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Abstract

Purpose The purpose of this study was to explore how compression stockings affect the energetics and biomechanics dur-
ing walking.

Methods Sixteen male adults participated in this study. Participants completed walking trials on the treadmill and force
plates, wearing compression stockings (CS) or nothing as a control condition (CON). The data obtained included metabolic
rate, muscle activation, step frequency and step length as well as their variability, joint kinematics and joint kinetics.
Results The effect of compression stockings on metabolic rate was trivial (CS: 3.81+0.44 W kg~!, CON: 3.83+0.46 W kg~!,
p=0.84, d=0.05). Activation of calf muscles, step frequency and step length as well as their variability, joint range of
motion and joint powers did not show a significant difference between conditions (p =0.09-0.90, d=0.01-0.34). The
peak knee extension moment during the early stance phase had a tendency to increase (CS: 0.57+0.27 N m kg~!, CON:
0.51+0.28 N m kg™!, p=0.05, d=0.19) while the peak knee flexion moment during the late swing phase had a ten-
dency to decrease (CS: 0.16+0.10 N m kg~!, CON: 0.19+0.12 N m kg~!, p=0.10, d=0.21). The peak ankle dorsiflexion
moment during the early stance phase significantly increased (CS: 0.11+0.06 N m kg~!, CON: 0.08 +0.05 N m kg~/,
p=0.02, d=0.58) while the peak ankle plantar flexion moment during the late swing phase significantly decreased (CS:
1.41+0.12Nmkg™!, CON: 1.47+0.14 Nmkg™!, p=0.02, d=0.45).

Conclusions Compression stockings have a limited effect on improving energetics of walking, but they may play a role in
improving biomechanics by altering the relative contribution of knee and ankle moments to propulsion.
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Abbreviations SOL  Soleus

CG Compression garment TA Tibialis anterior

EMG Electromyography

GL Gastrocnemius lateralis

MVC Maximal voluntary contraction Introduction

RER  Respiratory exchange ratio

RMS Root mean square Compression garments (CGs), of which the pressure gradu-
ROM Range of motion ally decreases from the distal to the proximal, have been
SD Standard deviation widely used in medicine and sports. Researchers have

found some physiological benefits of CGs, e.g., improving
venous hemodynamics (Ibegbuna et al. 2003), increasing
the deep tissue oxidation and metabolite clearance (Agu
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may contribute to improving the recovery after exercises
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performance, some garment manufacturers claimed that CGs
can contribute to the improvement of athletic performance.
Several studies indeed documented that CGs can improve the
performance of some exercises (Doan et al. 2003; Kemmler
et al. 2009). For instance, Broatch et al. (2018) found higher
peak power during repeated sprint cycling. However, most
studies did not show positive consequences during varie-
ties of exercises or in varieties of environments (Driller and
Halson 2013; Barwood et al. 2013; Doan et al. 2003; Areces
et al. 2015; Duffield and Portus 2007). Chatard (1998) even
found a negative effect of compression tights on exercise
performance, where a 31 s longer time was observed during
5000 meters running. Undoubtedly, results varying among
existing studies cannot provide convincing support for man-
ufacturers’ assertions.

This study focused on the potential for the improvement
from the perspective of energetics and biomechanics rather
than the athletic performance directly. Energetics and biome-
chanics can affect the performance of some exercises (Con-
ley and Krahenbuhl 1980; Bartlett 1999) and both of them
have been widely used in the studies about human movement
(Voloshina and Ferris 2015; Kang et al. 2002). In terms of
energetics of walking, humans can continuously optimise
the metabolic cost per se (Selinger et al. 2015) and research-
ers have been trying to further improve the metabolic effi-
ciency (Collins et al. 2015). Likewise, it is of significance
to investigate the effect of CGs on gait biomechanics, e.g.,
surface electromyography (EMG), kinematics and kinetics.
First, EMG has been widely applied to study muscle activa-
tion by reflecting the recruitment of motor units and muscle
fibres conduction velocity (Orizio 1992). It can be used to
monitor muscle fatigue (Tarata 2003) and explore the rela-
tionship with the muscle force (De Luca 1997), and it is
also related to energy cost (Dean and Kuo 2011). Second,
empirical studies have found that deviations from preferred
gait require more metabolic cost (Selinger et al. 2015) and
the deviations can also affect the comfort (Miindermann
et al. 2003). Thus, there is a need to determine whether CGs
interfere with the human natural gait. Third, joint kinetics
plays a role in understanding the contributions of joints to
the propulsion during gait, thus helping to avoid injuries
(Kepple et al. 1997; Bartlett 1999).

