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Abstract
▼
The purpose of this study was to determine the
eﬀects of calf compression sleeves on running
performance and on calf tissue oxygen saturation (StO2) at rest before exercise and during
recovery period. 14 moderately trained athletes
completed 2 identical sessions of treadmill running with and without calf compression sleeves
in randomized order. Each session comprised:
15 min at rest, 30 min at 60 % maximal aerobic
velocity determined beforehand, 15 min of passive recovery, a running time to exhaustion at
100 % maximal aerobic velocity, and 30 min of
passive recovery. Calf StO2 was determined by
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In sports, the recovery is defined as the necessary
period after a performance for the athletes to
gain a state in which they are able to reproduce
an equal performance [26]. Recovery focuses the
attention of athletic trainers, on the one hand
because it is essential to preserve the athlete’s
health, on the other hand because the reiteration
of the performance, sometimes over very short
periods, requires a perfect recovery between the
events. Within this latter framework and because
of their properties, the interest for compression
garments is rising. Indeed, it is accepted that an
external pressure applied to the calf reduces the
venous pooling [10], lowers the blood lactate
concentration during and after exercise [13] and
thus facilitates exercise recovery [13]. This pressure is also associated with a reduction of shock
waves generated during exercise practice on hard
ground thus decreasing the risk of wounds [16].
Bochmann et al. [7] observed an increase in forearm perfusion flow during the application of a local
compression amounting to 20 mmHg. A better tissue perfusion rate improves the recovery after

near infra-red spectroscopy and running performance by the time to exhaustion. Compression sleeves increased significantly StO2 at rest
before exercise (+ 6.4 ± 1.9 %) and during recovery
from exercise (+ 7.4 ± 1.7 % and + 10.7 ± 1.8 % at 20th
and 30th min of the last recovery period, respectively). No diﬀerence was observed between
the times to exhaustion performed with and
without compression sleeves (269.4 ± 18.4 s and
263.3 ± 19.8 s, respectively). Within the framework of this study, the compression sleeves do
not improve running performance in tlim. However the StO2 results argue for further interest of
this garment during eﬀort recovery.

exercise [8]. Thus, external compression should
aﬀect calf tissue oxygen saturation (StO2) during
the recovery after exercise, which may in turn
improve the subsequent running performance.
However, few studies have estimated the eﬀects of
compression on StO2 during exercise recovery.
Thus, the aim of this study was to test the hypothesis that calf compression sleeves increase calf StO2
and running performance. Near Infrared Spectroscopy was used to measure calf StO2 at rest before a
running exercise and during recovery [14]. To better highlight the eﬀects of external compression,
the running exercise was split in 2 phases: an initial
exercise, intended to first tire the subject, and then
a running time to exhaustion at 100 % maximal
aerobic velocity, to assess performance and obtain
a fast exhaustion of the subject.

Methods
▼
Subjects
14 young men (21.9 ± 0.7 years, 177.6 ± 1.9 cm,
67.2 ± 2.4 kg) moderately trained in endurance
(3.13 ± 0.3 h per week), volunteered to take part in
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the present study, after being fully informed about the study organization and implications. According to a medical interview, all were
healthy with no history of cardiopulmonary disease or medication.
The protocol complied with the Helsinki declaration and was
approved by a local ethic committee [20].

Experimental protocol
The experimental protocol was composed of 3 sessions held 1
week apart. For each subject a session was realized on the same
day of the week, at the same hour (between 2 PM and 6 PM), with
similar environmental conditions (temperature: 22.1 ± 1.1 °C,
hygrometry: 41.6 ± 2.3 %). The subjects’ daily habits were
unchanged during this period (food, load of training, etc).
Performing intensive training or competition was prohibited
72 h before each session.
The first session was used to determine individual maximal aerobic velocity and maximal heart rate (HRmax). After a 10 min
warm-up, the subjects performed an incremental exercise test
on treadmill (Mirage Care Fitness, Bobigny, France), according to
the protocol by Léger and Boucher [21], with a 12 % slope in
order to limit the maximal speed attainable by the subjects.
Beginning at 6 km/h, the velocity was then increased by 0.5 km/h
each min. The test ended when the subjects could no longer sustain the imposed velocity. MAV was defined as the velocity performed during the last fully completed stage.
Average results for the group of subjects were 13.8 ± 1.5 km/h
and 198.5 ± 2.1 bpm for MAV and HRmax, respectively.
The 2 other sessions were identical apart from the subjects
being with or without the calf compression sleeves (CS) in rand▶ Fig. 1): 15 min
omized order. The design included 5 periods (●
at rest (A), 30 min at 60 % MAV (60 %MAV), 15 min of recovery (B),
a running time to exhaustion at 100 % MAV (tlim), and a last
30 min recovery period (C). The subject position during A, B and
C was standardized: sitting with legs in the horizontal. The 2
running trials were carried out on a 12 % treadmill slope.
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recorded for each time was the average of values recorded 10 s
before to 10 s after this time. StO2 values were analyzed with
StO2 Researcher’s Analysis Software Version 4 (Hutchinson Technology, Hutchinson, MN, USA).

