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Abstract

For whole-body sway patterns, a compound motor response following an external stimulus may comprise reflexes, postural
adjustments (anticipatory or compensatory), and voluntary muscular activity. Responses to equilibrium destabilization
may depend on both motor set and a subject’s expectation of the disturbing stimulus. To disentangle these influences on
lower limb responses, we studied a model in which subjects (n=14) were suspended in the air, without foot support, and
performed a fast unilateral wrist extension (WE) in response to a passive knee flexion (KF) delivered by a robot. To charac-
terize the responses, electromyographic activity of rectus femoris and reactive leg torque was obtained bilaterally in a series
of trials, with or without the requirement of WE (motor set), and/or beforehand information about the upcoming velocity
of KF (subject’s expectation). Some fast-velocity trials resulted in StartReact responses, which were used to subclassify
leg responses. When subjects were uninformed about the upcoming KF, large rectus femoris responses concurred with a
postural reaction in conditions without motor task, and with both postural reaction and postural adjustment when WE was
required. WE in response to a low-volume acoustic signal elicited no postural adjustments. When subjects were informed
about KF velocity and had to perform WE, large rectus femoris responses corresponded to anticipatory postural adjustment
rather than postural reaction. In conclusion, when subjects are suspended in the air and have to respond with WE, the pre-
pared motor set includes anticipatory postural adjustments if KF velocity is known, and additional postural reactions if KF
velocity is unknown.

Keywords Motor program - Startle reaction - StartReact effect - Kinematic stimulus - Proprioception

Introduction localized adjustments for tool manipulation with upper limbs

(Morris et al. 2001; Baker 2018; Vaidya et al. 2017; da Costa

Muscular activity is controlled by central nervous sys-
tem commands, which can either be generated at free
will, or which may derive non-voluntarily and reflexively
in response to an external stimulus. Extensive research is
available in the field of motor responses during whole-body
human activities such as sit-to-stand maneuvers, gait, or
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et al. 2010; Santello et al. 2016; Reissner et al. 2019). For
whole-body sway patterns, a compound motor response fol-
lowing an external stimulus may comprise reflexes, postural
adjustments (anticipatory or compensatory), and voluntary
muscular activity.

To investigate whole-body postural control, particularly
equilibrium, subjects are usually studied while standing,
with the lower limbs fulfilling the main role in maintaining
stable posture to provide the desired framework for subjects
to perform voluntary acts, mainly with the hands. Volun-
tary upper limb movements are preceded by anticipatory
postural adjustments (APA), which can be recorded in the
lower limbs (Massion et al. 1999; Delafontaine et al. 2019).
They appear as part of the motor reaction at latencies, which
may coincide with volitional activity (later than 100 ms after
an imperative signal, IS, in reaction time paradigm tasks).
Furthermore, compensatory postural adjustments (CPA)
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may appear in the lower limbs following volitional upper
limb movement. Both APA and CPA seem to act in synergy
to achieve a subject’s rapid stabilization after perturbation.
In addition, if a mechanical disturbance destabilizes the
standing subject, additional muscle responses are evoked
in the lower limbs (presumably by sudden stretch) within
100 ms corresponding to what has been described as the
short latency reflex (SLR), followed by the long latency
reflex (LLR) (Santos et al. 2010a; Vedula et al. 2010; Helm
et al. 2019).

However, conditions in which the legs do not support the
verticalized subject have scarcely been studied. This is the
case when subjects are in a suspended position, the trunk
being secured by a harness (e.g., housepainters, construc-
tion workers, carpenters, and tree-trimmers). In these situ-
ations, equilibrium is maintained with the trunk rather than
with the legs. The center of support may then be transferred
from the legs mainly to the trunk, particularly when sitting
in an unstable posture, or when hanging from roofs close
to walls, or occasionally when shifting weight to the arms,
e.g., during over-head drilling. In these circumstances the
fulcrum for the action is not the ankle, as it is in standing.
As a consequence, the inverse pendulum model from the feet
to the moving segment, usually hands and arms, is no longer
valid, thus the relative contribution of the lower limbs to the
task is unknown in those circumstances in which the trunk
takes over equilibrium control. Some similarities can also be
found in neurorehabilitation, when for certain assessments or
therapeutic procedures, patients are lifted from the ground
and secured at waist and trunk level by a harness, rendering
them suspended in the air with little or no weight-support on
their legs. This is the case when patients following stroke or
spinal cord injury are assessed for lower limb spasticity, or
undergo gait training with the aid of supporting harnesses
and, in recent decades, with exoskeletons (Mayr et al. 2007,
2019; Mirbagheri et al. 2012). Harnesses mainly reduce the
weight supported by the legs but avoid or modify the ful-
crum function of the legs. Exoskeletons may provide leg
stability and support active movement in paretic legs.

Consequently in suspended subjects, fast postural adjust-
ments and local reactions in leg muscles following remote
voluntary movements (e.g., reaching and grasping) may
be different from those previously described for standing
upright on firm ground (Jacobs & Horak 2007; Horak et al.
1989; Diener et al. 1988). The contribution of each compo-
nent to this modulation may depend on the “preparedness”
of the subject to react, i.e., on the degree of mental expec-
tation of the stimulus. Various authors have described the
participation of each of these processes for the lower limbs
in health and disease (Leukel et al. 2009; Rabita et al. 2005;
Lamontagne et al. 1998; Mrachacz-Kersting et al. 2004,
2006) as well as following upper limb movements (Pruszyn-
ski et al. 2008; Pruszynski and Scott 2012).
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The so-called StartReact effect (Valls-Solé et al. 1999)
might be an experimental procedure serving to uncover these
adjustments and reactions in subjects suspended in the air.
The StartReact effect was previously explored for fast hand
reactions in such a condition (Castellote et al. 2017), but the
participation of lower limbs to the upper limb motor program
has not been investigated. The StartReact effect reveals a pre-
programmed motor task by means of accelerated execution
in situations where the study paradigm contains a surprising
component, eliciting a startle reaction (reflex). This effect has
been described for different activities, e.g., sit-to-stand (Quer-
alt et al. 2008), saccades (Castellote et al. 2007), wrist exten-
sion (Maslovat et al. 2014; Castellote et al. 2017), and eye
opening (Valls-Solé et al. 2021). To further characterize the
StartReact effect, a weak sensory stimulus can be applied prior
to the strong reflex-eliciting stimulus to suppress the reflex
component without affecting response acceleration (Valls-Solé
et al. 2005) (Castellote et al. 2017). This suppression of reflex
magnitude is termed prepulse inhibition and entails the pedun-
culopontine nucleus (Garcia-Rill et al. 2019).

