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=PFL  Rules of the journal club

= Groups of 4 students e T

= We will propose you a list of B
papers

= Papers will be in pairs on a
similar subject 2

= We have chosen 12 pairs of
papers

= You can choose 1 pair

= In 1 month, you should present

both papers and be able to
compare them
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=L What is a research paper

= Articles are the main means of communication in science

= Publication type
« Specialized journals (peer review)
* Proceedings of a conference (generally peer-review)
* Pre-prints archives (e.g. arXiv, biorXiv, MedrXiv)

= Different editorial groups with - generally- one main journal and various
specialized ones (Nature, Nature Communication, Nature
Neuroscience, Scientific Reports, Spinal Cord, ...)

= What is a peer review: experts (generally between 2 and 5) in a field
evaluate the quality and validity of scholarly work before it is published.
The reviewers recommend:
« Minor Revision, Major Revision, Rejection, accepted as it is (very, very,
very rare)
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What is aresearch article

= Categories of articles (there are more...)
 Original Research/Research article: primary

and unpublished studies that advance the
state-of-the-art

Review papers: written for a general
audience and provide insightful coverage of
topics and trends of high interest.

Perspective papers: emerging ideas written
by experts in the field (generally invited by
the editor)

Case reports: a study that reports the results
from a very small cohort of participants, for
example, a clinical condition with 1 patient.

nature biomedical engineering

Explore content v About the journal v Publish with us v

i > article

Review Article | Published vember 20
Restoration of sensory information via bionic hands

an J. Bensmaia ©, Dustin J, Tyler & Silvestro Micera™

dical Engineering 7, 443-455 (2023) | Cite this article

5959 Accesses | 97 Citations | 108 Altmetric | Metrics

Abstract

Individuals who have lost the use of their hands because of amputation or spinal cord injury
can use prosthetic hands to restore their independence. A dexterous prosthesis requires the
acquisition of control signals that drive the movements of the robotic hand, and the
transmission of sensory signals to convey information to the user about the consequences of
these movements. In this Review, we describe non-invasive and invasive technologies for
conveying artificial sensory feedback through bionic hands, and evaluate the technologies

long-term prospects.
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NEUROSCIENCE

A brain-computer interface that evokes tactile
sensations improves robotic arm control

Sharlene N. Flesher*?3, John E. Downey"?3#, Jeffrey M. Weiss">, Christopher L. Hughes"?3,
Angelica J. Herrera“??, Elizabeth C. Tyler-Kabara®, Michael L. Boninger*%>78,
Jennifer L. Collinger"#3>2+* Robert A. Gaunt"?351*

First author: the one that provided the most relevant original contribution and did the

practical work for the study
Last author: the source of the funding for the project, came-up with the main idea

behind the project, provided guidance

Corresponding author: the primary point of contact, responsible for handling
communication with the journal editors, reviewers, and readers

Others - generally - in order of importance

Co-authorship is more and more common
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=PFL - How to read a paper

A first quick read

1. Read the title

2. Read the abstract carefully

3. Check the Figures + captions

More in deep

4. Read Introduction (» motivation)

5. Read the figures + results text (» contribution)

6. If something is not clear - > check the methods
« If still not clear -> check the supplementary materials

7. Discussion (P Interpretation of the results, consequence for the
field, limitations)
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How to read a paper

NEUROSCIENCE

A brain-computer interface that evokes tactile
sensations improves robotic arm control

Sharlene N. Flesher"?>, John E. Downey">3*, Jeffrey M. Weiss"®, Christopher L. Hughes'??,
Angelica J. Herrera™??, Elizabeth C. Tyler-Kabara®, Michael L. Boninger->>78,
Jennifer L. Collinger'#*>3+* Robert A. Gaunt"%3>+*

Prosthetic arms controlled by a brain-computer interface can enable people with tetraplegia to perform
functional movements. However, vision provides limited feedback because information about grasping
objects is best relayed through tactile feedback. We supplemented vision with tactile percepts evoked using
a bidirectional brain-computer interface that records neural activity from the motor cortex and
generates tactile sensations through intracortical microstimulation of the somatosensory cortex.

This enabled a person with tetraplegia to substantially improve performance with a robotic limb; trial
times on a clinical upper-limb assessment were reduced by half, from a median time of 20.9 to

10.2 seconds. Faster times were primarily due to less time spent attempting to grasp objects, revealing
that mimicking known biological control principles results in task performance that is closer to
able-bodied human abilities.

Intro
Problematic
Methods
Results
Conclusions
Outlook



=PrL

B HHRI 2025 - journal club

Methods

Stimulation Encoding

01 02 03 04 05 06
Finger Joint Torque (Nm)

Figure 1 presents an overview of the bidirectional brain-computer interface (BClI)
system. (A) The participant used an intracortical BCl to continuously control a

robotic arm in five movement dimensions during each trial.

(B) Electrode Array Placement

(C) Torque-Driven Sensory Feedback — Torque from robotic finger movements
controlled electrical stimulation, with different finger torques mapped to evoke

sensations in specific finger regions.

