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Introduction: Diversity of activation patterns within synergistic muscles can be
important for stability control in challenging conditions. This study investigates
the similarity of activation patterns within the triceps surae and quadriceps
femoris muscles and the effects of unstable surface during a visually guided
postural task.

Methods: Eighteen healthy adults performed a visually guided anteroposterior
tracking task on both stable and unstable surfaces. Electromyographic activity
of triceps surae (gastrocnemius medialis, gastrocnemius lateralis, soleus) and
quadriceps femoris (vastus medialis, vastus lateralis, rectus femoris) was
recorded at 1,000 Hz. Cosine similarity (CS) between muscle pairs within each
muscle group was calculated to assess the similarity of activation patterns
of synergistic muscles for stable and unstable conditions. To compare the CS
of the muscle pairs, a linear mixed model was used. For all tests the level of
significance was set to o = 0.05.

Results: Across all surface conditions, CS values within the triceps surae muscles
were lower than those of the quadriceps (p < 0.001), indicating a greater diversity
in activation patterns of the distal muscles. The unstable surface reduced CS
values for both muscle groups (p=0.021). No significant interaction was
observed between muscle pair and surface condition (p = 0.833).

Discussion: The reduced similarity of activation patterns within the synergistic
triceps surae and quadriceps femoris muscles on the soft surface indicates an
increased flexibility of neuromotor control for the unstable condition. The
lower similarity within the synergistic triceps surae muscles suggests a higher
diversity of activation patterns compared to the quadriceps femoris muscles,
which may increase the flexibility of neuromotor control to meet specific joint
stabilization challenges during the studied tracking task.

KEYWORDS

triceps surae muscle, quadriceps femoris muscle, balance control, diversity of
activation pattens, flexibility of neuromotor control
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1 Introduction

Successful movement requires efficient control of the human
musculoskeletal system by the central nervous system. Given the
large number of degrees of freedom within the musculoskeletal
system, this control process is highly complex and not yet fully
understood. To address this complexity, it has been proposed
that muscles are controlled through muscle modules, whereby a
single neural command activates a group of muscles, thereby
reducing the dimensionality of movement control (1, 2). The
modular organization of lower leg muscle activation affects the
efficiency, robustness and mechanical loading of the joints (3-5)
and is therefore important in everyday tasks such as standing
balance (6, 7), walking and running (8-11), landing (12, 13) and
perturbed locomotion (14-16). During challenging conditions on
unstable surfaces, such as locomotion, transitioning from double
to single-leg stance, landing or lunging on unstable surfaces, the
human neuromotor system compensates and enhances its
robustness by modulating muscle synergies, i.e., by widening the
time dependent components of muscle synergies (7, 12, 17, 18).
Furthermore, muscle coactivation around knee and ankle joint
increases, when performing balance or postural tasks on unstable
conditions (12, 18, 19) with the increase being more pronounced
around the ankle joint (12, 18). In the above mentioned studies,
the triceps surae muscles were reported to be involved in the
same module as synergistic muscles. The same is also true for
the synergistic quadriceps muscles (3, 13, 17). However, this
synergistic behavior seems to be more complicated, since it has
been suggested that not all anatomically defined synergist
muscles share a strong common neural drive (20-22). It has
been suggested that an independent drive to certain muscles
within the same muscle group enables more flexible control (21),
allowing for a redistribution of neural drive across muscles to
cope with challenging neuromotor task conditions (22).

For instance, while a strong common drive between muscles
such as vastus lateralis and vastus medialis might be necessary to
protect the knee joint from excessive internal contact stresses (23,
24), other synergistic muscles, such as the two gastrocnemii,
might require a more flexible control strategy to comply with
stabilization (20, 21). These
differences between synergistic muscles suggest possible diversity

secondary goals, e.g, ankle
in the activation patterns, which may affect the force-sharing
among the synergistic muscles. Lai et al. (25) and Hamard et al.
(26) reported a diversity in electromyographic (EMG) activity
among the synergistic triceps surae muscles during walking and
running. In situations where the application of forces is required
in multiple directions, such as around joints responsible for
postural control like the ankle, greater flexibility in muscle
control may be required to manage varying external demands.
A diversity of activation patterns among synergistic muscles may
improve task performance. Under conditions of increased
postural demands, the need for more flexible motor control
becomes greater, and a wide range of possible activation
strategies among synergistic muscles may increase the versatility
for effective control and regulation of body stability. However, to

the best of our knowledge, no study has yet examined the
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similarity of activation patterns within different muscles groups
in both stable and unstable balance conditions.