The goal of the present study was to advance current
knowledge on motor preparation by exploring a model in
which subjects are suspended upright in the air without
foot support, performing a fast voluntary response with one
hand (wrist extension, WE) upon a fast mechanical stimulus
delivered to one leg (knee flexion, KF), theoretically desta-
bilizing the subject and in some occasions being of startling
intensity (fast KF) (Castellote et al. 2017). We expected a
different response when subjects are suspended in the air
without leg support, as opposed to known reactions when
standing on firm ground (Santos et al. 2010a; MacKinnon
et al. 2007; Fiset and McFadyen 2020; Liaw et al. 2021).
The present study complements our previous report of fast
hand reactions obtained in a subset of the same subjects
(Castellote et al. 2017) and now focuses on the influence
of the subjects’ expectation and preparedness to perform
an upper limb motor task on associated motor reactions in
the legs. We hypothesized that reflexes would increase with
intensity (i.e., angular velocity of KF) and that responses
would be altered when the legs participate in the hand motor
task. The results may shed light on whether there is central
pre-activation of leg muscles when suspended in the air. If
lower limb activation is indeed required for the execution
of the hand motor program, we would expect differences in
APA or CPA.

Methods
Subjects

Fourteen self-reportedly healthy participants (8 females,
6 males, age 27-52 years) took part in the experiment.
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Subjects were excluded if they reported any personal history
of conditions which could cause disturbance of equilibrium
or motor control, repeated stumbling, or if any related symp-
toms or signs were noticed in a brief neurological exam.
All participants gave signed informed consent for the study,
which was approved by the local Institutional Review Board.

Setup

Participants were placed in an electromechanical gait robot
(Lokomat, DIH/Hocoma, Switzerland) with each lower limb
strapped to an exoskeleton system adjusted to individual
height and leg length. Participants were suspended in the air
during trial periods by a harness around the torso and pelvis
by means of an over-head body weight-support system with
deflection pulleys. Thus, the legs hung freely, only attached
to the orthoses of the robot. Handrails at waist level allowed
supporting if necessary, and a horizontal band in front of the
participant enabled resting the hands and forearms as previ-
ously described (Castellote et al. 2017). Briefly, the wrist
was held in a neutral position concerning flexion—extension
and the hand in slight pronation. The Lokomat was used to
produce passive KF at pre-set angular velocities acting as
IS in a simple reaction time task. In most trials, participants
were asked to perform a fast right WE as soon as they per-
ceived the IS in the leg. In few selected trials, an electrical
stimulus generated with a Digitimer D180A (0.1 ms dura-
tion, 1.5 times perception threshold) was delivered through
ring electrodes placed on the left index finger, 100 ms pre-
ceding the IS, to induce prepulse inhibition. The resistive
leg torques associated with the induced movement were
recorded with built-in force transducers of the Lokomat exo-
skeleton and stored for off-line analysis. Electromyographic
(EMGQG) responses were recorded with an electrodiagnostic
system (Viking IV, Natus-Nicolet Biomedical, Madison,
Wisconsin) synchronized with the Lokomat. The sweep was
triggered by the Lokomat beginning from a starting point
with completely extended knees. Subsequent knee extension
back to the starting point was always performed at a low
velocity (less than 10°/s). The electrodiagnostic equipment
recorded single sweeps of 4 s, including a 900 ms pre-stimu-
lus delay. EMG signals were obtained from the left and right
rectus femoris muscles (RF) with pairs of surface electrodes
to quantify stretch-related muscle activity. RF was chosen
because it is a postural muscle, easy to record from, and the
main source of resistive torques following KF. EMG activ-
ity related to WE was recorded from right extensor carpi
radialis muscle (ECR). As the IS can be a source of a startle
reaction, surface EMG activity was recorded from the right
orbicularis oculi (OOc) and sternocleidomastoid muscles
(SCM), which are considered “startle indicator muscles”
(Carlsen et al. 2011; Forgaard et al. 2018). Filter settings
were 10-10,000 Hz.

Procedure and sequence of trials

Participants were instructed that there would be a series of
trials, in which (with few specific exceptions) they should
perform a fast WE as soon as they perceived the IS (i.e.,
passive KF induced by the robot). They were instructed not
to perform any resistance or assistance to the leg movement
and to relax during all experiments. Each trial included a
verbal warning for the subject to be prepared (‘“ready!”), the
IS delivered 1-3 s following the warning signal, and record-
ing of the participant’s responses. Consecutive trials were
separated by a minimum of 1 min, for the system to again
reach the starting position, to provide time for subjects to
relax, and to avoid influence of one trial upon the subsequent
one. The study included established stops and lowering of
the participants from the electromechanical device at certain
times. In addition, participants could be lowered to standing
on the floor, or, if desired, detached from the system, at any
time if they felt uncomfortable. There was a predetermined
workflow of trials, grouped in three blocks (Fig. 1).

Block 1 allowed participants to get accustomed to the
suspension in the system. It was composed of five trials to
record APAs and CPAs to fast WE. Only in this block a low
intensity tone burst (60 dB nHL, 500 Hz, 10 ms duration)
was used as IS instead of passive KF. The trials permitted
depicting the participant’s movement pattern employed dur-
ing brisk WE while hanging suspended in the harness. Spe-
cifically, the goal was to ascertain whether any EMG activity
in RF or SCM was associated with the task which could
interfere with analysis of responses in the subsequent trials.

In blocks 2 and 3, participants were instructed to respond
with a fast WE in most trials upon perceiving the IS. Trials
with fast angular velocity of left KF (240°/s) interspersed
with trials at slower velocities (6°/s, 60°/s), or right KF
(240°/s) during the last quarter of block 2, were applied in
pseudorandom order (Fig. 2). The Lokomat established a
total angular displacement of 80° for trials at 240°/s and
60°/s. For a 6°/s trial, the established excursion was 40°. To
avoid rapid habituation, each of the 240°/s trials was inter-
spersed with at least 5 trials at 6°/s, and occasional trials at
60°/s. In most trials with few specific exceptions in block
2, subjects were not informed beforehand about the type of
upcoming stimuli. We expected the occasional presence of
startle reflexes in 240°/s trials of block 2, thereby modifying
WE similar to the previously described StartReact effect in
other settings (Queralt et al. 2008; Castellote et al. 2007,
Maslovat et al. 2014), and in fact, they were occasionally
present (Castellote et al. 2017). During the last fourth of
block 2, few 240°/s trials were performed either applying
a prepulse, to suppress the startle reflex magnitude with-
out affecting the StartReact effect (Valls-Solé et al. 2005;
Castellote et al. 2017), or applying the passive KF (240°/s)
unexpectedly in the opposite leg to render the stimulus more
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Fig. 1 Flow chart that presents the procedure and sequences of blocks, factors, and goals

