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Context: Neoprene sleeves are alleged to increase heat in
skeletal muscle, but no published research supports this belief.

Objectives: To quantify anterior thigh skin and intramuscular
temperature changes in varsity athletes wearing a neoprene
thigh sleeve.

Design: A 2 3 2 3 3 3 5 factorial design with replicated
measures on 3 variables. Independent variables included sex
(male or female), neoprene sleeve (yes or no), exercise inten-
sity (control, 50% intensity bicycle, 70% intensity bicycle), and
exercise phase (5 minutes pre-exercise, 15 minutes of exercise,
0–10 minutes postexercise, 11–20 minutes postexercise, 21–
30 minutes postexercise).

Setting: Research laboratory.
Patients or Other Participants: 12 male (23 6 0.95 years)

and 12 female (20.59 6 1.44 years) National Collegiate Athletic
Association Division I collegiate athletes actively engaged in
offseason strength and conditioning programs.

Intervention(s): We sampled skin and muscle temperatures
every 10 seconds for 50 minutes with a telethermometer inter-
faced to a personal computer. Each 60-minute session included
15 minutes pre-exercise (temperatures recorded during the last
5 minutes), 15 minutes of exercise (control, 50% intensity, and
70% intensity), and 30 minutes postexercise. Skin temperature

was measured on the anterior aspect of the thigh using surface
thermocouples. Intramuscular temperature was measured in
the vastus lateralis muscle at a depth of 2 cm below the sub-
cutaneous fat using implantable thermocouples.

Main Outcome Measure(s): Skin and intramuscular temper-
ature.

Results: Skin temperature was greater when subjects were
wearing neoprene sleeves (1.48C during control, 3.18C during
70% exercise). Wearing a thigh sleeve had no effect on intra-
muscular temperature before or during exercise, but postexer-
cise temperatures averaged 0.58C higher. Exercise intensity
showed 1.38C to 2.08C increases in temperature with the
sleeve. Females had higher intramuscular temperatures than
males when wearing sleeves (1.48C during control, 18C during
50% exercise, and 0.88C during 70% exercise). Males had high-
er skin temperatures than females (0.88C during 50% exercise,
18C during 70% exercise).

Conclusions: Neoprene sleeves are effective in maintaining
intramuscular temperature after 15 minutes of exercise and in
increasing skin temperature during and after exercise. These
results may be attributable to the insulating effects of the neo-
prene sleeve.

Key Words: heat retention, exercise intensity, prevention,
treatment, intramuscular temperature

Athletic trainers treat muscle strains, sprains, and con-
tusions with various modalities to promote healing by
increasing tissue temperature. With modality treat-

ments, athletic trainers traditionally recommend wearing neo-
prene sleeves during activity, based on the reported benefits
of neoprene. Neoprene is promoted as an external device that
will provide extra warmth for muscles,1 allow tissues to better
handle the demands of activity,2 and decrease the likelihood
of injury.3,4

Exercise alone causes skin and muscle temperature to in-
crease.4–9 As intramuscular temperatures increase, extensibil-
ity of the musculotendinous unit increases, which decreases
the likelihood of injury to that structure.4 Heat is dissipated
from the body as skin blood flow increases and sweat is evap-
orated.5 Because evaporation is the body’s main cooling sys-
tem, it seems logical that wearing a neoprene sleeve or another
insulating covering prevents evaporation and promotes heat
retention.10 Although this conclusion is logical, no research

has been published on the effects of neoprene on skin or mus-
cle temperature during exercise. The only articles published
describing the effects of neoprene involve proprioception,11–13

insulation when icing,9,14,15 and measures of core body tem-
perature while exercising in full wet suits.16,17

Our purpose was to examine the effects of wearing a neo-
prene sleeve on skin and intramuscular temperature during ex-
ercise to quantify the benefit, if any, from wearing the sleeve.
We hypothesized that skin temperature would be significantly
higher on the leg wearing the sleeve, but intramuscular tem-
perature would be similar, regardless of the presence of the
sleeve. Influences on skin and intramuscular temperature were
evaluated by comparing exercise intensities of 50% and 70%
of maximum heart rate to a control condition with no exercise.
Because of possible differences in adipose tissue, we tested
males and females to determine whether responses differ be-
tween the sexes. We hypothesized that the greatest temperature
changes would occur in the group that exercised at 70% of
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Table 1. Subject Information

