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Can Compression Garments Reduce
Inter-Limb Balance Asymmetries?

Frédéric Noé*, Kévin Baige and Thierry Paillard

Université de Pau et des Pays de I'’Adour, E2S UPPA, MEPS, Tarbes, France

Sensory cues provided by compression garments (CG) can improve movement
accuracy and potentially reduce inter-limb balance asymmetries and the associated
risk of injury. The aim of this study was to analyze the effects of CG wearing on
inter-limb balance asymmetries. The hypothesis was that CG would reduce inter-limb
balance asymmetries, especially in subjects with high level of asymmetries. Twenty-five
sportsmen were recruited. They had to stand as motionless as possible in a one-leg
stance in two postural tasks (stable and unstable), while wearing CG or not. Asymmetry
indexes were calculated from center of foot pressure parameters. The effects of CG
wearing were analyzed according to participants’ baseline level of asymmetry (i.e.,
without wearing CG) with correlation analyses. A qualitative analysis was also performed
after a dichotomization procedure to check for a specific influence of CG on the
dominant and non-dominant leg. Inter-limb balance asymmetries were reduced with
CG in participants with high levels of asymmetries at baseline. However, asymmetries
were increased with CG in participants with low levels of asymmetries at baseline. The
dominant leg was more affected by this negative effect. CG wearing could reduce inter-
limb balance asymmetries and the related injury risk in subjects with high levels of
inter-limb balance asymmetries at baseline. Nevertheless, CG should not be used in
individuals with low baseline balance asymmetries since it can increase asymmetries in
these subjects, likely by confusing and overloading the sensorimotor processing on the
dominant leg.

Keywords: laterality, symmetry, posture, balance control, compression garments

INTRODUCTION

Asymmetries between two limbs are prevalent in human movement. They are characterized by
a difference in performance between the right and left limbs and/or the preferential use of one
side of the body (i.e., left or right) to perform a motor action (Schneiders et al., 2010; Bishop
et al,, 2018). The etiologies of inter-limb asymmetries are related to lateralization in sensorimotor
control originating from cerebral hemispheric asymmetry (Promsri et al., 2018, 2019; Marcori
et al.,, 2020; Liu et al., 2021) and biomechanical factors (e.g., bilateral asymmetry in the bones
length, imbalance of muscle strength between the left and right limb) (Auerbach and Ruff, 2006;
Bishop et al.,, 2018). Inter-limb asymmetries can be modulated by numerous factors. Injuries and
pathologies such as anterior cruciate ligament injuries (Mohammadi et al., 2012) or scoliosis (Yang
etal., 2013) increase inter-limb asymmetries. Subjects affected by neurologic conditions (e.g., stroke
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and multiple sclerosis) and individuals with experience in
asymmetric sports (e.g., soccer, volley-ball, and hand-ball) also
demonstrate pronounced inter-limb asymmetries (Chisholm
et al., 2011; Paillard and Noé, 2020; Pau et al., 2021).

Inter-limb asymmetries can have a negative impact on
sports performance and are associated with a high incidence
of lower-limb injury, especially if asymmetries concern balance
control (Stiffler et al., 2017; Bishop et al., 2018; Promsri et al.,
2019). Actually, inter-limb balance asymmetries may impair the
ability to shift the body weight onto one leg thus negatively
impacting sports-related actions such as sidestepping or changes
of direction and predisposing sportspeople to non-contact
lower-limb injury (Bishop et al., 2018; Dos'Santos et al., 2019;
Promsri et al, 2019). Therefore, training strategies such as
balance training, resistance training or warm-up programs, can
be implemented to minimize inter-limb balance asymmetries,
improve balance control and reduce the relative risk of
sports-related non-contact injury (Bishop et al., 2018; Pardos-
Mainer et al,, 2019; Madruga-Parera et al., 2020). Affordable
external devices that interact with cutaneous receptors such as
compression garments (CG) can also acutely improve balance
control (Kuster et al., 1999; Michael et al., 2014; Woo et al., 2017;
Baige et al., 2020). The constriction provided by CG acts as a
mechanically supportive framework that can activate interacting
cutaneous mechanoreceptors that individually would not have
been activated (Baige et al., 2020), thus improving movement
accuracy during tasks that include a large somatosensory
component (Hasan et al., 2016; Ghai et al., 2018; Broatch et al,,
2021) and offering a potential benefit in reducing inter-limb
balance asymmetries. Nevertheless, to our knowledge, no study
has specifically investigated the effects of CG wearing on inter-
limb balance asymmetries.

