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Abstract

There is some discussion as to whether exercise-induced hyperthermia of the
superficial digital flexor tendon (SDFT) affects tenocyte viability and
pre-disposes to injury. Cold-therapy is commonly used as a preventative
measure and treatment for acute tendon injuries, but only a few studies have
evaluated the effect of cold-therapy on metacarpal temperatures in the horse.
For this reason, this study has measured skin surface temperatures after
moderate exercise and after application of cold-therapy, and additionally
monitored the duration of any effects. Four horses were recruited into a semi
blinded controlled study with repeated measurements that involved lunged
exercise for 16 minutes at moderate intensity. Skin surface temperature was
measured using a thermographic camera before and after lunging, and every
40 minutes for two hours post cold-therapy. Cold-therapy was applied using a
Jacks Whirlpool Boot with ice-water immersion at a level just distal to the carpus
for 20 minutes. The right leg was treated, and the left leg was used as an un-
treated control. The experiment was conducted twice on all four horses. Mod-
erate exercise resulted in an increase in skin surface temperature of 10°C. Appli-
cation of cold-therapy for 20 minutes resulted in a reduction in skin surface
temperature by 14°C. The effect of cold-therapy persisted for at least 40 minutes
post treatment. It is concluded that exercise leads to an increase in skin surface
temperature which is counteracted by the application of cold-therapy. These
findings would seem to indicate that cold-therapy can be used after exercise
to counteract hyperthermia within the metacarpal region of the horse’s leg.

Keywords

Horse, Thermography, Hyperthermia, Water Immersion, Cooling,

DOI: 10.4236/0jvm.2020.1010016  Oct. 23, 2020 185

Open Journal of Veterinary Medicine


https://www.scirp.org/journal/ojvm
https://doi.org/10.4236/ojvm.2020.1010016
https://www.scirp.org/
https://orcid.org/0000-0002-6495-5629
https://doi.org/10.4236/ojvm.2020.1010016
http://creativecommons.org/licenses/by/4.0/

S. B. Nielsen et al.

Tendon Injury

1. Introduction

There are many theories behind the pathophysiology of tendon injuries. One is
that the increase in temperature during locomotion leads to degenerative
changes to the tendon fibers. The temperature within the equine metacarpus is
known to rise during exercise [1] [2]. Indeed, studies have shown that the tem-
perature within the equine metacarpus rises during exercise as a result of hyste-
resis when the energy stored in the flexor tendons during the weight-bearing
phase is released during locomotion. Temperatures within the superficial flexor
tendon (SDFT) have been shown to reach 45°C after 10 minutes of galloping [2]
or 43°C after 3 - 4 minutes of flat racing [3]. It is this increase in temperature that
is believed to cause accumulative micro-damage to the tendon fibers, hence
pre-disposing them to rupture [4].

In vitro studies evaluating the viability of tenocytes after absorbing heat have
shown that tenocyte cell death can be induced when they are heated to 46°C -
48°C for 10 minutes [5]. Furthermore, tenocytes heated to 45°C for 1 hour had
an almost 100% mortality rate [3]. Besides this, tenocytes are known to synthes-
ize pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-alpha)
and promatrix metalloproteinases (proMMP-9) [6], thereby potentially inducing
an inflammatory response as a result of an increase in temperature. Studies have
shown that stressed tenocytes show an altered protein synthesis resulting in the
production of collagen type III rather than type I [4], leading to a tendon with a
reduced stretch resistance.

The use of cold-therapy in the equine metacarpus has therefore the potential
to fulfill two purposes, 1) to act as a preventative measure, and 2) to serve as a
management tool for acute tendon injury. The theory when using cold-therapy
as a preventative measure is to shorten the period of time in which the tendon
experiences an increase in temperature, potentially inducing tenocyte death, as
well as the production of pro-inflammatory mediators and an altered protein
synthesis. During the acute phase of an injury, cold-therapy is believed to inhibit
the pro-inflammatory response through a cold-mediated sympathetic effect and
through its inhibition of TNF-alpha production [6]. In addition, cold-therapy is
known to cause pain relief in humans [7], although the precise mechanism be-
hind this analgesic effect has yet to be elucidated.