Males Females

Age (y)
Height (in)

(cm)
Weight (lb)
Mass(kg)
Days of strength program
Days of conditioning program

23.00 6 0.95
74.33 6 3.14

188.80 6 7.98
202.75 6 28.51
91.97 6 12.93
3.58 6 0.51
2.83 6 1.34

20.59 6 1.44
66.17 6 2.62

168.07 6 6.66
141.08 6 17.69
63.99 6 8.02
2.82 6 0.87
4.09 6 1.14

Girth, right leg (cm)
Girth, left leg (cm)
Body fat, right leg (mm)
Body fat, left leg (mm)

57.85 6 4.34
56.56 6 4.08
10.92 6 3.65
11.00 6 4.0

52.67 6 3.16
52.00 6 3.37
21.25 6 6.09
21.92 6 5.40

maximum heart rate. Finally, we investigated the ability of a
neoprene sleeve to retain temperature by measuring skin and
intramuscular temperature for 30 minutes after exercise. We
also hypothesized that heat retention would be significantly
greater in the leg wearing the sleeve than in the contralateral
bare limb.

METHODS

The experimental design for this study was a 2 3 2 3 3 3
5 factorial with repeated measures on 3 factors. Independent
variables included sex (male or female), wearing a sleeve (yes
or no), exercise intensity (none, 50% of maximum heart rate,
and 70% of maximum heart rate), and phase (5 minutes pre-
exercise, 15 minutes of exercise, 0–10 minutes postexercise,
11–20 minutes postexercise, and 21–30 minutes postexercise).
Dependent variables were skin temperature and intramuscular
temperature. Subjects participated in each of the 3 exercise
conditions while wearing a neoprene sleeve on 1 leg, while
the opposite leg (without the sleeve) served as a control.

Subjects for this study included 12 male (23 6 0.95 years)
and 12 female (20.59 6 1.44 years) National Collegiate Ath-
letic Association Division I collegiate athletes who were par-
ticipating in self-directed, offseason strength and conditioning
programs. General information about height, weight, number
of days of strength training, and number of days of condition-
ing was recorded for each subject (Table 1). Girth and skin-
fold thickness of both thighs were also measured over the an-
terior aspect of the thigh.

Six treatment orders were established with 2 balanced Latin
squares. Subjects were randomly assigned to 1 of these treat-
ment orders. The leg chosen to wear the sleeve was also se-
lected at random by a drawing out of a hat.

This study was approved by our university institutional re-
view board, and informed consent was obtained. Subjects were
tested at the same time of day for each condition with a min-
imum of 24 to 72 hours’ rest between treatment sessions.

Girth measurements were assessed using a standard flexible
tape measure. Thigh girth measurements were taken midway
between the superior margin of the patella and the anterior
superior iliac spine. Skin-fold measurements were taken using
skin calipers at the location of the thermocouple insertion.3

The same person measured all skin folds for reliability. A line
was drawn from the anterior superior iliac spine to the lateral
femoral epicondyle, bisecting the vastus lateralis muscle. An
intersecting perpendicular line was drawn one fourth of the
distance from the lateral femoral epicondyle to the anterior
superior iliac spine. Two skin thermocouples were placed 8

cm and 16 cm above this perpendicular line. One intramus-
cular thermocouple was placed at the bisection of the 8-cm
skin thermocouple and the muscle belly of the vastus lateralis.
Skin, air, and intramuscular temperatures were measured using
a 16-channel Iso-Thermex telethermometer (Columbus Instru-
ments, Columbus, OH) interfaced with a personal computer.
Thermocouples were used to measure skin (model TX21; Co-
lumbus Instruments) and muscle (model TX-23-21; Columbus
Instruments) temperature.

We used a Polar heart rate monitor (model 1901201; Polar
Electro Inc, Lake Success, NY) to quantify heart rate during
each exercise bout. Relative target heart rate values of 50% 6
5% of maximum heart rate for mild exercise and 65% 6 5%
of maximum heart rate for vigorous exercise were maintained.
Maximum heart rate was computed as 220 2 age 3 heart rate
percentage.

