses have been kept outside in winter at temperatures of -30°C,
without health problems, behavioural signs of discomfort or increased secretion of thyroid

hormones (Mejdell and Bge, 2005).

The use of non-invasive thermography has gained value in several areas of application (Desire
et al., 2002; Boissy et al., 2007), from studying lameness in cows (Alsaaod et al., 2014) to
emotions in chickens (Moe et al., 2017). We also suggest the technique being applied for
assessing individual horses need for extra protection, in addition to behavioural signs of
thermal discomfort. It is however important that the operator is trained and knows how to use

the camera and interpret the images. A standard distance between the horse surface and the

13



323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

camera should be maintained for all images taken, and horses should be allowed time to

habituate to the procedure.

4.3 Individual differences

For several body regions, we did not find any significant breed effect on radiant surface
temperature (table 3). A series of Polish studies found that transepidermal water loss from
horses varied between different body regions (Szczepanik et al., 2012; 2013) and found only
three body regions where water loss did not differ between horse breeds (Szczepanik et al.,
2016). Our results indicate that individual differences in radiant surface temperature were
larger than differences between breed types. Another study by Szczepanik et al. (2018) concur
with this finding; large variations in transepidermal water loss were found in unclipped body
regions of horses of the same breed. We acknowledge that water loss and radiant surface
temperature is not the same but find it very interesting that the individual differences in hair
coat characteristics show similar trends. The length of hair in healthy horses is influenced by
season (number of daylight hours) and temperature. Also, genotype, quality and quantity of
feed and human management system (blanketing, stabling) will affect the hair coat properties

of individual horses (Cymbaluk and Christison, 1989; Bocian, et al., 2017).

A correlation between lower body condition scores and higher surface temperature measured
on the horses’ back was found. This supports the hypothesis that subcutaneous fat tissues
have insulating properties that affect surface temperatures in horses (H3), and the fact that fat
tissue is three times more insulating than other tissues have been demonstrated earlier (e.g.
Guyton, 1991). We could however not find any difference between breed types in surface
temperature on the naked hair coat sample area. So, the subcutaneous fat tissues (BCS) may

be another factor with large individual differences, rather than being mostly breed dependent.

14
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We also found a correlation between BCS and hair coat sample weights (figure 3). This might
be because well fed horses also grow a healthy hair coat. On the other hand, we found that
WB horses grew lighter hair coats than CB horses. A statistical test to find interaction effects
between haircoat sample weights and individual BCS did however not uncover a significant
effect. The thermoneutral zone of an animal can be defined as the range of temperature at
which an animal maintains body temperature in the short term, with little to no additional
energy expenditure (Mount, 1973). Our results show that hair coat thickness and body
condition may be important factors to consider in thermoregulation research as well as
modelling (Morgan, 1998). Further studies on the insulation effect of subcutaneous fat should

therefore be made.

4.4 Shod and unshod hooves

As hypothesized (H4), we found that shod hooves had lower surface temperature than unshod
hooves. To our knowledge, no similar results have been reported earlier. It is well known that
iron is a good conductor material, but our measurements were done on the front middle of the
hoof and not close to the shoe and nails. Outdoors, in temperatures well below the freezing

point, heat loss by conduction via shod hooves, might be a major factor to consider.

5. Conclusion

We found an effect of breed type on hair coat length and weight, but also BCS affects hair
coat quality. This affects radiant surface temperature and therefore also the gradient for
sensible heat loss. Horses with iron shoes had a significantly lower radiant surface

temperature on their hind hooves, compared to horses without shoes. This is important

15
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knowledge for owners keeping horses outdoors in cold climate. It is difficult to know when to
provide extra protection for your horse. We recommend that for every individual horse, its
hair coat characteristics, body condition and age is evaluated together with housing facilities,

feeding and weather when deciding the need for blankets or rugs.
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Tables

Table 1. Details on horses included in the study. Ten of the 21 horses were measured both in

February and in November.

Number February n=16 November n=15
Mean (range) Total WB CB WB CB
Mares 11 3 6 3 6
Stallions/geldings 10 6 1 5 1
Age (1) 11.3 11.7 13.0 10.4 10.3
gety (1-21) (4 - 21) 4-7) (1-21) (2 - 20)
Body weight (kg) 436.5 507.6 409.5 490.8 338.1
y welght (kg (269 - 645) (396 - 645) (269-596) (378-603) (269 - 420)

Body condition score o1 4.6 58 50 6.0

(4.0-7.0) (4.0-5.1) (48-6.7) (43-63) (54-7.0)
Shoeing status Total February n=16 November n=15
Shod 13 horses / 13 horses 8 horses

21 samples
Unshod 8 horses / 3 horses 7 horses

10 samples
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Table 2. Weight of hair coat samples and hair length of horses included in the study.