Though many cold-therapy products are freely available on the market, only a
few studies have been conducted to verify the actual effect of their use and effi-
cacy. This study was therefore undertaken with the aim of; 1) measuring the skin
surface temperature of the equine metacarpus after 16 minutes of lunging exer-
cise, and 2) assessing the beneficial effect of 20 minutes of cold-therapy, using a

Jacks Whirlpool Boot with circulating ice-water, in terms of lowering any exer-
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cise-induced rise in skin surface temperature as well as the duration of any
changes. The hypotheses tested by this study were that; 1) exercise leads to an in-
crease in skin surface temperature in the distal equine limb, and 2) cold-therapy
using a Jacks Whirlpool Boot leads to a temperature decrease in the treated limb

when compared to the untreated control.

2. Materials and Methods

The experiment outline for the present study was to measure whether an in-
crease in skin surface temperature associated with exercise in the equine distal
limb occurred, and thereafter to assess the efficacy of a means of cooling the said
distal limbs.

Animals. This study was performed as a semi blinded controlled study with
repeated measurements over a period of four days. In terms of the semi blinded
aspect of this study, SBN always measured the equine distal limb temperatures,
reporting the values to CBM, and at no time during the study was SBN permit-
ted to see the temperature recordings, thus remaining semi blinded to the effects
of exercise and cooling. In total four healthy horses were measured twice after
gaining full consent from the owners. All four horses were observed by qualified
personnel (SBN & CBM) to move naturally with no signs of lameness for three
basic gaits: a four-beat walk, a two-beat trot and a three-beat canter, before and af-
ter the experiment. All four of the horses in this study were Danish warmbloods;
age range 3 - 13 years (mean 8.75 years).

Exercise: The horses were lunged on a soft surface for 4 minutes at the trot on
both reins, starting by lunging to the left, followed by 4 minutes of canter on
both reins, again starting by lunging to the left. No leg-protectors were used.

Measurements. Skin surface temperatures were measured before lunging,
immediately after lunging, immediately after 20 minutes of cold-therapy and
then again 40, 80 and 120 minutes post cold-therapy. Four measurement points
were evaluated at each of the aforementioned times (see Figure 1), these being
the insertion of the suspensory ligament (SL) (lateral aspect), both the proximal
and the palmar superficial digital flexor tendon (SDFT), and the lateral branch
of the SL. It should be noted that one of the horses (no. 3) was sedated during all
of the measurements with 0.5 ml Detomidine (Cepsedan vet 10 mg/ml; Modern
Veterinary Therapeutics LLC, Miami, FL 33157, USA), 0.5 ml Butorphanol
(Morphasol vet 10 mg/ml; aniMedica GmbH, 48308 Sedan-Bosensell, D) and 1
ml Acepromazine (Plegicil vet 10 mg/ml; Pharmaxim AB, 25368 Helsingborg, S).
Furthermore, another horse (no. 4) was sedated with the same combination as
horse no. 3, but only on the first day of measurement. The outdoor temperature
varied from 10°C - 12°C on the measurement days (mean = 10.5°C). All horses
tolerated the cold-therapy well and no side-effects where observed in either of
the horses immediately post cold-therapy, nor 24-hours after the treatment.

A Professional Thermal imaging camera (Bosch GmbH, GTC 400 C, Gerlin-
gen, D) was used, with the emissivity degree set at 0.98, as this is the emissivity
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of human skin [8]. The surface temperature measurement range was —10°C to
+400°C with accuracy at £3°C.

Intervention: Cold-therapy was applied using a Jacks Whirlpool Boot (Wash-
ington C.H., OH 43160, USA). During the experiment, the right limb of each
horse was cooled, while the left limb acted as a non-treated control.