Subjects wore 0.125-in (0.32-cm) thick neoprene sleeves
(DonJoy Inc, Vista, CA). The sleeves were sized small, me-
dium, large, and extra large. They were fitted subjectively
based on the subject’s comfort, with specific instructions that
the sleeve should be snug but not constricting. Sleeves were
9.84 in (24 cm) in length and were pulled up so that the bottom
of the sleeve was resting one fourth of the distance from the
lateral femoral epicondyle to the anterior superior iliac spine.

A standard bicycle ergometer was used to complete the ex-
ercise portion of the treatment. The subject was able to set the
workload of the bicycle at a level of comfort that provided
enough resistance to maintain the predetermined intensity for
that day as described by the heart rate. Seat and handle ad-
justments were made for subject comfort.

Testing Protocol

On testing days, the test leg was shaved on the anterior
portion of the thigh that would be under the sleeve. This area
was cleansed with an iodine swab and then with an alcohol
pad. Marks were made on the thigh where the bottom of the
sleeve would rest and where the thermocouples would be se-
cured. The area for implantation was prepared once measure-
ment depths were calculated. A 32-mm, 20-gauge Teflon cath-
eter (Du Pont, Wilmington, DE) was inserted into the vastus
lateralis muscle. Before insertion, the catheter was measured
and marked according to the target depth to ensure proper
depth implantation. A mark was also placed on the thermo-
couple 3.15 in (8 cm) above the tip of the thermocouple to
provide a way to measure slippage of the thermocouple once
it was inserted through the catheter. With the catheter in place,
the thermocouple was then inserted and fed through the cath-
eter until the treatment administrator felt a definite end limit.
Once the thermocouple was in place, the top lip of the catheter
was bent sideways to secure the thermocouple inside the cath-
eter. The catheter lip was then secured to the skin using Der-
maclear tape (Johnson & Johnson Medical, Arlington, TX),
and the thermocouple was similarly taped to the skin. The 2
skin-temperature thermocouples were placed 3.15 in (8 cm)
and 6.30 in (16 cm) above the line for the base of the sleeve.
The thermocouples were attached to the skin using Dermaclear
tape with the tip of the thermocouple exposed.18 The neoprene
sleeve was put on the test limb after the thermocouples were
secured.

Temperature samples were obtained every 10 seconds for
50 minutes of the 60-minute experiment, producing a total of
300 samples. Each treatment began with 15 minutes of rest to
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Table 2. Skin Temperature for Each Condition (8C)

