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ABSTRACT

GOTO, K., and T. MORISHIMA. Compression Garment Promotes Muscular Strength Recovery after Resistance Exercise. Med. Sci.

Sports Exerc., Vol. 46, No. 12, pp. 2265–2270, 2014. Purpose: This study aimed to investigate the effects of wearing a compression

garment (CG) for 24 h on changes in muscular strength and blood parameters over time after resistance exercise. Methods: Nine trained

men conducted resistance exercises (10 repetitions of 3–5 sets at 70% of one-repetition maximum (1RM) for nine exercises) in two trials,

wearing either a CG or a normal garment (CON) for 24 h after exercise. Recovery of muscular strength, blood parameters, muscle

soreness, and upper arm and thigh circumference were compared between the trials. Results: Both trials showed decreases in maximal

strength after the exercise (P G 0.05). However, the CG trial showed faster recovery of one-repetition maximum for the chest press from

3 to 8 h after exercise (P G 0.05). Recovery of maximal knee extension strength was also improved in the CG trial 24 h after exercise

(P G 0.05). The CG trial was associated with lower muscle soreness and subjective fatigue scores the following morning (P G 0.05). The upper

arm and thigh circumferences were significantly higher during the recovery period in the CON trial, whereas no change was observed in

the CG trial. Blood lactate, insulin like growth factor-1, free testosterone, myoglobin, creatine kinase, interleukin 6, and interleukin 1

receptor antagonist concentrations for 24 h after exercise were similar in both trials. Conclusions: Wearing a CG after resistance exercise

facilitates the recovery of muscular strength. Recovery for upper body muscles significantly improved within 3–8 h after exercise.

However, facilitation of recovery of lower limb muscles by wearing the CG took a longer time. Key Words: RESISTANCE EXERCISE,

RECOVERY, MUSCULAR STRENGTH, COMPRESSION, FATIGUE, GARMENT, WHOLE BODY COMPRESSION

B
ecause athletes commonly perform intensive physi-
cal training or competitions on consecutive days,
rapid recovery of performance is important to max-

imize competitive success and prevent excessive fatigue (1).
Several strategies are used in sports to aid the recovery
process, including massage, active recovery, water immer-
sion, contrast bathing, and macronutrient supplementation
(2,15,31,32). In addition, the use of compression garments
(CG) after exercise has been shown to promote strength re-
covery and attenuate exercise-induced muscle damage (15,23).
The scientific evidence for the use of a CG as a recovery
medium has come from clinical settings in which they are

used extensively for the treatment of chronic inflammatory
disorders (9). Another common application of the CG (also
termed elastic stocking) is to assist venous return and reduce
peripheral swelling in patients with vascular disease (24,27).

In sports, the use of CG during competition is hypothe-
sized to delay the onset of fatigue or increase power output.
Although some experimental studies have demonstrated
potential beneficial effects of wearing a CG during exercise
(3,30), several previous investigations did not confirm the
performance-enhancing effect of the use of a CG during
exercise (4,13,25). A recent review article by MacRae et al.
(25) focused on the efficacious use of CG and exercise and
suggested that the use of CG helps with certain aspects of
jump performance in some situations (3,20,21). However,
only limited data (30) showing the beneficial effects of CG
on the performance of other exercise types (e.g., pedaling
exercise) are available. A positive effect on faster recovery
by wearing a CG during the postexercise period is more
apparent (10,16). Kraemer et al. (23) demonstrated that
wearing a full-body CG for 24 h after strenuous resistance
training caused rapid recovery of power output for the bench
press throw and attenuated muscle soreness and creatine
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kinase (CK) levels. Jakeman et al. (18) compared the jump
performance recovery after 100 plyometric drop jumps in
female volunteers between those who used a CG for 12 h
after exercise and those who did not. Subjects who wore the
CG showed significantly faster recovery of jump perfor-
mance. The use of a CG for 24 h after repeated 20-m sprints
and 10 plyometric bounds resulted in significantly lower
muscle soreness 24 h after the exercise than that in the
control group (11). Although these findings suggest that the
use of CG produces faster recovery of muscle function and
reduces muscle damage after strenuous exercise, the detailed
changes in the recovery process over time remain unknown.
Considering that most trained athletes often conduct daily
training or compete several times in the same day, we
wondered how many hours are necessary to promote re-
covery by wearing a CG in the postexercise period. There-
fore, we investigated the effects of wearing a CG for 24 h on
the changes in muscular strength and blood parameters over
time after resistance exercise.