surprising. Block 2 ended with a few trials in which partici-
pants were asked not to perform any WE when the IS was
delivered. In some of these trials without WE, participants
knew the angular velocity of KF, in others not. The number
of trials per subject were pre-defined as follows for each
velocity: for left KF, 12 for 6°/s, 10 for 60°/s, 6 for 240°/s,
3 for 240°/s with prepulse, 6 for the final trials without WE;
for right KF, 3 for 240°/s. OOc and SCM activity was visu-
ally monitored online, confirming at least three recordings
with startle reflexes and three without for left KF 240°/s tri-
als. If needed, additional 240°/s trials were recorded, each
interspersed with at least 5 trials at lower angular velocities,
resulting in a total of 65-85 trials per subject.

Block 3 included 5 left KF 240°/s trials as IS for WE,
in which participants were explicitly informed about the
upcoming velocity.

Data classification
Trials with left KF as IS were classified according to three

factors: IS INFORMATION (2 levels: Informed, Unin-
formed), IS VELOCITY (3 levels: 6°/s, 60°/s, 240°/s), and
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WE TASK (2 levels: Reaction, Rest). Additional classifica-
tions were done for those trials where right KF was the IS
(“OPP” for opposite leg), for those that included a prepulse
(“PP”, left index finger stimulus present), and for those that
had startle signs, i.e., either startle reflexes or a StartReact
effect (“SR”, appropriate EMG activity in OOc and/or SCM
and acceleration of WE based on ECR EMG latency) as
previously described in detail (Castellote et al. 2017).

Data processing and analysis

EMG data were analyzed with the built-in software of the
electrodiagnostic equipment. Analysis of torque data for
the different conditions was performed using the Lokomat’s
measurement tool for analysis. The start of the IS, i.e., move-
ment onset in the leg established with an accelerometer
attached to the tibial crest, was the reference time for all
response latencies.

To assess whether EMG responses might be modified
dependent on differences in background EMG (Scheirs and
Brunia 1986; Ogiso et al. 2002) rather than differences in
any of the factors, integrated EMG (i(EMG) of RF in the
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Starting point Subject suspended in Lokomat
Knees extended

Wrist relaxed

Y

Information Wrist extension: Reaction or Rest
IS velocity told: Informed or Uninformed
v
Motor Set According to level of information:

Prepared to move and/or informed about velocity

Imperative signal Passive left knee flexion (occasional 240°/s
trials interspersed among five to seven trials at 6°/s or
60°/s; occasional right knee flexion , occasional knee

flexion preceded by prepulse

Task execution

!

Recording

Wrist extension: Reaction or Rest

EMG: Right rectus femoris
Left rectus femoris
Orbicularis oculi
Sternocleidomastoid

Extensors carpi radialis

Leg stiffness: via Lokomat

Back to start

Lokomat moves leg slowly back to starting

point, time to get ready for next trial

Fig.2 Sequence of events for a representative trial of the main block
(Block 2)

passively moved leg was measured as area-under-the-curve
(henceforth “area”) during a 50 ms baseline period preced-
ing movement onset for later comparison.

For a 240°/s trial (Fig. 1), the RF reaction to the IS
showed EMG activity that could correspond to either
reflexes or adjustments, and was classified based on laten-
cies in three time windows in accordance with previous
reports (Dietz et al. 1987; Bergui et al. 1992; Mrachacz-
Kersting and Sinkjaer 2003; Mrachacz-Kersting et al.
2004).

First, SLR period, starting at movement onset and lasting
50 ms. SLR onset was determined by visual inspection of
the EMG trace as described elsewhere (Mrachacz-Kersting
et al. 2006). SLR magnitude was measured as area during a
20-ms time window beginning from SLR onset.

Second, LLR period, lasting from 50 to 100 ms after
movement onset. Concurring with previous literature
(Mrachacz-Kersting et al. 2004; Bergmann et al. 2013;
McPherson et al. 2018), SLR and LLR often merged,
which precluded exact measurement of LLR onset.

Therefore, we decided to measure LLR area in a fixed
50-ms time window, from 50 to 100 ms after movement
onset.

Third, postural adjustment (PA) period, lasting from
100 to 200 ms after movement onset. Activities that start
around 120 ms following a perturbation contain volitional
responses (Lee and Tatton 1975). In this case, they cor-
respond to PA in the leg as a consequence of WE and/or
disequilibrium. Visual inspection revealed that the LLR
often merged with the early PA component. Therefore, PA
area but not latency was measured during a 100-ms time
window from 100 to 200 ms after movement onset.

For all trials irrespective of angular velocity, stiffness
was analyzed by means of the Lokomat measurement
tool. For each trial, the resistive force obtained from the
moved leg against the displacement was recorded during
the entire movement period and expressed as torque-time
relationship. For a 240°/s trial (Fig. 3), the reactive force
showed two peaks separated by a trough approximately
150-200 ms after movement onset. We measured laten-
cies from movement onset to each peak and peak ampli-
tudes for each trial. Furthermore, we estimated reflexive
and postural response (PR) components according to
Mrachacz-Kersting and Sinkjaer (2003).

Data for each variable and factor were averaged per sub-
ject. These individual mean values were used to calculate
group mean values and standard deviation for each vari-
able and condition. Inferential analysis was performed for
leg responses, particularly for 240°/s trials: SLR latency
and amount of iEMG activity for the referred periods: pre-
movement background, SLR, LLR, and PA. The analysis
included peak torque latencies and peak torque amplitudes.
Statistical significance was considered at p <0.05.

Thus, the following comparisons were made:

— a three-way ANOVA with factors “IS INFORMA-
TION”, “IS VELOCITY”, and "WE TASK” was per-
formed to determine the influence of pre-movement
background EMG on the ensuing reflex responses and
reactions.

— aone-way ANOVA with factor “IS VELOCITY” was
performed to compare the influence of velocity scal-
ing on iEMG and torque responses in trials without
information about the IS (factor “IS INFORMATION:
Uninformed) and with WE requested (factor “WE
TASK”: Reaction).

— a two-factor ANOVA with factor “IS INFORMA-
TION” and with factor "WE TASK” was performed in
240°/s trials only to elaborate how reaction strategies
depended on the “preparedness” of participants and
how RF responses were modulated in the absence of a
StartReact effect.