To our knowledge, the estimation of CGs in previous
studies was often based on the physiological parameters
[such as venous return, blood lactate, heart rate and oxy-
gen consumption (Agu et al. 2004; Ali et al. 2010)], psy-
chological parameters [such as rating of perceived exertion
and muscle soreness (Areces et al. 2015; Rider et al. 2014;
Treseler et al. 2016)] and exercise performance [such as run-
ning time and time to exhaustion (Del Coso et al. 2014; Das-
combe et al. 2011)]. Given the relationship between oxygen
consumption and energy cost (Brockway 1987), previous
studies related to oxygen consumption can be considered
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as a part of the studies regarding the energetic effect. Thus,
although quite a few studies have explored the effect on ener-
getics, the result shows great differences among them. An
early study reported decreased energy cost when comparing
compression tights with conventional shorts during running
at some submaximal intensities (Bringard et al. 2006). In
contrast to Bringard et al., Dascombe et al. (2011) found
that wearing compression tights increased oxygen consump-
tion during running at low-intensity speeds. A recent study,
however, reported no difference in oxygen consumption
between wearing compression socks and the control condi-
tion (Brophy-Williams et al. 2019). Taken together, these
results suggested the need to further explore the effect on
energetics. As for biomechanics, only a few studies inves-
tigated the effect on biomechanics, and these studies just
involved certain one or two aspects of biomechanics. For
example, Stickford et al. (2015) just measured kinematics
related to gait parameters, while Fu et al. (2012) mainly
focused on the muscle characteristics. But these energetic
and biomechanical parameters are closely relevant to each
other. For example, muscle activation can partly account
for the energetics, and the joint moment can be a compre-
hensive result of muscle forces, gravity and inertial forces.
Thereby, systematic study of energetics and biomechanics is
necessary to deeply understand the mechanism of potential
improvement.

The aim of this study was to explore the effects of com-
pression stockings on metabolic cost, muscle activation,
kinematics and joint kinetics during walking. Considering
the physiological and mechanical benefits suggested by the
previously published studies, we expected an improvement
in energetics, muscle efficiency and joint kinetics while kin-
ematics could be unaffected.

Methods
Participants

Sixteen healthy male adults (mean + SD, height:
1.708 +0.049 m, weight: 63.5+6.9 kg, age: 22.5+0.9 years)
volunteered to participate in the experiment. All participants
did not have any musculoskeletal injuries or gait defects
according to their self-reports which included current physi-
cal condition and relevant case histories. The experimental
protocol was approved by the Huazhong University of Sci-
ence and Technology Committee, and informed consent was
obtained from all participants. The maximum and minimum
girths of the calf were measured to follow the garment man-
ufacturer’s recommendations to choose appropriate stocking
size. Participants were requested to abstain from food for 2 h
prior to testing, and not to drink stimulating beverage (e.g.,
coffee, tea and alcohol) or perform any strenuous exercises
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for 24 h prior to testing. Except that tight shorts were worn
for the convenience of attaching retroreflective markers to
the body, shirts and shoes were the participant’s own.

Experimental design

There were two conditions in the experiment, including a
control condition without compression stockings (CON)
and a treatment condition with the compression stockings
providing a pressure of 30-40 mmHg (CS). The compres-
sion stockings, composed of 72% polyamide and 28% lycra,
reached from the location above the ankle to that below the
tibial tuberosity.