Males

No Sleeve Sleeve

Females

No Sleeve Sleeve

Control*

5 min pre-exercise
15 min of exercise
0–10 min postexercise

11–20 min postexercise
21–30 min postexercise

31.90 6 0.73†
31.76 6 0.77†‡§
31.62 6 0.82†‡
31.52 6 0.84†‡††
31.40 6 0.84†‡\

32.84 6 0.71†
32.89 6 0.69†‡\

32.90 6 0.72†‡\

32.91 6 0.70†‡\

32.86 6 0.70†‡\

31.62 6 1.06†
31.46 6 1.15†‡¶
31.27 6 1.19†‡**
31.13 6 1.17†‡
30.97 6 1.10†‡††

32.64 6 1.05†
32.75 6 1.07†‡#
32.75 6 1.09†‡\

32.71 6 1.08†‡\

32.68 6 1.03†‡††

50% Exercise

5 min pre-exercise
15 min of exercise
0–10 min postexercise

11–20 min postexercise
21–30 min postexercise

31.83 6 0.43†‡
30.94 6 0.88†‡§
31.48 6 0.96†‡
31.97 6 0.86†‡††
31.95 6 0.80†‡\

33.12 6 0.63†‡
33.42 6 0.72†‡\

34.45 6 0.62†‡\

34.56 6 0.56†‡\

34.49 6 0.59†‡\

31.63 6 0.86†‡
30.68 6 0.83†‡¶
31.12 6 0.95†‡**
31.41 6 0.73†‡
31.36 6 0.69†‡\

32.80 6 0.91†‡
32.92 6 0.95†‡#
33.73 6 0.89†‡\

33.68 6 0.85†‡\

33.65 6 0.77†‡††

70% Exercise

5 min pre-exercise
15 min of exercise
0–10 min postexercise

11–20 min postexercise
21–30 min postexercise

31.98 6 0.46†
30.82 6 0.83†‡§
31.71 6 0.95†‡
32.13 6 0.81†‡††
32.37 6 0.73†‡\

32.96 6 0.45†
33.74 6 0.92†‡\

35.52 6 0.35†‡\

35.41 6 0.28†‡\

35.24 6 0.26†‡\

31.82 6 1.00†
30.16 6 1.10†‡¶
30.69 6 1.10†‡**
31.24 6 0.93†‡
31.39 6 0.87†‡††

32.85 6 0.85†
33.35 6 1.06†‡#
34.96 6 0.73†‡\

34.47 6 0.69†‡\

34.19 6 0.73†‡††

*No exercise performed. Times reflect when measurements were taken for consistency with the exercise groups.
†No sleeve , sleeve, P , .05.
‡Male temperatures . female temperatures, P , .05.
§Control . 50%, 70%, P , .05.
\Control , 50% , 70%, P , .05.
¶Control . 50% . 70%, P , .05.
#Control , 70%, P , .05.
**Control, 50% . 70%, P , .05.
††Control , 50%, 70%, P , .05.

establish the subjects’ baseline temperature. Temperature re-
cordings started in the last 5 minutes of the 15-minute rest.
Subjects then either sat motionless on a cycle ergometer (con-
trol) or pedaled the bicycle (exercise) for 15 minutes.

During exercise treatments, subjects wore a Polar heart rate
monitor to ensure heart rates remained within the calculated
values. At the onset of exercise, subjects were instructed to
increase their heart rates as quickly as possible to the calcu-
lated value and to then maintain that value for the duration of
the exercise. Heart rate was checked once a minute during
exercise.

The treatment conditions consisted of a control of no ex-
ercise and two 15-minute rides on a cycle ergometer, 1 at 50%
and 1 at 70% of maximum heart rate. After exercise, subjects
sat in a chair with hips and knees flexed to 908 and feet flat
on the ground for 30 minutes. The 3 sessions occurred at ap-
proximately the same time of day, with 24 to 72 hours between
sessions.

Upon completion of each testing session, the thermocouples
and catheters were removed, and antibiotic ointment and ban-
dages were applied over the insertion sites. Subjects were in-
structed on appropriate care and management of the insertion
sites. The thermocouples were disinfected by immersion in
Cidex 2% glutaraldehyde solution (Johnson & Johnson)19 for
20 minutes and needles disposed of in a biohazard container
for sharp objects.

Analysis

We calculated means and standard deviations for both de-
pendent variables (surface temperature and intramuscular tem-
perature) by sleeve, sex, exercise condition, and phase. Two 2

3 2 3 3 3 5 analyses of variance (ANOVAs) with repeated
measures on 3 of the factors were computed, 1 for each of the
2 dependent variables. We computed Tukey-Kramer multiple
range tests for significant ANOVAs. Significance was set at P
5 .05.

To decrease the length of the article and increase readability,
we summarized the reporting of F statistics as follows: an 5
sign indicates results from a single ANOVA, and a , or .
sign indicates the results of multiple ANOVAs. The number
before . is the largest value of the summarized tests and the
number before , is the smallest value of the summarized tests.

RESULTS

Because of significant interactions and the large number of
variables, the results are presented in separate tables for skin
(Table 2) and intramuscular (Table 3) temperatures, as well as
in Figures 1 and 2.

Two-way and 3-way interactions were significant for fac-
torial ANOVAs (P , .02 for skin temperature, P , .03 for
intramuscular temperature), necessitating simple main effects
testing, which was done with 1-way ANOVAs.

Effect of Sex

The effect of sex by exercise was significant, so the results
are separated by sex. Most skin temperatures were higher for
males than for females (see Table 1), and most intramuscular
temperatures were higher for females than for males (see Table
2). When wearing sleeves, males had higher skin temperatures
than females during all phases of 50% exercise (F1,118 . 5.13,
P , .03) and during all phases of 70% exercise except for the
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Table 3. Intramuscular Temperature for Each Condition (8C)

