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Abstract

One of the challenges regarding human motor control is making the movement fluid and at a limited cognitive cost. The
coordination between posture and movement is a necessary requirement to perform daily life tasks. The present experiment
investigated this interaction in 20 adult men, aged 18-30 years. The cognitive costs associated to postural and movement
control when kicking towards a target was estimated using a dual-task paradigm (secondary auditory task). Results showed
that addition of the attentional demanding cognitive task yielded a decreased kicking accuracy and an increased timing to
perform the movement, mainly during the backswing motion. In addition, significant differences between conditions were
found for COP and COM displacement (increased amplitude, mean speed) on the anteroposterior axis. However, no significant
differences between conditions were found on the mediolateral axis. Finally, EMG analysis showed that dual-task condition
modified the way anticipatory postural adjustments (APAs) were generated. More specifically, we observed an increase of
the peroneus longus activity, whereas the temporal EMG showed a decrease of its latency with respect to movement onset.
These results suggested a functional adaptation resulting in an invariance of overall APAs, emphasizing that cognitive,
postural, and motor processes worked dependently.

Keywords Posture—-movement interactions - Dual-task performance - Anticipatory postural adjustments

Introduction

One of the challenges regarding human motor control is
executing movements as smooth as possible and at the low-
est cognitive cost. Even though posture and movement are
frequently investigated separately, their coordination is a
necessary requirement to perform daily life tasks. Indeed,
there is need for an accurate performance of goal-directed
movements, on one hand, and for the maintenance of equi-
librium with an appropriate posture or set of postures, on
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the other hand (Massion 1992; Bloem et al. 2001; Beilock
et al. 2002).

Two modes of coordination between posture and move-
ment have been identified (Massion 1992; Robert et al.
2007). In the “hierarchical” mode of coordination, the
execution of voluntary movements is generally accompa-
nied by postural adjustments, and in most cases, the mus-
cles responsible for these postural adjustments are activated
before those acting as prime movers (Robert et al. 2007). In
the “parallel” mode of coordination (Massion 1992; Massion
et al. 2004), postural adjustments and movement are con-
trolled by parallel pathways. In this mode of coordination,
postural changes often occur shortly before movement onset.

Studies dealing with feedforward aspects of motor
control commonly used posture—movement coordination
tasks requiring the generation of Anticipatory Postural
Adjustments (APAs). APAs are supposed to facilitate the
coordination between posture and movement to minimize
the equilibrium disturbance associated with movement
execution. More precisely, they are predictive processes
of control mostly revealed by an increased activity of pos-
tural muscles prior to the onset of a focal movement, as
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for example when raising a limb during the course of self-
generated movements (Bouisset and Zattara 1987b; Monjo
and Forestier 2014) as well as to contribute to the propul-
sion of the limb during a voluntary movement (Fourcade
et al. 2014).

These APAs reflect a separate control process which may
depend on the type and magnitude of the motor action, but
which has also some degree of autonomy (Bouisset and Zat-
tara 1987b; Robert et al. 2007). For instance, in lower limb
movements, APAs depend on the initial and final postures
(Monjo and Forestier 2014), and also on previous experi-
ence (Fourcade et al. 2014). However, it has been shown that
while APAs are certainly generated prior to an intentional
motor action, they are also produced to prepare for an exter-
nal predictable perturbation.

Previous studies investigating the effects of dual tasks on
movement accuracy showed that arm pointing movements
towards a target located within or beyond reach and trunk
movements were incorporated into the goal of pointing (Ma
and Feldman 1995; Wang and Stelmach 1998; Archambault
et al. 1999; Pozzo et al. 2002). Hand trajectory and kinemat-
ics remained fairly constant whether the trunk took part in
the pointing movement.

Disturbances caused by a simultaneous secondary goal
have been also explored during tasks involving lower limbs,
in which posture was altered while kicking a ball as accu-
rately as possible (Rios et al. 2015; Concei¢do et al. 2016).
Results suggested that precision tasks are influenced by the
required interactions with external stimuli as they may be the
factor driving the pattern of attentional demand.

In addition, various authors (Lam et al. 2010; Hart et al.
2014) found that when learning a motor task such as golf or
soccer, which goal was to deliver the ball as accurately as
possible to the specified target, performance in the second-
ary task was worse during the movement preparation phase
(prior to the initiation of the backswing) than during execu-
tion of the motor task (the forward swing of the putter or
foot). Based upon these findings and those of similar studies
(Chew-Bullock et al. 2012; Carr et al. 2013), the authors
concluded that movement preparation requires greater atten-
tional resources than does movement execution.