The experiment was divided into three sessions, includ-
ing a training session and two testing sessions. In the first
session, participants were instructed to walk on a tread-
mill (Trackmaster, Newton, Kansas, USA) at a speed of
5 km h~! for at least 5 min. Then they practised walking on
the force plates (AMTI, Watertown, MA, USA) following a
metronome under two conditions. Four force plates with a
sampling rate of 1000 Hz were serially placed, and at each
moment only one foot can step on each force plate to sepa-
rate forces on the two feet. The purpose of this session was
to ensure that participants could familiarize themselves with
the treadmill and force plate walking under two conditions.
The second session performed on the treadmill aimed to
measure the metabolic cost, EMG and kinematics. Partici-
pants were instructed to walk with their preferred step fre-
quency and step length at a speed of 5 km h~! for 6 min. The
third session was the force plate walking trials. Participants
were instructed to walk along a 10 metres level walkway
following a metronome. The frequency was consistent with
that of the treadmill walking trial, and it was calculated as
the reciprocal of the averaged gait cycle time during the last
minute. The gait cycle was segmented by the marker on the
right heel. It was suggested that heel-strike occurred when
the marker moved to the anterior-most position. Each con-
dition had 15-25 trials. Two conditions were performed in
random order with a break of at least 5 min between trials
to reduce the effect of fatigue.

Data collection and analyses

The acquired data included metabolic rate, EMG, kinematics
(i.e., step frequency and step length as well as their variabil-
ity, joint angle of the hip, knee and ankle) and joint kinetics
(i-e., joint moment and power of hip, knee and ankle). All
the measurements were based on the treadmill walking trials
except the joint kinetics which was calculated from the force
plate walking trials.

The metabolic rate was measured via an indirect calo-
rimetry system (Oxycon Mobile, CareFusion, Hochberg,
Germany) according to a modified Brockway equation

(Brockway 1987). The basal metabolic rate was measured
when participants stood quietly for 6 min. The total meta-
bolic rate was calculated from the last 3 min of each trial.
The net metabolic rate obtained by subtracting the basal
metabolic rate from the total metabolic rate was normalised
to the body weight. The respiratory exchange ratio (RER)
was monitored during the entire process to ensure that it was
within the aerobic domain (RER < 1) and trials not satisfying
the requirement were abandoned.

EMG data were measured by the surface EMG sensors
(§X230, Biometrics, Newport, UK) that have integral elec-
trodes with a fixed distance of 20 mm, and the sampling rate
is 1000 Hz. Muscles, to which the pressure was applied,
were measured, including the tibialis anterior (TA), gas-
trocnemius lateralis (GL) and soleus (SOL). The electrodes
were attached to the right leg. The position of electrodes was
determined by SEMINAM guidelines (Hermens et al. 1999).
To reduce impedance, we carefully prepared participants’
skins, including shaving and cleaning with alcohol. The
raw signal was amplified by an amplifier with a bandwidth
of 20-460 Hz. Following the full-wave rectification, EMG
data were filtered using a Butterworth filter with a cut-off
frequency of 6 Hz to get a linear envelope. Lastly, EMG
data were normalised to the peak amplitude of the CON
condition and a gait cycle. EMG data were taken the same
time as the kinematic data for further statistical analyses.
The root mean square (RMS) value was calculated during
the whole gait cycle.

Kinematic data were measured from the treadmill walk-
ing trials by a motion capture system with 10 cameras (MX
T160, Vicon, Oxford, UK), and the sampling rate is 100 Hz.
Sixteen retroreflective marker positions were determined
according to the built-in plug-in gait lower body model.
Kinematic data of half a minute during the last minute in
the treadmill trials were processed, and we only focused on
the data in the sagittal plane. The raw trajectories of mark-
ers were filtered using Woltring fifth spline algorithm with
an MSE of 10. The method of gait segmentation was also
according to the marker on the right heel. Step frequency
was calculated by taking the reciprocal of the averaged gait
cycle time. Step length was defined as the distance between
two markers on heels along the propulsion direction when
the heel-strike occurred. Gait variability was represented by
the standard deviation (SD).