Eﬀect of pressure on StO2
During the exercise session performed without the CS, the probe
was secured on the cleaned skin surface with tape without enclosing the calf. When the session was carried out with the CS, the
probe was fixed the same way but placed between the skin and
the CS. It has recently been shown that application of pressure to
the skin surface of the human hand may activate non-nociceptive
skin receptors in the underlying tissue layers and induce in turn
cutaneous vasodilatation [1, 19]. It was also observed that skin
blood flow aﬀects NIRS measures of muscle oxygen saturation
[11]. Therefore, a device was set up to measure the part of skin
▶ Fig. 2). In 8 control subblood flow in the StO2 signal with CS (●
jects, an increasing (5 mmHg/min up to 50 mmHg) external
pressure was applied exactly on the probe, using a pneumatic
compression. An adjustable cage prevented application of pressure on the limb, apart from the probe.

Running exercises
Heart rate (HR) was continuously recorded with a cardiac telemetry device Polar Team2 Pro (Polar Electro, OY, Kempele Finland).
During the 60 %MAV, the average HR recorded in the 2 last min
was considered. During the tlim, the peak heart rate (HRpeak)
was averaged over the last 10 s.
A scale of subjective perception of exercise (Borg CR10 Scale, [9])
was used to quantify the diﬃculty and the constraint perceived
by subjects at the end of each exercise. This scale ranges from 0,
note for which the subject does not feel any pain and any diﬃculty, to 10 or 11, maximum pain and diﬃculty.

Compression sleeves

100

The CS used in the present study (Compressport, Geneva, Switzerland), were composed of 72 % nylon and 28 % elastane. The
size of garments was chosen according to the individual calf size.
The pressure applied on the calf was gradually increased from
15 mmHg at the medial ankle to 27 mmHg at the top of gastrocnemius (values provided by the manufacturer).

Exercise intensity (% VMA)

90

Tissue oxygen saturation
StO2 was continuously and non-invasively measured with the
NIRS technique of the InSpectra™ StO2 Tissue Oxygenation
Monitor, Model 650 (Hutchinson Technology, Hutchinson, MN,
USA). The measurement principles of this technology have been
described [18] and its accuracy and its reproducibility have been
established previously [24]. The microcirculatory StO2 assessment is defined as the ratio [HbO2]/[Hb]+[HBO2] expressed as
percent, with HbO2 and Hb being oxy- and deoxygenated hemoglobin, respectively. The technology of the device does not allow
to obtain direct values of HbO2 and Hb.
StO2 was recorded at the level of the side chief of the right gastrocnemius muscle, 12 cm below the fibula head [23]. A transparent film was placed between the skin and the probe to protect
it from sweat [5].
StO2 was recorded during A, B and C. StO2 values were measured
during A at 3, 6, 9, 12 and 15 min, during B at 5 and 10 min, and
▶ Fig. 1). The StO value
during C at 5, 10, 20 and 30 min (●
2
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Fig. 1 Design of the study.

Fig. 2 Set-up used
to check how external
pressure aﬀects skin
blood flow.
Adjustable cage
NIRS probe
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To observe a possible CS impact on running performance, limit
times (tlim) were recorded with and without CS. To avoid any
bias, the subjects were kept unaware of their running time.

Statistical analysis
The normality of value distribution within series was assessed
with the Kolmogorov-Smirnov test. Two-way analysis of variance with repeated measures (ANOVA) was used to compare
StO2 values over the time (A, B and C) and conditions (CS and
control).
One-way repeated measures ANOVA was used to compare StO2
values recorded with diﬀerent pressure grades. Bonferroni posthoc procedures were used when necessary. Student’s t-test was
used to compare HR and CR10 observed in both conditions. Statistical analysis was performed using SigmaStat for Windows 3.1
(Systat Software Inc., San Jose, CA, USA). All results are presented
as mean ± SEM. Statistical significance was set at p < 0.05.

