Accepted Manuscript

Robotics{and |
| Autonomous Systems

Macro-micro manipulation platform for inner ear drug delivery

W. Amokrane, K. Belharet, M. Souissi, A. Bozorg Grayeli, A. Ferreira

PII: S0921-8890(17)30799-6
DOI: https://doi.org/10.1016/j.robot.2018.05.002
Reference: ROBOT 3025

To appear in:  Robotics and Autonomous Systems

Please cite this article as: W. Amokrane, K. Belharet, M. Souissi, A.B. Grayeli, A. Ferreira,
Macro-micro manipulation platform for inner ear drug delivery, Robotics and Autonomous Systems
(2018), https://doi.org/10.1016/j.robot.2018.05.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.robot.2018.05.002

Macro-micro manipulation platform for inner ear drug delivery

W.Amokrane®, K.Belharet®, M.Souissi®, A.Bozorg Grayeli®, A.Ferreira®
@ Laboratoire PRISME, HEI Campus Centre, 2 Allee Jean Vaillee, Chateaurouz
b Otolaryngology department, Dijon University Hospital, France and CNRS UMR 6306 Le2i Rseau ch Laboratory
¢ Laboratoire PRISME, INSA Centre Val de Loire, campus de Bourges, Univ. Orléans

Abstract

This paper describes the pulling and steering of magnetic therapeutic microparticles for drug delivery based
on a macro-micro manipulator system. The macromanipulation system is composed of a 6 Degree Of
Freedom (6 DOF) serial manipulator while a linear permanent-based actuator (1 DOF) is equipped at
the end-effector as a micropart to precisely steer and pull magnetic microparticles. Using the classical
mathematical tools of robotics, we developed the global kinematic model of the robot-device assembly, thus
defining a reference trajectory to propel the microparticles. A novel actuator-based permanent magnet
has been designed and realized as a robot micro end-effector to control the trajectory of a microparticle
along a millimeter-sized workspace. Simulations and experiments were conducted to show the ability of the

macro-micro manipulator system to steer particles on a viscous fluid simulating a biological media.
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1. Introduction

Robotic agents controlled within the human body
allow minimal invasive interventions for the im-
proved treatment and diagnosis of disease, while
reducing the risk of complications and allowing for
faster recovery. To this end, the magnetic actua-
tion solution has proven to be effective for remote
navigation devices or small particles to reach deeper
areas in the human body [1], [2]. By using magnetic
fields and gradients, pushing and pulling forces can
be applied on magnetic microparticles functional-
ized with drug molecules. As example, recent med-
ical applications demonstrate the difficulty for drug
delivery to reach the human ear due to its complex
structure [3].

As shown in Fig.1, the ear is a complex and im-
portant organ of the living being. It is responsible
of two senses which are balance and hearing sense.
The first one is given by the three semicircular chan-
nels which define the orientation of the head accord-
ing to the 3 dimensions of the space with respect
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to the gravitational axis [4], [5]. The second one is
related to the anatomy of the cochlea. It allows to
treat the sound waves going from 20 to 20.000 Hz
and contains a liquid called perilymph [6], through
which the sound waves are transmitted to the differ-
ent regions of the cochlea. Access to the inner ear
is limited by the presence of a blood-cochlear bar-
rier, which is anatomically and functionally similar
to the blood-brain barrier 7], [8]. As depicted in
Fig.1, the inner ear provides a unique opportunity
for local drug delivery through the round window
membrane (RWM) [9]. Due to tight junctions be-
tween cells, substances in systemic circulation en-
counter substantial physical barriers to entry, pre-
venting many substances with potentially therapeu-
tic effect from gaining access to their inner ear tar-
gets. Additionally, the cochlea is a closed space,
and cochlear function is sensitive to small changes
in fluid volume. Therefore, delicate approaches are
required to avoid possible damage from the delivery
method itself.

Usually, three conventional medical techniques
are used to drug delivery into the human cochlea.
The first one is the intratympanic injection [10],
[11] where drugs are placed in the tympanic cav-
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