The primary aim of this study was to determine (1) whether the
similarity of activation patterns within the distal triceps surae
muscles differs from that within the more proximal quadriceps
femoris muscles during a visually guided postural task, and (2)
whether the similarity of activation patterns within synergistic
muscles is altered under unstable conditions. To create an unstable
and thus a more challenging condition for the neuromotor system,
we introduced surface-related perturbations by having participants
standing on a foam surface while performing a visually guided
postural task. In previous research, we found that these surface-
related perturbations had a significant impact on the local
dynamic stability, with greater short-term maximum Lyapunov
exponents (SMLE) values for the whole-body kinematics (from
head to foot), implying that tracking a visual moving target on an
unstable surface is a more demanding and more challenging task
than doing so on a stable surface (19).

We studied the activation patterns of synergistic muscles from
two different muscle groups—the ticeps surae and quadriceps
femoris—as previous literature indicates that they differ in the
level of common neural input shared between their muscle heads.
To quantify the similarity of the activation patterns between the
different muscles within the same muscle groups, we used the
cosine similarity (27, 28). First, based on previous findings of
increased shared neural input between the vastus lateralis (VL)
and vastus medialis (VM) muscles compared to the gastrocnemius
lateralis (GL) and gastrocnemius medialis (GM) muscles (22), we
hypothesized that during a visually guided postural task, the
similarity of the activation pattern within the quadriceps femoris
muscles would be greater than that within the triceps surae
muscles. Second, based on reports that unstable surfaces increase
body instability during visually guided postural tasks (19, 29), we
hypothesized a decrease in the similarity of activation patterns
within the synergistic triceps surae and quadriceps femoris
muscles in the unstable condition.

2 Methods
2.1 Participants

Twenty healthy young adults (age 32 + 5 years, mean * standard
deviation) with no history of neuromuscular or musculoskeletal
disorders participated in the study (12 male and 8 female, body
height 175+ 7 cm, body mass 69 + 12 kg). From two participants
not all data (EMG activity, ground reaction forces) were
accurately collected for all examined trials, thus the data from 18
adults were used in the analysis (11 males and 7 females, body
height 175+ 8 cm, body mass 72+ 11 kg, age 32+ 6 years). All
participants were informed about the experimental protocol and
gave their informed consent before their inclusion to the study.
The experiment was performed with the approval of the
(HU-KSBF-EK_2018_0013,
Humboldt-Universitit zu Berlin) and in accordance with the

institution’s  ethics ~ committee

Declaration of Helsinki.
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2.2 Task and apparatus

Participants had to perform a postural tracking task by shifting
their weight anteroposteriorly during standing on a force plate
(40 x 60 cm, AMTI BP400600-2000, Advanced Mechanical
Technology, Inc., Watertown, MA, USA) under two different
conditions: (a) on a stable surface (floor) and (b) on an unstable
surface (foam). The foam consisted of two balance beams (Sport-
with the
38 x 16.5 x 5.8 cm, Sport-Thieme Germany), which were oriented

Thieme Balance beam EVA foam, dimensions
in the foot’s anterior to posterior plane. The tracking task
involved following a visual target, which was displayed on a TV
screen (47”7, HD LG) as a red dot and moved vertically in the
center of the screen. In addition to the target, the TV screen
displayed the participant’s
anteroposterior center of pressure (CoP) component, providing

a yellow dot representing
real-time feedback of the participant’s position on the force plate.
Both the target and CoP position feedback were synchronously
shown on the TV monitor by means of a custom-built software,
developed in MATLAB R2014 (Math Works Inc., USA), with
50 Hz refresh rate. Participants were instructed to follow the red
dot’s movement by adjusting the yellow dot through forward and
backward weight shifts, while keeping their knees and hips
the red dot

participants had to shift their weight anteriorly, and when it

straight.  Specifically, when moved upward,

10.3389/fspor.2025.1545813

moved downward, they had to shift their weight posteriorly. Each
participant performed one trial per condition in a randomized
order to prevent sequence effects, with each trial lasting 120s.
Prior to each trial, there was a familiarization period lasting
maximum 30s. During the trial, participants stood barefoot on
the force plate with their feet at the center of the platform,
maintaining an inter-malleolar distance equal to 10% of their body
height. They held their arms akimbo to ensure stability and
eliminate any influence of arm movements on balance and task
performance. The experimental set up is depicted in Figure 1.