The Jacks Whirlpool Boot was filled with a mixture of water and cubes of ice
to give a temperature of approximately 6°C, and it was filled to a level just below
the carpus. Treatment was for 20 minutes, which is the current recommended
duration of cold-therapy for horses [9]. The temperature of the water was main-
tained at 6°C, something that this is achievable at competitions or in the stable
without having to use supplementary equipment other than water and ice-cubes.
According to the Fédération Equestre Internationale (FEI) regulations,
cold-therapy is allowed at competitions if the level of cooling is kept above 0°C
[10]. The temperature of the water in this study ensured that the FEI regulations
were respected.

Study limitations. Perhaps the greatest limitation in the present study was the
number of horses included, although this study was run in a semi blinded fashion
and with repeated measures by way of compensation. Another limitation or per-
haps disadvantage associated with the present study was the need for sedation in
one of the horses, which was deemed necessary when using the Jacks Whirlpool
Boot with a young horse. This therapy requires that the horse is not only familiar
with the boot, but is also able to stand still for 20 minutes during the therapy.

Statistical analysis:

The data were first evaluated using a Kolmogorov-Smirnov test to evaluate if
there was normally distributed and then a 2-way ANOVA was used to compare
the two independent variables: limb and cold-therapy. Statistical tests were per-
formed using Prism 8 (mac 8.4.1; GraphPad Software LLC, San Diego, CA
92108, USA). Data are presented as the mean + SD, and statistical significance

was noted when the p-value was less than 0.05.

3. Results

The horses measured in this study were analyzed in terms of the four measure-
ment sites, the palmar superficial digital flexor tendon, the proximal superficial
digital flexor tendon, the proximal insertion of the suspensory ligament, and the
lateral branch of the suspensory ligament (see Figure 2).

Palmar SDFT: The temperature was measured before lunging and immediate-
ly after lunging. The temperature increased from 20.6°C * 2.4°C (left limb) and
20.3°C * 3.1°C (right limb) to 31.8°C + 2.6°C (left limb) and 30.8°C + 2.7°C
(right limb) after 16 minutes of lunging. It was found that 20 minutes of
cold-therapy led to a decrease in temperature with the mean of the left and right
limb being 29.2°C + 3.4°C and 15.1°C * 8.7°C respectively, which was signifi-
cantly different (P < 0.0001). The surface temperature slowly increased over the

120 minutes following cold-therapy, with a temperature difference of significance
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Figure 1. Photograph of the measuring points used in this study. Palmar superficial digi-
tal flexor tendon (Palmar SDFT), the proximal superficial digital flexor tendon (Proximal
SDFT), the proximal insertion of the suspensory ligament (Insertion SL), and the lateral
branch of the suspensory ligament (Lateral branch SL).

for the first 80 minutes following treatment. The right limb did not reach the
same temperatures as the left limb during the total duration of the study in any
horses (120 minutes post cold-therapy).

Proximal SDFT: The temperature was measured before lunging and imme-
diately after lunging. The temperature increased from 23.0°C + 2.7°C (left limb)
and 21.6°C + 2.3°C (right limb) to 32.1°C £ 2.5°C (left limb) and 31.7°C £ 2.3°C
(right limb) after 16 minutes of lunging. It was found that 20 minutes of
cold-therapy led to a decrease in temperature with the mean of the left and right
limb being 29.0°C £ 3.2°C and 15.1°C + 7.8°C, respectively, showing a tempera-
ture difference that was statistically significant (2 < 0.0001). The surface temper-
ature slowly increased over the 120 minutes following cold-therapy, with a tem-
perature difference of significance for the first 40 minutes following treatment.
The right limb did not reach the same temperatures as the left limb during the
total duration of the study (120 minutes post cold-therapy).

