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Abstract

Objective: To determine the ability of a commercial cryotherapy system

(Game Ready Equine) to cool the metacarpal subcutaneous tissue and the

superficial digital flexor tendon (SDFT) in horses.

Study design: Experimental study.

Animals or sample population: Six healthy adult horses.

Methods: Thermocouples were implanted into the metacarpal subcutaneous

tissues and the SDFT of six horses. Two treatments (cryotherapy or cryother-

apy with 5–50 mmHg intermittent compression) were randomly assigned to

forelimbs and performed for 20 minutes. Temperatures were compared to the

target range of 10–19�C and between groups.

Results: Only one limb in the cryotherapy/compression group reached the tar-

get range after cryotherapy. Temperatures did not differ between treatment

groups at time 0. Lowest temperatures achieved in the subcutaneous tissue

(p = .0043) and SDFT (p = .005) were 4.9 and 7.6�C lower when intermittent

compression was applied. Similarly, applying compression induced a maxi-

mum change in temperature of approximately 7.0�C in the subcutaneous tis-

sue (p = .014) and 10.2�C in the SDFT (p = .0001).

Conclusion: The cryotherapy system did not cool equine subcutaneous tissue

or SDFT to the target temperature range, except in one limb. Combining cryo-

therapy with intermittent compression did result in lower temperatures and a

greater change in temperature of the subcutaneous tissue and SDFT.

Clinical significance: When using this cryotherapy system, the addition of

intermittent compression should be considered to achieve lower temperatures and

potentially greater reduction in inflammation. Further studies are warranted to

determine the effect of longer treatment times, higher compression settings, and

the optimal temperature for benefits in normal and diseased equine tissues.

Results presented at the American College of Veterinary Sports Medicine and Rehabilitation 2021 Virtual CE.

Received: 6 January 2022 Revised: 9 May 2022 Accepted: 13 June 2022

DOI: 10.1111/vsu.13847

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Veterinary Surgery published by Wiley Periodicals LLC on behalf of American College of Veterinary Surgeons.

1070 Veterinary Surgery. 2022;51:1070–1077.wileyonlinelibrary.com/journal/vsu

https://orcid.org/0000-0002-0579-6891
mailto:ccjacob5@ncsu.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/vsu


1 | INTRODUCTION

Cryotherapy is a common rehabilitation method used in
the acute phase of equine musculoskeletal injury to mini-
mize inflammation and its secondary effects.1,2 The bene-
fits of cryotherapy, including reduction of inflammation
and edema, analgesia, and improved recovery, are
believed to be the result of local vasoconstriction and
reduced blood flow, slowed nerve conduction, and
decreased cellular metabolism.3 To achieve beneficial
effects, suggested target tissue temperatures should be
maintained in the range of 10–19�C for 15–20 minutes.4,5

A variety of cooling methods for the equine foot have
been studied,6–9 but few studies have evaluated cooling
methods for other areas of the equine limb.4,10–12 A dry
sleeve cryotherapy system designed for use in horses
(Game Ready Equine, Concord, California) is a portable,
easily applied commercial system that can be used in a
variety of settings to apply cryotherapy to the distal limb
of horses. It can be set to allow for (1) cryotherapy with-
out compression or (2) cryotherapy with three different set-
tings of intermittent compression therapy (low 5–15 mmHg,
medium 5–50 mmHg, and high 5–75 mmHg). A previous
study evaluated the use of a prototype of this system to cool
the superficial digital flexor tendon (SDFT) over 60 minutes.
Results found that following cryotherapy with intermittent
compression, the SDFT core temperature was reduced by a
mean of 21.8�C and the core temperature of the SDFT
decreased more rapidly than that of the skin surface.4 Cryo-
therapy protocols for equine musculoskeletal injuries are
recommended for as little as 20–30 minutes for 2–3 applica-
tions per day.2,13 Compliance with longer cryotherapy treat-
ments, as tested in the mentioned study, may be difficult
given patient behavior and time constraints of the owners,
trainers, and barn managers performing the treatment.
Knowledge regarding the effectiveness of shorter treatment
periods using this system is essential when designing reha-
bilitation plans.

The previously mentioned study found a significant
decrease in the SDFT core temperature, however com-
pression was applied at 103 mmHg, which is higher than
any of the three settings on the commercially available
system.4 In people, cooling of muscle was greater with
intermittent compression compared to cryotherapy
alone.14 No studies have been performed to assess the
effectiveness of cooling of the metacarpal region in horses
with and without compression over any time period.