The target’s motion was periodic sinusoidal with a single
frequency (f) set at 0.25 Hz, which was generated in MATLAB
R2014b using the sine function [sine(t) = sin(2mi x f x t)].
This frequency was selected because it is the dominant
frequency of natural, self-paced voluntary sway (30, 31). The
maximum (peak to peak) amplitude of target motion was
adjusted for each participant to 60% of his/her foot length,
which corresponded to an average amplitude of 15.08 +1.09 cm.
This amplitude was chosen based on pilot tests showing that
60% of foot length is suitable for swaying on both stable and
unstable surfaces, as it effectively increases instability on the
unstable surface compared to the rigid one, consistent with
findings from earlier studies (7, 17).

The participants’ postural behaviour was recorded using the
force platform at 1,000 Hz. The EMG activity of soleus (SOL),

FIGURE 1

unstable trial. Each tracking task lasted 120 s.

Experimental set up. Participants tracked a visual target (red dot) moving vertically using a yellow dot, which was controlled by their center of pressure
(CoP) movement in the anteroposterior direction. They maintained their feet on the ground and leaned their body forward and backward. An anterior
CoP shift corresponded to an upward movement of the yellow dot (solid arrow), while a posterior shift corresponded to a downward movement
(dashed arrow). The target moved sinusoidally at 0.25 Hz, with an amplitude normalized to 60% of the participant's foot length. The task was
performed on both a stable (rigid) surface and an unstable (foam) surface. Blue-shaded areas indicate the position of the foam pads for the
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GM, GL, rectus femoris (RF), VL and VM was captured at a
sampling frequency of 1,000 Hz using a wireless EMG system
(myon m320, myon AG, Schwarzenberg, Switzerland). The
wireless electrodes were placed at the right lower limb, on the
belly of each muscle, with a 2cm intra-electrode distance
according to SENIAM recommendations. All data (force and
EMG signals) were simultaneously recorded by a motion capture
system (Vicon, Oxford, UK.. An interface was created in
MATLAB R2014b for triggering and synchronizing all devices
with a single pulse.

2.3 EMG processing

EMG activity was processed and analysed in MATLAB R2023b.
First, for each trial and participant, the data of the first cycle of the
target motion were excluded for any further analysis, since most of
the participants were not able to follow the target accurately during
this first cycle. The raw EMG signals were high-pass filtered at 20 Hz
using a 4th-order Butterworth zero-lag filter to remove movement
artifacts and low-frequency noise. The signals were then full-wave
rectified and smoothed with a low-pass filter at 5 Hz using a 4th
order Butterworth zero-lag filter to extract the envelope of the
EMG activity. The filtering was applied sequentially, with high-
pass filtering preceding rectification and low-pass smoothing.

To normalise the EMG signals, a single average reference value
was calculated for each participant and each muscle from the
filtered and rectified EMG signal from both the stable and unstable
conditions. Specifically, for each muscle the mean of the EMG
signal was calculated separately for the stable and unstable
condition over the entire duration (excluding the first cycle). The
average of these two mean values was then used as a constant
reference to normalize the EMG signals for each corresponding
muscle and participant for both conditions. To account for baseline
muscle activation, the minimum value of the normalized EMG
signal of the two conditions (stable and unstable) was identified for
each muscle. The lower of these two values was then subtracted
from the normalized EMG to remove the baseline activation for
each muscle and each participant in both conditions. Henceforth,
any reference to the EMG signal denotes the EMG signal that has
been filtered, normalized, and adjusted for baseline activation.

The cosine similarity (CS) between the EMG signals of
different synergistic muscle pairs was calculated in MATLAB
R2023b, to assess the similarity between the EMG signals of the
examined muscle groups (27, 28) under both stable and unstable
conditions. The CS between each pair of EMG signals was
calculated using the dot product of the two signals divided by
the product of their norms. This was done separately for the
stable and unstable conditions using the following equation:

dot (EMG,, EMG,)
| EMG: [ x [|EMG, |

CSgmai =

where CSgmai is the cosine similarity value for a given muscle pair
and condition, EMG, and EMG,, represent the EMG signals of the
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two different muscles. Note that cosine similarity values can range
from 1, indicating a perfect match in pattern, to —1, indicating a
perfect inverse pattern.