Hence, this study was undertaken to investigate the effects
of CG on inter-limb balance asymmetries in individuals with
extensive experience in an asymmetric sport such as handball
players. Handball is a sport involving asymmetric motor
actions (lower and upper limbs) that can accentuate inter-limb
asymmetries, which might negatively affect athletic performance
and increase the risk of lower extremity injuries (Steib et al., 20165
Paillard, 2017; Barrera-Dominguez et al., 2021). Thus, a passive
intervention such as CG wearing is hypothesized to reduce inter-
limb balance asymmetries, especially in subjects with a high level
of asymmetry, and could represent a cost effective sport-related
injury prevention strategy.

MATERIALS AND METHODS

Participants

Twenty-five young handball players (age: 27.1 £ 6.9 years old,
height: 184.8 & 8.1 cm; body mass: 87.2 £ 15.3 kg; mean =+ SD)
who reported no neuromuscular problems in the past 2 years
volunteered for the current study. Participants were recruited
from two regional semi-professional teams. They were asked
to avoid strenuous activity and the ingestion of alcohol or/and
excitatory substances 24 h before the experimental session.
A written informed consent was obtained from all participants

before starting the experiment, which was in accordance with
the Declaration of Helsinki. All procedures were approved
by and performed in accordance with the relevant guidelines
and regulations of the University of Pau and Pays de I’Adour
Ethics Committee.

Apparatus and Procedure

Participants were asked to sway and move as little as possible
when standing barefoot in a one-leg stance for 25 s on a force
platform (Stabilotest® Techno Concept™, Mane, France) which
sampled the displacements of the center of foot pressure (position
of the point of application of the vertical ground reaction force)
at 40 Hz. Two postural tasks were conducted: a stable task
where participants stood directly on the force platform (on stable
ground) with their eyes closed (while keeping their gaze straight
ahead) and an unstable task where they stood with their eyes
open (while looking at a fixed level target at a distance of 2 m)
on a wobble board with a diameter of 40 cm and a height of
8 cm (Balance-board, Sissel® GmbH, Bad Diirkheim, Germany)
which was placed on the force platform to generate instability.
For accurate and similar feet positioning between all participants,
the platform and the wobble board were marked with a central
horizontal line, and participants were required to align the middle
of the foot with the mark (the middle of each foot was delimited
beforehand). The center of the wobble board was also aligned
with the center of the force platform.

Postural tasks were performed with or without wearing
compression garments (CG and REF condition, respectively). In
the CG condition, calf compression sleeves (Booster, BV sport®,
Saint Etienne, France) made of 79% Polyamide and 21% Elastane,
were worn by the participants (Figure 1). According to the
manufacturer’s specifications, these garments provide a pressure
that increases gradually from 13 mmHg at the lower part of
the calf to 20-25 mmHg at the gastrocnemius belly (20 mmHg
at the lateral part and 25 mmHg at the medial part). The size
of the compression sleeves was individually fitted according to
guidelines of the manufacturers, based on participants’ height
and calf circumference. Four sizes were used: M+, L+, XL+,
and XXL+, sized for 34-38/>175, 38-43/>175, 38-43/>192,
43-48/192 (calf circumference/height, in cm), respectively, so
as to accommodate all participants’ body shape. Participants
performed a set of three trials in each postural task (stable and
unstable) and condition (REF and CG) with each set completed
in a randomized order to avoid any learning effect. The first two
trials were not recorded and served as familiarization trials. Since
a stable and reliable balance score is achieved at the third trial in
a one one-leg stance (Cug and Wikstrom, 2014), only the third
trial was recorded and considered for statistical analysis for each
postural task and in each experimental condition. Subjects were
sitting quietly on a chair for 2 min between balance assessments.