@ Springer
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Fig.3 Representative trial from one subject depicting electromyo-
graphic (EMG) responses from orbicularis oculi (OOc), sternocleid-
omastoid (SCM), extensor carpi radialis (ECR), and rectus femoris
(RF) muscles, as well as reactive torque of the leg in the experimen-
tal condition Uninformed-Reactiongy. The StartReact effect is sup-
ported by the presence of OOc and SCM responses (marked with
asterisks: *) as well as an early ECR response (as compared to tri-
als without concomitant responses in OOc or SCM). The RF trace
shows the response to 240°/s knee flexion (KF) with activity starting
at a latency corresponding to the short latency reflex (SLR), merging
with an EMG burst around 200 ms, reflecting both long latency reflex
(LLR) and postural response, that may include a postural reaction
(PR) to KF and an anticipatory postural adjustment (APA) to wrist
extension. A later EMG burst around 350-400 ms reflects the com-
pensatory postural adjustment (CPA) to wrist extension. The torque
reaction starts immediately following KF, reflecting the mechanical
resistance of the leg to stretching, followed by two peaks correspond-
ing to the subject's reflex and reactive responses

Results
General remarks

All subjects performed the complete set of trials without
difficulty. Two participants asked for additional interruption
while suspended in the harness and for lowering from the
system during the second block. In blocks 2 and 3, some
trials were excluded from analysis (less than 5%/subject)
due to signal interference from the robotic system. In block
1, WE in response to an acoustic stimulus while being sus-
pended in the harness elicited EMG activity in ECR and RF
with latencies of 230+ 54 ms and 364 +60 ms following
the IS, respectively. RF activity appeared consistently in all
subjects, never preceded WE, and presumably contributed to
compensate for the brisk WE. Few trials showed SCM activ-
ity with a latency of 200 + 20 ms, presumably contributing
to head stabilization while performing WE.

For both blocks 2 and 3, an ANOVA was performed
to ascertain a similar background EMG activity before
task execution in both RF and ECR among all three fac-
tors, i.e., IS INFORMATION (Informed, Uninformed), 1S
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VELOCITY (6, 60, 240°/s), and WE TASK (Reaction,
Rest) for each subject (RF: Fg o, =0.04; p>0.05; ECR:
F¢91=0.12; p>0.05).

Trials with KF at 240°/s (ipsi- or contralateral leg; both
with and without prepulses), in which WE was required,
were subclassified according to the presence or absence
of responses in OOc and SCM at typical startle latencies
(Valls-Solé et al. 1999; Carlsen et al. 2007) and of a Start-
React effect in ECR. Accordingly, these trials were named:
Uninformed-Reactiongg Uninformed-Reactiongpp_gg and
Uninformed-Reactionpp_gz. The remaining trials in the left
leg without concomitant startle signs were classified as
Uninformed-Reaction, qg.

Figure 3 depicts a representative Uninformed-Reactiongg
trial at 240°/s. During the SLR time window, EMG activity
in RF emerges from ongoing low background activity and
continues rising with a burst around 100-200 ms, presuma-
bly corresponding to both LLR and PA, followed by another
peak around 300-400 ms, presumably reflecting additional
CPA RF activity following WE. Torque activity in the pas-
sively moved leg begins immediately after the IS, resulting
in a curve with two peaks and a trough around 150-200 ms.
OOc and SCM activity is present at latencies concurring
with a startle reflex.

Influence of speed gain scaling

The influence of different angular velocities used as IS was
examined in Uninformed-Reaction trials. Compared to
240°/s Uninformed-Reaction trials, EMG activity in ECR
appeared clearly later in 6°/s and 60°/s Uninformed-Reac-
tion trials and was not accompanied by startle-related EMG
activity in OOc and SCM (Fig. 4). Occasional RF responses
during the SLR period did not differ in onset latency
(Fp39=3.53; p>0.05) and area (F,39=2.11; p>0.05)
among the three angular velocities. EMG activity in RF was
present in most 6°/s and 60°/s trials during both LLR and
PA periods, but EMG area was significantly smaller in 6°/s
and 60°/s than in 240°/s trials (LLR: F, 39=4.11; p <0.05;
PA: F, 39=5.58; p<0.01). WE was regularly followed by
CPA RF activity in 240°/s trials, but not always in 6°/s and
60°/s trials.

Torque was lower in 6°/s and 60°/s as compared to 240°/s
trials, and the respective torque/time curve resulted in a
dome-like shape lacking clear peaks. In contrast, 240°/s tri-
als showed two distinct peaks at latencies of 135+47 ms
and 315 +30 ms with respective amplitudes of 10 +3 Nm
and 12+4 Nm.

Influence of task planning

The participant's response depends not only on IS velocity,
but also on their motor strategy, the planning of the decided
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Fig.4 Influence of speed gain scaling. Representative trials depict-
ing surface EMG responses from rectus femoris muscle and reac-
tive torque of the extended leg to knee flexion in the condition Unin-
formed-Reaction at 6°/s, 60°/s and 240°/s angular velocities. The
EMG traces show similar activity for the three velocities during the
short latency reflex (SLR) and long latency reflex (LLR) periods.
However, during the Postural Response period, larger EMG activity
is present in the 240°/s trial as compared to the 6°/s and 60°/s tri-
als. The 240°/s trial in fact corresponds to an Uninformed-Reactiongy
trial. Torque reaction is minimal at both 6°/s and 60°/s but shows two
distinct peaks at 240°/s. Acronyms as in Fig. 1

response. In the present paradigm this is fed by two factors:
information about upcoming IS velocity and preparedness
to react or to rest.

To estimate how the decision taken to act according to
information about the upcoming IS velocity modulates WE,
we compared Informed-Reaction and Uninformed-Reaction
trials, yielding significantly shorter ECR latency and lower
ECR area in Informed-Reaction trials (p < 0.05 each, paired
t-test).

To estimate how knowledge about upcoming IS velocity
and preparation of a motor task modulates reactions in RF,
we compared EMG activity in RF in 240°/s trials without
StartReact effect (Uninformed-Reaction, Uninformed-Rest,
Informed-Reaction, Informed-Rest).

During the SLR period, advance knowledge about
upcoming IS velocity did not significantly affect SLR
latency (F, 5,=1.77; p>0.05) nor SLR area (F, 5,=0.12;
p>0.05), and neither did the performance of WE (SLR
latency: F5,=0.01; p>0.05; SLR area: F;5,=0.63;
p>0.05) (Fig. 5).