The objective of this study was to evaluate the degree
of cooling of the metacarpal subcutaneous tissues and the
SDFT using the dry sleeve cryotherapy system over a
20-minute treatment period. We hypothesized that the
system would decrease metacarpal subcutaneous and

SDFT temperatures to 10–19�C in healthy horses and
that cryotherapy combined with intermittent compres-
sion would provide a greater decrease in metacarpal
subcutaneous and SDFT temperatures compared to
cryotherapy alone.

2 | MATERIALS AND METHODS

2.1 | Horses

All procedures were approved by the North Carolina
State University Animal Care and Use Committee. Six
healthy, adult horses free of lameness, musculoskeletal
problems, or cellulitis were used for this study (mean age
9.8 years, range = 4–20 years, three mares, three geld-
ings). Each horse underwent both therapies (cryotherapy
alone and cryotherapy + compression) which were
assigned randomly per treatment and limb. The target
range for cryotherapy treatments was a temperature
recorded within the range of 10–19�C.

2.2 | Thermocouple placement

All procedures and data collection were performed in a
temperature-controlled university research procedure
room. Prior to the procedures, physical examinations
were performed and both distal forelimbs were clipped.
Both forelimbs were instrumented with thermocouples
for data collection. To perform thermocouple placement,
horses were sedated (detomidine 0.01 mg/kg IV, butor-
phanol 0.01 mg/kg IV) and restrained with a halter and
lead rope. The dorsal and palmar aspects of the mid-
metacarpus of both forelimbs were aseptically prepared
using 4% chlorohexidine gluconate scrub and isopropyl
alcohol. Approximately 3 ml of 2% mepivacaine
(Carbocaine, Zoetis Inc, Parsippany, New Jersey) was
administered subcutaneously at the site of proposed ther-
mocouple insertion in both the dorsal and palmar aspects
of the mid-metacarpus. Thermocouples (IT-18, Physitemp
Instruments LLC, Clifton, New Jersey) were threaded
through 18-gauge needles and implanted into the subcu-
taneous tissue of the dorsal metacarpus and into the core
of the SDFT, equidistant from the metacarpophalan-
geal and carpometacarpal joints- at the level of the
mid-metacarpus, of each front limb using aseptic tech-
nique. Once the 18-gauge needle with thermocouple
was inserted into the subcutaneous tissue or SDFT, the
thermocouple was manually held in place as the needle
was removed from the tissue. Placement of the thermo-
couple into the SDFT was performed using ultrasound
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guidance. The thermocouples and their wire leads were
secured to the limb using medical tape in two loca-
tions: just above the insertion site and approximately
10 cm above the accessory carpal bone (Figure 1). The
wire leads were attached to probe extension leads
(EXT-6, Physitemp Instruments LLC) which were
placed through braids in the mane and then to the data
collection equipment (Thermes USB, Physitemp Instru-
ments LLC). A thermocouple was placed into the reser-
voir chamber of the cryotherapy system to monitor the
temperature of the circulating water and a second ther-
mocouple was placed next to the data collection equip-
ment to measure the ambient temperature of the
procedure room. These thermocouples were attached
to extension leads and then to the data collection
equipment.

2.3 | Application of cryotherapy

Prior to application of the cryotherapy sleeve, the reser-
voir chamber was filled with crushed ice and then cold
tap water was added to the “MAX FILL” line, approxi-
mately 1 inch below the lid as directed in the system
manual. The temperature control was set at the lowest

temperature setting of the machine. The full limb sleeve
of the cryotherapy system (Equine Full Leg Wrap, Game
Ready Equine) was placed onto a randomly assigned
forelimb with the distal part being placed over the meta-
carpophalangeal joint (Figure 2). The connector hose
(Single Connector Hose, GameReady Equine) was
attached to the sleeve, draped over the horse's withers,
and then attached to the control unit of the cryotherapy
system (GameReady Pro Equine Control Unit, Game
Ready Equine). Following application of the sleeve, one
of the two treatments (cryotherapy alone or cryotherapy
and medium intermittent compression of 5–50 mmHg)
was randomly assigned and performed for 20 minutes.
Temperature data was collected every 30 s from the trea-
ted limb, the untreated limb, the reservoir of the cryo-
therapy system, and the ambient room temperature using
data collection equipment and software (Thermes USB,
Physitemp Instruments LLC). After completion of the
first treatment, the sleeve of the cryotherapy system was
removed and additional temperature data collected for an
additional 20 minutes or until the limb returned to base-
line temperature. Once the treated limb had returned to
its baseline temperature, as measured by the thermocou-
ples, the second treatment was performed on the oppo-
site, untreated forelimb. Temperature data was recorded