Besides, the attentional demand required by the coordi-
nation of posture and pointing movements depends on vari-
ous factors such as the available sensory information, the
nature and complexity of the postural and motor tasks, or
subject’s sensory-motor expertise or deficits (Woollacott and
Shumway-Cook 2001).

Within this context, the purpose of the present experiment
was to further investigate the postural and motor organiza-
tion of the lower limbs when performing an accurate kicking
task, with or without an additional cognitive load. To main-
tain a satisfying motor performance in the dual-task condi-
tion, we hypothesized a functional adaptation of the APAs.
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Methods
Participants

Twenty healthy male participants from a recreational
soccer team (mean age 22.1 years +3.11, body height
1.79 m £ 0.06, body mass 74.73 kg + 8.41) participated in
the experiment. Participants practiced three times a week
and participated in about 15 games per season. This study
was approved by the local ethics committee, and in con-
formity with the Helsinki Convention informed consent
was obtained from all participants.

Task

Participants’ task was to kick a ball with the inside of the
right foot (motor limb), as accurately as possible, toward a
target. The target (0.40 m X 0.40 m) with a smaller target
inserted (0.10 m X 0.10 m) was set in front of participants,
at a distance of 3.70 m and at the level of the ground. All
participants declared previously the right foot as their pref-
erable, dominant limb, to kick the ball. They were experi-
enced in performing this task. As instructed, the kicking
movement was executed at a comfortable speed and in a
self-paced manner following an auditory signal, as a preci-
sion soccer passing.

The task was performed in two different conditions. In
the single-task condition, participants performed the kick
alone. In the dual-task condition, participants performed
the primary kicking task together with an additional sec-
ondary cognitive task. For this cognitive task, participants
wore an audio helmet and counted the number of “beep”
occurring in a randomized sequence of “beep” and “bop”
presented at a time interval of 1 s, for a total of 20 s. Par-
ticipants initiated the movement when they wanted follow-
ing an auditory signal delivered by the experimenter. They
were instructed to keep a quiet upright stance for few sec-
onds before each kicking. During dual-task condition, they
performed only the cognitive task for few seconds before
starting the kicking movement. However, performance in
that cognitive task was not measured separately from the
motor task. Once the kick was achieved, they returned to
the starting position without stopping the movement. 16
kicks were performed in each condition for a total of 32
trials, by blocks of four trials (four blocks of trials per
condition). The blocks of trials were randomized across
participants. A time rest between each kick and each block
was allowed, whenever necessary.
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Data recording and analysis

Participants’ left foot (postural limb) remained on a force
platform (AMTI®, Accugait model), which was flush
with the floor, throughout movement execution. The right
foot was placed outside the force platform and parallel to
the postural foot. The ball was placed next to the force
platform. Force platform was used to analyze left center
of foot pressure displacements (COP) and ground reac-
tion forces (GRF). Force platform signals were sampled
at 100 Hz (12 bits A/D converter) and then filtered with
a second-order Butterworth filter (10 Hz low-pass cutoff
frequency with dual pass to remove phase shift).

Electromyographic activity (EMG) of four postural mus-
cles of the left limb was also recorded (surface EMG elec-
trodes Delsys, Inc., Boston, Massachusetts; DE 2.1 single-
differential, parallel-bar configuration, contact Material
99.9% Ag, contact Spacing 10 mm, with a detection area of
10 mm?2). The EMG electrodes were placed on the biceps
femoris (BF), rectus femoris (RF), medial gastrocnemius
(GM), and peroneus longus (PL). Procedure for placing the
electrodes followed the Surface Electromyography for the
Non-Invasive Assessment of Muscles (SENTAM) (1999)
recommendations. EMG signals were sampled at 2000 Hz,
filtered with a fourth-order Butterworth filter (20—450 Hz
band-pass) according to the manufacturer’s recommenda-
tions, and then rectified full-wave.

To record kinematics data and estimate center of mass
displacements (COM), an optoelectronic system (Codamo-
tion®) was used at a sampling frequency of 100 Hz. We used
an anthropometric model based on sixteen markers allowing
computation of the position of the whole-body COM (Win-
ter 1990). These markers were positioned at the following
sites: Left and right ear, acromion, anterior superior iliac
spine, knee, ankle, fifth metatarsal, elbow, and wrist joints.