During the LLR period, advance knowledge about
upcoming IS velocity resulted in significantly larger
LLR area in Uninformed vs Informed trials (F 5,=7.52;
p <0.01). The requirement of WE resulted also in larger
LLR area (F| 5,=4.05; p<0.05) in Reaction vs Rest trials
without significant INFORMATION x TASK interaction
(F'15,=0.4; p>0.05) (Fig. 5).

Fig.5 Influence of task planning. Surface EMG from rectus femoris
muscle and reactive torques of the extended leg to knee flexion for
representative 240°/s trials in the conditions Informed-Rest, Unin-
formed-Rest, Informed-Reaction, and Uninformed-Reaction. Note
the larger EMG activity in the LLR and Postural Response periods in
Uninformed vs Informed trials and in Reaction vs Rest trials. Torque
peak amplitudes are larger for Uninformed trials as compared to
Informed trials (both peaks), and in Reaction trials vs Rest trials (sec-
ond peak). Acronyms as in Fig. 1

Likewise, during the PA period, advance knowledge
about IS velocity resulted in significantly larger PA area
in Uninformed vs Informed trials (F; s, =34.63; p <0.001),
and the performance of WE gave rise to larger PA area
in Reaction vs Rest trials (F5,=6.71; p<0.05) with-
out INFORMATION x TASK interaction (F; s, =0.01;
p>0.05) (Fig. 5).

Neither advance knowledge about IS velocity nor the
requirement of WE influenced latencies of the first or sec-
ond peak in torque measurements in the 240°/s trials with-
out startle reflexes (Informed vs Uninformed, first peak:
F,5,=0.01; p> 0.05; second peak: F,5,=0.28; p> 0.05;
Reaction vs Rest, first peak: Fisp= 0.06; p=0.7; second
peak: I 5,=0.27; p=0.6) (Fig. 5).

However, Uninformed trials yielded larger torque ampli-
tudes as compared to Informed trials (first peak: F; 5,=3.8;
p <0.05; second peak: F; 5,=15.5; p<0.001), and Reaction
trials resulted in larger torque amplitudes vs Rest trials for
the second peak (F 5,=8.9; p<0.01) without INFORMA-
TION X TASK interaction (F s,=3.5; p=0.06) but not for
the first peak (¥, 5,=0.7; p>0.05) (Fig. 5). Influence of task
planning is summarized in Fig. 6 and Table 1.

According to the model of Mrachacz-Kersting and
Sinkjaer (2003), the estimated postural and reflex compo-
nents for these 240°/s trials normalized to the condition
Informed-Rest (100 Nm) were, respectively: Informed-
Reaction (108 £28 Nm; 113 + 15 Nm), Uninformed-Reac-
tion (111 +54 Nm; 123+ 16 Nm), and Uninformed-Rest
(135+43 Nm; 120+ 16 Nm).
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Fig.6 Amount of reactive muscular activity and reactive torque of
the passively moved leg (240°/s knee flexion) according to task plan-
ning. All data are normalized to the condition Informed-Rest. The
bars represent mean values (whiskers: one standard deviation) in the
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conditions Informed-Rest, Informed-Reaction, Uninformed-Rest, and
Uninformed-Reaction (see text for detailed descriptions). Asterisks
define the level of significance for group comparisons (¥p<0.05,
**p<0.01, #**p <0.001)

Table 1 Influence of task planning, i.e., how knowledge about upcoming IS velocity and preparation of a motor task in the upper limbs modu-

lates reactions in rectus femoris muscle in 240°/s trials

EMBG in rectus femoris muscle

Torque in passively moved leg

SLR period LLR period PA period Latencies Amplitudes

(latency, area) (area) (area)
Uninformed vs. informed Similar Larger Larger Similar first and second peak Larger first and second peak
Reaction vs. rest Similar Larger Larger Similar first and second peak Larger second peak

EMG: electromyography; SLR: short latency reflex; LLR: long latency reflex; PA: postural adjustment

Startle modulation of performance

Startle reflexes and StartReact effects appeared only in
some Uninformed trials at 240°/s velocity when sub-
jects were highly prepared to react with a WE but were
unaware about the upcoming IS velocity (Uninformed-
Reactiongg Uninformed-Reactiongpp_gg and Uninformed-
Reactionpp_gg). As actual performance of leg movement
(and associated reflexes and reactions) might be affected
by such startle modulation, we compared ECR and RF
responses in these three fast Uninformed conditions
against Uninformed-Reaction,, gy, i.e., without startle
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modulation, applying a one-factor ANOVA. A representa-
tive example is shown in Fig. 7.

EMG in ECR began significantly earlier in 240°/s tri-
als containing startle modulation (Uninformed-Reactiongg
Uninformed-Reactiongpp_gg, Uninformed-Reactionpp_gr)
as compared to those without (Uninformed-Reac-
tion, Informed-Reaction) with respective latencies of
206 + 34 ms versus 247 £ 56 ms (Fg9; =6.95; p <0.05).
This response acceleration concurs with a StartReact
effect. Startle-related EMG in OOc and SCM occurred
at 77 +25 ms and 85 + 18 ms, respectively. Some trials
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Surface EMG
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Fig.7 Startle modulation of performance. Surface EMG from rec-
tus femoris muscle and reactive torques of the extended leg to knee
flexion for representative 240°/s trials in the conditions Uninformed-
Reaction,,gr and Uninformed-Reactiongy. The elicitation of a startle
reaction resulted in larger APA and CPA activities and in a longer
latency and higher amplitude of the first torque peak, and a later sec-
ond torque peak. Acronyms as in Fig. 1

showed late SCM activity at 181 +46 ms, presumably
belonging to the WE motor program.
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Fig.8 Amount of reactive muscular activity and reactive torque of
the passively moved leg (240°/s knee flexion) in those conditions
in which subjects were uninformed about the velocity of knee flex-
ion and were required to perform a fast wrist extension. All data are
normalized to the condition Informed-Rest. StartReact+ denotes
those conditions containing a StartReact effect in ECR (Uninformed-

Concerning responses in RF, startle reflex presence
did not significantly affect SLR latency (F c=0.01;
p>0.05), SLR area (F1,26 =0.18; p>0.05), nor LLR area
(F126=2.71; p>0.05), but resulted in larger PA area
(F26=4.51; p<0.05) in Uninformed trials with startle
modulation compared to those without (Fig. 8).