Proximal insertion of the SL: The temperature was measured before lunging
and immediately after lunging. The temperature increased from 22.2°C £ 2.4°C
(left limb) and 22.1°C * 2.5°C (right limb) to 32.1°C * 2.3°C (left limb) and
31.3°C * 3.2°C (right limb) after 16 minutes of lunging. It was found that 20
minutes of cold-therapy led to a decrease in temperature with the mean of the
left and right limb being 29.7°C + 2.6°C and 16.8°C * 7.9°C, respectively, showing
a temperature difference that was statistically significant (P < 0.0001). The surface

temperature slowly increased over the 120 minutes following cold-therapy, with a
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Figure 2. 2a (right limb) and 2b (left limb):The effect of cold-therapy on the skin surface
temperature on the treated right limb, and the left non-treated control limb. Mean tem-
peratures + SD recorded pre-exercise, post-exercise, immediately post 20 minutes of
cold-therapy, 40, 80 and 120 minutes post cold-therapy. The temperatures were measured
for both legs at the insertion of the suspensory ligament (SL; black column), the lateral
branch of the SL (blue column), the proximal superficial digital flexor tendon (SDFT;
pink column) and the palmar aspect of the SDFT (green column). A * denotes statistical
significance at the level of P < 0.05 when compared to the non-treated left limb.

temperature of significance for all of the 120 minutes following treatment, that is
to say that the right limb never reached the temperature of the left limb within
two hours of cold-therapy.

Lateral branch of the SL: The temperature was measured before lunging and
immediately after lunging. The temperature increased from 22.6°C + 3.4°C (left
limb) and 21.8°C + 3.5°C (right limb) to 31.9°C + 2.9°C (left limb) and 30.6°C £
4.0°C (right limb) after 16 minutes of lunging. It was found that 20 minutes of
cold-therapy lead to a decrease in temperature with the mean of the left and
right limb being 28.9°C + 3.3°C and 19.2°C + 6.9°C, respectively, showing a
temperature difference that was statistically significant (2 < 0.0001). The surface
temperature slowly increased over the 120 minutes following cold-therapy, with a
temperature of significance for all of the 120 minutes following the cold-therapy,
that is to say that the right limb never reached the temperature of the left limb
within two hours of cold-therapy.
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4. Discussion

This study has shown that exercise, even of a moderate intensity, leads to a rise
in skin surface temperature in the equine metacarpal region, thereby confirming
the hypothesis. The palmar surface temperature of the limbs was found to in-
crease, by approximately 10°C when lunging the horses for a period of just 16
minutes. A similar and recent study conducted by Quintanar and colleagues
(2018) found that lunging for 19 minutes led to a decrease in the skin surface
temperature for the dorsal aspect of the metacarpus; a decrease that ranged from
2.0°C to 6.9°C [11]. Of course, these authors measured from the dorsal aspect of
the metacarpal region, whilst the present study has focused on the palmar sur-
face, which may explain the finding of an increase in temperature after just 16
minutes of lunging. These findings could be interpreted as indicating hysteresis
[1], such that the majority of the temperature increase at the palmar surface in
fact mimics an increase in temperature within the flexor tendons. Likewise, the
decrease in skin temperature observed by Quintanar and colleagues (2018) at the
dorsal surface may be related to a cooling effect of ambient air as a result of limb
movement with exercise [11].

This study has also shown that cold-therapy, using on this occasion a Jacks
Whirlpool Boot, leads to a temperature decrease between the treated limb and
the untreated control. Indeed, just 20 minutes of cold-therapy using ice-water
immersion (approximately 6°C) and a Jacks Whirlpool Boot with circulation,
resulted in a significant decrease in the skin surface temperature compared with
control legs. Similar results were found by Kaneps (2000) who reported that cold
water immersion for 40 minutes on average led to a skin surface temperature
decrease of 18.5°C [12].