Analysis of Data

The following parameters of the center of pressure were
initially calculated: mean velocity (sum of the cumulated COP
displacement divided by the trial time) along the medio-lateral
(VX) and antero-posterior (VY) axes and surface area (S: 90%
confidence ellipse) (Paillard and Noé, 2015). Based on the method
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FIGURE 1 | Compression sleeves worn by participants in the compression
garments (CG) condition.

proposed by Read et al. (2018) and Fort-Vanmeerhaeghe et al.
(2020), an asymmetry index (ASY) between both legs was then
calculated for each center of pressure parameter (ASY_VX,
ASY_VY, ASY_S) as follows:

ASY (%) = ABS ((Highest performing limb — Lowest performing limb)) X 100,

Highest performing limb

with ABS: absolute value.

When considering that with participants who were asked
to sway as little as possible when standing upright, the lower
the center of pressure parameters (ie., VX, VY, S), the more
efficient the balance control (Paillard and Noé, 2015), the highest
performing limb was then defined as the side with the lowest
center of pressure value.

Statistical Analysis

The two postural tasks (stable and unstable) were analyzed
independently. Normality was tested using the Shapiro-Wilk test.
As the dependent variables (ASY_VX, ASY_VY, and ASY_S)

did not meet the assumption of normal distribution, non-
parametric Wilcoxon sign rank tests were applied to determine
differences between the CG and REF conditions. The difference
of each asymmetry index between the CG and REF conditions
(difference = CG - REF) was also calculated to easily differentiate
participants who benefit from CG wearing to reduce inter-limb
balance asymmetries (negative difference) and those who do not
(positive difference). Then, Spearman’s rank order correlations
were undertaken between asymmetry indexes at baseline (i.e., in
the REF condition) and differences in asymmetry between the
REF and CG conditions to assess whether the beneficial effects
of CG in reducing inter-limb balance asymmetries was related to
the participant’s inter-limb balance asymmetries at baseline.

A qualitative analysis was also carried out to check for a
specific influence of compression garments on balance control
of the dominant and non-dominant leg, determined by the
preferred kicking leg (Paillard and Noé, 2020). A dichotomization
method was performed on the center of pressure parameters to
characterize three levels of CG influence on balance control: a
negative influence, a negligible influence and a positive influence.
The following are the thresholds used in the dichotomization
procedure: a negative influence was considered when the value
in the CG condition exceeded that in the REF condition by
more than 10%; a negligible influence was considered when
the difference between either conditions did not exceed 10%; a
positive influence was considered when the value in the REF
condition exceeded that in the CG condition by more than
10%. % 2-conformity tests were independently performed on DL
and NDL data to test the null hypothesis (similar distribution
of individuals for whom CG have a negative, negligible, or
positive influence on balance control). This qualitative analysis
was performed on the whole sample and on subgroups of
individuals in order to check whether individuals who benefited
from CG to decrease inter-limb balance asymmetries and those
who do not were differently affected by the wearing of CG on
the dominant and non-dominant leg. Sub-groups were formed by
distinguishing subjects in whom CG wearing had no substantial
influence on asymmetry indexes (“unchanged asymmetry with
CG” subgroup, i.e., with an increase/decrease of the asymmetry
index between REF and CG conditions of less than 10%), subjects
in whom CG wearing markedly increased the level of asymmetry
(“increase in asymmetry with CG” subgroup, i.e., with an increase
of the asymmetry index of more than 10% in the CG condition)
and subjects in whom CG wearing markedly decreased the level
of asymmetry (“decrease in asymmetry with CG” subgroup, i.e.,
with a decrease of the asymmetry index of more than 10% in
the CG condition). Based on previous studies about reliability
of center of pressure-based postural sway measures during one-
leg stance in young healthy participants, the 10% threshold was
chosen to distinguish between clear and unclear changes due to
measurement noise (Lin et al., 2008; Muehlbauer et al., 2011;
da Silva et al., 2013). The relationships between subgroups of
individuals and specific influence of CG on the dominant and
non-dominant leg were then tested with the Fisher’s exact test
after having constructed contingency tables. Statistical analyses
were performed with R statistical software. The significance level
was set at p < 0.05.
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FIGURE 2 | Boxplot representation with individual data points of center of pressure asymmetry indexes in the reference (REF) and compression garments (CG)
conditions in (A) the stable postural task and (B) the unstable postural task. The red dotted lines illustrate individuals whose asymmetry indices increase with CG
while the blue dotted lines show individuals whose asymmetry indices decrease with CG.
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RESULTS