Four cameras positioned in front of and on both sides
of participants recorded the 3D coordinates expressed as
a right-handed orthogonal reference frame fixed on the
ground. The following sign convention was adopted: x for
AP axis, horizontal and pointed to the center of the target
(positive forward and negative backward); y for ML axis,
perpendicular to x and z (positive to the right and negative
to the left); z for craniocaudal axis (positive upward and
negative downward). In the present study, we analyzed COM
displacements on both AP and ML axes. Trials were viewed
off-line on a monitor screen and temporally synchronized
according to the first visible deflection of the right ankle
kinematics signal, which was defined as the instant the right
foot raised off the ground. This time was considered as “time
zero” (TO) for all subsequent analyses.

Dependent variables
Kicking analysis

Two dependent variables described the kicking movement:
Kicking accuracy and duration. To describe kicking accu-
racy, we adopted a three-point scale (Hart et al. 2014). Spe-
cifically, each kick was scored 1 (the ball missed the target),
2 (the ball reached the larger target zone), or 3 (the ball
reached the smaller target zone). Kicking accuracy was cal-
culated as the sum of the different scores across trials: The
higher the score, the higher was kicking accuracy.

To analyze kicking duration, the kicking movement
was arbitrarily divided into two successive phases: The
backswing phase, reflecting the swing of the kicking leg
in preparation for the downward motion towards the ball,
started with the raising of the right ankle until the maximal
backward position of the limb, whereas the shooting phase,
reflecting kicking targeting, started from the maximal back-
ward position until right foot contact with the ball toward the
target (Kellis and Katis 2007). Foot contact was determined
indirectly on the basis of the kinematics analysis, as the time
of peak deceleration during the shooting phase.

Center of foot pressure (COP) and center of mass (COM)
analysis

Four dependent variables described participant’s postural
behavior during the kicking task, separately for each of the
two movement phases, i.e., backswing and shooting phases.
It included calculation of mean mediolateral (ML) and anter-
oposterior (AP) amplitude (mm) and speed (mm s~ of COP
displacements. The amplitude of COP displacements indi-
cated the mean deviation of COP on the ML and AP axes.
It is a global measure allowing to estimate overall postural
performance. The mean speed of COP displacements was
the sum of the displacement scalars divided by the sampling
time, i.e., the duration of each movement phase. It repre-
sents the amount of activity required to maintain stability
and provides a more functional measure of postural control
(Geurts et al. 1993).

In addition to COP displacements, amplitude and speed
of COM displacements were also obtained through the kin-
ematics method which estimates COM displacements by the
trajectory of the body segments (Mapelli et al. 2014). The
biomechanical model of Winter (1990) was combined with
anthropometric measurements and kinematics data to cal-
culate the COM displacement on the ML and AP axes. The
three-dimensional reconstruction of the markers kinematics
was performed through off-line data processing techniques.
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EMG analyses

The purpose of the EMG analysis was to determine
whether the organization of postural muscular activ-
ity differed between the single and dual-task conditions
for participants instructed to perform a similar kicking
movement. More specifically, quantitative and temporal
analyses of EMG activity were used to estimate the APAs
occurring prior to the right kicking movement. This was
accomplished by comparing the EMG activity of four mus-
cles (BF, RF, GM, PL) of the supporting left limb. These
muscles were considered as postural muscles because of
their contribution to the maintenance of equilibrium in
dynamic upright standing. To assess APAs, two dependent
variables were used: (1) the EMG latency of the postural
muscles and (2) the integral of anticipatory EMG activity
(Aruin and Latash 1995a, b).

The onset of muscle activity for each trial was detected
off-line on a monitor screen with a computer algorithm and
confirmed by visual inspection. It was defined as the first
visible rise of the rectified EMG signal, that is, when EMG
activity exceeded the mean + 2 standard deviations from the
baseline signal in a time window from —300 ms to +50 ms
with respect to TO (Aruin et al. 2001; Woollacott and Shum-
way-Cook 2001; Strang and Berg 2007). The EMG latency
of the postural muscles was defined as the delay between
muscles’ onset and movement onset, that is, when the right
foot was raised off the ground (Bouisset and Zattara 1987b).
Onset latencies for each postural muscle were then averaged
across trials and conditions (Aruin and Latash 1995a; Santos
and Aruin 2008; Eckerle et al. 2011).

