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Context: Exposure of the human body to cold is perceived
as a stressor and results in a sympathetic response geared at
maintaining core temperature. Application of ice to the periph-
ery may lead to a decrease in core temperature, which may
counteract the therapeutic effects of cryotherapy.

Objective: To determine if core temperature is lowered by
the application of an ice bag to the ankle joint complex.

Design: A within-subjects, repeated-measures design.

Setting: The University of Virginia General Clinical Research
Center.

Patients or Other Participants: Twenty-three healthy adults
aged 19 to 39 years.

Intervention(s): Subjects were admitted to the hospital on 2
separate occasions. During one admission, subjects had a 20-
minute ice treatment applied to their ankles; in the other ad-
mission, a bag of marbles was applied. Temperature measure-
ments were recorded at 6 time intervals: baseline (before ice

application), immediately after ice application, 10 and 20 min-
utes after ice application, and 10 and 20 minutes after ice re-
moval.

Main Outcome Measure(s): We measured core temperature
and ankle and soleus muscle surface temperatures. A mixed-
effects model analysis of variance with repeated measures was
used to determine if differences existed in core temperature and
ankle and soleus surface temperatures between conditions
(cryotherapy and control) and over time.

Results: Core temperature did not change after ice applica-
tion or ice removal (P > 0.05). The average core temperatures
during the cryotherapy and control conditions were 36.72°C =
0.42°C and 36.45°C = 1.23°C, respectively.

Conclusions: A 20-minute cryotherapy treatment applied to
the ankle did not alter core temperature.
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musculoskeletal injuries to prevent swelling and sec-

ondary hypoxic injury and to reduce muscle spasm.!
Furthermore, cryotherapy reduces pain?3 and may increase
motoneuron pool excitability,%> which enhances a patient’s
ability to perform therapeutic exercises. Therapeutic exercises
are thought to be critical to recovery from injury.

Cutaneous cold application to the trunk can ater core body
temperature.5-8 Additionally, cold application to the knee has
been shown to decrease core temperature in dogs.® Normal
core body temperature is 36.9°C, and hypothermiais achieved
after only small declines in core temperature (1.9°C or ap-
proximately 5%), which result in increased metabolic and re-
spiratory rates and induce a shivering response.19 Further de-
clines in core temperature can lead to behavioral,
cardiovascular, respiratory, renal, hematologic, endocrine, met-
abolic, and musculoskeletal alterations.1t

Presently, only the local effects are considered as contrib-
utors to recovery from injury or as an adjuvant to allow for

Cryotherapy is commonly used immediately after acute

therapeutic exercise. The additional effects that result from
core temperature change may enhance or counteract the local
effects of cryotherapy. For example, shivering, which is ini-
tiated in an attempt to maintain core body temperature, results
in involuntary muscle contractions, possibly leading to in-
creases in the temperature of structures we are attempting to
cool. If the goal of the treatment is to decrease intramuscular
temperature, this temperature increase may counteract the local
effects of ice.

Because maintaining core body temperature plays arole in
maintaining physical function (eg, preventing loss of strength
and manual dexterity), it is important for us to understand if
commonly used cryotherapy treatments can lead to declinesin
core body temperature. We are aware of no previous research
examining the effects of peripheral ice bag application on core
body temperature. Therefore, the purpose of our study was to
determine if applying a cryotherapy treatment to the ankle
would result in a decline in core body temperature. We hy-
pothesized that a 20-minute cryotherapy treatment applied to
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Placement of the surface thermocouples on the ankle (left) and on the soleus muscle (right).

the surface of the ankle joint complex would not alter core
body temperature.

METHODS

We used a 2 X 6 factorial design in this study. The 2 in-
dependent variables were condition (cryotherapy and control)
and time (baseline, immediately after application, 10 and 20
minutes after application, and 10 and 20 minutes after remov-
a). The dependent variables were core temperature, ankle sur-
face temperature, and soleus muscle surface temperature.

Subjects

Twenty-three healthy subjects (8 women and 15 men, age
= 25 * 14 years, height = 174 = 10 cm, mass = 74 = 17
kg) with no previous lower extremity injuries in the past 2
years volunteered to participate. Subjects were assessed for
inclusion criteria by a preparticipation history questionnaire
and a physical examination. Subjects were excluded if they
reported a previous adverse reaction to ice. Informed consent
was obtained before subject participation. Human subject ap-
proval was aobtained from the Human Investigations Commit-
tee at the University of Virginia before the study began.

Instrumentation

We used a datalogger (MSS-3000; Commtest Instruments,
Christchurch, New Zealand) in conjunction with thermocou-
ples (Copper/constant type T thermocouples of the ball junc-
tion type; TX-31, HQ Inc, Columbus, OH) accurateto =1.0°C
to monitor surface interface temperature and ambient air tem-
perature. Core temperature was assessed with the CorTemp
2000 Wireless Core Body Temperature Monitoring System and
CorTemp disposable temperature sensors (CorTemp, HTI
Technologies Inc, Palmetto, FL). The core temperature sensor
is capable of monitoring core body temperature continuously
as it travels through the digestive system. Each CorTemp tem-
perature sensor is individually calibrated at the factory, and
the calibration adjustment is entered into the wireless moni-
toring system before use, ensuring a temperature accuracy of
+0.1°C. Previous authors!? have revealed a strong correlation

(r = 0.94) between rectal temperature and gut temperature as
assessed with CorTemp sensors.