Results
▼
▶ Fig. 3)
Tissue oxygen saturation (●
Within each condition (without or with CS) no diﬀerence was
found between A3, A6, A9, A12 and A15. Therefore these values
were averaged and, in further analysis of results, the average
named A was considered as the baseline A value.
Without CS, StO2 was higher at B5 and C5 than during A. With
longer recovery time, StO2 decreased and was no more diﬀerent
from A at C20 and C30.
With CS, StO2 was higher at B5 and C5 than during A. With
longer recovery time, StO2 remained not significantly diﬀerent
from C5 and was still higher than A StO2 at C30.
During A, wearing the CS led to higher StO2 values than without
CS (+6.4 ± 1.9 %). During C, an influence of CS on StO2 was apparent from the 10th min. Indeed, with CS StO2 was higher at C10
(+3.1 ± 1.1 %), C20 (7.4 ± 1.7 %) and C30 (10.7 ± 1.8 %).
In both conditions, StO2 was higher at B5 than at C5.
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Eﬀect of pressure on StO2
StO2 increased with increasing pressures applied on the probe.
At 20 mmHg, a pressure similar to that exerted by CS on the
probe, a 3.3 ± 0.4 % increase in StO2 was recorded. The highest
pressure (50 mmHg) led to the highest increase (+ 8.8 ± 1.9 %).

Running exercises
The average HR over the last 2 min of the 60 %MAV test, was not
diﬀerent with (175.44 ± 3.0 bpm) or without (175.33 ± 3.3 bpm)
the CS. The CS did not change the subjective perception of exercise (4.7 ± 0.4 units and 4.3 ± 0.2 units with and without CS, respectively). During tlim, no diﬀerence was observed between HRmax
reached with (197.6 ± 1.9 bpm) and without CS (196.8 ± 2.0 bpm).
All recorded CR10 notes ranged between 10 and 11, and they
were strictly identical in the 2 sessions.
No significant diﬀerence was found in tlim (269.4 ± 18.4 s and
263.3 ± 19.8 s with and without CS, respectively). With the CS, 8
athletes performed a longer tlim whereas for 5 athletes, the tlim
was shorter.

Discussion
▼
Main results about StO2
5 min after the end of each exercise (B5 and C5), StO2 was higher
than at rest before exercise for both with and without CS. This
finding is in agreement with another study that reported an
increased StO2 3 min after a maximal exercise [17]. This is related
to the large increase in muscular blood volume immediately
after exercise and associated with large oxygen availability.
Using NIRS, a reactive hyperemia was observed 5 min after exercise in rowers [12]. This transient increase of local circulatory
flow participated to the compensation of local oxygen deficit
contracted during exercise, to reconstitution of energy stocks
and to the evacuation of the metabolites resulting from muscle
contraction [15].
With and without CS, StO2 was lower at C5 than B5, to compensate the higher contribution of anaerobic energy production
during the exhausting exercise tlim compared to the submaximal 60 %MAV exercise [4].
Positive eﬀects of CS on calf StO2 were observed at rest before
exercise (+ 6.4 ± 1.9 %) and during the prolonged recovery period
after exercise [7]. Without CS, StO2 decreased gradually from
5 min post exercise to reach the pre-exercise value after 20 min
of recovery. On the other hand, StO2 remained higher than preexercise value throughout the recovery period with CS. The
higher StO2 may rely on several mechanisms including: a higher
muscle flow rate and changes in skin blood flow.

88

Higher flow rate

86

It has been reported that perfusion of the human forearm
increased during application of external compression over a pressure range of 13–23 mmHg [7]. This pointed to an autoregulatory
myogenic response following the decrease in vascular transmural
pressure [22]. Thus, an increased perfusion likely contributed to
the observation of a higher StO2 with CS, particularly at rest before
exercise. This increased perfusion highlights a positive eﬀect of CS
that may be beneficial for exercise recovery [10].

84
82
80
A

B5

B10
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C10

C20
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Fig. 3 Comparison between StO2 values recorded with and without CS.
∑ : Significantly diﬀerent between With vs. Without CS at the same time.
∞ : Significantly diﬀerent between A vs. B and C, with CS. Ω : Significantly
diﬀerent between A vs. B and C, without CS.

