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Abstract:

Motor lateralization refers to differences in the neural organization of cerebral hemispheres,
resulting in different control specializations between the dominant and the non-dominant motor
systems. Multiple studies proposed that the dominant hemisphere is specialized for open-loop
optimization-like processes. Recently, comparing arm kinematics between upward and
downward movements, we found that the dominant arm outperformed the non-dominant one
regarding gravity-related motor optimization in healthy young participants. The literature about
aging effects on motor control presents several neurophysiological and behavioral evidences for
an age-related reduction of motor lateralization. Here, we compare the lateralization of a well-
known gravity-related optimal motor control process between young and older adults. Thirty
healthy young (mean age = 24.1 £ 3 years) and twenty healthy older adults {(mean age = 73.0 + 8)
performed single degree-of-freedom vertical arm movements between two targets {(upward and
downward). Participants alternatively reached with their dominant and non-dominant arms. We
recorded arm kinematics and electromyographic activities of the prime movers (Anterior and
Posterior Deltoids) and we analyzed parameters thought to represent the hallmark of the gravity-
related optimization process (i.e directional asymmetries and negative epochs on the phasic EMG
activity). We found strong age x arm interaction effects on all parameters; i.e., relative durations
to peak acceleration and peak velocity and the negativity of antigravity muscles’ phasic signals.
Although all three parameters showed a lateralization effect where the dominant arm was

superior to the non-dominant arm in young adults (as in Poirier et al. 2022), we found no such
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effect in older adults. With both arms, the results of older adults lied between those of the
dominant and non-dominant arm of young adults. These results add to those of recent literature
showing that feedforward motor control remains functional in older adults. More, the results
obtained with the non-dominant arm may support a previously hypothesized increased reliance

on predictive mechanisms in older adults.
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Introduction:

Aging causes several behavioral modifications. Notably, age-related brain alterations are known
to affect motor control processes (Seidler et al., 2010; Papegaaij et al., 2014; Poirier et al., 2021).
Studying behavioral modifications is important to improve the understanding of aging effects on
the neural implementation of behavior and, thus, the prevention and rehabilitation of age-
related loss of mobility (Krakauer et al., 2017; Poirier et al., 2021).

An important notion in motor control is the concept of motor lateralization. This concept refers
to the differences in the neural organization of the cerebral hemispheres, resulting in different
specializations between dominant and non-dominant motor systems regarding motor control
(Flowers, 1975; Roy and Elliott, 1986; Carson et al.,, 1992; Roy et al., 1994; Bagesteiro and
Sainburg, 2002; Sainburg, 2002, 2014; Woytowicz et al., 2018; Jayasinghe et al., 2021). Multiple
studies proposed that the non-dominant hemisphere is specialized for closed-loop impedance
control that stabilized arm postures against unexpected environmental conditions, whereas the
dominant hemisphere would be specialized for open-loop optimization-like processes
(Bagesteiro and Sainburg, 2002; Sainburg, 2002; Yadav and Sainburg, 2011, 2014; Schaffer and
Sainburg, 2017). For example, the results of Schaffer and Sainburg, (2017) suggest that the
dominant arm better takes advantage of gravity during unsupported reaching movements,
compared to the non-dominant arm. It must be noted, however, that some recent results may
limit this theory (Takagi et al., 2020; Maurus et al., 2021).

We recently investigated inter-limb differences regarding gravity-related optimization processes
during vertical arm movements (Poirier et al., 2022). A large body of literature combining
mathematical simulations and behavioral experiments previously demonstrated that the brain
optimally takes advantage of gravity torque to minimize muscle effort during vertical arm
movements (Berret et al., 2008; Crevecoeur et al., 2009; Gaveau et al., 2011, 2014, 2016, 2021).
More precisely, investigating vertical arm movements, multiple studies have reported direction-
dependent kinematics where upward movements exhibit sharper acceleration profiles than
downward ones (Papaxanthis et al., 2005; Gentili et al., 2007; Le Seac’h and Mcintyre, 2007,
Gaveau and Papaxanthis, 2011b; Gaveau et al., 2011, 2014, 2016, 2021; Yamamoto and Kushiro,
2014; Yamamoto et al., 2016, 2019; Hondzinski et al., 2016; Poirier et al., 2022, 2020). More,
recent works confirm kinematics results by revealing systematic negative epochs in the phasic
activity of antigravity muscles (Gaveau et al., 2021; Poirier et al., 2022). Such negativity of the
phasic signal demonstrate that gravity effects are not compensated for but, instead, harvested to
discount muscle effort (Gaveau et al. 2021). These kinematics and electromyographic results are