To describe presumed changes in muscular activity, we
also calculated the integral of changes observed in the base-
line EMG activity of the postural muscles during APAs
(Aruin and Latash 1995a). The following integral windows
were used: /EMG,p, from — 100 ms to + 50 ms with respect
to TO for the APAs activity, and /EMGg,j;e from —800 ms
to — 650 ms with respect to TO for the baseline muscular
activity. The ratio A fjyeerat = /EMGaps — [EMGg,qeine/ [E
MGg,qc1ine Was used to characterize the anticipatory EMG
changes in the activity of the postural muscles (Aruin and
Latash 1995a, b; Mochizuki et al. 2004; Morris and Alli-
son 2006; Strang and Berg 2007; Xiaoyan and Aruin 2007,
Santos and Aruin 2008). Then, for each subject and for each
muscle, all the A[ values were normalized by the maxi-
mal value of A [(divided by A /max). The across-subjects
analysis of the changes in the muscle activity used normal-
ized values of A f, in accordance with (Aruin and Latash
1995a, b; Shiratori and Latash 2001; Strang and Berg 2007).
Normalization of anticipatory EMG integrals was adopted
because it led to most reproducible among-subjects findings.
This approach restricted /EMGImegral to arange of —1to 1,
where positive values indicated an increased activation in
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APA muscles and negative values corresponded to an APA
inhibition (Shiratori and Latash 2001).

Intervals of integration were chosen based on previ-
ous studies that described APAs typically starting about
150-100 ms prior to the onset of EMG activity in the prime
mover muscles (Kanekar et al. 2008). Furthermore, feedback
effects were not expected during the first 50 ms after TO
(Shumway-Cook and Woollacott 2000; Shiratori and Latash
2001).

Statistical analyses

Kicking accuracy was submitted to a separate one-way (sin-
gle vs. dual-task) analysis of variance (ANOVA). Kicking
timing, COP, and COM dependent variables were submitted
to 2 conditions (single vs. dual-task) X 2 movement phases
(backswing vs. shooting) ANOVAs with repeated measures
on both factors. Temporal analysis of the onset latency of the
postural muscles was submitted to 2 conditions (single vs.
dual-task) x 4 muscles (BF vs. RF vs. GM vs. PL) ANOVAs
with repeated measures on both factors. However, to further
determine which muscles accounted for the observed differ-
ences, a quantitative analysis, represented by EMG integral
for each muscle, was submitted to separate one-way (single
vs. dual-task) ANOVAs. The level of significance was set at
p <.05. Post hoc pairwise comparisons (Tukey HSD) were
performed whenever necessary to identify the specific dif-
ferences in factors contributing to the variance observed in
the data. All statistical computations were performed using
a SPSS 10.0 software (SPSS Inc., Chicago, IL, USA).

Results

Kicking motion was achieved by a combination of muscle
moments and motion-dependent moments, which can be
analyzed through different kinematic or kinetic parameters.
In Fig. 1, typical patterns of the various dependent variables
are illustrated through the performance of one participant.
These dependent variables were synchronized on T0O, which
determined the beginning of the kicking movement. To iden-
tify the APAs, we investigated the timing before TO. COP
and COM displacement were calculated and analyzed sepa-
rately for the two movement phases (backswing vs. shooting)
and axes (AP and ML), yielded information on the effects of
dual tasking on the interaction between posture and move-
ment during the pointing lower limb movement.

Kicking performance
Kicking accuracy was lower in the dual- than single-

task condition [F(1,38)=5.43, p<0.05, 37.5+9.27
vs. 45.62 +12.03]. Total kicking timing was longer for
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Fig. 1 Representative illustration of typical trajectories for one partic-
ipant. Kinematics displacement of right malleolus on AP axis, COP
mean amplitude, COM mean amplitude and EMG amplitude of PL
muscle were temporally synchronized. The dashed and solid lines
represent the single- and dual-task conditions, respectively

the dual- than single-task condition [F(1,38)=4.28,
p <0.05, 1.01 s vs. 0.98 s, +30ms]. More precisely,

[l Backswing |:| Shooting

14 4

12 -

ST DT

Fig.2 Mean and standard deviation of kicking duration. The two sin-
gle- and dual-task conditions are presented: backswing (black bars)
and shooting (white bars) phases. P values between single- and dual-
task conditions are reported: (*p <0.05)

analysis of kicking timing showed main effects of condi-
tion [F(1,38) =4.76, p <0.05] and phase [F(1,38) =22.90,
p <0.05]. A significant interaction of condition x phase
was also observed [F(1,38)=12.89, p <0.05]. The post
hoc revealed that duration of the backswing phase was
longer in the dual- than single-task condition (p <0.001),
whereas duration of the shooting phase was similar what-
ever the condition (Fig. 2). On the other hand, no sig-
nificant effect was observed when kicking duration was
analyzed from TO until foot contact with the ball toward
the target (p > 0.05); therefore, confirming that movement
speed was similar between the two conditions.