Males*

No Sleeve Sleeve

Females*

No Sleeve Sleeve

Control†

5 min pre-exercise
15 min of exercise
0–10 min postexercise

11–20 min postexercise
21–30 min postexercise

34.67 6 0.58
34.54 6 0.60‡
34.33 6 0.65‡
34.14 6 0.72‡
33.97 6 0.87‡

34.48 6 0.75
34.48 6 0.74‡
34.44 6 0.75‡
34.39 6 0.75‡
34.35 6 0.80‡

35.86 6 0.63
35.69 60.84‡§
35.50 6 0.74‡§
35.34 6 0.80‡§
35.17 6 0.78‡§

35.96 6 0.57
35.96 6 0.59‡§
35.91 6 0.61‡§
35.87 6 0.61‡§
35.80 6 0.64§\

50% Exercise

5 min pre-exercise
15 min of exercise
0–10 min postexercise

11–20 min postexercise
21–30 min postexercise

34.52 6 0.80
34.86 6 1.00‡
35.03 6 1.03‡§
34.80 6 0.81‡§
34.45 6 0.73‡§

34.49 6 0.60
35.14 6 0.83‡
35.98 6 0.77‡§
35.79 6 0.74‡§
35.55 6 0.78‡§

35.73 6 0.89
36.18 6 0.84‡
36.31 6 0.70‡§
35.78 6 0.68‡§
35.35 6 0.64‡§

35.98 6 0.59
36.47 6 0.58‡
36.75 6 0.51‡§
36.48 6 0.42‡§
36.23 6 0.40§\

70% Exercise

5 min pre-exercise
15 min of exercise
0–10 min postexercise

11–20 min postexercise
21–30 min postexercise

34.48 6 0.66
35.66 6 1.16‡
36.06 6 0.74‡§
35.45 6 0.67‡§
34.98 6 0.67‡§

34.31 6 0.72
36.04 6 1.24‡
37.24 6 0.51‡§
36.81 6 0.60‡§
36.45 6 0.62‡§

35.75 6 0.51
37.08 6 0.79‡
37.03 6 0.53‡§
36.30 6 0.62‡§
35.82 6 0.70‡§

35.90 6 0.57
37.31 6 0.83‡
37.76 6 0.37‡§
37.36 6 0.34‡§
37.04 6 0.34‡\

*Male temperatures , female temperatures for all conditions, P , .05.
†No exercise performed. Times reflect when measurements were taken for consistency with the exercise groups.
‡Control , 50%, , 70%, P , .05.
§No sleeve , sleeve, P , .05.
\Control and 50% , 70%, P , .05.

Figure 1. Females’ skin temperature. 0–10, 11–20, and 21–30 indi-
cate 0 to 10, 11 to 20, and 21 to 30 minutes postexercise, respec-
tively; 50% and 70%, exercise intensity of 50% and 70% of maxi-
mum heart rate, respectively.

Figure 2. Males’ intramuscular temperature. 0–10, 11–20, and 21–
30 indicate 0 to 10, 11 to 20, and 21 to 30 minutes postexercise,
respectively; 50% and 70%, exercise intensity of 50% and 70% of
maximum heart rate, respectively.

5-minute pre-exercise phase (F1,358 . 14.28, P , .0002).
Males’ skin temperatures were on average 0.88C higher during
50% exercise and 18C higher during 70% exercise compared
with control. When not wearing sleeves, males had higher skin
temperatures than females under each treatment condition dur-
ing all phases except for the 5-minute pre-exercise phase
(F1,358 . 8.28, P , .004). Without the sleeve, males’ skin
temperatures were 0.48C higher during control, 0.58C higher
during 50% exercise, and 0.98C higher during 70% exercise.
Females had higher intramuscular temperatures than males
during all phases of each condition (F1,118 . 148.56, P ,
.000001). Intramuscular temperatures in females averaged 18C
higher during all conditions when not wearing the sleeve.
When wearing the sleeve, females’ intramuscular temperatures
averaged 1.48C higher during control, 18C higher during 50%
exercise, and 0.88C higher during 70% exercise.

Effect of Sleeve

As hypothesized, wearing a sleeve resulted in higher skin
temperatures during all 3 conditions for both males and fe-
males (see Table 2; F1,96 . 18.64, P , .001). Sleeved-limb
skin temperatures averaged about 18C higher during control,
28C higher during 50% exercise, and 38C higher during 70%
exercise.