Changes in skin blood flow
The device used in the present experiment calculated StO2 in
vessels situated in the skin and muscle underneath [11, 25]. Thus
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the higher StO2 observed with CS may have resulted mainly from
changes in skin blood flow. Increasing the external pressure
applied to the skin by 5 mmHg/min causes an increase in skin
blood flow in the area submitted to pressure [1, 19]. In these
studies, an average pressure of 37.5 mmHg led to the highest
skin blood flow. Accordingly, in the present study it was observed
that a 20 mmHg pressure applied on the probe increased StO2 by
3.3 ± 0.4 %.
It is also possible that any pressure applied directly on the probe
can change the area of investigation under the probe, and finally
the light signal received by the probe. Indeed, in the present
study, during the incremental pressure protocol, the highest
pressure applied (50 mmHg) led to the highest increase in StO2.
Skin blood flow also changes with ambient temperature: cold
reflex-wise triggers cutaneous vasoconstriction and heat causes
vasodilatation [27]. StO2 may thus be aﬀected by changes in skin
temperature [11, 25]. Tew et al. [25] observed that when skin
temperature (over the vastus lateralis) increased from
32.9 °C ± 0.6 to 36.0 ± 0.3 °C and to 39.4 ± 0.6 °C, the resting StO2
increased also from 69 ± 8 % to 71 ± 7 % and 73 ± 6 %, respectively.
In a complementary study, during 15 min of quiet rest, CS caused
a significant increase in calf temperature (from 28.7 ± 0.4 °C to
30.3 ± 0.2 °C ) (unpublished observations). These findings suggest that CS slightly aﬀect StO2 measures at rest through temperature changes. Calf temperature was not measured during
recovery periods, but after exercise CS could decrease skin heat
dispersal. Consequently the higher temperature related to the
skin blood flow during recovery would raise StO2 values and
enlarge the diﬀerence between StO2 values with and without CS
during period C.
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exercise at fixed intensity (as used in the present study) and during a maximal intensity exercise of fixed duration (as used in the
study of Chatard et al.) the psychological determinants of the
performance are completely diﬀerent, which can influence
greatly the reliability of the test. During a time limit performed
at VO2max, individual variations higher than 100 s exist between
2 sessions (in the present study, the diﬀerences were between 5
and 108 s), due to large psychological determinants for this kind
of exercise[6].
In conclusion, the major finding of this investigation was a significant increase in calf StO2 with CS at rest before exercise and
during a prolonged recovery of 30 min after an exhaustive running exercise. This increase in calf StO2 is probably explained by
an increase in perfusion flow and by changes in skin blood flow
(pressure and temperature eﬀects). This has to be confirmed by
another study using NIRS technology with infusion of a dye or
application of an occlusion to directly measure the blood flow.
Conversely, no improvement in running performance was found.
The poor reproducibility of the tlim test represents another limit
of this study. Future studies are needed to precisely define the
physiological mechanisms which lead to StO2 increase and to
verify if athletic performance could be enhanced by CS.
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Main results about running performance
In this study, CS did not significantly influence the running performance, in spite of a small improvement with CS (+2.3 %).
Although such an improvement can still be compared with the
results obtained in another study [13], our result has to be considered in regard to the protocol design and more specifically to
the running conditions (slope and speed). The results may have
been diﬀerent in other running conditions. However, such
results are in accordance with the literature which does not
point to any particular trend [2, 13]. Several explanations are
given. Firstly, a lot of diﬀerent protocols (duration, intensity and
type of exercises, diﬀerent kind of garments) were used which
makes it diﬃcult to compare results.
In another study, compression stockings (ECS) worn during
recovery from a first exercise increased the subsequent performance [13]. There are at least 3 reasons which could explain the
diﬀerence to the results of this present study. Firstly, the first
exercise in the study of Chatard et al. was a 5-min maximal exercise which induced a high blood lactate concentration. In the
present study the intensity of the first exercise was likely too
low to induce a high lactate production rate and a significant
exhaustion (CR10 was 4.7 ± 0.4 units and 4.3 ± 0.2 units with and
without CS, respectively). It is possible that the beneficial eﬀect
of wearing ECS between 2 exercises is related to the level of
exhaustion reached during the first exercise period. Secondly,
the area compressed by the garment was lower in the present
study (calf vs. entire leg in the study of Chatard et al.) which may
impact diﬀerently the venous return and muscle perfusion [3].
Finally, the psychological determinants of the diﬀerent types of
exercise used can be considered as a third reason to explain the
discrepancy between the results. Indeed, during a time limit
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