METHODS

Subjects. Nine men (mean T SE: age, 21.0 T 0.4 yr;
height, 172.7 T 2.0 cm; body mass, 69.1 T 2.4 kg; body mass
index, 23.2 T 0.9 kgImj2) participated in this study. All
subjects were physically active and had several years of
experience performing strenuous resistance training. The
inclusion criteria for subject selection were experience with
strenuous resistance training for 92 yr and no smoking his-
tory. The subjects were informed about the purpose of the
study and the experimental procedures, and all provided a
written informed consent. The study was approved by the
Ethics Committee for Human Experiments at Ritsumeikan
University, Japan.

Experimental design. The subjects visited the labora-
tory three times throughout the experimental period. On the
first visit, each subject’s one-repetition maximum (1RM) for
eight exercises was measured to determine the weights to be
used for each exercise on the experimental days (amount of
time required, 60 min). On the second and third visits, the
subjects performed experimental trials with the use of a CG
or without the use of a CG (CON) during the recovery pe-
riod after performing the resistance exercise (amount of time
required for resistance exercise, 60 min). The CG and CON
trials were conducted in a random order 1 month apart. Im-
mediately after completing the resistance exercise in each
trial, the subjects in the CG trial changed into a whole body
CG (Recharge; Under Armour, Baltimore, MD). The sub-
jects in the CON trial wore a non-CG. The appropriate size
of the CG for each subject was chosen on the basis of the
garment’s instruction manual and involved measurement of
the chest, waist, and ankle circumferences. The subjects
wore the prescribed garments throughout the 24-h recovery
period, except during performance measurements and when
showering at night. The changes in the upper and lower
body muscle strength, blood hormone and cytokine levels,

enzyme activities, subjective feelings of muscle soreness,
and upper arm and thigh circumferences were monitored for
24 h after resistance training. Strength measurements and
blood samplings were repeated before exercise and at 1, 3, 5,
8, and 24 h after exercise to determine the changes in each
parameter over time. Measurement of muscle soreness was
only performed 24 h after exercise. The upper arm and thigh
circumferences were evaluated before exercise and at 8 and
24 h after exercise.

For 24 h after resistance exercise, the subjects rested in
our laboratory and read books, listened to music, or watched
DVD. They were allowed to consume water ad libitum. The
subjects were given identical lunch (1.5 h after exercise) and
dinner (9.5 h after exercise) in both trials. The sleep duration
on exercise days was controlled from 2300 to 0700 h.

Strenuous resistance exercise. On each experi-
mental trial day (CG or CON trial), the subjects performed
warm-up sets comprising 10 repetitions at 50% of the 1RM
and stretching of the major muscle groups targeted by the
exercises. After these warm-up exercises, muscular strength
measurements of the upper limbs (1RM for chest press) and
lower limbs (maximal voluntary contraction (MVC)), deter-
mination of subjective muscle soreness and circumferences,
and collection of resting blood samples were performed to
determine baseline values. After completing these baseline
measurements, the subjects began the resistance exercises,
which comprised six exercises for the upper body muscles
(chest press, lat pulldown, seated rowing, shoulder press, arm
curl, and triceps press-down) and three for the lower body
muscles (bilateral leg press, bilateral knee extension, and calf
raise). Each exercise set comprised 10 repetitions involving
five sets for bilateral leg press and bilateral knee extension and
three sets for the remaining seven exercises. The intensity of
all exercises aside from the calf raise was set at 70% of the
1RM. The subjects performed three sets of 20 repetitions of
the calf raise. They rested for 90 s between sets and exercises.