The CS was calculated at the stable and unstable conditions for
the EMG signals of the following synergistic muscle pairs: GM-GL,
GM-SOL and GL-SOL for the triceps surae muscle, and RF-VL,
RF-VM and VM-VL for the quadriceps femoris. Furthermore,
the CS between the target signal and CoP was also calculated to
evaluate the participants’ accuracy in tracking of the moving
visual target under both conditions. This was accordingly done
by computing the dot product of the anteroposterior coordinates
of the CoP during each tracking task with the sinusoidal signal
representing the target’s motion and then dividing the outcome
by the product of their norms.

2.4 Statistical analysis

All statistical analyses were performed using IBM SPSS
Armonk, NY:IBM Corp). The
normality of the CS data was confirmed with the Shapiro-
Wilk test. The values of CS between the CoP and Target,
representing the accuracy of CoP-Target motion coupling,

statistics (version 29,

were compared between the stable and unstable conditions
using a dependent samples t-test. A linear mixed model
was used to compare the CS of the EMG signals between
the examined muscle pairs, groups, and surface conditions.
The model included one random factor (participants) to
account for the repeated measures within individuals, and
three fixed factors: condition (stable vs. unstable surface),
muscle pair (GM-GL, GM-SOL, GL-SOL, VL-VM, VL-RF,
VM-RF), and muscle group (triceps surae vs. quadriceps
femoris). post hoc pairwise comparisons using dependent
samples t-test with the Sidak correction to adjust for
multiple comparisons were conducted to explore significant
between the three fixed
factors. The normality of the residuals for the linear mixed

main effects and interactions
model was assessed using the Shapiro-Wilk test and Q-Q
While the majority of the

distributed, deviations were observed in the residuals for CS

plots. data were normally
of two muscle pairs (RF-VM in the stable condition and
VM-VL in the unstable condition). These deviations were
considered acceptable given the robustness of the linear
mixed model to minor violations of normality (32). Further,
residual diagnostics, including Q-Q plots and scatter plots
of residuals vs. predicted values, were examined to ensure
that the assumptions of normality, homoscedasticity, and
linearity were reasonably met. For all tests the level of
significance was set to o =0.05.

3 Results

In Figure 2, the target signal and the group averaged CoP
displacement on both stable and unstable surfaces are depicted.
The CS values between CoP and Target for all participants

frontiersin.org
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Target signal (black) and mean curves of the center of pressure (CoP) motion from all participants (n = 18) during the tracking task on the stable surface
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ranged from 0.79-0.95 for the stable condition and from 0.66-0.93
for the The
revealed significantly greater values for the stable condition
(0.91+0.04) compared to the unstable condition (0.84+0.07,
#(14) =3.917, p = 0.002).

The EMG activity of the examined muscles for one

unstable  condition. pairwise  comparison

participant is indicatively depicted in Figure 3 for both stable
and unstable condition. Overall, there was a significant surface
effect on the CS values between the EMG signal of all
synergistic muscle pairs [F(1, 187)=5.425, p=0.021], with
lower values for the unstable surface (Figure 4), indicating less
synchronized muscle activation patterns on the unstable
surface independent of muscle group.

For all surface conditions the quadriceps femoris muscle
group demonstrated greater CS values than the triceps surae
muscle group [F(1, 187) =56.529, p <0.001] (Figure 4). When
comparing the CS between muscle pairs, significant differences
[F(4,
187) =4.582, p=0.001]. post hoc pairwise comparisons revealed
significant differences in CS between the examined muscle

were found, independent of surface condition

pairs (Figure 4). Specifically, the CS of muscle pairs GM-GL
and GL-SOL was significantly lower than that of all quadriceps
femoris muscle pairs (i.e., RF-VL p<0.01, RF-VM p=0.01,
VM-VL p<0.01). The CS of muscle group GM-SOL was
greater compared to GL-SOL (p=0.019) and lower compared
to VM-VL (p=0.004). Within the quadriceps femoris muscle
group, no significant differences in CS values were found
between muscle pairs (RF-VL vs. RE-VM: p =1.000, RF-VL vs.
VM-VL: p=0.753, RE-VM vs. VM-VL: p=0.227). There was
no significant interaction between muscle pair and surface
condition [F(4, 187) =0.366, p =0.833].

