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Objective: To investigate the relationship between the
amount of overlying adipose and intramuscular temperature
change during and after a 20-minute crushed-ice pack treat-
ment.

Design and Setting: Subjects were divided into 3 equal
groups according to calf skinfold thickness: 8 mm or less, 10 to
18 mm, and 20 mm or greater. Intramuscular temperature was
monitored at 1 cm and 3 cm below the subcutaneous fat in the
left medial calf during and after a 1.8-kg crushed-ice pack treat-
ment.

Subjects: Thirty uninjured college students volunteered to be
subjects.

Measurements: Intramuscular temperature was recorded
every 10 seconds over a 20-minute treatment and for 30 min-
utes posttreatment.

Results: Intramuscular temperature decreases between ad-
ipose groups at the end of treatment at both 1 cm and 3 cm
below the subcutaneous fat were significantly different. At 1 cm

within the muscle, the temperature decreases were 14.438C,
9.068C, and 5.008C for 8-mm or less, 10- to 18-mm, and 20-
mm or greater skinfolds, respectively. At 3 cm, temperatures
were 6.228C, 3.868C, and 2.428C, respectively. By 30 minutes
posttreatment at 1 cm, the 8-mm or less and 10- to 18-mm
groups rewarmed 5.398C and 2.228C, respectively, but the 20-
mm or greater group was 0.498C colder than at the conclusion
of the treatment. At 3 cm, temperatures in all 3 groups were
colder at 30 minutes posttreatment than they were at the end
of the treatment, 1.638C, 1.838C, and 2.108C for 8-mm or less,
10- to 18-mm, and 20-mm or greater skinfolds, respectively.

Conclusions: The amount of adipose over the therapy site
is a significant factor in the extent of intramuscular temperature
change that occurs during and after cryotherapy. Adipose
should, therefore, be taken into account in determining appro-
priate treatment protocols.
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In ancient times, Hippocrates advocated the therapeutic use
of ice and snow.1,2 An athletic trainer, Don Bennett, in an
article appearing in the 1961 winter issue of Athletic Train-

ing, has been credited with publishing ‘‘one of the first, if not
the very first, mention of cold therapy for athletic injuries in
the American literature.’’3 Not long after, Grant4 and Hayden5

published their classic articles on cryokinetics. Today, cryo-
therapy, the therapeutic use of cold, is the focal point for the
immediate management of musculoskeletal injury, and cry-
okinetics, alternating ice and exercise, is frequently used dur-
ing the rehabilitation of these injuries.1,2,6–9

Cryotherapy has been shown to minimize the inflammatory
response of acute musculoskeletal injury while maximizing
functional recovery.7 When applying ice, a temperature gradient
is obvious, with the skin cooling immediately, subcutaneous
tissue next, and a delayed response in the muscle.1,7,8,10–12 Myr-
er et al13 developed a list of primary and secondary factors
that account for the amount of intramuscular temperature
change brought about by the use of superficial heat or cold

modalities. The primary factors are the temperature gradient
between the agent applied and the body surface to which it is
applied,1,2,10,12,14–17 the region and surface area over which
the agent is applied,2,10,12,15,18 the duration of the treat-
ment,1,2,7,10,14–17 and the depth at which the tissue temperature
is measured.1,2,15,17,19 The secondary factors are the rate of
blood flow to the tissue and the local metabolic rate,7,12,20–23

individual variability,10,24,25 the sympathetic vasomotor integ-
rity,7,12 and the amount of integument surrounding the mus-
cle.2,7,8,10,14,17,24–26

Many researchers have written of the relative insulating val-
ue of fat,* but their findings with regard to cryotherapy have
not been in agreement. Cheek and abdominal skinfold mea-
surements, as well as somatotype assessment, did not correlate
well with intramuscular temperature change in the gastrocne-
mius.12 A recent study27 examined the relationship between
both body fat percentage and calf subcutaneous thickness with

*References 2, 7, 8, 10, 13, 15, 17, 18, 24–27.