Strength measurements. To monitor the recovery of
upper body muscle strength, the 1RM for the chest press was
determined using a weight stack machine (Life Fitness, Ltd.,
Tokyo, Japan) before performing the resistance exercise and
during the recovery period. To measure the 1RM, the load
was progressively increased until the subjects were unable to
complete a successful lift. The subjects rested for 2 min
between repetitions. To monitor the recovery of lower limb
muscle strength, the MVC during the unilateral knee ex-
tension exercise was measured. The subjects were familiar-
ized with the test procedures before the measurements were
performed. The MVC of the right leg was determined using
an isokinetic dynamometer (Biodex System 4; Biodex,
Osaka, Japan). The subjects sat on a chair with the right
ankle firmly attached to the lever of the dynamometer by a
strap. The pivot of the lever was aligned with the rotation
axis of the knee joint. Alignment of the joint angles and
dynamometer axes was maintained during the movement.
The MVC was measured at a knee angle of 80- (full ex-
tension of the lower leg was expressed as 0-). The subjects
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were instructed to exert a maximal force for 3 s. The highest
value of two trials was adopted.

Blood sampling and analyses. Venous blood sam-
ples were obtained from an antecubital vein at the same time
points as the muscular strength measurements to measure
the concentrations of blood lactate, serum free testosterone,
insulin-like growth factor-1 (IGF-1), CK, myoglobin (Mb),
plasma interleukin-6 (IL-6), and IL-1 receptor antagonist
(IL-1ra).

Serum and plasma samples were obtained by centrifuging
the blood specimens for 10 min and were stored at j85-C
until analysis. The serum free testosterone concentration was
measured by radioimmunoassay using commercially avail-
able kits (Mitsubishi Chemical Medience Corporation,
Tokyo, Japan; Immunotech, California). The plasma IGF-1
concentration was measured with an enzyme-linked immu-
nosorbent assay kit (R&D Systems, Minneapolis, MN). The
serum CK and Mb concentrations were measured at the SRL
Clinical Laboratory in Tokyo, Japan. The plasma IL-6 and
IL-1ra concentrations were assayed with an enzyme-linked
immunosorbent assay kit (R&D Systems, Minneapolis, MN).
The intraassay coefficient of variation for each measurement
were as follows: 6.3% for free testosterone, 5.0% for IGF-1,
0.04% for CK, 7.4% for Mb, 4.5% for IL-6, and 3.4% for
IL-1ra. Blood lactate concentration was measured immedi-
ately after blood collection using an automatic lactate ana-
lyzer (Lactate Pro; Arkray Inc., Kyoto, Japan).

Measurements of circumference and muscle
soreness. The upper arm and thigh midpoint circumfer-
ences were measured using a tape measure before the re-
sistance exercises and at 8 and 24 h after the resistance
exercises. Each measurement was performed twice by the
same investigator, and the average value of two measure-
ments was adopted.

Twenty-four hours after the resistance exercise in each
trial, muscle soreness was assessed using a 100-mm visual
analog scale in which 0 mm represented ‘‘no pain at all’’ and
100 mm represented ‘‘unbearable pain’’ (5). The subjects
used the visual analog scale to rate the soreness experienced
during each measurement.

Statistical analysis. Data are expressed as mean T SE.
Changes in muscular strength and blood parameters over
time were initially compared using two-way ANOVA with
repeated measures. When the ANOVA revealed significant
interaction or main effect, the Tukey–Kramer test was
performed for post hoc analyses. The subjective feeling of
muscle soreness was compared using a paired t-test. For all
tests, P G 0.05 was considered to be statistically significant.

RESULTS

Recovery of muscular strength. The 1RM for the
chest press and the MVC for the knee extension exercise
markedly decreased after the resistance exercise in both tri-
als (P G 0.05). These values remained lower throughout the
postexercise period but then slowly recovered to the

preexercise values. Figure 1 represents the changes in mus-
cular strength over time relative to the values before exer-
cise. Although both trials showed significant decreases in
the 1RM for the chest press after exercise (P G 0.05), re-
covery was significantly faster in the CG trial than that in the
CON trial (trial–time interaction, P G 0.05 and P G 0.05
between the trials at 3, 5, and 8 h after exercise). With respect
to the lower limb muscle strength, both groups showed
marked decreases in the MVC after exercise (P G 0.05).
Recovery of the MVC was significantly faster in the CG trial
than that in the CON trial (trial–time interaction, P G 0.05 and
P G 0.05 between the trials at 24 h after exercise).