Testing Procedures

All 23 subjects completed both testing conditions (cryo-
therapy and control). Testing conditions were separated by at
least 3 days. Each subject was considered a block, and the
sequence of the admissions was assigned to each subject by
way of a computer-generated random permutation.

Cryotherapy and Control Testing Sessions. Subjects
were admitted into the General Clinical Research Center the
evening before testing. They ingested the core temperature
pill at 11:00 pm and were then asked to prepare for bed; lights
were turned off by midnight. Subjects were awoken at 5:50
AM and were asked to void. Subjects then returned to bed and
remained lying down until the completion of testing. Surface
thermocouples were affixed to subjects’ skin over the anterior
aspect of the ankle and over the midbelly of the soleus muscle
(Figure). A single thermocouple was also allotted to record
ambient air temperature. Beginning at 6:30 Am, baseline core
and surface temperature measurements were gathered. Sub-
jects then had a cryotherapy treatment (an ice bag weighing
approximately 0.91 kg) secured to the anterior aspect of the
ankle joint (the ice bag was made to cover a surface areafrom
the medial malleolus to the lateral malleolus). Temperature
measurements were recorded immediately and at 10 minutes
and 20 minutes after cryotherapy application. The ice bag was
removed at the 20-minute mark. Measurements were aso re-
corded at 10 and 20 minutes after removal. Once testing was
completed, the thermocouples were removed and subjects
were fed and then discharged from the Center.

For the control condition, subject admission to the Center
was as described above. All temperature measurements were
time matched to the cryotherapy condition. However, instead
of a cryotherapy treatment, a bag filled with marbles was ap-
plied to the anterior aspect of the ankle.

Statistical Analysis

Core, ankle surface, and soleus muscle surface temperature
data were analyzed as univariate response variables by way of
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Table 1. Core Temperatures (°C) for the Control and Cryotherapy
Conditions Before, During, and After Ice Bag Application to the
Ankle Joint Complex (Mean = SD)

Table 3. Soleus Muscle Surface Temperatures (°C) for the
Control and Cryotherapy Conditions Before, During, and After Ice
Bag Application to the Ankle Joint Complex (Mean = SD)

Cryotherapy Cryotherapy
Time Control Condition Condition Time Control Condition Condition

Baseline 36.4+ 14 36.6 = 0.5 Baseline 30.7 £ 2.2 30.7 £ 15
Immediately after cooling 36.4 =12 36.7 = 0.4 Immediately after cooling 30.7 = 25 294 + 34
10 min after cooling 365*14 36.7 £ 0.5 10 min after cooling 30.7 £ 25 285 4.1
20 min after cooling 36.5 = 1.2 36.8 = 0.3 20 min after cooling 30.2 = 4.1 28.2 +29
10 min after removal 365+ 1.2 36.8 = 0.3 10 min after removal 30.1 + 2.8 28.2 + 27
20 min after removal 36.4 + 1.1 36.7 + 0.4 20 min after removal 30.1 + 2.9 28.0 + 2.6

Table 2. Ankle Surface Temperatures (°C) for the Control and
Cryotherapy Conditions Before, During, and After Ice Bag
Application to the Ankle Joint Complex (Mean + SD)

Cryotherapy
Time Control Condition Condition

Baseline 29.6 = 3.0 27.6 + 4.3
Immediately after cooling 299 * 23 15.6 = 6.0
10 min after cooling 30.1 £ 24 155 + 6.4
20 min after cooling 29.8 £ 2.2 211+ 44
10 min after removal 29.6 = 2.1 23.6 + 3.0
20 min after removal 299 + 2.8 249 + 29

mixed-effects analyses of variance. The experimental condi-
tion (cryotherapy or control) and the measurement time (base-
line, immediately after application, 10 and 20 minutes after
application, and 10 and 20 minutes after removal) served as
the independent factors. Univariate F tests and Sidak t multiple
comparison procedures were used to make post hoc compari-
sons. Statistical significance was assessed at P = .05. Where
core temperature data points were missing, we estimated and
replaced the missing values by multiple linear regression. All
statistical analyses were conducted with the statistical software
of SPSS (version 10.1; SPSS Inc, Chicago, IL).

RESULTS

Core Temperature

Data points were missing for a few subjects as a result of
difficulties with the CorTemp monitoring system (3 data points
for subject 18 during the control condition, 1 data point for
subject 9 during the cryotherapy condition, and all data points
for subject 11 during the control condition). No differencesin
core temperature were detected between conditions over time
(Fs110 = 0.51, P = .77) (Table 1). Core temperature was not
different between the cryotherapy and control conditions (Fy ,
= 1.14, P = .30) and also did not differ over time when
collapsed across condition (Fs 110 = 0.89, P = .49).