Journal of Athletic Training 33

intramuscular temperature change due to ice massage and ice
bag therapy. The authors concluded, ‘‘. . . the results of this
study do not support the hypothesized insulating effects of
subcutaneous fat during cryotherapy treatment in a sample of
intercollegiate athletes.’’27 Other research on the effect of
overall percentage of body fat24 and site-specific adipose14 has
demonstrated a significant inverse relationship between the
amount of subcutaneous fat and intramuscular temperature
change. Merrick et al26 stated, ‘‘The thickness of the adipose
tissue is a major point in determining the rate of temperature
decrease, as well as the absolute temperature decrease.’’ In
spite of the general acceptance of this statement, we were un-
able to find any controlled research that specifically examined
the relationship between the amount of subcutaneous adipose
and intramuscular temperature change via cryotherapy over a
relatively wide range of skinfold measurements. To fill this
void, the purpose of our study was to investigate the relation-
ship between the amount of overlying adipose and intramus-
cular temperature change during a 20-minute application of a
crushed-ice pack treatment and for 30 minutes posttreatment.

METHODS

Subjects

Thirty healthy college students (12 women and 18 men; age,
24.3 6 5.2 years; height, 175.1 6 8.3 cm; weight, 70.8 6
10.7 kg; calf skinfold thickness, 15.5 6 8.7 mm, range, 3.8
to 35.3 mm) volunteered and signed the University Institu-
tional Review Board–approved consent form to become sub-
jects. The Board also approved the study.

Procedures

Any subject with a history of peripheral vascular disease or
allergy to cephalexin hydrochloride was excluded from the
study. We measured the skinfold thickness of the posterior left
lower leg, at the visually determined greatest girth, using a
Lange Skinfold Caliper (Cambridge Scientific Industries, Ltd,
Cambridge, MD) with the subject standing and the weight
borne on the right leg. Subjects were divided into 3 equal
groups according to the skinfold measurement: group 1, 8 mm
or less (6.5 6 1.4 mm); group 2, 10 to 18 mm (14.1 6 2.6
mm); group 3, 20 mm or greater (25.7 6 5.4 mm). The skin-
fold measurement was divided by 2 to determine the depth of
subcutaneous fat over each subject’s gastrocnemius.13

To minimize the risk of infection from the insertion of the
hypodermic needle microprobes into the intramuscular tissue,
each subject took one 500-mg dose of cephalexin hydrochlo-
ride immediately before the experiment and 3 similar doses at
6-hour intervals at the conclusion of the experiment.13 Sub-
jects assumed a prone position on a standard examining table.
We cleansed a 4 3 4–cm area of skin over the midportion of
the muscle belly of the left calf, first with a 10% povidone-
iodine swab and then with a 70% isopropyl alcohol prep pad.
Before and after each use, the 26-gauge hypodermic needle
microprobes (Physitemp MT-26/2 and MT-26/4, Physitemp In-
struments, Inc, Clifton, NJ) were washed with soap and water.
We then performed high-level disinfection of the hypodermic
needle microprobes by placing them in Cidex (Johnson &
Johnson, New Brunswick, NJ) for at least 40 minutes and
washed the Cidex from the probes with sterile water.

Using sterile technique, an advanced-practice registered

nurse (G.J.M.) placed the 2 probes at 1 cm (MT-26/2) and 3
cm (MT-26/4), respectively, beneath the subcutaneous fat in
the left medial calf. Insertion depths were controlled by mark-
ing on the medial side of the calf the appropriate vertical dis-
tance [0.5(skinfold measurement) 1 1 or 3 cm, respectively]
from the posterior surface of the lower leg using a caliper and
inserting the microprobes parallel to the frontal plane.13 The
probes were secured at the insertion sites with a piece of
Transpore clear tape (3M Health Care, St Paul, MN) measur-
ing 2.54 cm 3 3.75 cm. The probes were then connected to
an electronic thermocouple (Columbus Instruments, Iso-Ther-
mex 16-channel, Columbus, OH) and, after 3 minutes, the
baseline intramuscular temperature was recorded. After the
baseline temperature was recorded, we placed a 1.8-kg
crushed-ice pack (approximately 25 cm 3 30 cm 3 5 cm)
directly over the triceps surae muscle group of each subject
for 20 minutes. We recorded intramuscular temperature, to the
nearest 0.018C, every 10 seconds over the entire 20-minute
treatment and for 30 minutes posttreatment.