Frontiers in Sports and Active Living

4 Discussion

In the present study, the CSs of the synergistic muscle pairs
were higher in the quadriceps femoris compared to the triceps
surae muscles, indicating superior similarity in the activation
patterns of the more proximal muscles during the tracking task
studied, confirming our first hypothesis. Greater synchronization
between the quadriceps femoris compared to the triceps surae
muscles was also reported by Rossato et al. (22) during isometric
contractions. The authors argued (22) that more independent
synaptic input within synergistic muscles may provide more
flexible neuromotor control to meet specific joint stabilization
challenges. The human triceps surae muscles are pennate with a
substantial in series elasticity due to the long Achilles tendon.
with
particularly sensitive to external perturbations and capable of
flexible force generation for body stability (33, 34). Although the
three synergistic triceps surae muscles are pennate with high in

Pennate muscles substantial in series elasticity are

series elasticity, they have important differences in terms of
function and geometry. The biarticular GM and GL muscles have
variable frontal moment arms, resulting in different functional
outcomes across the frontal plane range of motion (35).
Furthermore, their activation can be altered during balancing
tasks due to the different mechanical advantages of the GM and
GL muscles (20). The ankle joint plays a key role in human body
stability during balance tasks (36, 37). Consequently, during the
studied tracking task, a greater diversity of activation patterns
within the triceps surae muscles may increase the flexibility of
neuromotor control to manage secondary goals, such as
producing opposing ankle moments in the frontal plane to
maintain mediolateral body stability.
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The center of pressure motion (CoP) and the processed electromyographic activity [mV] of all examined muscles: rectus femoris (RF), vastus lateralis
(VL), vastus medialis (VM), gastrocnemius medialis (GM), gastrocnemius lateralis (GL), and soleus (SOL), during the postural tracking task on the stable
(left) and on the unstable surface (right) are depicted exemplarily for one participant.
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Box plot and individual data points (dots) of the cosine similarity values between the EMG activity of quadriceps femoris (QF) and triceps surae (TS)
muscle pairs during postural tracking on the stable (unfilled bars) and on the unstable surface (striped bars). The center line of each box denotes the
median value (50th percentile), while the box spans the interquartile range (25th to 75th percentiles). The whiskers mark the 10th and 90th percentiles.
RF, rectus femoris; VL, vastus lateralis; VM, vastus medialis; GM, gastrocnemius medialis; GL, gastrocnemius lateralis; SOL, soleus. *Statistically
significant differences between QF and TS muscles (p=0.001). *Statistically significant differences between stable and unstable condition
(p =0.021). Muscle pairs sharing the same letter do not differ significantly (p > 0.05, post hoc analysis).

The quadriceps muscles are mainly involved in stabilizing the
knee joint and may not be as functionally relevant as the triceps
surae muscles for the chosen tracking task. During the examined
postural task, quadriceps femoris muscles function primarily as
damping elements to control the movement and secondarily as
active components to generate force in the direction of the
movement (29). It can be argued that the need for increased
functional flexibility between the synergistic VL, VM and RF
muscles is not as high as for the three triceps surae muscles,
resulting in greater similarity in their activation patterns. The
quadriceps muscles are also crucial in preventing patellofemoral
pain as they control the internal stresses of the joint (23, 24).
High
mediolateral patellar force by balancing opposing forces on the

synchronization between VM and VL minimizes
patella (24). Thus, a higher similarity of the activation patterns
within the quadriceps femoris muscles may represent a neural
knee
patellofemoral joint contact stresses, which ultimately leads to pain.

drive mechanism to protect joint from elevated

We modified the surface with soft beams to create external
mechanical perturbations for the participants during the
tracking task. Although, there was a deterioration in tracking
performance in the unstable condition, as reflected by lower CS
values between target and CoP motion, all participants were
still able to track the target despite the perturbations. This
that  the

compensating for these perturbations, indicating a robust motor

implies neuromotor system was capable of

Frontiers in Sports and Active Living

control. We also found a decrease in CS in both the triceps
surae and quadriceps femoris muscles in the unstable condition,
confirming our second hypothesis. This finding indicates
adjustments in neuromotor control within the investigated
synergistic muscles. The lower CS values within the triceps
surae and quadriceps femoris muscles suggest increased
diversity of individual muscle activation patterns and a strategy
for more flexible, task-specific control of muscle activity on the
unstable surface. The reduced similarity in the activation
patterns of synergistic muscles may allow for greater and thus
finer adjustments in force and stabilization, which are critical in
unstable conditions.