COP displacements

Analysis of AP mean amplitude showed a main effect of
condition [F(1,38)=4.50, p <0.05] with a larger mean
amplitude for the dual- than single-task. The main effect
of phase [F(1,38)=2.23, p>0.05] and the interaction of
condition X phase [F(1,38)=0.69, p > 0.05] were not sig-
nificant (Fig. 3a). On the ML axis, no significant effect was
observed (Fig. 3b).

Analysis of mean COP speed on the AP axis showed a
main effect of condition [F(1,38)=11.86, p <0.05] with a
faster COP speed for the dual- than single-task. However,
no main effect of phase [F(1,38)=0.60, p>0.05], and no
interaction of condition X phase [F(1,38)=1.44, p>0.05]
were observed (Fig. 3c). On the ML axis, no significant
effect was observed (Fig. 3d).
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Analysis of AP mean amplitude of COM displacement
showed a main effect of condition [F(1,38)=10.50, p <0.05]
with a larger mean amplitude of displacement for the dual-
than single-task. The main effect of phase [F(1,38)=108.92
p <0.05] was also significant with a larger mean amplitude
of displacement for the backswing than shooting phase. A
significant interaction of condition X phase [F(1,38)=5.41,
p <0.05] was also observed (Fig. 4a). Post hoc analysis
revealed that the increase of AP COM displacement in the
dual-task condition was larger in the backswing than shoot-
ing phase (p <0.0001). On the ML axis, no significant effect
was observed (Fig. 4b).
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axis showed a main effect of condition [F(1,38)=12.23,
p <0.05] with a faster COM speed for the dual- than
single-task. The main effect of phase [F(1,38)=23.09,
p <0.05] was also significant with a faster COM speed for
the backswing than shooting phase. A significant interac-
tion of condition x phase [F(1,38)=6.06, p <0.05] was
also observed (Fig. 4c). The post hoc showed that the
increase of AP COM speed of displacement in the dual-
task condition was larger in the backswing than shooting
phase (p <0.01). On the ML axis, no significant effect was
observed (Fig. 4d).
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Fig.4 Mean COM amplitude
(upper figures) and speed (lower
figures) and standard deviation
on the AP and ML axes, for the
single and dual-task conditions,
respectively. P value are also
reported (¥p <.05)

Fig.5 Mean EMG onset latency
and standard deviation (a) and
mean EMG integral and stand-
ard deviation (b) for the four
postural muscles and for the
single- (black bars) and dual-
task (white bars) conditions,
respectively. The significant p
values (*p <0.05) were reported
for comparisons between the
two single- and dual-task
conditions and the four postural
muscles (BF, RF, GM, PL)
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EMG analyses

Analysis of the onset latency of the postural muscles showed
a main effect of condition [F(1,38)=6.18, p<0.05] with
an earlier EMG burst before TO for the single- than dual-
task condition. The main effect of muscle was also signifi-
cant [F(3,114)=14.23, p<0.05]. A significant interaction
of condition X muscle [F(3,114)=2.73, p<0.05] was also
observed (Fig. 5a). More specifically, post hoc analysis
revealed that the mean latency of the BF, RF, and GM mus-
cles was not different for the two conditions, whereas PL
muscle showed a significant earlier onset in the single- than
dual-task condition (p <0.0001).

Normalized EMG integral from — 100 to 4+ 50 ms showed
that there was no effect of the dual-task condition for BF, RF
and GM (p > 0.05). On the other hand, PL showed a smaller
normalized EMG integral in the single- than dual-task con-
dition [F(1,38)=6.44, p <0.05, Fig. 5b]. More specifically,
the modification of muscular pattern was mainly observable
in the dual-task condition (Fig. 1).

Discussion

As expected, the dual-task condition induced a decreased
kicking accuracy, in accordance with previous reports show-
ing a decreasing performance in such conditions (Shum-
way-Cook and Woollacott 2000; Carr et al. 2013; Rios
et al. 2015). More specifically, analysis of kicking duration
showed that participants spent more time in the dual- than
single-task condition for performing the backswing move-
ment (Carr et al. 2013; Hart et al. 2014), whereas duration
of the shooting phase remained similar, whatever the condi-
tion. This suggested that with an additional cognitive load,
participants dedicated more time to perform the backswing
motion, to be as efficient as possible during the forward
shooting movement toward the target. It also suggested
that backswing motion was more controlled than shooting
motion, which was rather ballistic, as suggested by the large
increase of the right foot acceleration during the shooting
phase.