Intramuscular temperature responded differently for males
and females wearing neoprene sleeves during the control con-
dition (see Table 3). Wearing sleeves resulted in higher intra-
muscular temperatures for females during all phases of the
control condition, except for the 5-minute pre-exercise phase
(F1,336 . 5.17, P , .04). No significant differences were noted
in males wearing sleeves during control conditions (F1,216 ,
2.14, P . .17). Intramuscular temperature averaged about
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Table 4. Effect of Phase on Skin and Intramuscular
Temperatures by Sex, Sleeve, and Exercise Condition (P Values
and Results of Multiple Range Tests)*

Females

Sleeve
Skin Temperature

Control .63
50% Exercise .000001† (1, 2 , 3, 4, 5)
70% Exercise .000001† (1, 2 , 4, 5 , 3)

IM Temperature‡
Control .00002† (1, 2, 3 . 5; 2 . 4)
50% Exercise .000001† (1 , 2, 4, 3; 3 . 5)
70% Exercise .000001† (1 , 5 , 2, 4 , 3)

No Sleeve
Skin Temperature

Control .000001† (1 . 3 . 5; 1, 2, . 4; 2 . 5)
50% Exercise .00001† (2 , 1, 4, 5)
70% Exercise .000001† (1, 4, 5 . 3 . 2)

IM Temperature
Control .000001† (1, 2 . 3 . 5; 1, 2 . 4)
50% Exercise .000001† (1, 4, 5 , 2, 3; 4 . 5)
70% Exercise .000001† (1, 5 , 4 , 2, 30

Males

Sleeve
Skin Temperature

Control .39
50% Exercise .000001* (1, 2 , 3, 4, 5)
70% Exercise .000001* (1 , 2 , 5 , 3; 1 , 2 , 4)

IM Temperature
Control .000002† (1, 2 . 4, 5; 3 . 5)
50% Exercise .000001† (1 , 2 , 3, 4, 5)
70% Exercise .000001† (1 , 2 , 5 , 4 , 3)

No Sleeve
Skin Temperature

Control .000001† (1 . 4, 5; 2 . 5)
50% Exercise .000001† (1 . 2; 2 , 3 , 4, 5)
70% Exercise .000001† (2 , 1, 3, 4, 5; 3 , 5)

IM Temperature
Control .000001† (1 . 3, 4, 5; 2 . 4, 5)
50% Exercise .007† (3 . 5)
70% Exercise .000001† (2 , 3, 1 , 4 , 5)

*P values are from 1-way analyses of variance. 1 indicates 10 minutes
pre-exercise; 2, 15 minutes of exercise; 3, 0–10 minutes postexercise;
4, 11–20 minutes postexercise; 5, 21–30 minutes postexercise.
†Indicates significant differences between phases as indicated within
parentheses.
‡IM indicates intramuscular.

0.78C higher when wearing a sleeve during the 50% exercise
and about 18C higher during 70% exercise. During both ex-
ercise intensities, wearing sleeves resulted in higher intramus-
cular temperatures in both males and females during the 3
postexercise measurements (F1,216 . 6.51, P , .03).

Effect of Exercise

As hypothesized, skin and intramuscular temperatures were
higher at 70% exercise intensity and usually higher than con-
trols at 50% exercise (see Tables 2 and 3). Skin temperature
was higher during 70% exercise intensity than during 50%
intensity, which was higher than control skin temperature un-
der both sleeve and no-sleeve conditions during exercise and
all 3 postexercise phases (F2,537 . 16.87, P , .00004), except
for 0 to 10 minutes postexercise when not wearing the sleeve
(F2,324 , 1.91, P . .15).

At 30 minutes postexercise, males’ skin temperature was
significantly different between 70% exercise (35.24 6
0.268C), 50% exercise (34.49 6 0.598C), and control (32.86
6 0.708C).

During 0 to 10 and 11 to 20 minutes postexercise, wearing
the sleeve resulted in significantly higher skin temperatures for
females at 70% intensity than at 50%, which was higher than
controls (F2,324 . 21.73, P , .000006). From 21 to 30 min-
utes postexercise, females’ skin temperature was higher during
70% exercise than during both 50% intensity and control con-
ditions (F2,324 . 7.88, P , .0004). Skin temperature for the
control group was approximately 1.18C higher during the ex-
ercise phase than that for the 70% exercise group (see Table
2).