Blood parameters. The changes in the plasma IGF-1
and serum free testosterone concentrations are presented in
Figure 2. The plasma IGF-1 concentrations did not change
significantly for 24 h after exercise, and there were no sig-
nificant differences between the two trials at any time (trial–
time interaction, P 9 0.05). The serum free testosterone
concentrations were significantly lower after exercise (at
1–8 h after exercise) than those before exercise in both
trials (P G 0.05). However, there were no significant differ-
ences between the two trials at any time (trial–time interac-
tion, P 9 0.05). The blood lactate concentration rapidly

FIGURE 1—Percentage change in the 1RM for the chest press (A) and
MVC for knee extension (B) for 24 h after exercise in each trial.
The values are expressed as the percentage change relative to the
preexercise value. The gray bar indicates the duration of resistance
exercise. Values are means T SE (n = 9). *P G 0.05 vs pre. †P G 0.05
between CG and CON trials.
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increased immediately after exercise in both trials (P G 0.05),
but the concentration was similar between the two trials for
24 h after exercise.

Figure 3 represents the changes in the serum Mb, plasma
IL-6, and IL-1ra concentrations. Both trials showed signifi-
cant increases in the serum Mb concentration after exercise
(P G 0.05), but there were no significant differences between
the two trials at any time (trial–time interaction,P 9 0.05). The
plasma IL-6 and IL-1ra concentrations significantly increased
during the recovery period in both trials (P G 0.05 for IL-6
and IL-1ra). However, these responses were not significantly
different between the CG and CON trials (trial–time interac-
tion, P 9 0.05 for IL-6 and IL-1ra). The serum CK concen-
trations showed relatively high interindividual variation and
did not change significantly over time in either trial.

Circumference and muscle soreness. The upper
arm circumference increased significantly at 8 and 24 h after
exercise in the CON trial (P G 0.05), whereas no significant
changes were observed in the CG trial (P G 0.05 between the
trials at 24 h after exercise). Similarly, thigh circumference
increased significantly after exercise in the CON trial (P G 0.05),
whereas no significant changes were observed over time in
the CG trial (P G 0.05 between the trials at 24 h after exercise).

At 24 h after exercise, the subjective feelings of muscle
soreness (49 T 6 mm for CG, 73 T 5 mm for CON; P G 0.05)
and fatigue (35 T 7 mm for CG, 63 T 8 mm for CON;

PG 0.05) were significantly higher in the CON trial than those
in the CG trial.

DISCUSSION

The main finding of the present study is that wearing a
CG after strenuous resistance exercise promotes muscular
strength recovery of the upper body and lower limb muscles.
Furthermore, upper body strength improved within 3–8 h
after exercise, whereas significantly greater lower limb
muscle strength recovery occurred at 24 h after exercise.
Muscle soreness and fatigue were also reduced by wearing
the CG during the postexercise period. These findings indicate
that the use of a CG is recommendable for promoting mus-
cular strength recovery of the upper body and lower limbs.

The CG and CON trials showed significant reductions in
maximal strength for the 1RM for the chest press and MVC

FIGURE 3—Changes in serum Mb (A), plasma IL-6 (B), and IL-1 re-
ceptor antagonist (IL-1ra) (C) concentrations over time for 24 h after
exercise in each trial. The gray bar indicates the duration of resistance
exercise. Values are means T SE (n = 9). *P G 0.05 vs pre.

FIGURE 2—Changes in plasma IGF-1 (A) and serum free testosterone
(B) concentrations over time for 24 h after exercise in each trial. The
gray bar indicates the duration of resistance exercise. Values are means T
SE (n = 9). *P G 0.05 vs pre.
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for the knee extension exercise during the postexercise pe-
riod. However, muscular strength recovery was signifi-
cantly improved when the subjects wore the CG during the
postexercise period. The rapid recovery of muscular strength
in the CG trial is consistent with the results of previous
studies in which subjects performed 100 plyometric drop
jumps (18) or whole-body strenuous resistance exercises
(23). A unique aspect of our study is that we determined the
time course of recovery for 24 h after exercises in subjects
who used and did not use a CG. Although recovery was
significantly faster in the CG trial than that in the CON trial,
the changes in muscular strength recovery over time differed
between the upper body (1RM for the chest press) and lower
limb muscles (MVC for the knee extension). Notably, a
significantly faster recovery of upper body strength occurred
within 3–8 h after exercise compared with up to 24 h for the
recovery of lower limb strength. The majority of previous
studies examining the use of a CG involved lower limb ex-
ercises (e.g., sprinting or repeated jumps). In contrast,
Kraemer et al. (23) used resistance exercises for the whole
body and demonstrated that the bench press throw power
measured at 24 h after the resistance exercise was signifi-
cantly higher in subjects wearing a CG than in those not
wearing a CG. However, at an identical time point, there
were no differences in squat jumps between the two condi-
tions. The reason for the different effect of wearing a CG on
muscular strength recovery between the upper body and
lower limb muscles remains unclear.