Kinetic data were obtained from the force plate walking
trials. According to the speed and step frequency calculated
from the software Nexus (Vicon, Oxford, UK), 5-15 optimal
trials were chosen to be analysed. The closer the speed and
step frequency of one trial were to the target speed and step
frequency set by metronome, the more optimal the trial was.
Unlike the treadmill walking trials, gait segmentation of the
force plate walking trials was according to the ground reac-
tion forces. It was thought that the heel struck the ground
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when the force exceeded the threshold of 20 Newtons.
Joint moments and joint powers were calculated via inverse
dynamics by the software Nexus. Joint moments were ana-
lysed only in the sagittal plane while joint powers were the
sum of three individual planes. To better reflect the change
in joint moments and joint powers, peak joint moment and
peak joint power were further analysed. Peak hip moments
were defined as the peak extension moment during the early
stance phase and the peak flexion moment during push-off.
Peak knee moments were defined as the peak extension
moment during the early stance phase and peak flexion
moment during push-off. Peak ankle moments were defined
as the peak dorsiflexion moment during the early stance
phase and the peak plantar flexion moment during push-off.
Peak hip powers and peak ankle powers were defined as the
peak positive power and the peak negative power during
the late stance phase and the initial swing phase. Peak knee
powers were defined as the peak positive power during the
mid-stance phase and the peak negative power during the
late swing phase. Also, the positive moment represented the
extension moment while the negative moment represented
the flexion moment for hip and knee joints. The positive
moment represented the plantar flexion moment while the
negative moment represented the dorsiflexion moment for
ankle joint.

Statistical analyses

One participant’s EMG data of TA were discarded due to the
malfunction of electrodes. All data analyses were performed
by the mathematical software Matlab (Mathworks, Natick,
MA, USA). Data of a gait cycle would be excluded as outli-
ers if they were out of the range of mean=+ 3 SDs for any time
point during the whole gait. Paired ¢ test was applied for meta-
bolic rate, RER, RMS of EMG, step frequency and step length
as well as their variability, joint range of motion (ROM), the
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peak joint moment and the peak joint power between two
conditions. To quantify the difference between conditions,
Cohen’s d effect size was calculated by dividing the difference
between two conditions by pooled SD. Likewise, the differ-
ence in speed and step frequency was tested using the same
method between treadmill walking and force plate walking.
All significance levels were set at «a=0.05. Effect sizes were
deemed small (d=0.2), medium (d=0.5) and large (d=0.8).
All data were reported as mean +SD unless otherwise stated.

Results

RER was comparable between conditions (stand-
ing: 0.87+0.04, CS: 0.89+0.05, CON: 0.90+0.05,
p=0.08-0.90, d=0.03-0.52). There was a trivial effect on
the metabolic rate when wearing compression stockings as
compared with the CON condition (CS: 3.81 +0.44 W kg™,
CON: 3.83+0.46 W kg~!, p=0.84, d=0.05, Fig. la). But
individual responses to the compression stockings varied
across participants. Figure 1b shows the change of metabolic
rate in CS condition relative to CON condition for every
participant. Most participants presented a neutral response
to the compression stockings, and only a few participants
showed a major difference.

Activation of TA, GL and SOL during a gait cycle is
shown in Fig. 2a. The activation patterns of all three mus-
cles were basically consistent between conditions. As
shown in Fig. 3a, RMS of EMG was not significantly dif-
ferent between conditions for TA (CS: 0.32+0.05, CON:
0.31+0.05, p=0.25,d=0.16), GL (CS: 0.29 +0.04, CON:
0.29+0.03, p=0.30, d=0.21) and SOL (CS: 0.32+0.04,
CON: 0.32+0.03, p=0.81, d=0.04).