After the probes were removed, the limb was dried and
swabbed with a 70% isopropyl alcohol prep pad. To ensure
that ambient room temperature did not affect muscle temper-
ature, room temperature was monitored during the experiment
using a thermocouple (Model TX-31, Columbus Instruments)
interfaced to the Iso-Thermex.

Data Analysis

Our independent variables were adipose group, depth of
measurement, and time. Our dependent variable was temper-
ature. Although temperature measurements were available ev-
ery 10 seconds, the measurements of primary interest were
taken at baseline (T0), end of ice treatment (T20), and 30 min-
utes after ice treatment (T50). As a preliminary test to identify
the existence of overall differences between adipose groups,
we performed a multivariate analysis of variance (MANOVA)
on the 3 time points of primary interest gathered for each
subject. We calculated temperature change from baseline (T0)
to the end of the treatment (T20) and from T20 to the end of
the posttreatment period (T50). Analysis of variance (ANOVA)
was used to determine if differences in mean temperature
changes between adipose groups existed at each depth during
treatment (T0–T20) and posttreatment (T20–T50). When differ-
ences were found, we used the Duncan multiple-range tests
post hoc to determine where these differences occurred. An a
level of P , .05 was used for all statistical analyses. We also
calculated rates of temperature change for each adipose group
at both depths over the treatment and posttreatment. Differ-
ences between adipose groups were examined by the use of t
tests. To account for the multiple t tests, a Bonferroni correc-
tion factor was employed. We also determined each adipose
group’s lowest temperature and the time when it occurred.

RESULTS

The MANOVA revealed significant differences in temper-
ature change over time among adipose groups (F2,27 5 5.63,
P , .0091) and depths (F1,27 5 33.84, P , .0001) and a
nonsignificant group-by-depth interaction (F2,27 5 0.54, P 5
.5906). Figure 1 shows mean intramuscular temperatures
throughout the treatment and the posttreatment period for the
3 adipose groups at 1 cm below the subcutaneous fat. Figure
2 shows the same information at 3 cm below the subcutaneous
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Table 1. Temperature Changes by Adipose Group, Depth of Measurement and Time*

Depth of
Measure-

ment

Baseline

1 cm 3 cm

T0 to T20†

1 cm 3 cm

T20 to T50‡

1 cm 3 cm

To to T50§

1 cm 3 cm

Adipose group
Group 1
Group 2
Group 3

35.24 6 0.88
35.54 6 1.20
35.54 6 0.65

36.26 6 0.49
36.53 6 0.93
36.36 6 0.68

214.43 6 4.57
29.06 6 4.00
25.00 6 2.07

26.22 6 2.69
23.86 6 1.75
22.42 6 0.96

5.39 6 3.83
2.22 6 2.74

20.49 6 1.58

21.63 6 1.99
21.83 6 1.01
22.10 6 0.88

29.04 6 1.47
26.84 6 2.43
25.48 6 2.02

27.85 6 1.45
25.69 6 1.92
24.52 6 1.69

*Values are expressed as mean 6 SD temperature changes (8C). Skinfold thicknesses were #8 mm in group 1, 10–18 mm in group 2, and $20 mm
in group 3.
†Baseline to end of treatment.
‡End of treatment to end of posttreatment period.
§Baseline to end of posttreatment period.