The present study has also revealed that the difference between the cold-treated
limb and the non-treated control limb persists for 120 minutes for all four pa-
rameters with the temperature difference being of significance for the first 80
minutes post cold-therapy on the palmar skin surface of the SDFT and the SL
insertion, for 40 minutes on the proximal SDFT and 120 minutes at the lateral
branches of the SL. This is a most interesting finding, as it suggests that
cold-therapy leads to a reduction of skin surface temperature that lasts for at
least 30 minutes post treatment.

It is likewise interesting to note that an individual difference in response to
cold-therapy was observed with the present study. Horse number 4 in the
present study showed a higher starting temperature for both limbs than any of
the other horses. This was the case on both measuring days. On the first day of
measurement, this horse barely showed any decrease in skin surface temperature
after 20 minutes of cold-therapy. The precise reason for this difference remains
unknown, although we speculate that the age of the horse (three years old)
and/or the sedation used on the first day (0.5 ml Detomidine (Cepsedan vet 10
mg/ml), 0.5 ml Butorphanol (Morphasol vet 10 mg/ml) and 1 ml Acepromazine
(Plegicil vet 10 mg/ml)) might explain in part this observation. This particular
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horse showed a decrease in temperature of roughly 10°C on the second day of
measurement when no sedation was used. The assumption being therefore that
the sedative used on the first day of measurement somehow affected the circula-
tion of the thoracic limb. In support of which, detomidine, which is an a-agonist,
is known to cause a decrease in heart rate and induce a bi-phasic vascular re-
sponse initially causing hypertension followed by hypotension [13]. Aceproma-
zine can likewise induce vasodilation, hypotension and a decrease in cardiac
output [14], whilst butorphanol is not known to have any significant effect on
the cardiovascular system [15]. However, we know of no studies that have eva-
luated this exact combination of detomidine, acepromazine and butorphanol
and their effect on the cardiovascular system.

On a positive note, none of the horses in this study showed any signs of dis-
comfort, skin irritation, edema, or other adverse effects during, or after (24
hours) cold-therapy treatment. That having been said, that whilst cold-therapy
using ice-water immersion for 20 minutes appears to be a safe form of treatment
in the equine limb, the effect of this treatment on nerves should now be eva-
luated.

There is a disadvantage of this study, however, and that is that the authors
have found that horses need to be familiar with the system used (Jacks Whirl-
pool Boot), they also need to be able to stand still for 20 minutes during the
therapy. This system also requires electricity in order to keep the water circulat-
ing, something that might not be readily available in the field. To this end, a
number of other systems are available which consist of various kinds of bandag-
es or wraps, being more user-friendly at competitions in the field or in stables
where mains electricity is not readily available, although it should be said that
ice-water immersion is superior to many of these alternative systems [12] [16].

Finally, since this study has only evaluated skin surface temperature, more re-
search on the correlation between skin surface temperature and the core tem-
perature of the SDFT and SL is now highly relevant. Wilson and Goodship
(1994) developed a mathematical formula for predicting the core temperature of
the SDFT when the surface temperature of the SDFT was known [1]. This model
predicts that the core should be 11°C warmer than the tendon surface, however,
when tested, the core of the tendon proved to only show a 5°C higher tempera-

ture than the tendon surface [1].

5. Conclusion

This study has shown that moderate exercise leads to a measurable increase in
the skin surface temperature of the metacarpus, and furthermore, that the use of
ice-water immersion effectively decreases the skin surface temperature in this
area. A significant decrease in skin surface temperature was found to last for at
least 40 minutes post treatment. Whilst it was beyond the scope of this study to
directly compare different methods of limb cooling, this should now be the focus

of any future investigations. Likewise, the development of a model for skin sur-

DOI: 10.4236/0jvm.2020.1010016

192 Open Journal of Veterinary Medicine


https://doi.org/10.4236/ojvm.2020.1010016

S. B. Nielsen et al.

face and tendon core temperature correlations would prove valuable as an evi-

dence-based therapeutic index specialized for the equine metacarpal region.
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