In torque recordings, the presence of a startle reaction
tended to prolong the latency (F; 54=0.02; p>0.05) and to
augment the size (F| 5=0.01; p>0.05) of the first torque
peak, and to delay the second torque peak (F; ,,=0.12;
p>0.05), although not reaching statistical significance.
Startle signs presence resulted in a significantly larger sec-
ond torque peak amplitude (F 5=4.63; p <0.05) as com-
pared to 240°/s Uninformed-Reaction,, g trials (Fig. 7).
Influence of a startle reaction on task performance is sum-
marized in Fig. 8 and Table 2.

According to the model of Mrachacz-Kersting and
Sinkjaer (2003), the estimated postural and reflex compo-
nents for these Uninformed trials with startle modulation
normalized to the condition Informed-Rest (100 Nm) were
117437 Nm and 112 + 18 Nm, respectively.

Postural Adjustment Period

*

130 [
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130
110
90
70

StartReact-

StartReact+

Reactiongg - Uninformed-Reactiongpp sr, Uninformed-Reactionpp ).
StartReact- denotes those conditions without the effect (Uninformed-
Reaction,gr). The bars represent mean values (whiskers: one stand-
ard deviation). Asterisks define the level of significance for group
comparisons (¥p <0.05)
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Table 2 Influence of a startle reaction on task performance, i.e., how
the presence of a startle, as seen by signs in orbicularis oculi and ster-
nocleidomastoid muscles, modulates reactions in extensor carpi radi-

alis (ECR) and rectus femoris muscles in 240°/s trials compared to
corresponding trials without startle signs

EMG in ECR EMG in rectus femoris muscle

Torque in passively moved leg

Latency SLR period ~ LLR period PA period Latencies Amplitudes
(latency, area) (area) (area)

Uninformed-Reaction,,, s, Earlier Similar Similar Larger First and second peak Larger first peak (n.s.),
vs Uninformed-Reactionggy delayed (n.s.) larger second peak
Uninformed-Reacti- Earlier Similar Similar Larger First and second peak Larger first peak (n.s.),
on,, sz vs Uninformed- delayed (n.s.) larger second peak

Reactionqpp_gg
Uninformed-Reaction,,, ¢p vs Earlier Similar Similar Larger First and second peak Larger first peak (n.s.),

Uninformed-Reactionpp_gg

delayed (n.s.) larger second peak

EMG: electromyography; SLR: short latency reflex; LLR: long latency reflex; PA: postural adjustment; n.s.: not significant

Discussion
General remarks

The present study investigated how a subject’s response to
a kinematic disturbance, which may compromise postural
equilibrium, is modified by stimulus expectation and by pre-
programming a motor task. The main difference to previous
studies in the field is the particular positioning of the par-
ticipants, who were suspended freely in the air without foot
support, being secured by a harness. In previous studies,
subjects were usually investigated standing upright. Thus
for the requested tasks the fulcrum was located at the lower
limbs, either at the ankle or the hip (Horak and Nashner
1986; Sherief et al. 2015; Ivanenko et al. 1997). Here, sub-
jects were engaged in a situation where the legs may still
contribute to posture, and thus postural adjustments, but not
to sustaining body weight. In such a setting, leg responses
depend on a subject’s preparedness for the upcoming stimu-
lus and the specific task to be performed.

Influence of speed gain scaling

IS intensity, in the present case angular velocity of pas-
sive KF, which was used as IS for the requested WE, has a
significant influence on the presence and amount of mus-
cular activity in RF at latencies corresponding to LLR and
PA. In most 6°/s trials there was no SLR visible. Absence
of such reflex activity has previously been described for
upper and lower limb joints when muscle stretch was of
insufficient intensity (Lamontagne et al. 1998; Rabita et al.
2005). However, in the LLR period and later, when also
voluntary reactions may appear, EMG activity was signifi-
cantly larger in 240°/s trials compared to most 6°/s and
60°/s trials. Beyond 100 ms following stimulus delivery,
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all three angular velocities gave rise to RF responses.
These could correspond to prolonged PRs, also called
“triggered reactions” (Crago et al. 1976; Manning et al.
2012), or to APAs in trials requiring WE (Santos et al.
2010b; Massion 1992; Bouisset and Zattara 1987).

When voluntary WE was required in response to per-
ception of leg movement, ensuing SLR latencies in RF did
not differ among the three angular velocities. LLR area
was larger when the KF velocity was faster. With all three
angular velocities, ECR activity was followed by CPA in
RF with latencies around 300-400 ms post-IS, similar to
other models (Memari et al. 2010; Santos et al. 2010b).
Both EMG in ECR and CPA in RF appeared earlier in
240°/s and later in 6°/s trials, concurring with accelerated
pre-programmed motor responses associated with an IS
of high intensity (Pins and Bonnet 1996; Valls-Solé et al.
2012; Castellote and Valls-Solé 2019). In 6°/s and 60°/s
trials, lower limb torques resulted in low amplitude curves
without distinct peaks, whereas in 240°/s trials, a high-
amplitude curve with two peaks was obtained, reflecting
the different velocity-dependent patterns of RF activation.
Such differential modulation of torques related to angular
velocity has previously been described in other studies,
which have explored quadriceps and tibialis anterior mus-
cles (Ghori et al. 1995; Nicol et al. 2003).

Muscular response and resulting torque may also
depend on background EMG activity of the stretched mus-
cle (Scheirs and Brunia 1986; Ogiso et al. 2002). In the
present study, however, there was no significant difference
in background EMG for both ECR and RF, thus not influ-
encing the current results. The obtained torques consist-
ently reflected the underlying muscular activity, and, as
there was a long time gap between consecutive trials, they
were likely not influenced by thixotropy from preceding
trials, as previously discussed (Lamontagne et al. 1998).
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Influence of task planning

EMG activity obtained at latencies exceeding the LLR
period deserves special attention, as it varied according to
IS and task. With an acoustic IS, WE did not induce APAs
in RF when subjects were suspended in the air without leg
support. This result contrasts the well-known APAs for
an upper limb reaction while bearing weight on the lower
limbs, concurring with a lesser role of the lower limbs for
maintaining equilibrium when suspended in the air. How-
ever, at longer latencies, WE required ensuing CPA in the
legs, presumably as part of the motor program used by the
brain to ensure balance (Alexandrov et al. 2005; Park et al.
2004; Santos et al. 2010b).