FIGURE 1 An example of thermocouple placement in the

dorsal subcutaneous tissue and within the superficial digital flexor

tendon, at the level of the mid-metacarpus

FIGURE 2 An example of the placement of the cryotherapy

sleeve on the limb prior to the treatment periods
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every 30 seconds for 20 minutes of the treatment period
and then for an additional 20 minutes following removal
of the cryotherapy system or until the limb returned to its
baseline temperature. Throughout the study, additional
sedation was administered as needed (detomidine
0.005–0.01 mg/kg IV or xylazine 0.3–0.5 mg/kg IV).
Once temperature measurements on the second leg
had been completed, the thermocouples were removed,
light distal limb bandages were placed, and a single
dose of intravenous phenylbutazone (4.4 mg/kg) was
administered. On the day following the procedure,
physical examinations were performed, the bandages
were removed, and the horses were assessed for lame-
ness and the forelimbs were examined for signs of heat,
swelling, or sensitivity.

2.4 | Statistical analysis

Statistical analyses were performed using commercially
available software (GraphPad Prism, GraphPad Software,
San Diego, California) with p < .05. Fisher's exact test was
used to compare the number of limbs between treatment
groups that achieved temperatures in the range of 10–19�C.
Continuous data was tested for normality using the
Shapiro–Wilk test. The variables of temperature at time
0, the lowest temperature, and the max change in tempera-
ture were normally distributed and therefore data was pre-
sented as mean (± standard deviation). Temperature at
time 0, the lowest temperature, and the max change in tem-
perature were compared between treatment groups (cryo-
therapy vs. cryotherapy/compression) using a paired t-test.

3 | RESULTS

All six horses completed the study without complication.
Thermocouple placement and cryotherapy treatments
were well tolerated by all horses. The day following the
procedures, mild edema was noted over the dorsal meta-
carpus at the thermocouple insertion site in one limb of
one horse. In another horse, mild sensitivity was noted
over both thermocouple insertion sites in one limb. No
other adverse events were noted during or after the
procedures.

The mean ambient temperature of the room was 25.3
and 24.9�C during cold and cold/compression treatments
respectively. The mean temperature within the water reser-
voir was 3.5 and 4.0�C during cold and cold/compression
treatments, respectively.

The mean temperature of the subcutaneous tissue at
time 0 of the cryotherapy and cryotherapy/compression
groups was 27.8 ± 3.49�C and 27.4 ± 1.58�C, respec-
tively. Mean temperature of the SDFT at time 0 of the
cryotherapy and cryotherapy/compression groups was
30.6 ± 3.67�C and 32.8 ± 1.90�C, respectively. Temper-
atures of the subcutaneous tissue (p = .79) and SDFT
(p = .14) did not differ between treatment groups at
time 0.

Subcutaneous and SDFT temperatures in the range of
10–19�C were not measured in any of the limbs in the
cryotherapy group (Figures 3 and 4). Subcutaneous tem-
peratures below 19�C were measured in one limb in the
cryotherapy/compression group for a period of 8.5 minutes.
A one-time subcutaneous temperature of 19.2�C and a one-
time SDFT temperature of 19.1�C were measured in two

FIGURE 3 Mean temperatures of the subcutaneous tissue in the cryotherapy and cryotherapy/compression groups throughout the

treatment period
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separate limbs in the cryotherapy/compression group,
immediately following removal of the compression sleeve.
There was no difference between treatment groups in the
number of limbs with subcutaneous or SDFT temperatures
measured in the range of 10–19�C (p > .9).

The mean lowest temperature within subcutaneous
tissue with cryotherapy alone was 25.6 ± 2.58�C and

20.7 ± 2.02�C with cryotherapy/compression (Table 1).
The mean lowest temperature within the SDFT with
cryotherapy alone was 30.4 ± 4.18�C and 22.8 ± 3.2�C
with cryotherapy/compression (Table 2). The lowest tem-
peratures achieved in the subcutaneous tissue (p = .0043)
and SDFT (p = .005) were 4.9 and 7.6�C lower when
intermittent compression was applied.