Figure 2 illustrates boxplots with individual data points
of asymmetry indexes in the REF and CG conditions.
No significant differences were observed between REF and
CG conditions in both the stable and unstable postural
tasks. When focusing on the individual data points, one
could notice that the asymmetry indexes did not evolve
similarly among participants between the REF and CG
conditions: asymmetry indexes increased with CG in some
participants (red dotted lines on Figure 2), while asymmetry

indexes decreased with CG in others (blue dotted lines on
Figure 2).

Scatterplots illustrating correlations between ASY indexes in
the REF condition and the differences between the CG and
REF conditions are shown in Figure 3. In both stable and
unstable postural tasks and for all asymmetry indexes, there were
significant and large relationships between asymmetry indexes in
the REF condition and asymmetry differences between CG and
REF conditions. This result indicates that high levels of inter-limb
balance asymmetry at baseline [approximate (40-120%) range
of asymmetry] was associated with negative differences between
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FIGURE 3 | Scatterplots representing the correlations between asymmetry indexes (ASY_VX, ASY_VY, and ASY_S) in the REF condition and the differences in
asymmetry between REF and compression garments (CG) conditions (CG-REF) in (A) the stable postural task and (B) the unstable postural task. Gray areas
correspond to participants who benefit from CG wearing to reduce inter-limb balance asymmetries (negative difference). Blank areas correspond to participants who
do not benefit from CG wearing to reduce inter-limb balance asymmetries (positive difference). rs: Spearman’s rank correlation coefficient.
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CG and REF conditions (i.e., a beneficial effect of CG wearing in
reducing inter-limb balance asymmetries). On the contrary, low
levels of inter-limb balance asymmetry at baseline [approximate
(0-40%) range of asymmetry] were rather associated with
positive differences between CG and REF conditions (i.e., an
increase of inter-limb balance asymmetries when wearing CG).
Table 1 shows the distribution of participants according to
the influence of CG wearing (negative, negligible, or positive
influence) on balance control of the dominant and non-dominant
leg in the whole sample and in subgroups of individuals. In the
stable postural task, results from x? conformity tests performed
in the whole sample were not significant, thus illustrating a
homogeneous distribution among participants with a negative,
negligible or positive influence of CG wearing on balance control
of the dominant or the non-dominant leg. In this postural task,
results from the Fisher’s exact test were also not significant.
In the unstable postural task, results from the x? conformity
test applied on participants’ distribution based on S data on
the dominant-leg showed a significant difference from an equal
distribution (¥ = 6.08; p < 0.05), with a an under-representation
of individuals for whom CG wearing had negligible influence on
the dominant-leg. When the x? test was applied on participants’
distribution based on VY data on the non-dominant leg, a
significant difference from an equal distribution (x? = 11.12;
p < 0.004), with an over-representation of individuals for whom
CG wearing had negligible influence on balance control of the

non-dominant leg. Results from the Fisher’s exact test showed
a significant association between subgroups of participants and
CG influence on balance control on the dominant leg when
participants’ distribution were based on VX (p < 0.003) and VY
data (p < 0.005). Individuals in whom CG wearing markedly
increased the level of asymmetry were negatively influenced by
CG wearing on the dominant leg. Results from the Fisher’s exact
test did not show any significant association between subgroups
of participants and CG influence on balance control of the non-
dominant leg.