Table 2. Maximum Temperature Decrease and Time to Maximum Temperature Decrease From Beginning of Treatment by Adipose
Group and Depth of Measurement*

Group 1 (# 8 mm)

Decrease, 8C Time, min

Group 2 (10–18 mm)

Decrease, 8C Time, min

Group 3 ($ 20 mm)

Decrease, 8C Time, min

Depth of Measurement
1 cm
3 cm

15.27 6 4.50
9.08 6 2.16

22.97 6 3.96
34.33 6 5.11

10.62 6 4.62
6.23 6 2.54

25.63 6 4.62
37.18 6 5.79

6.13 6 4.44
NA

28.87 6 4.45
NA

*Values are expressed as means 6 SD. NA indicates values could not be estimated because the mean temperature continued to decrease at
the end of the posttreatment period (50-minute mark).

Table 3. Rate of Temperature Change by Adipose Group and
Depth of Measurement During Treatment and the Posttreatment
Period*

Depth of
Measurement

Treatment

1 cm 3 cm

Posttreatment Period

1 cm 3 cm

Adipose group
Group 1
Group 2
Group 3

20.72†
20.45
20.25

20.31
20.19
20.12

0.18
0.07
0.02

20.05
20.06
20.07

*Values are expressed as 8C/min.
†Indicates temperature was decreasing. Skinfold thicknesses were #8
mm in group 1, 10–18 mm in group 2, and $20 mm in group 3.

Figure 2. Mean intramuscular temperatures recorded at 10-second
intervals throughout the treatment and the posttreatment period
for the 3 adipose groups at 3 cm below the subcutaneous fat.

Figure 1. Mean intramuscular temperatures recorded at 10-second
intervals throughout the treatment and the posttreatment period
for the 3 adipose groups at 1 cm below the subcutaneous fat.

fat. Table 1 presents the means and standard deviations of the
intramuscular temperature changes for the 3 adipose groups
from T0 to T20, from T20 to T50, and from T0 to T50, for both
depths. Table 2 presents the means and standard deviations of
maximum temperature decrease and time to maximum de-
crease from the beginning of treatment by adipose group and
depth. Table 3 presents the rate of temperature change per
minute for each adipose group during the treatment and the
posttreatment period.

Treatment
The ANOVAs showed significant intramuscular tempera-

ture differences among adipose groups at both the 1-cm (F2,27
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5 16.35, P , .0001) and 3-cm (F2,27 5 9.78, P , .0006)
depths during the treatment. The Duncan multiple-range tests
revealed significant differences among all 3 adipose groups
in temperatures at the 1-cm depth. At the 3-cm depth, how-
ever, temperatures in adipose group 1 were significantly dif-
ferent from temperatures in groups 2 and 3, but temperatures
in groups 2 and 3 were not significantly different from each
other.

A significant difference in the rate of temperature decrease
among adipose groups at the 1-cm depth was noted (Table
3). With the Bonferroni correction, the rate of decrease for
group 1 was significantly greater than that for group 3. The
difference between the rate of decrease between groups 1 and
2 approached significance. At the 3-cm depth, the rate of
decrease for group 1 was significantly greater than the rates
of decrease for both groups 2 and 3. The rates of decrease
in groups 2 and 3 were not significantly different from each
other.

Posttreatment Period

Significant intramuscular temperature differences were seen
among adipose groups at the 1-cm depth (F2,27 5 10.52, P ,
.0004) but not at the 3-cm depth (F2,27 5 0.29, P 5 .7538).
For the 1-cm depth, the Duncan multiple-range tests revealed
that the temperature change during the posttreatment period
was not significantly different between groups 1 and 2, but
changes were significantly different from those in group 3. The
rate of intramuscular temperature change per minute during
the posttreatment period at 1 cm below the subcutaneous fat
revealed only that the rate of change in adipose group 1 was
significantly different from that in group 3.

The rate of temperature change at 3 cm below the subcu-
taneous fat was not significantly different among any of the
adipose groups. The room temperature of the laboratory varied
little during the time we collected data (24.178 6 0.328C).