thought to represent the hallmarks of a gravity-related optimization processes that occurs during
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motor planning to minimize muscle effort (for reviews see (Berret et al., 2019; White et al.,
2020). In our recent study (Poirier et al., 2022), we found that direction-dependent kinematics
and negative epochs were still present during movements performed with the non-dominant
arm, but significantly reduced compared to movements performed with the dominant arm.
These results support the hypothesized superiority of the dominant motor system for open-loop
optimization processes.

A prominent theory regarding the aging brain is the reduction of hemispheric asymmetries in
older adults (HAROLD model; Cabeza, 2002). Neurophysiological studies have reported greater
bilateral pattern of activation in older adults during cognitive (Cabeza et al., 2002) and motor
tasks (Seidler et al., 2010). Moreover, an age-related reduction of motor lateralization has been
shown for actual (Przybyla et al., 2011) and mentally simulated (Paizis et al., 2014) arm reaching
movements and path tracing (Raw et al., 2011). Here, we compare the lateralization effect on the
well-known gravity-related optimal motor control process between young and older adults.
Following results suggesting an age-related reduction of motor lateralization and contrary to
young adults (Poirier et al., 2022), we hypothesized that gravity-related optimality would be

similar between dominant and non-dominant arms in older adults.

Materials and Methods
Participants

Thirty healthy young [19 males and 11 women; mean age = 24.1 + 3 (SD) years; mean
height = 175 = 9 cm; mean weight = 72 + 8 kg] and twenty healthy older volunteers [9 males and
11 women; mean age = 73.0 + 8 (SD) years; mean height = 167 £ 10 cm; mean weight = 75 + 6 kg]
were included in this study after giving their written informed consent. All participants had
normal or corrected-to-normal vision. None present with any neurological or muscular disorders.
All participants were right-handed, as attested by a laterality index superior to 60 (Edinburgh
Handedness Inventory, Oldfield 1971). A French National ethics committee (2019-A01558-49)
approved all procedures. The research was conducted following legal requirements and

international norms (Declaration of Helsinki, 1964).

Experimental protocol

The experimental protocol was similar to previous studies investigating gravity-related
arm movement control {Gentili et al.,, 2007; Le Seac’h and Mcintyre, 2007; Gaveau and
Papaxanthis, 2011a; Gaveau et al.,, 2014, 2016; Poirier et al., 2020). We asked participants to

perform unilateral single degree-of-freedom vertical arm movements (rotation around the
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shoulder joint) in a parasagittal plane (Fig.1A). In a randomized block order, movements were
executed with the dominant (D) and non-dominant (ND) arms (Poirier et al.,, 2022). We
investigated single degree-of-freedom movements to isolate and emphasize the mechanical
effects of gravity on arm motion. During these movements, the work of gravity torque varies with
movement direction, whereas inertia remains constant. To maximally vary the effect of gravity
torque on the movement, participants moved in two opposed directions: upward and downward.
Directions were randomly interleaved within each block. Each participant carried out 64 trials (16
trials x 2 directions x 2 arms).

Participants sat on a chair with their trunk parallel to the gravity vector. Two targets
(diameter = 3 cm) were positioned in the parasagittal plane crossing the participant’s right or left
shoulder. Targets were placed at a distance corresponding to the length of the participant’s fully
extended arm plus two centimeters. Vertical positions of targets was tuned for each participant
to require a 40° shoulder flexion or extension. Targets were centered around the antero-
posterior horizontal line crossing the shoulder joint, thereby corresponding to a 110° (upward
target) and 70° {downward target) shoulder elevation.

A trial was carried out as follows: the participant positioned her/his fully extended arm in
front of the initial target (verbally indicated by the experimenter using a color code). After a brief
delay (~2 seconds), the experimenter informed the participant that she/he was free to reach to
the other target, as fast and accurately as possible, whenever she/he wanted. The participant had
been informed that the reaction time was not constrained. At the end of a movement,
participants were requested to maintain their final position (about 2 seconds) until the
experimenter instructed them that they were free to relax their arm. To prevent muscle fatigue,
participants were invited to have a rest between trials (~10 s) and blocks (5mn). Before each
block, participants were invited to perform few practice trials (~5 trials) to familiarize with the
task.