(D) Stimulation Modulation — The strength of the stimulation current increased in

proportion to the torque, using a linear mapping method.

(E) Neural Decoding — Neural signals from the motor cortex were shown as a
raster plot and decoded into movement commands using an optimal linear

estimator.

(F): ARAT Task View — An overhead view of the Action Research Arm Test, where

objects were moved from a starting point (green dot) to a platform (green box).

(G): Object-Transfer Task View
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Results
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Results

Number of Trials
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What we want you to do

= Motivation
What was the rational of this research?

= Contribution

Key findings? What was new compared to existing literature?
= Discussion and outlook

Consequences for the field? Future applications?

Limitations?

14



=PFL - What we want you to do

Motivation

Sensory feedback is important
* For motor tasks
* To not rely on visual feedback

Technological Gap: Bidirectional prosthetic was shown via nerve stimulation but cannot work for
people with spinal cord injuries (-> connection with the Central nervous system is necessary)

Contribution & Discussion
* |tis possible to provide sensory feedback via Intracortical stimulation and motor decoding at the
same time

* This improves patient ability in functional tasks

* Patients spent less time on the reaching and releasing zone than when relying on vision alone

Limitation: Only one subject; nonrigid objects? Other Sensory modalities?

B HHRI 2025 - journal club
[ ]

15



=PFL 1, Sensory feedback, electrical, and
mechanical stimulation
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- D’anna, E., Petrini, F. M.,
Artoni, F., Popovic, I., Simanic,

l., Raspopovic, S., & Micera, S.

(2017). A somatotopic
bidirectional hand prosthesis
with transcutaneous electrical
nerve stimulation-based
sensory feedback. Scientific
reports, 7(1), 10930.

= Antfolk C, D’Alonzo M,
Controzzi M et al. Artificial
redirection of sensation from
prosthetic fingers to the
phantom hand map on
transradial amputees:
vibrotactile vs. mechanotactile

sensory feedback. IEEE Trans.

Neural Syst. Rehabil.

Eng. doi:10.1109/TNSRE.2012.

2217989 (2012)
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2. Improving sensory feedback via
nerve stimulation: stability,

naturalness,

= Valle, Giacomo, et al. = Ortiz-Catalan, M., Mastinu, E.,
"Biomimetic intraneural sensory Sassu, P., Aszmann, O., &
feedback enhances sensation Branemark, R. (2020). Self-
naturalness, tactile sensitivity, contained
and manual dexterity in a neuromusculoskeletal arm
bidirectional prostheses. New England
prosthesis." Neuron 100.1 Journal of Medicine, 382(18),

(2018): 37-45. 1732-1738.
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=PFL 3. Provide thermal sensation to
amputees

- |berite, F., Muheim, J., Akouissi, O., Gallo, S., Rognini, G., Morosato, F.,
... & Shokur, S. (2023). Restoration of natural thermal sensation in
upper-limb amputees. Science, 380(6646), 731-735.

- Kuiken, T. A., Marasco, P. D., Lock, B. A., Harden, R. N., & Dewald, J. P.
(2007). Redirection of cutaneous sensation from the hand to the chest
skin of human amputees with targeted reinnervation. Proceedings of the
National Academy of Sciences, 104(50), 20061-20066.
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=PFL 4, Thermal perception, Wetness *
perception and pleasant touch

- Ackerley, R., Wasling, H. B., Lillencrantz, J., Olausson, H., Johnson, R.
D., & Wessberg, J. (2014). Human C-tactile afferents are tuned to the
temperature of a skin-stroking caress. Journal of Neuroscience, 34(8),
2879-2883.

- Filingeri, D., Fournet, D., Hodder, S., & Havenith, G. (2014). Why wet
feels wet? A neurophysiological model of human cutaneous wetness
sensitivity. Journal of neurophysiology, 112(6), 1457-1469.
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=PFL 5, Sensory feedback via brain
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stimulation

- Valle, G., Alamri, A. H., Downey, J. E., Lienkamper, R., Jordan, P. M.,
Sobinov, A. R., ... & Bensmaia, S. J. (2025). Tactile edges and motion
via patterned microstimulation of the human somatosensory cortex.
Science, 387(6731), 315-322.

- Dadarlat, Maria C., Joseph E. O'doherty, and Philip N. Sabes. "A
learning-based approach to artificial sensory feedback leads to optimal
integration." Nature neuroscience 18.1 (2015): 138-144.
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=PFL - §.Brain-machine interfaces for 8
rehabilitation and assistance

= Ramos-Murguialday, A., Broetz, D., Rea, M., Laer, L., Yilmaz, O., Brasil,
F. L., ... & Birbaumer, N. (2013). Brain—machine interface in chronic
stroke rehabilitation: a controlled study. Annals of neurology, 74(1), 100-
108.