Intramuscular temperature was higher at 70% exercise in-
tensity than at 50% intensity, which was greater than control
during exercise and all 3 postexercise phases in males (F2,537
. 20.21, P , .00001) and during exercise and minutes 0 to
10 and 11 to 20 postexercise in females (F2,537 . 158.9, P ,
.000001) (see Table 3). Males’ intramuscular temperature was
at least 0.58C higher at 70% exercise than at 50% exercise,
which was higher by at least 0.58C than controls. Females’
intramuscular temperature was at least 0.78C higher at 70%
exercise than 50%, which was again higher than controls by
at least 0.78C. At 21 to 30 minutes postexercise, females
showed higher intramuscular temperatures at 70% intensity
than at either 50% or controls (F2,324 . 25.10, P , .000002).

Effect of Phase

Complex interactions were seen between phase (pre-exer-
cise, exercise, 0–10 minutes postexercise, 11–20 minutes post-
exercise, and 21–30 minutes postexercise) and each of the oth-
er variables (Table 4). During the control condition, no
differences were noted in skin temperature between phases
while wearing a sleeve (F4,540 , 1.05, P . .39). When not
wearing a sleeve during the control condition, the pre-exercise
and exercise phases resulted in higher skin temperatures than
the 3 postexercise phases (F4,540 . 22.20, P , .000001). Skin
temperature was generally higher in all 3 postexercise phases
during both the 50% and 70% exercise intensities (F4,540 .
53.95, P , .000001).

Intramuscular temperature differed significantly among
phases in all three exercise conditions. In general, temperature
was higher at 0 to 10 minutes postexercise than during the
other phases (F4,540 . 4.03, P , .007).

DISCUSSION

Neoprene sleeves appear to prevent tissue cooling rather
than enhance tissue heating. Skin temperature depends on 4
things: tissue temperature, local level of sweating, local skin
blood flow, and the thermal conductance of underlying tis-
sues.20 As underlying tissues heat up and local blood flow
increases, sweat is produced at the skin. Wearing a neoprene
sleeve prevents sweat evaporation between the skin and the
environment, and therefore skin temperatures remain elevated.
Our observations are in agreement with those of Ho and Fan,21

who reported that adding clothing compromises heat exchange
between the skin and the environment by influencing the rates
of conduction, convection, radiation, and evaporation.

The elevated skin temperature in our subjects is consistent
with findings on other types of coverings.21,22 However, the
evaporative cooling of the skin during exercise was an out-
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come not previously documented. Skin temperatures decreased
approximately 18C during exercise in the leg that was not
wearing a neoprene sleeve.

Intramuscular temperatures were also affected, but in a dif-
ferent manner than skin temperatures, by the wearing of a
neoprene sleeve. As an individual begins to exercise, blood
flow to the muscles must increase to meet the demands of
increased metabolism.7 Muscle temperatures appeared to be
unaffected by the sleeve until after exercise. After the exercise
session, intramuscular temperatures in the sleeve condition re-
mained higher than those in the nonsleeve condition. This el-
evation in intramuscular temperature remained greater for up
to 30 minutes after exercise. Of particular interest, in both the
50% and 70% exercise conditions, intramuscular temperatures
continued to increase after the exercise phase. This finding is
most probably related to cardiac output. During exercise, car-
diac output increases because of increases in heart rate and
stroke volume4,23 to facilitate increased blood flow to the
working muscles and meet the increased metabolic de-
mands.4,5 Most of the increase is caused by heart rate, because
stroke volume actually decreases during prolonged submaxi-
mal exercise.4,23 Blood flow also cools the tissues as it cir-
culates through them. When exercise stops, however, cardiac
output decreases because of a decrease in heart rate, while the
metabolic demands of the muscle remain elevated. With this
decrease in cardiac output, relative blood flow to the area de-
creases, reducing blood flow to the muscles. Thus, tempera-
tures continue to increase or remain elevated after exer-
cise.5,10,23,24

Skin and muscle temperatures increased at different rates.10

This is because thermoregulatory control of cutaneous circu-
lation is enhanced during exercise, increasing skin blood flow
as internal temperatures increase, and facilitating the body’s
ability to dissipate heat efficiently.5,6,23

Males had higher skin temperatures, but females had higher
intramuscular temperatures. The differences between skin and
intramuscular temperature increases may be partially account-
ed for by sex. Males’ skin temperatures were higher than fe-
males’ because sweating is linearly related to metabolic rates
of the body, and the males’ metabolism was most likely great-
er.9 The lower intramuscular temperatures in males, despite
their having higher surface temperatures, is most likely a func-
tion of less adipose tissue in males and, thus, less insulation
(skin-fold measurement was 11 mm for male subjects versus
21 mm for female subjects). Lean people are better able to
dissipate heat and, therefore, keep their internal temperatures
lower.5,9,23