We placed five reflective markers on the participant’s shoulder (acromion), arm (middle of
the humeral bone), elbow (lateral epicondyle), wrist (cubitus styloid process), and finger (nail of
the index). We also placed markers on both targets. Three-dimensional position was recorded
using an optoelectronic motion capture system (Vicon system, Oxford, UK; six cameras; 100Hz).
After calibration, spatial variable error of the system was less than 0.5mm. Additionally, we
recorded muscle activation patterns by means of bipolar surface electrodes positioned over the
anterior (DA) and posterior (DP) heads of deltoid muscles (Aurion, Zerowire EMG, sampling
frequency: 1000Hz). The Giganet unit (Vicon, Oxford, UK) allowed synchronized recording of

kinematic and EMG signals.
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Data analysis
We processed Kinematic and EMG data using custom programs written in Matlab
(Mathworks, Natick, NA). Data processing was similar to previous studies (Poirier et al., 2020,

2022; Gaveau et al., 2021).

Kinematics

We filtered position (third-order low-pass Butterworth filter; 5Hz cut-off, zero-phase
distortion, “butter” and “filtfilt” functions) before computing velocity and acceleration profiles by
numerical differentiation (3 points derivative). We computed angular joint displacements to
ensure that elbow and wrist rotations were negligible (<1° for each trial). Movement onset and
offset were respectively defined as the times when finger velocity rose above and fall below a
10% of peak velocity threshold. Movements presenting more than one local maxima, i.e. more
than one velocity peak, were automatically rejected from further analysis. The following
parameters were computed to quantify kinematic patterns (Fig.1B): 1) Movement duration (MD =
offset - onset). 2) Movement amplitude (Amp = offset angle — onset angle). 3) Relative duration
to peak acceleration (rD-PA = duration to peak acceleration divided by MD). 4) Relative duration

to peak velocity (rD-PV = duration to peak velocity divided by MD).

Electromyography

We filtered (bandpass third-order Butterworth filter; 20-300Hz, zero-phase distortion,
“butter” and “filtfilt” functions) and then rectified EMG signals before integrating them using a
50ms sliding window from 250ms before movement onset to 250ms after movement offset. EMG
signal were then normalized by the EMG recorded during a maximal voluntary isometric
contractions (MIVC, same EMG processing as movement patterns). At the beginning of each
block, participants performed three MIVC in both flexions and extensions directions, at a 90°
shoulder angle. Lastly, we ordered EMG traces according to movement mean velocity and
averaged them across two trials (from the two slowest to the two fastest movements), resulting
in 8 EMG traces to be analyzed for each block and direction. Before averaging two trials together,
we normalized the duration of each trial to the mean duration value of these two trials.

To emphasize the role of gravity in the arm motion, we separated the phasic and tonic
components of each EMG signal using a well-known subtraction procedure (Flanders and
Herrmann, 1992; Buneo et al., 1994; Flanders et al., 1994; D’Avella et al., 2006, 2008; Gaveau et

al., 2021; Poirier et al., 2022). We computed averaged values of the integrated phasic EMG
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signals from 500ms to 250ms before movement onset and from 250 to 500ms after movement
offset (Fig.2A). Then, we extracted the theoretical tonic component using a linear interpolation
between these two averaged values (Fig.2B). Finally, we computed the phasic component by
subtracting the tonic component from the full EMG signal (Fig.2C).

