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1. Introduction

Exoskeletons are increasingly used in industry to reduce
musculoskeletal strain during tasks like lifting or over-
head work. While they offer clear benefits, their long-
term effects on user comfort and motor performance
remain unclear (Theurel, 2019). Longitudinal studies
yield mixed results, often based on subjective data with
limited insight into biomechanical changes (Kim, 2021).

A key concern is the persistence of residual forces
beyond the task for which the exoskeleton was designed,
potentially disrupting motor coordination. These
uncompensated force fields may lead to subtle but
lasting changes in movement patterns. Although motor
adaptation 1s well studied at the hand level, the effects
of joint-level perturbations during exoskeleton use are
less understood (Proietti, 2017). Prolonged use may
alter daily movements, with unknown effects on natural
biomechanics—that is, the body’s typical movement
patterns in the absence of assistive devices. Most prior
work has focused on inter-joint coordination during or
shortly after exoskeleton use (Dubois, 2024), with little
attention to longer-term retention.

This study investigates whether repeated use of a
typical upper-limb exoskeleton (which always apply
uncompensated residual forces) induces persistent
changes in motor coordination. It focuses on two force
fields: gravitational support (reducing arm weight) and
a viscous field (resisting movement speed). By tracking
motor strategy changes persisting after device removal,

the study aims to better understand long-term motor
adaptations and their implications for safe exoskeleton
integration in the workplace.

2. Methods

2.1 Material

This study utilized the ABLE exoskeleton, a 4-degree-of-
freedom (Do) robotic device designed to generate con-
trolled forces at the joint level. It features three shoulder
DoFs and one at the elbow, with high back-drivability
enabled by a screw-cable transmission and gravity
compensation. Two force fields were implemented:
Gravitational Support (GS), which reduces perceived
arm weight, and Viscous Field (VF), which adds velocity-
dependent resistance. Motion tracking was conducted
using an OptiTrack system with high-speed cameras
and rigid body markers.

2.2 Set-up and protocol

The experiment examined motor adaptation over five
days, with a 23-hour washout between sessions. 24 par-
ticipants were divided into three groups: GS, VI, and a
control group (NE). Participants were asked to perform
a forward vertical reaching task, reflecting the types of
upper-limb motions commonly observed in industrial
settings, such as overhead assembly or workstation-based
tool manipulation. Each session had three phases: a
Spontaneous baseline task, an Exposure phase where
the experimental groups used the exoskeleton while

To cite this article: Océane Dubois, Giovanni Brunelli, Agnes Roby-Brami, Ross Parry, Nathanaél Jarrassé, Persistent Changes in Upper-Limb
Coordination Following Repetitive Exoskeleton Use, Multidisciplinary Biomechanics Journal, 2025, vol. 2, p. 279-281, DOI: 10.46298/mbj.16205.


https://doi.org/10.46298/mbj.16205
mailto:dubois@isir.upmc.fr

Océane Dubois, Giovanni Brunelli, Agnés Roby-Brami, Ross Parry, Nathanaél Jarrassé

the control group performed the same task without the
exoskeleton, and a Washout phase where all participants
performed the task without it.

Table 1. Summary of obtained results for the hand, joints
and inter-joint coordination metrics.

Statistical

Metric .
analysis

Interpretation

No changes in the

Overshoot NS -
precision observed

NE group slows their
movement over
time, GS and VF have
constant completion
time

Hand

Task duration  p=0.004

No changes in the
maximum shoulder
range of motion

Shoulder ROM NS

Joint

amplitude No changes in the

maximum elbow
range of motion

Elbow ROM NS

GS force field
resulted in
decreased shoulder
contribution
compared to the NE

group

GS force field
resulted in increased
elbow contribution
compared to the NE
and VF groups.

Shoulder
Contribution
(JcvPCA Shou.)

p<0.001

Elbow
Contribution
(JcvPCA Elb.)

p<0.001
Inter-joint
coordination

GS shows a
progressive increase
in
desynchronization,
while VF returns to
baseline after an
initial change in
temporal
coordination.

Shou./Elb.

synch. (Jsvcrpy P<0-001

NS = non-significant.

2.3 Data Analysis

Kinematic data from the motion capture were filtered
and then used to compute metrics such as: movement
duration, overshoot, and joint maximum amplitude
(Range Of Motion). Additionally, inter-joint coordi-
nation changes over time were also monitored by two
metrics quantifying respectively joint contribution using
Principal Component Analysis (JevPCA) and synchro-
nisation using Continuous Relative Phase (JsvCRP)
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Figure 1. Experimental protocol schema and evolution
of shoulder (a) and elbow () joint temporal synchronization
results across 5 days of exposure to an exoskeleton.

(Dubois 2025). Data from the Spontaneous datasets
of each day are compared to evaluate potential lasting
effects due to repetitive use of exoskeletons.

3. Results and discussion

The results obtained indicate that, although task dura-
tion and range of joint movement were not significantly
affected by wearing the exoskeleton, significant changes
in shoulder-elbow coordination were observed. Results
are summarized in Table 1.

In the GS condition, gravitational support led to
persistent changes in shoulder and elbow contribution.
Specifically, there was a reduced contribution from the
shoulder and an increased contribution from the elbow.
These changes were stable across the 5 days. Temporal
synchronization between shoulder and elbow, however,
continued to diverge with exposure to the exoskeleton.
The VF condition showed an initial disruption of the
joint temporal synchronization, which reversed by
the fourth and fifth days. No specific changes in joint
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contribution was observed. However, movement vari-
ability in joint contribution was reduced, indicating a
temporary inhibition of motor flexibility.

The study suggests that repetitive exposure to assistive
forces providing imperfect gravitational support, such
as the ones met in industrial settings with overhead or
manipulation tasks, can induce lasting changes in coor-
dination, potentially leading to musculoskeletal disorders
over time. These results may have implications for the
control of occupational exoskeletons. In contrast, the VI
condition, mostly used in rehabilitation, did not induce
long-term changes but reduced movement variability,
which should be avoided both in rehabilitation and in
assistance cases.

4. Conclusions

In conclusion, the study provides insights into how
joint-level perturbations affect motor coordination,
emphasizing the need for careful design of exoskele-
tons and the consideration of individual needs. Future
research should focus on longer exposure times, diverse
participant populations, and tasks similar to working
conditions to better understand the impact of exoskel-
etons on motor adaptation and retention.
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