Exercise intensity also affected changes in skin and intra-
muscular temperatures. As relative workload increased, sweat
production apparently increased, causing changes in skin tem-
perature depending on the sleeve. Legs wearing sleeves had
higher skin temperatures after exercise than during exercise.
However, bare legs showed a decrease in skin temperature
during exercise as compared with controls. This decrease can
be explained by sweating, which helps to maintain body tem-
perature through evaporative cooling20 and the shunting of
blood from the skin to the exercising muscle to meet the met-
abolic demands of that muscle.23 Similarly, 70% exercise in-
tensity resulted in the greatest decrease in skin temperature in
the leg without the sleeve. This indicates that higher intensities
enhance sweat production, producing greater evaporative cool-
ing. The temperature of the working muscle changes according
to the relative workload, rather than the absolute amount of

work achieved.7,25 This finding was also seen in our study, in
which 70% intensity produced the greatest increases in intra-
muscular temperatures.

Another interesting finding was that temperature changes at
70% exercise without the sleeve mirrored temperature changes
at 50% exercise with the sleeve. This suggests that 15 minutes
of exercise while wearing a sleeve could be completed at a
lower intensity and continue to provide significant temperature
increases similar to those seen at higher intensities. Such a
protocol would be beneficial for an athlete who is returning
from an injury and not yet ready to exercise at 70% intensity.

Of particular concern to athletic trainers is the relationship
between muscle temperature and muscle tears and strains.
Warm (408C) rabbit skeletal muscle can sustain greater defor-
mation before failure occurs.3 Rising internal temperatures
leads to increased extensibility of the musculotendinous unit,
which may decrease injury to this structure.4 Gersten26 ex-
plained that to achieve these thermal benefits, tendon temper-
atures should be raised to between 398C and 478C. Typically,
therapeutic modalities are used by clinicians to increase intra-
muscular temperature 38C to 58C.27–30 However, these increas-
es are not long lasting.

Wearing neoprene sleeves during active exercise does not
provide as great a temperature increase as therapeutic modal-
ities, but the effects are longer lasting because tissue cooling
after application is prevented. Maintenance of temperature in-
crease was least effective after 3-MHz ultrasound treatments
when temperature dropped 18C in the first minute after treat-
ment.28 Pulsed short-wave diathermy decreased temperature
0.978C in 5 minutes after the treatment.27 Our study indicates
that intramuscular temperatures remained elevated for at least
30 minutes postexercise when subjects were wearing a neo-
prene sleeve.

At 30 minutes postexercise, skin and intramuscular temper-
atures remained approximately 18C and 28C higher, respec-
tively, than baseline during both the 50% and 70% exercise
intensities with the neoprene sleeve. Intramuscular tempera-
tures in our study reached as high as 37.768C (a 28C increase
over baseline), which, according to Gersten,26 would not in-
crease extensibility of the tissue. It seems logical, however,
that a sustained increase of approximately 28C would benefit
the muscle by allowing more extensibility.2,4

Future Research

A study to build on this research would combine the use of
a neoprene sleeve with another modality to see whether tem-
perature changes are enhanced or maintained for even longer
periods of time. Another area for further research is to com-
pare different brands of neoprene to see whether manufactur-
ers’ differences cause changes in sustained temperatures. It
would also be interesting to compare temperature differences
between a neoprene sleeve and an elastic wrap. With regard
to exercise, it would be compelling to analyze different phases
of the exercise interval to determine the length of exercise
needed to maintain a temperature change. Similarly, it would
be beneficial to study exercise time as a variable to see its
influence on length of time for heat retention.

CONCLUSIONS

Neoprene sleeves are beneficial in maintaining elevated skin
and intramuscular temperatures after exercise. This finding
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may be beneficial in preventing and treating muscle strains in
athletes whose activity is interspersed with periods of sitting
or standing, as, for example, a basketball player who is taken
out of a game or a football player who plays only defense.
Both athletes have the possibility of being inactive for an ex-
tended time. Neoprene sleeves help to maintain higher skin
and intramuscular temperature during periods of inactivity, de-
creasing the probability of a musculotendinous injury.
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