Number February n=16 November n=15 Effect of breed Effect of time of year
Mean (range) Total WB CB WB CB F-value P-value F-value P-value
Weight of dried hair 1.6 0.9 1.7 1.3 3.0 _ _

sample (q) 0-47) (01-19) (0-41) (08-1.9) (18—47) =107 00038  F112=6.26  0.027
Mean length of hair 2.4 1.9 2.5 2.0 3.3 _ _

(cm) (0.9-50) (09-3) (09-50) (1.0-30) (25-45) =8 0012 Fi17=2.0 ns
Length of longest hairs 3.1 2.6 3.5 2.2 4.3 F11=7.3 0.014 F1 15=0.02 ns

(cm)

(15-7.0) (2.0-40) (09-6.0) (15-3.0) (3.0-7.0)
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Table 3. Mean temperatures (°C) for different body parts, and the effect of horse breed.
Samples were collected indoors under stable conditions at 10 °C.

Body part Number  General Horse breeds Effect of breed
Mean + SE °C of mean IR

samples  temperatu CB WB F-value P-value

re

Head 25 187+10 164+22 203+05 0.1 NS
Neck 26 196+06 183+11 205%0.7 0.4 NS
Chest 25 225+0.9 200+18 242+0.38 0.1 NS
Shoulder 18 204+11 164+19 218+%1.0 2.2 NS
Side body 28 173+£0.7 151+10 19.1+0.7 4.1 0.055
Back 17 182+06 163+09 19506 2.1 NS
Loin 26 180+£08 153+11 20.0+0.6 35 0.07
Front hoof middle 26 164+12 16.2+19 165%16 0.1 NS
Hind hoof middle 26 160+12 156+19 16416 0.0 NS
Rump 26 175+0.7 146+07 19606 10.6 0.004
Naked hair coat 25 255405 245+07 26306 14 NS
sample area
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Table 4. Mean temperatures °C for different body parts and the effect of hair coat sample
weight category. Number of samples (horses) within each category is given in parenthesis.

IR temperature

Hair coat categories?!

+ SE °C
0 1 2 3
Body location Clipped Low Medium High
(2 (20) (11) (8) F-value P-value
Head 168+00 215+11 187+11 152+28 0.9 NS
Neck 215+02 223+06 186+06 156+1.3 9.2 0.0005
a a bc c
Chest 251+13 256+09 223+13 17023 34 0.038
a ab ab b
Shoulder - 228+14 200+14 154+24 1.4 NS
Side body 21.2+10 200+10 17.2+08 129+0.9 8.1 0.0007
a ab bc c
Back - 198+06 175+09 144+11 3.6 0.058
Loin 235+00 20.7+0.7 182+09 134+0.38 75 0.0013
a b bc c
Rump 200+00 203+12 176%+06 13.7+0.6 49 0.009
Naked hair
coat sample - 252+11 264+07 244+09 0.5 NS
area

10 Clipped: 0.0 g, n=2; 1 Low: 0.1-1.2g, n=10; 2 Medium: 1.3-1.7g, n=11; 3 High: >1.8g, n=10.
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Figures

Figure 1.
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Figure
1. Sketch of horse and points where thermal images where collected (blue points). The red
point at the horses hindquarters indicate where the hair coat sample was collected.
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598  Figure 2.
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602  Figure 2. Pictures from the infrared camera showing temperature measures of the rump of a
603  warmblood horse (left) and a coldblood horse (right). Pictures below show surface

604  temperature measured on a shod hoof (left) and an unshod hoof (right).
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607  Figure 3.
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613  Figure 3. Relationship between 31 measurements of body condition score and hair coat
614  sample weight in a total of 21 horses (r=0.46; P=0.008; y=0.6511x — 1.84; R?>=0.21. Blue dots
615 indicate CB horses and red dots WB horses.
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Figure 4. Relationship between 31 measurements of dry hair coat sample weight and surface
radiant temperature from the side body of a total of 21 horses (r=-0.8; P<0.001; y=-2.2638x +

21.044; R?=0.56).
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Figure 5.

Figure 5.
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Figure 5. The difference between shod and unshod hooves in IR surface temperature. The
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Front hoof
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difference between shod and unshod hind hooves was significant (F2,4=9.4; P=0.03).
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