DISCUSSION

The aim of this study was to analyze the effects of CG wearing
on inter-limb balance asymmetries. The hypothesis was that
CG would reduce inter-limb balance asymmetries, especially in
subjects with high level of asymmetries. When using a standard
statistical approach with pairwise comparisons between group
levels, our results showed that the wearing of CG was not
associated with a significant reduction of inter-limb balance
asymmetries. However, when analyzing the effect of CG wearing
according to participants’ initial level of asymmetry, results
from correlation analyses indicated that beneficial effects of
CG in reducing inter-limb balance asymmetries were related
to participant’s asymmetry levels at baseline. Only participants
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TABLE 1 | Distribution of participants according to the influence of compression garments (CG) wearing (negative, negligible, or positive) on the dominant and

non-dominant leg in the whole sample and in subgroups of individuals.

Stable task Unstable task
Negative Negligible Positive Negative Negligible Positive
VX Whole sample Dominant leg 9 10 6 10 9 6
Non-dominant leg 5 12 8 8 ih 6
Subgroups Decrease in asymmetry with CG Dominant leg 5 2 3 4 0 3
Non-dominant leg 2 4 4 1 3 3
Unchanged asymmetry with CG Dominant leg 1 6 2 0 6 0
Non-dominant leg 1 6 2 1 5 0
Increase in asymmetry with CG Dominant leg 3 2 1 6 3 3
Non-dominant leg 2 2 2 6 3 3
VY Whole sample Dominant leg 10 8 7 10 7 8
Non-dominant leg 6 10 9 3 16 6
Subgroups Decrease in asymmetry with CG Dominant leg 3 2 3 3 3 3
Non-dominant leg 1 4 3 2 5 2
Unchanged asymmetry with CG Dominant leg 1 1 0 0 4 0
Non-dominant leg 1 1 0 0 4 0
Increase in asymmetry with CG Dominant leg 6 5 4 7 0 5
Non-dominant leg 4 5 6 1 7 4
S Whole sample Dominant leg 11 3 11 13 3 9
Non-dominant leg 9 7 9 8 8 9
Subgroups Decrease in asymmetry with CG Dominant leg 3 2 7 4 0 3
Non-dominant leg 6 3 3 2 3 2
Unchanged asymmetry with CG Dominant leg 1 1 2 1 2 1
Non-dominant leg 0 1 3 0 3 1
Increase in asymmetry with CG Dominant leg 7 0 2 8 1 5
Non-dominant leg 3 3 3 6 2 6

Subgroups of individuals were formed by distinguishing subjects in whom CG wearing had no substantial influence on asymmetry indexes (“unchanged asymmetry with
CG” subgroup), subjects in whom CG wearing markedly increased the level of asymmetry (“increase in asymmetry with CG” subgroup) and subjects in whom CG wearing
markedly decreased the level of asymmetry (“decrease in asymmetry with CG” subgroup).

VX, mean velocity of the center of pressure along the medio-lateral axis; V'Y, mean velocity of the center of pressure along the antero-posterior axis; S, center of pressure

surface area (90% confidence ellipse).

with high levels of inter-limb balance asymmetries at baseline
benefited from CG to decrease inter-limb balance asymmetries.
Inter-limb balance asymmetries are mainly related to
differences in somatosensory processing between both legs
originating from cerebral hemispheric asymmetry (Promsri
et al.,, 2018, 2019; Marcori et al., 2020; Liu et al., 2021). Within
the perspective of the dynamic dominance model of laterality
(Sainburg, 2005, 2014), one hemisphere (the left hemisphere
for right-handed individuals) would rather be specialized in
limb trajectory control, whereas the other hemisphere would
rather be specialized for impedance control—i.e., control of
limb position and maintenance of a stable posture (Sainburg,
2005, 2014; Marcori et al., 2020). Lateralization of impedance
control is based on hemisphere specialization for the utilization
of somatosensory cues (Goble et al., 2006; Sainburg, 2014; Liu
et al., 2021), which is characterized by the superiority of one
hemisphere in processing somatosensory information (the right
hemisphere for right-handed individuals), thus resulting in
better proprioception of one limb (the left limb for right-handed
individuals) compared to the other (Carnahan and Elliott, 1987;
Goble et al., 2006). Participants’ injury history and/or experience

in asymmetric motor practices can modulate lateralization of
impedance control and increase the difference in somatosensory
processing between the two legs, thus inducing large inter-
individual differences of balance inter-limb asymmetry (Marcori
et al., 2019; Paillard and Noé, 2020).