Ankle Surface Temperature

Ankle surface temperature was different between conditions
over time (Fs 10 = 39.74, P = .0001). During the cryotherapy
condition, ankle surface temperatures recorded immediately
after application, 10 and 20 minutes after application, and 10
and 20 minutes after removal were lower than the ankle sur-
face temperature at baseline (P < .01) (Table 2). During the
control condition, no differences were noted over time for an-
kle surface temperature (P > .05) (Table 2). No differences

were noted at any times when data were collapsed across con-
ditions (P > .05).

Soleus Muscle Surface Temperature

Soleus muscle surface temperature was different between
conditions over time (Fs 1,0 = 3.08, P = .012). During the
cryotherapy condition, soleus muscle surface temperatures re-
corded at 20 minutes after application and at 10 and 20 min-
utes after removal were lower than the soleus surface temper-
ature at baseline (P < .05) (Table 3). Additionally, the soleus
surface temperature recorded immediately after application
was different from the temperature recorded at 20 minutes
after removal (P < .05). During the control condition, no dif-
ferences were noted over time for ankle surface temperature
(P > .05) (Table 3). No differences were noted at any times
when data were collapsed across conditions (P > .05).

DISCUSSION

Our results demonstrate that peripherally cooling the ankle's
surface did not alter core body temperature. Surface cooling
has previously been shown to alter core temperature,6-2 al-
though the methods that were used in these studies have in-
volved various types of cold application applied to the core as
opposed to the ankle. Additionally, the duration of the treat-
ment and the type of cooling (passive versus active cooling)
differed from that in our investigation. These 3 variations may
help explain the differences in findings.

The application of an ice bag to ajoint surface is a type of
passive cold therapy. In passive cold therapy, no active cooling
mechanism is used to circulate the cooling medium (eg, ice
bag, cold pack). Passive cooling can be accomplished through
a simple transfer of heat by application of a cold vehicle. Ac-
tive cooling (eg, Game Ready Accelerated Recovery System;
Game Ready Inc, Berkeley, CA) uses a dynamic method to
maintain the cold temperature. The cold agent is continuously
circulated to maintain the desired temperature. Active cooling
methods have been shown to result in larger decreasesin core
temperature.13

Probably more important than the cooling method used is
the location of the cooling on the body. The body can be
generaly thought of as core (trunk and head) and peripheral
(extremities) compartments.2* Surface cooling has resulted in
core temperature decreases when the core (ie, the trunk) is
directly cooled.6-8 A limitation of heat dissipation viathe skin
surface is that changes in core temperature are likely delayed
because heat must be brought to the skin surface by blood
from the core, cooled by conduction and convection, and then
delivered back to the core tissue to cool the core.® When the

Journal of Athletic Training 187



cooling medium is applied directly to the core's surface, the
distance the heat must travel is shorter and therefore would
likely result in more substantial changes. Furthermore, when
iceis applied to the trunk as opposed to the ankle, the surface
area that is cooled is larger, which may also contribute to the
difference in findings.

Another factor that we must consider when interpreting our
results is the duration of the cryotherapy treatment. When ac-
tive cooling measures were used and cooling was applied to
the body’s core, treatments longer than 20 minutes (eg, 1 hour)
were necessary to cause significant drops in core temperature
(>1°C).57 However, other authors® have shown that 15 min-
utes of active cooling at the knee can lead to a significant
decline in core temperature. We contend that even if we had
applied the ice bag for 1 hour, the core temperature would not
have been atered. During this time period, conductive heat
gain to the ice bag may cause the ice to completely melt,
resulting in increased temperature of our treatment mechanism
and failure to provide the necessary cold threshold to result in
core temperature changes.

Bocobo et al® examined the effects of ice bag and ice im-
mersion treatments applied to the knee joint on the intra-artic-
ular and core temperatures of dogs. A 0.5°C decrease in core
temperature was noted after 30 minutes of ice bag application,
whereas a 1.6°C decline in core temperature was seen after
only 15 minutes of ice immersion. Our findings agree with the
work of Bocobo et al® showing that core temperature remains
stable during a cryotherapy treatment applied to a joint. How-
ever, it appears that ice immersion treatments may result in a
significant decline in core body temperature and thus warrant
future investigation.

A decline in surface temperature after ice bag application
to ajoint has been previously reported in the literature. Oos-
terveld and Raskerl®> and Oosterveld et all reported an av-
erage decline of approximately 16°C after applying ice to the
knee for 30 minutes. We saw an average decline of 12.2°C in
surface temperature when applying an ice bag to the ankle for
20 minutes. The dlightly larger temperature decline in the 2
previous studies may be attributable to the longer treatment
time. It should be mentioned that the large declines in surface
temperature seen in this study are not reflective of intra-artic-
ular or muscle temperatures. Skin temperature, as altered with
cryotherapy, serves as a poor predictor of intramuscular tem-
perature! and does not reflect absolute intra-articular temper-
atures 1517

CONCLUSIONS

Typical 20-minute cryotherapy treatments used in the re-
habilitation setting did not decrease core body temperature.
Passive cooling of a joint should be used for its proven local
indications.
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