Similarly, the influence of compression stockings on kin-
ematics was limited. Step frequency and step length as well
as their variability were not significantly different between
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two conditions (p =0.09-0.90, d=0.01-0.34, Table 1). Joint
angle during a gait cycle is shown in Fig. 2b. Hip angle was
almost unaffected. Knee and ankle angles showed a slight
difference in certain phases. But ROM of three joints did
not show significant differences (p =0.18-0.58, d < 0.2 for
all three joints, Fig. 3b).

Kinetic data were calculated from the force plate walk-
ing trials. The average walking speed was 1.23 +0.07
and 1.23+0.06 m s~! for CON and CS condition, respec-
tively (p=0.35, d=0.06). The average step frequency was
1.9832+0.0578 and 1.9898 +0.0508 Hz for CON and CS
condition, respectively (p=0.37, d=0.12). Joint moments
and joint powers during a gait cycle are shown in Fig. 2c,
d. Joint powers of three joints and joint moments of hip in
the CS condition were almost in line with those in the CON
condition. But the knee and ankle joint moments presented a
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visible difference between two conditions. Difference can be
more obvious from the peak joint moment and the peak joint
power, as shown in Fig. 3c, d. During the early stance phase,
the peak knee extension moment had a tendency to increase
(CS: 0.57+0.27 N m kg=!, CON: 0.51+0.28 N m kg~!,
p=0.05, d=0.19), and the peak ankle dorsiflexion moment
significantly increased (CS: 0.11+0.06 N m kg~!, CON:
0.08+0.05 N m kg™!, p=0.02, d=0.58). Similarly, during
push-off, the peak knee flexion moment tended to decrease
(CS: 0.16+0.10 N m kg™, CON: 0.19+0.12 N m kg™,
p=0.10, d=0.21), and the peak ankle plantar flexion
moment significantly decreased (CS: 1.41 +0.12 N m kg™,
CON: 1.47+0.14 N m kg™!, p=0.02, d=0.45). The peak
hip extension and flexion moments did not have significant
differences between conditions (p=0.14, 0.30, d<0.2).
The peak positive and negative joint powers were of no
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Table 1 . Gait. pa..re.tmeterg Step frequency (Hz) Step length (m) Step frequency Step length variability (m)
and their variability during variability (Hz)
walking under two conditions,
i.e., control cc?ndition (_CON) CON 1.9515+0.0754 0.6602 +0.0254 0.0319+0.0087 0.0134+0.0045
and compression stockings s 1.9524+0.0797 0.6597+0.0257  0.0351+£0.0098  0.0131+0.0041
condition (CS), mean + SD
P value 0.90 0.81 0.09 0.80
Cohen’sd  0.01 0.02 0.34 0.06

significant difference between conditions for all three joints
(p=0.16-0.85, d=0.02-0.21).

Discussion

This study aimed to estimate the effects of the compres-

sion stockings on metabolic cost and biomechanics during
walking. Compression stockings did not lead to a positive
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consequence for walking economy as expected, but they
may have a minor effect on the joint moment while the
muscle activation and kinematics were almost unaffected.

Several previous studies have reported that the meta-
bolic cost did not decrease during running or repeated-
sprint cycling when wearing compression stockings or
full-length lower limb compression tights (Varela-Sanz
et al. 2011; Stickford et al. 2015; Brophy-Williams et al.
2019; Broatch et al. 2018). Instead, Bringard et al. (2006)
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reported lower energy cost during the running of submaxi-
mal intensities when wearing CGs as compared with tra-
ditional shorts, and they thought CGs could assist motion
patterns by improving proprioception, muscle coordination
and propulsive force. By contrast, Dascombe et al. (2011)
found that oxygen consumption increased when wearing
CGs, and they believed the result may be related to that
wearing CGs produced significant resistance to shorten
stride length. Given the full-length lower limb compres-
sion tights they used, it was possible that the stride length
altered though in the current study the step length did not
show a significant difference. But the specific reasons for
the difference among studies remain unknown. Difference
in the exercise intensity and participant population seems
not enough to account for the diverse results in energy cost
because the exercises involved in the above-mentioned
research were of moderate to high intensities and the
population of most above-mentioned research was well-
trained. All in all, no improvement in energetics for most
studies indicates that CGs may have few positive effects
on exercise economy. Our result also provides support for
the little efficacy of compression stockings in improving
the economy and adds to the existing literature about the
healthy non-athlete population.