When wearing CG, frictional forces that activate both slow
and fast-adapting cutaneous mechanoreceptors are applied to
the skin, which can improve joint position sense and balance
control (Kuster et al., 1999; You et al., 2004; Cameron et al., 2008;
Michael et al., 2014; Woo et al., 2017; Baige et al., 2020; Broatch
etal., 2021). In the present study, there was a great heterogeneity
in the ability of participants to benefit from CG wearing to
reduce inter-limb balance asymmetries. Previous studies about
the effects of CG on functional somatosensory abilities have
produced concordant findings while reporting a strong inter-
individual variability in responses to the wearing of CG in young
healthy participants (You et al, 2004; Cameron et al., 2008;
Broatch et al., 2021). After ranking participants according to their
score in a movement discrimination task, these studies showed
that only participants with poor lower limb somatosensation
benefited from the wearing of CG to improve joint position
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sense, thus illustrating that the magnitude of the beneficial
effects of CG wearing was inversely related to the participants
somatosensation at baseline. Similar findings were observed with
other stimulation strategies such as ankle taping (Long et al,
2017), textured insoles (Steinberg et al., 2016), and vibration
stimulation (Liu et al., 2021).

In the present study, participants with high levels of inter-
limb balance asymmetries at baseline benefited from CG wearing
to reduce inter-limb balance asymmetries. However, in both
the stable and unstable postural tasks, the data from the
qualitative analysis about the specific influence of CG on both
legs (Table 1) did not illustrate a stronger influence of CG
on the dominant leg or the non-dominant leg in individuals
who benefited from CG wearing to markedly decrease inter-
limb asymmetries. In participants with low levels of inter-
limb balance asymmetries at baseline, CG were unhelpful and
could also increase inter-limb-balance asymmetries in some
participants. Further studies reported analogous findings while
showing that proprioceptive acuity decreased in participants
with higher levels of proprioceptive ability when they wore
external devices that stimulate cutaneous receptors (Cameron
et al., 2008; Steinberg et al., 2016; Long et al., 2017; Liu
et al., 2021). These authors postulated that in subjects with
a high proprioceptive acuity at baseline, the application of
an external stimulation device confused and overloaded the
sensorimotor system by delivering redundant information, thus
resulting in an impaired proprioceptive ability. Liu et al. (2021)
noticed that proprioception deteriorated only in the dominant
leg in individuals with high proprioceptive acuity following
stimulation of the calf muscles with a vibrating foam roller.
Our results from the qualitative analysis also suggest that, in
the most challenging postural task (i.e., the unstable postural
task) CG wearing would have a greater impact on the dominant
leg and, more specifically, that CG negatively influenced
balance control only on the dominant leg in participants
in whom CG wearing increased inter-limb asymmetries. Our
results therefore seem to confirm the hypothesis formulated
by Liu et al. (2021) about different effects of the application
of external stimuli on different hemispheres and show that
the non-dominant hemisphere would to be less sensitive to
somatosensory stimulation.

A limitation of the current research is the absence of
measure of the pressure exerted by the calf compression
sleeves. Although compression sleeves were individually fitted by
following the manufacturer’s specifications and choosing proper
sizing according to individuals’ calf circumference, commercially
manufactured compression garments do not provide exactly the
same level of compression in all subjects. Potential differences
in the pressures exerted by the CG might modulate the effects
of CG on inter-limb balance asymmetries. Nevertheless, studies
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The present study provides new insights about the influence
of CG on inter-limb balance asymmetries. From a practical point
of view, these results suggest that CG wearing could reduce
inter-limb balance asymmetries and the related injury risk in
participants with high levels of inter-limb balance asymmetries
at baseline. In return, since it rather increases asymmetries
in participants having low baseline balance asymmetries, CG
wearing should be avoided in these participants.
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