It was recently shown that phasic EMG activity of antigravity muscles consistently exhibits
negative epochs during vertical arm movements (Gaveau et al.,, 2021) when the arm’s
acceleration sign is coherent to gravity’s —i.e. in the acceleration phase of downward movements
and in the deceleration phase of upward movements). Model simulations demonstrated that the
negativity of antigravity muscles reflects an optimal motor strategy where gravity force is
harvested to save muscle force. Recently, we found that the amount of negativity was superior
when healthy young participants reach with their dominant than with their non-dominant arm
(Poirier et al., 2022). We defined negative epochs as a time interval when phasic EMG was
inferior to zero minus a 95% confidence interval (computed on the integrated EMG signals from
500ms to 250ms before movement onset) for at least 50ms. We used this value as a threshold to
define negativity onset (when phasic EMG dropped below) and offset (when phasic EMG rose
above). Then we computed relative negativity duration (negativity duration divided by movement
duration), negativity amplitude {(negativity occurrence — i.e. the number of trials including a
negative period divided by the total number of trials in the condition — and a negativity index to
compare the amount of negativity between conditions:

Negativity Index = % XT;
where NA stands for Negative Area and is the integrated phasic signal between negativity onset
and offset; TA stands for Tonic Area and is the integrated tonic signal between negativity onset

and offset (if NA and TA are equal, it means that the muscle is completely silent during the

interval); and T is the duration of the negative epoch normalized by movement duration. We also

Phasic Value

computed the negativity amplitude, defined as the minimal X 100 value during the

Tonic Value

negative phase.

Statistics

Statistical analyses were performed using SPSS (IBM Corp., Armonk, NY, USA). Distribution
normality (Kolgomorov-Smirnov test) and sphericity (Mauchly’s test) was checked for all
variables. To analyze movement duration and amplitude, we used repeated measure ANOVA
with one between participant factor: age (young vs. older) and one within participant factor: arm
(D vs. ND). As it was demonstrated the movement velocity can influence the gravity-related

optimization process signatures (Gaveau and Papaxanthis, 2011), all other parameters were
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analyzed with a repeated measures ANCOVA in which we set the mean velocity of the movement
as a covariate. We used HSD-Tukey tests for post-hoc comparisons. The level of significance for all

analyses was fixed at p = 0.05.

Results

Kinematics

All participants performed planar vertical arm movements (shoulder azimuth angle <1° for all
trials; n = 3200) with single peaked and bell-shaped velocity profiles. A qualitative illustration of
the velocity profiles for two typical participants (young and older) is displayed in Fig.3. Building on
previous results (Poirier et al., 2022), we aimed to compare directional asymmetries (differences
between upward and downward) between arms and groups. Thus, for each kinematic parameter,
we computed the directional difference (Down-Up). All kinematic analyses are performed on
these directional differences. Nonetheless, values for all kinematic parameters and conditions,

including directions, are displayed in Table.1.

Movement Duration and Amplitude

We did not observe any significant effect of age (F(y 4¢) = 1.05; p = 0.31; n,” = 0.02) or arm
(F(1,46) =0.89; p =0.35; r],,2 =0.02). Additionally, arm x age interaction effect was not found to be
significant (F(1,46) = 0.29; p = 0.59; npz = 6e-3). Movement amplitude was significantly influenced
by arm (Fu 46 = 5.22; p = 0.03; n,” = 0.10), the directional difference being larger in the DOM
than in the NONDOM condition. However, neither age effect (F(1,46) = 0.70; p = 0.41; n,,z = 0.02)
nor arm x age interaction effect (F1;, 46y = 0.32; p = 0.57; r],,2 = 7e-3) significantly influenced
movement amplitude.

Relative Duration to Peak Acceleration (rD-PA)

In accordance with multiple previous results, rD-PA was smaller for upward than for
downward movements with both arms and for both groups, as attested by positive directional
differences (see Fig.4A). Neither arm (F1,46) = 2.01; p = 0.16; npz =0.04) nor age (F(1,46)=0.84; p =
0.37; n,’ = 0.02) effects significantly influenced directional differences. However, we observed a
significant arm x age interaction effect on rD-PA directional differences (F(1, 46) = 9.34; p = 4e-3;
r]p2 = 0.17). As recently reported (Poirier et al., 2022), the directional difference was smaller with
the NONDOM than with the DOM arm in young participants (post-hoc comparison: p = 7e-4;
Cohen’s d = 0.82). However, no such difference existed between the DOM and NONDOM arms in

older participants {p = 0.99; Cohen’s d = 0.02). Additionally, the directional difference on rD-PA
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neither significantly differed between young and older participants for the DOM (p = 0.33;
Cohen’s d =0.43) nor for the NONDOM (p = 0.55; Cohen’s d = 0.45) arms.