Between the triceps surae muscle pairs we found different
similarities in their activation patterns. The CS between GL-
SOL were lower than GM-SOL, suggesting different functional
contributions of the gastrocnemii during the tracking task. In
stable and unstable conditions, the primary role of triceps surae
muscles is to counteract forward body motion, while
dorsiflexors regulate backward sway (19, 38). From the
plantarflexors SOL plays a key role in postural control, acting as
an antigravity muscle (39), given its larger physiological cross-
sectional area (40) and predominance of type I muscle fibers
(41). This stabilizing function is essential on both stable and
unstable surfaces, providing sustained postural control when
torque demands increase (19). The two gastrocnemii may

produce different ankle moments in the frontal plane (35), and
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thus different patterns of activation during the tracking task may
contribute to stability challenges in the mediolateral direction. It
should be mentioned that in the triceps surae two biarticular
muscles are involved and one in the quadriceps femoris muscle.
Biarticular muscles generate moments in two joints simultaneously
and can transfer energy between the two joints (42, 43). Biarticular
muscles such as the gastrocnemii and rectus femoris showed greater
changes in EMG-activity patterns compared to monoarticular
muscles during step-down perturbations (44) and surprise loading
(45) and may have a greater effect on similarity. When standing on
a foam surface, the demand of postural stabilization and torque
generation around the ankle joint increases due to the mechanical
disturbances from surface compliance in both mediolateral and
anteroposterior directions (46). Previous studies confirmed an
increased EMG activity of muscles controlling anteroposterior
motion, ie, SOL and tibialis anterior, to counterbalance the
demand for increased torque around the ankle joint due to the
soft foam surface (19, 29). However, muscles primarily responsible
for eversion, like peroneus longus, do not show this effect (29),
possibly due to the anteroposterior emphasis of the task, which
may allow mediolateral perturbations to be managed through
control mechanisms other than increased activation, such as
altered synchronization between GM-SOL and GL-SOL.

Our findings are related to the tasks investigated and the
participants recruited for this study. It is possible that in more
challenging tasks, such as tracking an unpredictably moving target
or relying on acoustic rather than visual guidance, the effect of an
unstable surface on the similarity of activation patterns within
synergistic muscles could differ. Furthermore, individual skill level,
training experience, and pathology may influence the degree of
similarity between synergistic muscles. Nevertheless,
confident that our main findings—reduced similarity in the triceps

we are

surae compared to the quadriceps muscles and a decrease in
similarity due to surface instability—are valid. A further limitation
of this study is that only a single-frequency visual target movement
(0.25 Hz) was used, meaning that changes in muscle activation
pattern similarity at different movement speeds were not explored.
However, a previous study found that when performing the same
task at a slower target speed (0.125Hz), the examined muscles
exhibited lower activation only during a small portion of the sway
cycle, while the overall activation pattern remained similar across
both velocities (29), indicating no relevant effects of visual target
motion frequency.

In conclusion, our results show a decreased similarity in
activation patterns within the synergistic triceps surae and
quadriceps femoris muscle pairs on the soft surface indicating
an increased flexibility of neuromotor control in the unstable
condition. The lower CS in the activation patterns of triceps
surae muscle pairs compared to the quadriceps femoris muscle
pairs suggests a higher diversity in activation, which may
increase the flexibility of neuromotor control to meet specific
joint stabilization challenges during the investigated tracking
task. These insights into postural control mechanisms offer
potential applications for balance training and rehabilitation,
where enhancing flexible motor strategies might improve
stability in variable challenging environments. The critical role
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of the human plantar flexor muscles in controlling body
stability under demanding locomotor conditions has been
widely reported in the past (44, 47, 48). For example, selective
EMG activity enhancement of the GM muscle has been found
during drop-like perturbations (44, 48). It may be possible to
influence the flexibility and diversity of synergistic muscles, in
particular the triceps surae muscles, which are very important
for balance performance (49, 50), by increasing the balance
task complexity and difficulty using unstable conditions.
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