No improvement in the energetics of walking can be
partly explained by no improvement in muscle efficiency
because generating muscle forces accounts for most of the
metabolic cost. Activation of calf muscles kept almost the
same pattern and amplitude between CS and CON in this
study. To the authors’ knowledge, this was the first study
to investigate the effects of compression stockings on
muscle activation during walking. EMG of most previous
studies was reported during maximal voluntary contrac-
tion (MVC) after exercises or in isokinetic testing (Miy-
amoto et al. 2011; Fu et al. 2012; Martorelli et al. 2015;
Sambaher et al. 2016), and two other studies investigated
the effect on muscle activation during running (Lucas-
Cuevas et al. 2017; Kurz and Anders 2018). Muscle acti-
vation during MVC decreased or remained unchanged. As
suggested by these studies, almost all the motor units were
recruited at the beginning of the activity during MVC, and
the number of motor units may decrease with the fatigue
developing over time. The CGs may have an influence on
the fatigue, and thus affect the recruitment of motor units.
As for the two running tests, the result showed a lower
muscle activation when participants wore CGs. Also of
note, Lucas-Cuevas et al. (2017) found that the decrease of
muscle activation only appeared in the initial few minutes.
They thought this result may be associated with that the
pressure applied to the body by the compression stockings
decreased gradually over time. If so, this may be one of the
reasons for the unchanged muscle activation in our study
because we analysed EMG data from the last minute of

trials. The other reason may be the exercise intensity. An
intense exercise was recommended (Lucas-Cuevas et al.
2017) maybe because it was of large muscle vibration and
muscle activation can affect the vibration (Wakeling and
Nigg 2001). The effect on muscle activation is less obvious
during walking especially for stockings because the calf
muscles possess a smaller volume than the thigh muscles.
Therefore, in the current study walking may limit the role
of compression stockings in improving muscle efficiency.

Wearing compression stockings did not seem to change
the kinematics. Most of the previous studies reporting
altered kinematics were about jump testing with the com-
pression pressure being exerted to the thigh or the full leg
(Wannop et al. 2016; de Britto et al. 2017; Zamporri and
Aguinaldo 2018). The kinematics in these studies was
mainly estimated using the joint angle. Similarly, Doan
et al. (2003) found that hip ROM decreased when wearing
compression shorts during 60 metres sprint while several
other studies concluded no change in gait parameters when
wearing compression stockings during running (Varela-
Sanz et al. 2011; Lucas-Cuevas et al. 2015; Stickford et al.
2015). Our study estimated the effects on joint angles and
gait parameters together and found no difference between CS
and CON. The slight difference of joint angle profile during
a gait cycle may result from the change in motor control
strategy to adapt to the compression. The difference among
studies may lie in the exercise types and CG types. For those
exercises of large joint ROM, covering the joint entirely by
CGs may produce resistance to the joint movement. Chang-
ing the hip angle may be easier than the ankle angle because
of a larger ROM of hip relative to the ankle during running
and walking. Therefore, it was of no surprise that kinematics
did not alter in this study because walking was an exercise
of low intensity and the compression stocking used did not
cover the ankle joint. Also of note, gait variability did not
decrease as expected in this study. By contrast, a previous
study examined the effect of CGs on proprioception, where
a lower repositioning error was reported when wearing CGs
(Ghai et al. 2018). We speculate that the absence of improve-
ment in gait variability in our study may be related to the
fact that the participants did not have any experiences of
wearing CGs.

