Mechanisms and Machine Science

Georg Rauter - Giuseppe Carbone -
Philippe C. Cattin - Azhar Zam -
Doina Pisla - Robert Riener Editors

New Trends
in Medical
and Service
Robotics

MESROB 2021

@ Springer



Mechanisms and Machine Science

Volume 106

Series Editor

Marco Ceccarelli®®, Department of Industrial Engineering, University of Rome Tor
Vergata, Roma, Italy

Advisory Editors

Sunil K. Agrawal, Department of Mechanical Engineering, Columbia University,
New York, USA

Burkhard Corves, RWTH Aachen University, Aachen, Germany

Victor Glazunov, Mechanical Engineering Research Institute, Moscow, Russia
Alfonso Hernandez, University of the Basque Country, Bilbao, Spain

Tian Huang, Tianjin University, Tianjin, China

Juan Carlos Jauregui Correa, Universidad Autonoma de Queretaro, Queretaro,
Mexico

Yukio Takeda, Tokyo Institute of Technology, Tokyo, Japan


https://orcid.org/0000-0001-9388-4391

This book series establishes a well-defined forum for monographs, edited Books,
and proceedings on mechanical engineering with particular emphasis on MMS
(Mechanism and Machine Science). The final goal is the publication of research that
shows the development of mechanical engineering and particularly MMS in all
technical aspects, even in very recent assessments. Published works share an
approach by which technical details and formulation are discussed, and discuss
modern formalisms with the aim to circulate research and technical achievements
for use in professional, research, academic, and teaching activities.

This technical approach is an essential characteristic of the series. By discussing
technical details and formulations in terms of modern formalisms, the possibility is
created not only to show technical developments but also to explain achievements
for technical teaching and research activity today and for the future.

The book series is intended to collect technical views on developments of the
broad field of MMS in a unique frame that can be seen in its totality as an
Encyclopaedia of MMS but with the additional purpose of archiving and teaching
MMS achievements. Therefore, the book series will be of use not only for
researchers and teachers in Mechanical Engineering but also for professionals and
students for their formation and future work.

The series is promoted under the auspices of International Federation for the
Promotion of Mechanism and Machine Science (IFToMM).

Prospective authors and editors can contact Mr. Pierpaolo Riva (publishing
editor, Springer) at: pierpaolo.riva@springer.com

Indexed by SCOPUS and Google Scholar.

More information about this series at https://link.springer.com/bookseries/8779


mailto:pierpaolo.riva@springer.com
https://link.springer.com/bookseries/8779

Georg Rauter - Giuseppe Carbone -
Philippe C. Cattin - Azhar Zam -
Doina Pisla - Robert Riener

Editors

New Trends in Medical
and Service Robotics

MESROB 2021

@ Springer



Editors

Georg Rauter Giuseppe Carbone
BIROMED-Lab, DBE University of Calabria
University of Basel Rende, Italy
Allschwil, Switzerland

Azhar Zam
Philippe C. Cattin BLOG, DBE
CIAN, DBE University of Basel
University of Basel Allschwil, Switzerland

Allschwil, Switzerland
Robert Riener

Doina Pisla Sensory-Motor Systems Lab
Technical University of Cluj-Napoca ETH Zurich
Cluj-Napoca, Romania Zurich, Switzerland

University Hospital Balgrist
Medical Faculty

University of Zurich
Zurich, Switzerland

ISSN 2211-0984 ISSN 2211-0992 (electronic)
Mechanisms and Machine Science
ISBN 978-3-030-76146-2 ISBN 978-3-030-76147-9 (eBook)

https://doi.org/10.1007/978-3-030-76147-9

© The Editor(s) (if applicable) and The Author(s), under exclusive license

to Springer Nature Switzerland AG 2022

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://orcid.org/0000-0001-9089-8181
https://orcid.org/0000-0003-0831-8358
https://doi.org/10.1007/978-3-030-76147-9

Preface

Medical and service robots face growing demands on their functionality and per-
formance in a broad range of applications. Therefore, strengthening our community
through interdisciplinary work is beneficial for all parties involved: researchers,
technology providers, medical healthcare personnel, and most importantly patients.
This and last year, methods from laser physics and virtual/augmented reality-based
surgical planning have found their way to augment the functionality, possibilities,
and safety of medical and service robots.