Relative Duration to Peak Velocity (rD-PV)

Here again, rD-PV was smaller for upward than for downward movements with both arms
and for both groups, as attested by positive directional differences (see Fig.4B). We did not
observe significant main effects of age (F(y, 46) = 2e-3; p = 0.97; r]p2 =1e-3) or arm (F(1, 46) = 0.138; p
= 0.71; n,” = 3e-3). We found a significant arm x age interaction effect on rD-PV directional
differences (F(1,46) = 7.94; p = 7e-3; r],i,2 = 0.15). Similarly to rD-PA, the directional difference on rD-
PV was smaller with the NONDOM than with the DOM arm in young (p = 0.01; Cohen’s d = 0.66)
but not in older participants (p = 0.35; Cohen’s d = 0.36). However, there was no significant
difference between young and older participants in the DOM (p = 0.72; Cohen’s d = 0.29) nor in
the NONDOM (p = 0.13; Cohen’s d = 0.66) conditions.

EMG

We previously reported systematic negative phases in phasic EMG signal during vertical
arm movements (Gaveau et al., 2021; Poirier et al., 2022). These negative phases were shown to
occur during the deceleration phase of an upward movement and during the acceleration phase
of a downward movement; i.e., when gravity torque helps to produce the arm’s motion. This
negativity means that antigravity muscles were less activated than it should have been to
compensate for gravity torque. In the present study, negative phases during downward
movements were detected in 96% and 98% of movements performed by young and older
participants respectively. During upward movements, they were detected in 55% and 54% of
movements performed by young and older participants respectively.

In a recent study (Poirier et al., 2022), we also found that the amount of negativity was
less important with the NONDOM than with the DOM arm, during downward movements.
Similarly to kinematic results in young participants, this result suggests that effort-related motor-
optimization is reduced in the NONDOM motor system. Here we aimed to probe optimal motor
control lateralization across age. Following previous results, we report statistical analyses on
negativity occurrence and index for downward movements. However, we also report the values
obtained for negativity amplitude and duration, and for all parameters during upward
movements in Table.1. Results for statistical analyses performed on all these parameters are also

reported in Table.2.
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Negativity Occurrence

Negativity occurrence during downward movements was similar between groups and conditions
(See Table.1 and Fig.5A). We did not observe significant main effects of age (F1, 44 = 2.07; p =
0.16; np” = 0.05) nor arm (Fy, aa) = 1e-3; p = 0.99; n,” = 1e-3). Arm x age interaction effect (F(, a5 =

0.31; p=0.58 r],[,2 = 7e-3) did not influence negativity occurrence either.

Negativity Index

We also found a significant arm x age interaction effect (Fy 44y = 5.05; p = 0.03; n,” = 0.10),
revealing once again that the difference between arms was greater in young compared to older
participants. Post-hoc tests highlighted that negativity index was significantly smaller in
NONDOM compared to DOM movements in young (p = 2e-4; Cohen’s d = 1.13; see Fig.5B) but
not in older participants (p = 0.63; Cohen’s d = 0.23; see Fig.5B). Here again, negativity index did
not differ between young and older participants for the DOM (p = 0.98; Cohen’s d = 0.11) and the
NONDOM (p = 0.63; Cohen’s d = 0.28) arms. Main effects of age (F1, 44) = 2.15; p = 0.15; r],,2 =0.04)

and arm (Fy, 44) = 0.27; p = 0.61; n,” = 6e-3) were not significant.

Altogether, these results demonstrate that the lateralization effect on gravity-related muscle

effort minimization decreases with aging.

Discussion:

In this study, we investigated gravity-related optimal motor control in vertical arm movements
performed with the dominant and the non-dominant arms in young and older adults. We found
that direction-dependent kinematics and negative epochs in phasic muscular activity were
reduced for movements performed with the non-dominant arm in young participants. These
findings replicate the results of Poirier et al. (2022), confirming the superiority of the dominant
motor system in taking advantage of gravity effects to minimize muscle effort in young adults.
We found no arm difference in older participants, such that parameters with both arms lied
between those of young participants with their dominant and non-dominant arm.