In the present study, two distinct motor program com-
ponents must be considered in the legs: (1) PRs to passive
leg movement, and (2) APAs required for the upper limb
task. Both motor program components may overlap in time
(Nashner and Cordo 1981), and both serve to rebalance
posture taking into account that a large lower limb seg-
ment and a hand are moved simultaneously. RF responses
following the LLR period may either correspond to a PR
following leg disturbance (Horak et al. 1997; Diener et al.
1988) or an APA associated with the required WE task as
previously described for upper limb movements (Belen’kit
et al. 1967; Woollacott and Manchester 1993; Bleuse et al.
2006; Yaguchi et al. 2017) and for displacements of lower
limbs (Santos et al. 2010b; Massion 1992; Bouisset and
Zattara 1987). The net result induced by stretching the RF
is a consistent reactive torque, which is proportional to the
angular velocity. The fastest stretch in RF also elicited a
StartReact effect in the upper limb, resulting in acceler-
ated WE.

In order to unravel the two motor program components,
we first confirmed similar background EMG activity
among conditions, as this is known to influence the result-
ing muscular activity (Scheirs and Brunia 1986; Ogiso
et al. 2002). Then, we explored the presence of APAs, as
well as CPAs associated with WE in this particular situ-
ation of being suspended without foot support and found
only CPAs with a latency of some 130 ms following ECR
activity but no preceding APAs. These findings suggest
that WE per se is not such a strong movement requiring
advance preparation involving RF. In fact, without ground
contact, upright posture does not imply an inverse pen-
dulum where an arm movement is preceded by activity
aiming at stabilizing leg muscles (Stamenkovic et al.
2021; Berret et al. 2009). The presence of CPAs concurs
with some disequilibrium induced by WE, which requires
compensatory activity incorporating RF as described in
other postural paradigms (Memari et al. 2010; Santos et al.
2010b).

Startle modulation of performance

Some Uninformed trials performed at 240°/s angular veloc-
ity (i.e., high IS intensity) and requiring WE (i.e., prepara-
tion of a motor task) contained EMG activity in OOc or
SCM, concurring with a startle reflex, and presented with
acceleration and enhancement of EMG in ECR, consistent
with a StartReact effect. This observation of an obvious
change in overall response characteristics prompted us to
re-analyze the respective data obtained in Uninformed trials
after categorizing them according to presence/absence of
startle-related activity in order to unravel possible differ-
ences in postural reactions.

Startle signs were not present in Uninformed 6°/s and
60°/s trials, indicating that stimuli, although unexpected,
were not of sufficient intensity to activate the startle circuits
located in the brainstem (Valls-Solé et al. 1999; Valls-Solé
et al. 2008; Maslovat et al. 2021). In contrast, 240°/s trials
were obviously fast enough to induce occasional kinematic
startles. The StartReact effect induced by fast leg movement,
i.e., how the somatosensory stimulus modifies voluntary
upper limb motor responses in a velocity-dependent man-
ner, has previously been reported (Castellote et al. 2017).
These findings are in agreement with other startling stimuli
previously described (Carlsen et al. 2004; Castellote et al.
2012; Castellote and Kofler 2018).

When subjects were Informed about the upcoming IS
intensity and when they were asked not to react with WE
(Rest), no EMG activity was present in RF during the PA
period. When a strong WE was required (Reaction), the
same fast leg disturbance, however, resulted in EMG activ-
ity in RF in the PA period, which could correspond to either
one of the two mentioned program components: APA (pro-
gram associated with upper limb activity) or PR (program
of lower limb postural reactions). Yet similar EMG activity
was seen in RF during the PA period, induced by the same
fast leg disturbance, when subjects were unaware of IS inten-
sity (Uninformed) and without motor task (Resf), concurring
with a PR, but larger when subjects were asked to perform
WE (Uninformed, React): this concurs with a PR plus APA,
as WE per se did not require anticipatory activity when trig-
gered by an acoustic IS.

Possibly, a fast leg disturbance might occasionally have
been startling when two conditions were simultaneously
met: unknown IS velocity (Uninformed) and preparedness
for a motor task when WE was required (React). Conse-
quently, a StartReact effect was seen in ECR, and more
importantly, EMG activity was significantly larger in RF in
trials with startle signs. Such higher activity does not nec-
essarily signify a postural challenge because larger EMG
activity may indeed be seen due to startle reaction, mainly
in muscles involved in voluntary activity (Valls-Solé
et al. 1999; Rothwell 2006; Carlsen et al. 2012). Startle
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reactions have rarely been described in postural challenges
(Campbell et al. 2012), where they are not always present
(Nonnekes et al. 2013).

Generally, a StartReact effect results in earlier and
larger pre-programmed voluntary movements (DeLuca
et al. 2022; Mclnnes et al. 2021). With the present para-
digm, we previously reported significant acceleration of
voluntary WE whenever startle reflexes were present in
OOc and SCM (Castellote et al. 2017), even when a pre-
pulse suppressed startle-related EMG activity in the lat-
ter muscles (Valls-Solé et al. 2005; Kumru et al. 2006).
Concerning the lower limbs in the present study, startle
reactions exerted no influence on the SLR in RF, which
is known to be only spinally modulated and not affected
by startle stimuli (Shemmell 2015). The absence of an
influence of startle stimuli on EMG activity in RF dur-
ing the LLR period suggests that the respective RF activ-
ity is part of a reflex and not a consequence of voluntary
drive. In contrast, larger EMG activity in the PA period,
accompanied by larger torque amplitudes in the second
torque peak, may correspond to an APA related to WE,
augmented by the startle, as both APA and WE are part
of the same motor program. In fact, EMG activity in ECR
was accelerated and larger in startle trials (Castellote et al.
2017), which is entirely coherent with a larger APA in RF,
together with larger peak torque, in the same trials.

Based on previously published models (Mrachacz-Kerst-
ing and Sinkjaer 2003), the estimated reflex torque compo-
nent did not change relative to the condition Informed-Rest,
which is coherent with no modification of reflex responses
by the startling stimulus. However, the postural component
was larger in the context of a StartReact effect, consistent
with a common voluntary motor program of WE plus APA.