The last years, we had to face difficult circumstances due to the worldwide
pandemic situation with COVID-19 that prevented us from realizing MESROB
2020, the 7th International Workshop on New Trends in Medical and Service
Robotics, in Basel, Switzerland. Nevertheless, we published a first series of papers
in 2020. In 2021, we could finally organize a successful MESROB 2021 conference
in virtual format with and for our faithful community.

The entire story of MESROB conference events started with the first of its kind
in 2012 in Cluj-Napoca, Romania. Following events were: MESROB 2013 at
Institute “Mihailo Pupin” in Belgrade, Serbia; MESROB 2014 at EPFL in
Lausanne, Switzerland; MESROB2014 at IRCCyN in Nantes, France; MESROB
2016 co-organized by University of Innsbruck and Joanneum Research in Graz,
Austria; MESROB 2018 at the School of Engineering of the University of Cassino
and South Latium in Cassino, Italy; and MESROB 2020 at University of Basel,
Switzerland.

This workshop series is also sponsored by IFToMM, the “International
Federation for the Promotion of Mechanism and Machine Science”, and is one
of the main conferences for the [IFToMM Technical Committees on Biomechanical
Engineering, Robotics and Mechatronics, and Computational Kinematics. The
content of the MESROB 2021 book covers a wide range of aspects and topics such
as: 1) rehabilitation robotics, 2) exoskeletons and prostheses, 3) surgical robotics
and micromanipulation, and 4) nursing robotics and human performance evalua-
tion. These contributions are provided as a collection of 17 papers that were
selected among the 23 submitted contributions on the basis of a blind peer-review
process. The MESROB 2021 book completes the collection of papers submitted to
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MESROB 2020 (37 papers accepted, 49 submitted). So in total, MESROB in Basel
successfully incorporates the published work of 54 accepted papers out of 72
submitted.

We wish to express our gratitude to the authors, the reviewers, and Scientific
Committee for their valuable contribution to ensure the scientific quality of
MESROB 2020 and 2021. Finally, we would like to thank our Gold Sponsor
“Stdubli AG” and our Silver Sponsors “F. Hoffmann-La Roche Ltd.”, “Stryker
GmbH”, and “Advanced Osteotomy Tools AG”.

Georg Rauter
Giuseppe Carbone
Philippe C. Cattin

Azhar Zam
Doina Pisla
Robert Riener
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Gold Sponsor

SrausLr

High-Precision Robots as Medical and Surgical Assistants

Helpful hands redefined: Medical robots are on the advance, not only in the pro-
duction of drugs but also in the operating theater. If you, as a medical equipment
manufacturer, require high-precision, quiet, and flexible robots that also meet all the
criteria for sterile surgical conditions, look no further than the Stdubli range. Easy to
clean, with minimal particle emissions and high precision, they relieve doctors of
some of the strain they are under while performing operations that demand their full
concentration. Robots are also contributing to the development of innovative sur-
gical techniques.

Jean-Marc Collet
Staubli A. G.
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Silver Sponsors

Roche and Laboratory Robots in Research

Our scientists are among the best in the industry, pursuing new paths to deliver
life-changing benefits to patients. We continue to be driven by our long-term aim to
deliver medical advances that provide greater benefits to patients and, at the same
time, reduce the healthcare burden on society.

Roche End-2-End Lab Services Lab Technologies & Robotics department is
providing expert solutions for world class science and has more than 40 technology
inventions over the past two decades led to patents.

We believe that connecting with many stakeholders across the industry (and even
beyond) will support our efforts to dramatically speed up the development and
implementation of innovative ideas in the field of robotics and automation for the
benefit of patients.