FIGURE 4 Mean temperatures of the superficial digital flexor tendon in the cryotherapy and cryotherapy/compression groups

throughout the treatment period

TABLE 1 Lowest temperatures

achieved of the subcutaneous tissues

during cryotherapy and cryotherapy/

compression treatments

Cryotherapy only (�C) Cryotherapy/compression (�C) p-value

Horse 1 24.4 17.8

Horse 2 26.4 22.6

Horse 3 28.1 22.1

Horse 4 27.0 19.2

Horse 5 20.9 19.7

Horse 6 26.6 22.5

Mean 25.6 20.7 .0038*

*p < .05.

TABLE 2 Lowest temperatures

achieved of the superficial digital flexor

tendon during cryotherapy and

cryotherapy/compression treatments

Cryotherapy only (�C) Cryotherapy/compression (�C) p-value

Horse 1 27.1 23.3

Horse 2 27.7 22.1

Horse 3 33.6 25.8

Horse 4 37.3 27.0

Horse 5 29.7 19.1

Horse 6 27.1 19.6

Mean 30.4 22.8 .0009*

*p < .05.
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The mean max change in temperature for the subcu-
taneous tissue with cryotherapy alone was 3.2 ± 1.8�C
and 7.0 ± 2.6�C for cryotherapy/compression (Table 3).
For the SDFT, the mean max change in temperature with
cryotherapy alone was 1.65 ± 1.16�C and 10.2 ± 1.61�C
with cryotherapy/compression (Table 4). The maximum
change in temperature of the subcutaneous tissue
(p = .014) and the SDFT (p = .0001) was greater when
intermittent compression was applied.

4 | DISCUSSION

In this study, after 20 minutes of treatment, we found
that cryotherapy alone or with compression using the dry
sleeve cryotherapy system did not consistently decrease
metacarpal subcutaneous or SDFT temperatures to
within the targeted therapeutic range of 10–19�C. We did
identify, however, a significantly greater change in tem-
perature when using cryotherapy combined with inter-
mittent compression when compared to cryotherapy
alone, thus resulting in lower temperatures of the subcu-
taneous tissue and the SDFT.

The temperature range of 10–19�C was selected as the
therapeutic target in this study as it has been suggested
that a decrease in tissue temperature to within this range
is needed to achieve beneficial effects with cryotherapy.4,5

In the cryotherapy/compression group, only one limb

achieved a subcutaneous tissue temperature below 19�C
and two other limbs achieved temperatures approaching
19�C. No limbs in the cryotherapy group approached
19�C. Our results differ from what we expected, even
with the application of compression, and could be for a
variety of reasons. First, the 20-minute time period that
we chose to test may not have been long enough to allow
the limbs to reach temperatures within the range of 10–
19�C. After 60 minutes of treatment, Petrov et al. found
the mean temperature within the SDFT core to be
10.4�C. After 20 minutes of cryotherapy/compression
treatment, the lowest temperatures within the subcutane-
ous (20.7�C) and SDFT (22.8�C) approached the upper
limit of the therapeutic range, and a longer treatment
period may have allowed the temperatures to fall within
this range. Second, the cryotherapy system functions by
cold transfer through contact. Given the multiple con-
tours of the equine distal limb, achieving and maintain-
ing contact can be difficult. The addition of compression
appeared to improve contact and cooling of the
distal limb. The use of the higher compression setting
(5–75 mmHg) may have enhanced contact with the
equine distal limb and allowed a greater degree of cooling
over the treatment period. We did clip the limbs in this
study in order to improve contact between the limb and
the cryotherapy system; however, other methods to
enhance contact, such as the addition of gel to the distal
limb, may also improve the transfer of cryotherapy

TABLE 3 Maximum change in

temperature achieved of the

subcutaneous tissue during cryotherapy

and cryotherapy/compression

treatments

Cryotherapy only (�C) Cryotherapy/compression (�C) p-value

Horse 1 3.5 10.4

Horse 2 4.3 3.0

Horse 3 0.2 6.1

Horse 4 2.3 9.3

Horse 5 3.3 6.9

Horse 6 5.5 6.4

Mean 3.2 7.0 .04*

*p < .05.