DISCUSSION

Clinically, cryotherapy is applied topically, but the muscles
or ligaments situated below the integument are almost always
the target tissues. Zemke et al,27 stated in their introduction
that ‘‘subcutaneous fat at a treatment site may influence not
only the lowest temperature achieved during and after the ap-
plication of the cryotherapy mode, it may also affect the rate
of change in intramuscular temperature and may play a role
in the duration of intramuscular temperature depression.’’
They failed to prove these assertions and suggested that the
narrow range of body fat percentage and their small sample
size may have limited the generalizability of their results. Our
results clearly indicate that, when examined over a relatively
wide range of skinfold thicknesses (3.8 to 35.3 mm), subcu-
taneous fat is a significant factor in the magnitude and rate of
intramuscular cooling during cryotherapy treatment and re-
warming after treatment. Our results agree with previous re-
search indicating that a significant inverse relationship exists
between the amount of subcutaneous fat and intramuscular
temperature change.14,24,26 There was a significant inverse re-
lationship between skinfold thickness, or overlying adipose,
and the magnitudes and rates of intramuscular temperature
change at the 1-cm depth during both the treatment and the
posttreatment period. At 1 cm below the subcutaneous fat,
group 1 (8-mm or less skinfold) experienced an intramuscular

temperature decrease of 14.438C at a rate of 0.728C /min.
Group 3 (20-mm or greater skinfold) had decreases in rates
and magnitudes of intramuscular temperature approximately
one third of those of group 1 (decrease, 5.008C; rate, 0.258C/
min). Group 2 (10- to 18-mm skinfold) had values very close
to the means of groups 1 and 3 (decrease, 9.068C; rate, 0.458C/
min). For all groups, the intramuscular temperature continued
to decrease after the cryotherapy treatment had ceased. This
finding is also in agreement with most of the previous re-
search.1,7,11,24,26–28 The more overlying adipose, the greater
the amount of time that was required in the posttreatment pe-
riod before maximum cooling was obtained (Table 2). In fact,
we were unable to establish the minimum temperature for
group 3 at 3 cm below the subcutaneous fat because the mus-
cle continued to get colder over the entire 30-minute posttreat-
ment period. At the 1-cm depth, by the end of the 30-minute
posttreatment period, temperatures in groups 1 and 2 rose
above what they were at the end of the treatment, but tem-
peratures in group 3 remained below values at the end of treat-
ment.

The depth of the target tissue is also an important factor in
cryotherapy.1,2,15,17,19 The deeper the target tissue, the longer
it takes to cool and rewarm the tissue. Across adipose groups,
the intramuscular tissue at 3 cm cooled to approximately 45%
of the temperature of the muscle at 1 cm below the subcuta-
neous fat by the end of the 20-minute treatment. With increas-
ing muscle depth, the overlying adipose appears to be less of
a factor: only in group 1 were the magnitude and rate of tem-
perature decrease significantly different from those in groups
2 and 3 during the treatment. At our deeper depth (3 cm into
the muscle), after the medium amount of overlying adipose
was reached (group 2), further amounts of adipose apparently
had little effect on the rate or magnitude of temperature
change. No difference in rewarming was found among adipose
groups at the 3-cm depth.

Although the exact therapeutic time range needed to ensure
the benefits of cryotherapy has not as yet been determined,
the secondary injury models suggest that the sooner the target
tissue temperature is lowered, the less secondary injury will
occur.29,30 Our results indicate that the amount of adipose over
the target tissue significantly affects both the rate and magni-
tude of cooling that take place in the underlying target tissue
and, therefore, is an important factor in the efficacy of cryo-
therapy treatment.

CONCLUSIONS

A significant inverse relationship exists between overlying
adipose and intramuscular temperature change during and after
cryotherapy treatment when examined over a relatively wide
range of skinfold thicknesses. It appears that overlying adipose
becomes less of a factor the deeper into the target tissue one
goes. Therefore, the depth of the target tissue and the amount
of overlying adipose should be accounted for in determining
treatment time when applying cryotherapy.
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