It remains, however, that participants were less accurate
in the dual- than single-task condition, as shown in previous
studies (Lam et al. 2010; Gabbett et al. 2011; Gabbett and
Abernethy 2012).

Analysis of COP displacement forward and then back-
ward showed that participants presented a larger displace-
ment in the dual- than single-task condition (Shumway-Cook
and Woollacott 2000; Remaud et al. 2012). This behavior
was more consistent during the backswing phase. Previous
studies (Paillard et al. 2006; Matsuda et al. 2008) investi-
gating groups of amateur and elite soccer players found an
elevate variability on the ML axis and a reduced AP COP
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displacement for the amateur players, which somewhat con-
tradicted the present results.

Analysis of COM displacement forward and then back-
ward confirmed that participants presented a larger displace-
ment in the dual- than single-task condition. This reflected
a significant body inclination on that axis which was more
consistent for the forward displacement during the back-
swing phase. This allowed reaching an adequate stability to
perform the movement, even in situations in which there is
an increased equilibrium constraint requiring to adopt a dif-
ferent strategy of COM motion (Horak and Nashner 1986;
Crenna et al. 1987; Hilt et al. 2016).

Overall, COP and COM data obtained separately for each
movement phase, suggested that different strategies per-
formed by the CNS were adopted for maintaining postural
stability during backswing and shooting motion, depending
on the cognitive load.

In addition, to further determine whether the organization
of postural muscular activity differed between the single-
and dual-task conditions, EMG data allowed estimating the
APAs to describe presumed changes in muscular activity.

Interestingly, in the dual-task condition, there was an
increasing EMG activity of the plantar flexor. This muscle
group has been shown to play an important role in the main-
tenance of postural control (Lundin et al. 1993), especially
at the anterior limits of stability and may be more active
when stability was altered by the dual-task, confirming the
anticipatory contribution of these muscles mainly for the
postural preparation time, which decreased as EMG onset
of plantar flexor muscle was delayed.

More specifically, PL muscle showed a large magnitude
of activation, mainly during dual tasking, which can be
related with lateral stability, since participants would spend
more time due to the premeditated prolonged backswing
phase (Rios et al. 2015; Conceicdo et al. 2016).

Indeed, the different patterns of response observed for
single- and dual-task conditions, that is, the combination of
the temporal and quantitative EMG activity, resulted in over-
all similar APAs. This suggested that these two measures
provide different information and had both to be computed
for a correct estimation of the whole APAs.

In other words, increased APAs in dual-task condition,
estimated by the quantitative EMG analysis, were com-
pensated for by decreased APAs estimated by the tempo-
ral EMG analysis. However, this adaptation of APAs did
not ensure an efficient performance of the movement, and
therefore, was not functional as the performance was not the
same between the two conditions, with a reduced kicking
accuracy and an increased duration of the backswing phase
in the dual-task condition.

This modification of EMG pattern activity was reminis-
cent of previous studies showing the existence of an adap-
tive strategy to perform the same task in different conditions
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(Strang and Berg 2007; Mezaour et al. 2010). In other words,
postural control and movement execution may require dif-
ferent modes of coordination, depending on the conditions.
The present findings showed that movement speed was simi-
lar between the two conditions, suggesting that dual-task
affected APAs directly, which rather supported the parallel
control hypothesis.

On the other hand, the postural component started earlier
than the focal component of motor behavior to minimize the
perturbation of equilibrium caused by the oncoming focal
movement (Frank and Earl 1990; Aruin and Latash 1995b;
Conceicdo et al. 2016). This behavior was increased in the
dual-task condition, as participants needed more time to
reach an adequate postural stability allowing them to per-
form the movement as efficiently as possible, in accordance
with previous studies (Rios et al. 2015; Hilt et al. 2016).

This pattern of motor responses suggested that a “paral-
lel mode” for controlling the dynamic interactions between
body segments was applied for both conditions.

Conclusion

The present results provided a better understanding of feed-
forward mechanisms involved in postural control when
performing a kicking pointing movement toward a tar-
get. Depending on the condition, different strategies were
adopted to perform the task. The dual-task condition modi-
fied directly the way APAs were generated, emphasizing that
cognitive, postural, and motor processes worked depend-
ently. We believe these observations pose fundamental ques-
tions regarding the behavior adopted by the different levels
of sensory-motor organization necessary for an adaptable
and optimal accurate movement.
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