Indeed, the actual motor program depends on the type of
IS, acoustic or kinematic, the advance knowledge about the
upcoming IS intensity, here angular velocity of KF, and the
known requirement of a motor task, here WE. When a fast
WE is required and KF velocity is known, the leg responds
with an APA, which is not present when the IS is a known
non-startling sound. When the subject is not informed about
the upcoming KF velocity, WE is accompanied in RF by a
postural response that may include two components, one the
consequence of leg displacement, the other one due to the
fast wrist displacement. We hypothesize that when the sub-
ject is informed, hence in control of the situation, the brain
prioritizes the task, thus an APA is the evident lower limb
result. However, when the subject is not informed, hence not
in full control of the situation, perhaps feeling some kind of
threat, the brain gives priority to posture, thus the postural
response appears—and an APA may be jointly delivered if
needed. Thus, the postural response is prepared according
to knowledge or uncertainty about the upcoming stimulus
type and intensity.
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For the time beyond, e.g., the LLR period and later,
supraspinal structures also participate in postural responses
(Pruszynski and Scott 2012; Kurtzer 2015). Larger EMG
activity in RF in that time window is associated with more
uncertainty about IS velocity, corresponding to higher
amplitudes in first and second torque peaks. Although this
response contains no voluntary elements, subjects may still
unconsciously condition an optimal response execution.
Expectancy of a stimulus may determine how supraspinal
structures modulate reactive postural responses (Lim et al.
2017; Cesari et al. 2022; Dakin and Bolton 2018; Ritzmann
et al. 2018; Kluft et al. 2020). With a StartReact response,
the APA is delivered as part of the prepared motor program.
Increased torque values of RF support this assumption:
had the startle reaction been a “whole body response” to
an unexpected stimulus, predominant flexor activity would
be expected, thus antagonizing the extensor contraction in
RF. One limitation of the present study is that flexor muscle
EMG was not recorded due to technical limitations.

In addition to the presence of respective RF EMG activ-
ity in Informed (React) trials, consistent with APAs, and
in Uninformed (React) trials, consistent with APAs plus
PR, the presence of APAs within the StartReact response is
further supported by the enhanced activity in Uninformed-
Reaction trials containing startle signs, consistent with pre-
vious StartReact models (MacKinnon et al. 2007; Queralt
et al. 2008).

Postural motor program and wrist extension motor
set

The influence of WE on the resulting “whole-body motor
program” merits further comments. When in some trials a
voluntary motor task is required, the subject prepares the
motor set to optimize task performance. The resulting WE
may challenge the subject’s postural equilibrium. On the
low end, trials in block 1 (acoustic IS) revealed only pos-
tural compensation in RF after the WE, without affecting
the SLR period and thus in line with no lower limb spinal
cord involvement by the upper limb task. There was, how-
ever, EMG activity in RF during the LLR period and later.
Passive KF only induced EMG activity in RF during the
LLR and PA periods, in line with postural responses. More
interestingly, when subjects had to prepare the WE motor
set, concomitant RF activity was larger in all these periods.
The present results are in line with previous reports concern-
ing modulation of stretch reflexes and tendon jerks due to
preparation of a voluntary motor response (Evarts and Tanji
1974; Forgaard et al. 2015).

Only scarce information, however, is available concerning
postural responses, which seem to be at least in part task-
dependent (Finley et al. 2013; Doemges and Rack 1992a,
b; Dietz et al. 1994; Perreault et al. 2008; Shemmell et al.
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2009; Krutky et al. 2010). This observation concurs with
the findings in block 1, when subjects had to perform WE
in the absence of passive KF (acoustic IS only), as there
was no EMG activity in RF during these time periods, sug-
gesting that some APAs appear only when the leg is moved
in advance of WE. This is concordant with a significantly
larger second torque peak (with its zenith preceding EMG
in ECR and the associated PCs) than when the leg was not
moved in advance. Consequently, the appropriate supraspi-
nal structures that orchestrate the RF reaction in response to
a fast passive stretch should integrate not only the postural
response to the leg movement, but also the subsequent WE
program that might as well be modulated by the passive RF
elongation, because the same RF is part of a general postural
program.

Potential applications in rehabilitation settings

The main goal of the present study was to advance the cur-
rent knowledge about motor preparation and the influence
of a subject’s expectation and preparedness to perform an
upper limb motor task on associated motor reactions in the
legs. In addition, however, the present findings may serve
to have some clinical relevance concerning neurorehabilita-
tion. Nowadays, the empowering of patients seems to be a
clinical fact in the recovery process (Sit et al. 2016; Hartford
et al. 2019). Two main aspects in rehabilitation could benefit
from the present results: assessment and therapy. This is
the case for stroke patients placed in exoskeletons, in whom
abnormal reflexes may interfere with supraspinal volitional
commands. These subjects may require rehabilitation of a
disrupted motor pattern that comprises reflexes, postural
adjustments, and voluntary muscular activity. When assess-
ing equilibrium in these patients, attention should be paid
to modifications during the time windows of LLRs and PAs.
If a patient is being assessed or treated applying a protocol
that includes a fast leg flexion as stimulus, and if that per-
turbation is unexpected, or if the patient has to prepare a
hand reaction, then the response in RF which is necessary
for establishing or maintaining equilibrium should be larger
in both time windows, whereas leg torque should be larger
mainly for the first peak, due to task planning according
to the present results. If these differences do not appear,
it might be the case that the consequences of the patient’s
stroke may prevent the implementation of an adequate motor
program. If a patient's response includes signs of a StartRe-
act effect, the reticulospinal tract can be considered to be
preserved, as has been previously described in StartReact
studies in stroke survivors (Carlsen et al. 2012; Honeycutt
and Perreault 2012). In case that recordings of startle signs
(in OOc and/or SCM) are not obtained, main signs to differ-
entiate startle modulation of performance from task planning
and preparedness could be an earlier latency of responses in

ECR (i.e., a StartReact effect) and larger torque peaks with
longer latencies in the leg, as described in the present study.

In conclusion, the present results show in detail the
reactions of a leg muscle to passive displacement, which
varies in different time periods, when the subject is
engaged in the mental preparation for a motor task in the
upper limb. The reaction depends mainly on whether the
subject is informed or not about the nature of the upcom-
ing IS, i.e., the passive flexion of the leg of interest, and
may be additionally modulated by a startle stimulus, if the
IS is strong and surprising enough in the context of move-
ment preparation. In order to disentangle APAs from PRs,
we investigated the subjects suspended in the air without
foot support. The visible net result obtained from the EMG
in RF when passive leg movement was the trigger to react,
includes an APA as part of a motor program, which is not
found with a known non-startling acoustic stimulus, and
a PR. When the upcoming IS is known, i.e., KF velocity,
WE requires the activation of leg extensors as part of the
whole-body motor program, but when the subject is unin-
formed about the upcoming velocity of KF, the imposed
uncertainty might cause an uneasy or even threatening
situation (Lim et al. 2017; Cesari et al. 2022; Kluft et al.
2020), and the nervous system chooses a motor set that
triggers PAs, in addition to APAs when a wrist reaction
is required. And finally, when the subject is uninformed,
and the intensity of the leg IS is strong enough to trigger
a startle reaction, the APA becomes part of the StartReact
response.
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