Overall, the present kinematics and EMG results consistently support previous results showing a
reduced motor lateralization in older adults. Investigating arm-reaching movements in young and
older adults, Przybyla et al. (2011) found interlimb asymmetries concerning movement error and
curvature for young but not older participants during reaching movements. In the study of (Raw
et al.,, 2011), young and older participants performed tracing movements with their dominant

and their non-dominant hands. They found that young participants were faster with their
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dominant hand, whereas older participants performed dominant and non-dominant movements
with similar speeds. In the study of Paizis et al. (2014), participants mentally simulated and
actually executed pointing movements with either their dominant or non-dominant arm in the
horizontal plane. There were inter-limbs asymmetries regarding movement speed (faster
movements for the dominant arm) for young participants in both overt and covert movements. In
older participants, however, inter-limbs asymmetries were present for overt but not for covert
movements. These results are in accordance with the hemispheric asymmetry reduction in older
adults (Harold model, Cabeza, 2002) and numerous neurophysiological studies showing more
bilateral neural recruitment during motor tasks (Mattay et al., 2002; Heuninckx et al., 2008;
Boudrias et al., 2012). From these results, one could hypothesize that, whatever the arm used to
perform the movement, older adults recruit motor areas of both hemispheres and therefore
produce a less-lateralized motor control.

Additionally, we observed that direction-dependent kinematics are present in older adults and
similar to young participants. This result supports the conclusion of a previous study on the fact
that optimal motor planning in vertical arm movements is preserved during aging (Poirier et al.,
2020). Here we extended these kinematic results to muscle activation patterns by reporting
negative epochs on phasic muscular activity (considered as the hallmark of the gravity-related
motor optimization process; Gaveau et al., 2021) in older participants. With the dominant arm,
the amount of negativity was similar in young and older participants. Thus, the present study
provides further evidence for the preservation of motor planning abilities in healthy aging. These
abilities are known to depend on predictive processes. Recently, multiple studies suggested that
predictive mechanisms remain functional and are increasingly relied upon to compensate for
deteriorated sensory cues in aging {Boisgontier and Nougier, 2013; Helsen et al., 2016; Wolpe et
al., 2016; Hoellinger et al., 2017; Vandevoorde and Orban de Xivry, 2019). Here we observed an
arm x age effect on negative epochs of the phasic EMGs during downward movements only.
Because negativity appears earlier in downward than in upward movements, this result may
support the hypothesized increased reliance on predictive mechanisms in older adults.

Overall, the present results reveal that the diminished motor control lateralization in older adults
—that has been largely reported and observed at various levels of investigation, from behavior to
brain activations — extends to motor optimization processes. Whether this represents a
compensation or a deterioration process remains an open question. Employing behavioral
paradigms that target specific motor control processes may help disentangling deterioration from

compensation processes in the aging brain (Krakauer et al., 2017; Poirier et al., 2021).
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Tables.
Dominant Non Dominant
Young
Up Down Up Down
Movement
_ 355 + 60 355 + 60 354 + 50 355 + 60

Duration (ms)

Amplitude (°) 40.3+3.1 39.7+29 39.9+3.6 39.8+3.1
rD-PA 0.217£0.02  0.259 +0.03 0.224+0.03  0.243+0.03
rD-PV 0.447 £0.02  0.499 +0.03 0.467 +0.03  0.484 +0.03

Negativity Occurrence (%) 56.9 + 37.5 96.6 + 12.3 52.5+ 36.4 93.9+13.6
Negativity Amplitude -4559+31.7 -91.67+7.8 -4350+323  -89.9%5.9
Negativity Duration 0.17 +0.13 0.51+0.12 0.15+0.13 0.43+0.11
Negativity Index 10.90+9.0  36.94+10.1 9.75+8.6 31.14+89
Dominant Non Dominant
Older
Up Down Up Down

Movement

_ 374+ 91 373 + 100 380+ 75 382+ 79

Duration (ms)

Amplitude (°) 40.7+3.4 40.1+3.2 40.1+4.4 40.0+3.3
rD-PA 0.206 + 0.03 0.235+0.03 0.216 + 0.03 0.245 +0.03
rD-PV 0.457 £ 0.03 0.481 + 0.04 0.456 +0.03 0.490 + 0.04
Negativity Occurrence 54.5 + 36.6 98.6 + 4.2 52.6 +32.6 98.0+ 8.6
Negativity Amplitude -42.84 + 33.8 -91.99+7.6 -43.46 + 29.2 -91.92+85
Negativity Duration 0.15+0.13 0.48 £+ 0.14 0.15+0.11 0.46 £ 0.13
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Negativity Index 9.57 +9.53 35.74+12.6 9.53+7.8 34.05+12.6

Table.1. Mean (£SD) values of all kinematic and EMG parameters.