= Collinger, J. L., Waodlinger, B., Downey, J. E., Wang, W., Tyler-Kabara,
E. C., Weber, D. J., ... & Schwartz, A. B. (2013). High-performance
neuroprosthetic control by an individual with tetraplegia. The
Lancet, 381(9866), 557-564.
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7. Invasive versus non invasive Brain-
machine interfaces for locomotion

= Selfslagh, A., Shokur, S., Campos, D. S., Donati, A. R., Aimeida, S.,
Yamauti, S. Y., ... & Nicolelis, M. A. (2019). Non-invasive, brain-
controlled functional electrical stimulation for locomotion rehabilitation in
individuals with paraplegia. Scientific reports, 9(1), 6782.

= Lorach, H., Galvez, A., Spagnolo, V., Martel, F., Karakas, S., Intering,
N., ... & Courtine, G. (2023). Walking naturally after spinal cord injury
using a brain—spine interface. Nature, 618(7963), 126-133.

22
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8. Assisted locomotion via Functional
Electrical Stimulation or Exoskeletons

= Bach Baunsgaard, C., Vig Nissen, U., Katrin Brust, A., Frotzler, A.,
Ribeill, C., Kalke, Y. B., ... & Biering-Sgrensen, F. (2018). Gait training
after spinal cord injury: safety, feasibility and gait function following 8
weeks of training with the exoskeletons from Ekso Bionics. Spinal
cord, 56(2), 106-116.

= Ferrante, S., Chia Bejarano, N., Ambrosini, E., Nardone, A., Turcato, A.
M., Monticone, M., ... & Pedrocchi, A. (2016). A personalized multi-
channel FES controller based on muscle synergies to support gait
rehabilitation after stroke. Frontiers in neuroscience, 10, 425.
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9. Exoskeleton control strategies —
Position Control x impedance control

= Vouga, T., Baud, R., Fasola, J., Bouri, M., & Bleuler, H. (2017, July).
TWIICE—A lightweight lower-limb exoskeleton for complete
paraplegics. In 2017 International Conference on Rehabilitation
Robotics (ICORR) (pp. 1639-1645). IEEE.

= Huo, W., Moon, H., Alouane, M. A., Bonnet, V., Huang, J., Amirat, Y., ...
& Mohammed, S. (2021). Impedance modulation control of a lower-limb
exoskeleton to assist sit-to-stand movements. IEEE Transactions on
Robotics, 38(2), 1230-1249.

24
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10. crutches vs crutchless

= Vouga, T., Fasola, J., Baud, R. et al. TWIICE One powered exoskeleton:
effect of design improvements on usability in daily life as measured by
the performance in the CYBATHLON race. J NeuroEngineering
Rehabil 19, 63 (2022). https://doi.org/10.1186/s12984-022-01028-0

= Kerdraon, Jacques, et al. "Evaluation of safety and performance of the
self balancing walking system Atalante in patients with complete motor
spinal cord injury." Spinal cord series and cases 7.1 (2021): 71.

25
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11. Invasive versus non invasive *
Spinal Cord Stimulation

= Wagner, F. B., Mignardot, J. B., Le Goff-Mignardot, C. G.,
Demesmaeker, R., Komi, S., Capogrosso, M., ... & Courtine, G. (2018).
Targeted neurotechnology restores walking in humans with spinal cord
injury. Nature, 563(7729), 65-71.

= McHugh, L. V., Miller, A. A., Leech, K. A., Salorio, C., & Martin, R. H.
(2020). Feasibility and utility of transcutaneous spinal cord stimulation
combined with walking-based therapy for people with motor incomplete
spinal cord injury. Spinal cord series and cases, 6(1), 104.
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12. kinematics-based or emg-based i
control for upper limbs

= Chiavenna A, Scano A, Malosio M, Molinari Tosatti L, Franco Molteni,
Assessing User Transparency with Muscle Synergies during
Exoskeleton-Assisted Movements: A Pilot Study on the LIGHTarm
Device for Neurorehabilitation, Applied Bionics and Biomechanics
(2018), Volume 2018 | Article ID 7647562 |
https://doi.org/10.1155/2018/7647562

= Y. ZImmermann, A. Forino, R. Riener and M. Hutter, "ANYexo: A
Versatile and Dynamic Upper-Limb Rehabilitation Robot," in IEEE
Robotics and Automation Letters, vol. 4, no. 4, pp. 3649-3656, Oct.
2019, doi: 10.1109/LRA.2019.2926958. k
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1. Sensory feedback, electrical, and mechanical stimulation

2. Improving sensory feedback via nerve stimulation: stability,
naturalness,

3. Provide thermal sensation to amputees

4. Thermal perception, Wetness perception and pleasant touch
5. Sensory feedback via brain stimulation

6.Brain-machine interfaces for rehabilitation and assistance

7. Invasive versus non invasive Brain-machine interfaces for
locomotion

8. Assisted locomotion via Functional Electrical Stimulation or
Exoskeletons

9. E?o?keleton control strategies — Position Control x impedance
contro

10. crutches vs crutchless
11. Invasive versus non invasive Spinal Cord Stimulation
12. kinematics-based or emg-based control for upper limbs
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