TABLE 4 Maximum change in

temperature achieved of the superficial

digital flexor tendon during cryotherapy

and cryotherapy/compression

treatments

Cryotherapy only (�C) Cryotherapy/compression (�C) p-value

Horse 1 2.8 11.3

Horse 2 2.5 10.3

Horse 3 �0.3 8.8

Horse 4 0.9 7.9

Horse 5 1.8 12.3

Horse 6 2.2 10.6

Mean 1.65 10.2 .0001*

*p < .05.
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during treatment. Further studies evaluating differing
treatment times and compression settings as well as
methods to increase contact between the limb and the
system, are warranted.

It has been reported that for every 10�C decrease in
tissue temperature, metabolic and enzymatic activity of
the tissues will decrease by 2- to 3-fold.10,15,16 With cool-
ing of tissues, vasoconstriction will decrease blood flow
and the rate of enzymatic proinflammatory reactions.
With decreased blood flow, fewer numbers of proinflam-
matory cells and cytokines will be dispersed into an
area.17 Overall, even some degree of tissue cooling will
have beneficial anti-inflammatory effects. With the appli-
cation of cryotherapy, decreased nerve conduction and
subsequent analgesia is thought to decrease in a linear
fashion until tissue temperatures approach 10�C.17 In the
cryotherapy/compression group, the mean max change
in SDFT temperature was 10.2�C and in subcutaneous
temperature was 7.0�C. While most of the limbs in this
study did not achieve temperatures within the recom-
mended therapeutic range, the mean max change in tem-
perature met or approached a change in temperature of
10�C. Even without being in the recommended therapeu-
tic range in the cryotherapy/compression group, we
would expect to see both anti-inflammatory and analgesic
benefits.

A similar study evaluated this cryotherapy system
during 60 minutes of cryotherapy treatment with com-
pression of 103 mmHg, and achieved a mean decrease in
temperature of the SDFT of 21.8�C.4 Obvious differences
between our study and the Petrov et al. study include a
greater treatment period and a greater degree of compres-
sion used. We chose to test both a shorter treatment dura-
tion and lower compression as these are more clinically
applicable based on current cryotherapy recommenda-
tions. In dogs, general treatment recommendations for
cryotherapy is 15–20 minutes up to every 2–4 hours
depending on the type of injury.17 In horses, cryotherapy
for musculoskeletal injuries is recommended for 20–
30 minutes every 2–4 hours in the first 24–48 hours of an
injury and then 2–3 times daily thereafter up to
3 weeks.2,13 In our clinical experience, the high compres-
sion setting of the cryotherapy system is not tolerated by
all horses, therefore we chose to use the medium com-
pression setting as we expected this to be well tolerated
and used by those in a clinical setting. Based on the
results found by Petrov et al., it is likely that the high
compression setting would provide a greater decrease in
tissue temperature with a similar treatment period, how-
ever further studies are needed to determine this.

Cryotherapy is often used following human and small
animal orthopedic surgery and has been shown to

decrease inflammation and edema, to decrease pain, and
improve range of motion in the immediate postoperative
period.18–20 In equine orthopedics, cryotherapy is most
commonly used following acute musculoskeletal injury
and for laminitis prevention, but should be considered
for management of inflammation and pain in postopera-
tive orthopedic cases. The use of more traditional
methods of cryotherapy, such as standing in cold water
or ice packs, is difficult given the presence of surgical
incisions, however using the commercial dry sleeve cryo-
therapy system would allow incisions and wounds to stay
clean and dry.

Limitations include a small sample size of horses and
inherent variability in response to cryotherapy treatment
between horses. Additionally, healthy horses were used
in this study and therefore we could not assess how active
inflammation may have affected the degree of cooling
achieved with this cryotherapy system. We also only
measured the effect of intermittent compression at the
medium setting of the system and are unaware of how
the low or high compression setting may affect the cool-
ing of these tissues.

Results of our study indicate that when using this
cryotherapy system, the addition of medium intermittent
compression, a significantly greater decrease in the meta-
carpal subcutaneous and SDFT temperatures were identi-
fied. This is similar to a study in humans where cooling
of muscle was greater with intermittent compression
compared to cryotherapy alone.14 Our results suggest that
greater cooling and therefore a greater therapeutic effect
may be seen with the addition of compression, however
further studies are needed to determine optimal tempera-
ture ranges for therapeutic benefits in normal and dis-
eased equine tissue. Practitioners should consider the
addition of intermittent compression when using this
cryotherapy system for rehabilitation of equine musculo-
skeletal injuries to achieve lower temperatures and a
potentially greater reduction in inflammation.
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