Age Effect Arm Effect Age x Arm Effect
F p F p F p
MD 1.05 3.10E-1 0.89 3.50E-1 0.29 5.90E-1
Amp 0.70 4.10E-1 5.22 3.00E-3 0.32 5.70E-1
rD-PA 0.84 3.70E-1 2.01 1.60E-1 9.34 4.00E-3
rD-PV 2.00E-3 9.70E-1 1.38E-1 7.10E-1 7.94 7.00E-3
Neg Occ Down 2.07 1.60E-1 1.00E-3 9.90E-1 0.31 5.80E-1
Neg Dur Down 1.67 2.00E-1 0.11 7.40E-1 5.23 3.00E-2
Neg Amp Down 0.67 4.20E-1 0.18 6.80E-1 1.63 2.10E-1
Neg Index 2.15 1.50E-1 0.27 6.10E-1 505  3.00E-2
Down
Neg Occ Up 0.60 4.40E-1 0.18 6.70E-1 0.05 8.30E-1
Neg Dur Up 0.39 5.40E-1 0.11 7.40E-1 0.11 7.50E-1
Neg Amp Up 0.71 4.10E-1 0.08 7.80E-1 0.12 7.40E-1
Neg Index Up 0.61 4.40E-1 0.03 8.70E-1 0.20 6.60E-1

Table.2. F and P values for all main effects of the ANOVA (MD and Amp) and ANCOVA (all other
parameters) are presented for all parameters. Red fonts highlight significant effects. Those
statistics are presented for descriptive purposes only.

MD: Movement Duration; Amp: Amplitude ; rD-PA; Relative Duration to Peak Acceleration; rD-
PV ; Relative Duration to Peak Velocity ; Neg Occ: Negativity Occurrence; Neg Dur: Negativity

Duration; Neg Amp; Negativity Amplitude; Neg Index: Negativity Index
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Figure 1. (A) Experimental setup. Participants performed arm pointing movements between
two targets on separated trials. (B) lllustration of the parameters computed on the velocity

and acceleration profiles.
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Figure 2. Analysis of the tonic and phasic components of the EMG. (A). Illustration of the

integrated full EMG signal. Movement onset and offset were detected on the velocity

profile. We averaged the signal from 500 to 250ms before movement onset and from 250 to
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500ms after movement offset (grey windows). (B). Tonic EMG component was obtained
by linear interpolation between the two previously averaged values (small grey
rectangles). (C). Phasic EMG component was obtained by subtracting the tonic
component (in panel B) from the full EMG (in panel A). We detected negativity onset
and offset and then computed negativity duration (NDur) and integrated phasic signal
between negativity onset and offset (NA). TA in panel B represents the integrated tonic

signal in the same period.
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Figure.3. Mean velocity profiles of upward (black traces) and downward (grey traces)
movements in a young (upper panels) and an older (lower panels) participants. Left panels

represent DOM condition whereas right panels represent NONDOM condition.
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Figure.4 (A).. Mean (£SD) values of directional ratios on the relative Duration to Peak
Acceleration (rD-PA; computed for each participant as: rD-PApown-rD-PAyp). Dominant (DOM)
and non-dominant (NONDOM) arm conditions are represented by solid and striped bars,
respectively. (B). Mean (£SD) values of directional ratios on the relative Duration to Peak
Velocity (rD-PV; computed for each participant as: rD-PVpown-rD-PVyp). Dominant (DOM) and
non-dominant (NONDOM) arm conditions are represented by solid and striped bars,

respectively. Grey dots represent individual values.
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Figure.5 (A). Mean (+SD) negativity occurrence for downward movements. Dominant (DOM)
and non-dominant (NONDOM) arm conditions are represented by solid and striped bars,
respectively. Grey dots represent individual values. (B). Mean (+SE) negativity index for
downward movements. Dominant (DOM) and non-dominant (NONDOM) arm conditions are

represented by solid and striped bars, respectively. Grey dots represent individual values.
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