The CG trial not only promoted muscular strength re-
covery but also showed significantly less muscle soreness
and fatigue at 24 h after exercise. In addition, exercise-
induced swelling of upper limb and lower limb muscles was
diminished in the CG trial. The use of a CG is thought to
attenuate exercise-induced muscle damage and swelling by
applying pressure to the exercised muscles (9,18,22,23). A
systematic review article (17) with meta-analysis also indi-
cated the efficacy of CG during recovery from damaging
exercise. Compression may enhance muscle blood volume
(8) and facilitate the clearance of exercise-induced metabo-
lites (3,6,19). Because the subjects in the present study be-
gan wearing the CG immediately after exercise, it seems that
the CG protected them from secondary muscle damage,
which causes delayed-onset muscle soreness (28). Some
researches have suggested that localized swelling causes
muscle soreness after damaging exercise (7,14). Moreover,
Kraemer et al. (22) speculated that a ‘‘dynamic casting’’ effect
caused by compression may promote stable alignment of
muscle fibers and attenuate inflammatory response. However,
in the present study, the changes in blood parameters over
time did not correspond with the results of muscle soreness
and swelling; we found no significant differences between
the two trials in the Mb, CK, IL-6, or IL-1ra concentra-
tions at any time points during the 24-h recovery period. We
also measured the plasma IGF-1 and serum free testosterone
concentrations as markers of anabolic response during the
postexercise period, but these responses were not different

between the CG and CON trials. Inconsistent results between
blood parameters and performance re covery were also
reported by Jakeman et al. (18). They found that wearing a
CG during the postexercise period facilitated the recovery of
jump performance but did not affect plasma CK concentra-
tions. Considering the substantial interindividual variation in
indirect blood biomarkers of exercise-induced muscle dam-
age, direct measurement (e.g., T2 relaxation time evaluated
by magnetic resonance imaging) may be more appropriate
(19,26).

The possible effect of psychological factors (placebo ef-
fect) must also be considered when interpreting the results of
the present study. In the CON trial, the subjects wore normal
garments without extra compression during the postexercise
period. The subjects wearing the CG sensed greater com-
pression, which might have elicited a placebo effect. In fact,
some previous studies showed significantly lower muscle
soreness and perceived exertion by wearing a CG, with no
differences in physiological performance or biochemical
parameters, compared with the control condition (11–13). In
the present study, the CG trial showed significantly lower
muscle soreness and subjective fatigue scores than the CON
trial did, with rapid performance recovery (1RM for the
chest press and MVC for the knee extension). Therefore, we
believe that the placebo effect is likely to be small and that
the rapid recovery of muscle function in the CG trial was
due to compression-induced physiological mechanisms. A
plausible factor for the different effect of wearing a CG on
recovery of exercise performance between present study and
previous studies (11,29) may be due to the magnitude of
reduction of exercise performance by exercise intervention.
Previous researches with lack of facilitation of strength and
power output recovery did not show marked reduction of
exercise performance during recovery period, whereas the
present study revealed sustained reductions of muscular
strength until 8 h after exercise for upper body and 24 h after
exercise for the lower limb muscle.

In summary, the use of a CG during the postresistance
exercise period facilitated recovery of muscular strength. For
the upper body muscles, faster recovery of muscular strength
was observed within 3–8 h after exercise in the CG trial. For
the lower limb muscle, a significantly faster recovery of
muscular strength occurred at 24 h after exercise. Further-
more, the use of a CG reduced muscle soreness and fatigue.
However, changes in blood parameters over time were not
significantly different between the two trials. These findings
indicate that the use of a CG after strenuous exercise helps
facilitate the recovery of muscular strength. Wearing a CG
during the postexercise period is a new strategy for facili-
tating recovery in athletes and may be particularly applicable
to athletes who perform strenuous training several times a
day or on consecutive days.

We would like to thank all the subjects who participated in the
present study.
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