Tom Kissling

Advanced Osteotomy Tools and CARLO®

AOT is reinventing bone surgery by developing novel digital solutions—Ilike
CARLO®, the world’s first Laser Osteotome. CARLO® cuts bone with extraordi-
nary precision in any desired geometry using a cold ablation laser combined with
robotics, navigation, and smart software. As the laser allows for contactless pro-
cedures, it bypasses any complication risks associated with mechanical instruments
and enables surgeons to use functional cuts that create interlocking geometries.
After more than a decade of R&D, our innovations are protected by more than ten
patent families globally and CARLO® is in clinical use helping patients with its
unique benefits. We believe that the combination of laser and robotics is the key to
the truly digital OR of the future, where a pre-operative plan can be autonomously
executed with perfect accuracy every time.

Cyrill Bétscher
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stryker

Stryker

Digitalization and automation represent nowadays in many aspects of our society
not only the standard practice but are also expected and, in many instances, even
considered as malpractice if not implemented as an integral structural backbone
within the life cycle and at the core of services and products. Digitalization of
analog processes has enabled their respective automation yielding more reliable,
efficient, and efficacious digital enabled processes. In turn, automation has radically
changed the status quo of how tasks get done and certainly the associated outcome
expectations. Digitalization within the medical domain is starting to undergo an
exponential transformational change which will allow for profound changes in the
way medicine is practiced today by harnessing not only patient data but also device
and process data in a holistic and continuous manner to establish data-driven
processes and methods for efficient and efficacious personalized patient care and
treatment delivery across the whole care continuum exploiting automation.

This scientific series is an important contribution that will decisively promote
further growth and advance the status quo in medical and service robotics.
Furthermore, this effort will also help enhance the interdisciplinary nature of the
complex solutions needed which will certainly go far beyond the amalgamation
of the digital and mechatronics domains to incorporate other technical and
socio-economical aspects into future services and products.

José-Luis Moctezuma de la Barrera
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Serious Games Strategies
with Cable-Driven Robots
for Rehabilitation Tasks

Thiago Alves'®™) Rogério Sales Gongalves', and Giuseppe Carbone?

L Federal University of Uberlandia, Uberlandia, Brazil
thiagoalves.mec7@gmail.com
2 Department of Mechanical, Energy and Management Engineering,
Universita della Calabria, Rende, Italy

Abstract. Rehabilitation training is the most effective way to reduce
motor impairments in post-stroke patients. Cable-driven robots have
ideal characteristics for stroke rehabilitation and bimanual rehabilita-
tion can transfer training skills to the activities of daily living. How-
ever, rehabilitation often presents problems with motivation and patient
involvement since the therapy exercises are often monotonous and repet-
itive. The serious games aim to provide an interactive experience and
generate a high level of motivation in patients. Accordingly, this paper
presents a serious games approach in combination with a cable-driven
robot for unilateral and bilateral/bimanual rehabilitation. Experimental
tests are reported with 15 healthy subjects. They use a specifically devel-
oped cable-driven robot in combination with a serious game approach for
bimanual rehabilitation exercises. The performed tests are described and
discussed to show the level of user acceptance and engagement that is
achievable with the proposed solution.

1 Introduction

Stroke is a leading cause of disability and it leaves a significant number of indi-
viduals with motor and cognitive deficits [1]. The paralysis of the upper limb is
the most frequent consequence of brain injury [2]. Rehabilitation training is the
most effective way to reduce motor impairments in stroke patients [3]. Rehabil-
itation movements can be classified as unilateral when using only the affected
limb (paretic side) or bilateral when using both sides of the body. Bimanual
movements are a specific type of bilateral movements in which there is simul-
taneous use of both hands in a coupled way [4]. Most rehabilitation therapies,
conventional or assisted by technology, focus on the most affected limb, neglect-
ing bimanual activities. Sometimes bimanual training does not yield a superior
primary outcome, but it shows benefits such as increased daily use of the paretic
side and recovery from other activities [2,5,6].

Robotics is attracting significant interest with novel rehabilitation assistive
solutions. Several innovative designs are proposed, for example, the cable driven

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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