Few studies investigated the effect on the joint moments
except that Zamporri and Aguinaldo (2018) reported no
significant difference in the joint moment during jump test-
ing. In addition, two other studies presented the potential
mechanical benefits by calculating the joint torque produced
by CGs. Doan et al. (2003) thought that compression shorts
could provide amounts of torque at the hip, while Wannop
et al. (2016) only found a tendency to increase for hip joint
torque produced by CGs. A possible reason for affecting
joint torque produced by CGs may lie in the materials.
Compression shorts made of neoprene and butyl rubber are
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much thicker and can provide significant additional elas-
tic force (Doan et al. 2003). Compression stockings used
in the current study may not have this characteristic. But
this study appeared to confirm the existence of interplay
between compression and biological mechanisms which was
initially proposed by Kraemer et al. (1996). The increased
knee extension moment was compensated by the increased
ankle dorsiflexion moment during the early stance phase
and the decreased flexion moment was compensated by
the decreased ankle plantar flexion moment during the late
stance phase. That is, the relative contribution of the knee
and ankle to weight support and propulsion altered. Because
the ankle joint contributes mostly to the propulsion, the
adjustment can lower the burden of the ankle during push-
off. Further, it is beneficial to reduce the risk of injuries.

Many studies have investigated the exercise performance,
physiological and psychological effects of wearing CGs dur-
ing various exercises for athletes and recreational individu-
als. The reasons for showing different results among studies
are diverse, such as the exercise types, CG types and levels
of pressure. The placebo effect can also partly account for
the difference. Using the condition of wearing nothing as a
control condition will inevitably introduce the placebo effect
while using traditional tights or stockings as a control condi-
tion can minimize the effect. Also of note, inter-individual
differences are also common in previous studies (Stickford
et al. 2015; Treseler et al. 2016), which may result from the
difference of physical conditions and psychological effects.

There existed some limitations in the current study. One
was the asynchronous measurement of kinematic and kinetic
data due to the limitation of the experimental condition.
Although we tried to make the control variables of tread-
mill walking trials be consistent with those of the force plate
walking trials, the difference was still obvious especially for
walking speed. However, whether for treadmill walking or
the force plate walking step frequency and walking speed
did not show a significant difference between CS condition
and CON condition, so we thought that the conclusion was
almost unaffected. The other limitation was that we did not
measure the actual pressure. To differentiate the two condi-
tions from each other more obviously, the range of pres-
sure that we chose was relatively large. But this resulted
in that the pressure exerted on the wearer was larger than
that Ali et al. (2011) reported was the most comfortable
(12-15 mmHg). As Rider et al. speculated, the comfort may
have an influence on the result (Rider et al. 2014).

This study adds to the literature about the biomechanical
effect of compression stockings during walking. Unlike most
previous studies, we did not choose athletes to participate
in the experiment, and participants in our study had never
worn CGs before the experiment according to their self-
reports. Whether or not the participants are athletes may
have an effect on the result. In fact, changing the habitual
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movement pattern may be more difficult for athletes than
for non-athletes (Stickford et al. 2015). As discussed above,
compression stockings may not be recommended for improv-
ing economy and muscle efficiency during walking for non-
athletes who do not have any experiences of wearing CGs.
If the kinematics is not expected to be changed, the kind of
CGs not covering the joint entirely may be more appropriate.
In addition, it may play a minor role in improving the joint
kinetics, and thus avoiding injuries. Future study regarding
biomechanics can avoid limitations of this study to maxi-
mize the potential biomechanical benefits.

Conclusions

Our results suggest that compression stockings have trivial
effects on the metabolic cost, kinematics and muscle activa-
tion for most participants, and only a few participants may
have the metabolic benefit. The joint kinetics does become
adjusted as a consequence of the pressure exerted by com-
pression stockings. And the adjustment is of benefit to low-
ering the burden of ankle joint during propulsion. Further
success can be achieved by making the best of the physi-
ological and mechanical benefits as well as the potential
interplay between compression garments and biomechanics.
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