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Introduction

Organization

What a relief! After a year and a half of the coronavirus
pandemic and online education, we were allowed to return to the lecture halls in the fall. Finally, we were able to

Management

the relevance of hybrid and fully virtual solutions in a
more detached mindset. In all options, our students apFrom a personnel point of view, Ms. Ulla Jakob was proBern University of Applied Sciences

tions, complete information, and fair treatment to all stu-

Administration
the study coordination who support Ms. Jakob, especially
Head of Study Coordination, University of Bern

-

E. Gnahoré
Study Coordinator, University of Bern

Biomechanics team of ARTORG for technical support.
At this same occasion, the RMS award for the best averStudy Coordinator, Bern University of Applied Sciences

A. Neuenschwander Salazar
Study Coordinator, University of Bern

new students. The list of courses was revised, and a new
study plan was approved by the medical faculty for the

J. Spyra

Master Thesis Coordinator, University of Bern

their personal efforts to deliver the best possible educa-
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Structure of Courses in the Master’s Program

Preparation Courses

that were either mandatory or elective, but their coherence

-

-

strictly modular way in order to enhance both the clarity

as well as the tutorial-based course “Selected Chapters
in Mathematics” were introduced and allow to create a
tailor-made curriculum for these students. Students with

-

the possibility to select these courses freely if they feel the

ber of new specialized courses as well as an additional

Basic Modules
The basic modules provide the students with the necessary
complete all courses in the Basic Modules Human Medicine,

mental restructuration of the curriculum as of Fall Semester
whereas in the second semester, the courses from the basic
was introduced. In addition, the list of mandatory courses
Major Modules
for specialization.
on a more practice-oriented education, which is achieved

ule, the student is allowed to select every course from

These will be conducted in the second semester in the
-

numerous course combinations. However, this freedom
This is why the responsible lecturers developed a recom-

of the Institute of Biochemistry and Molecular Medicine,
practical laboratories were now included in the course
trate and complement the theoretical lectures.

recommended path, he or she can be sure to establish a

Module “Complementary Skills”

The Curriculum
Duration of Studies and Part-Time Professional
Occupation

-

an industrial and academic environment. This situation has
been accounted for by the module called “Complementary
decides to complete the studies in parallel to a part-time

per week.
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Master’s Thesis

•
•

on an individually suited topic in an academic research

Affairs
•
•
•
•
• Introduction to Biomechanics
•
•
•
•
•
• Introduction to Material Science
•
•
•

Applied Sciences or, for particular cases, in an industrial
-

-

List of Courses
•
• Applied Biomaterials
•
•
•
•
• Biomedical Instrumentation
•
• Biomedical Sensors
•
•
•
•
•
•
•
Assessment
•
• Computer Graphics
•
• Continuum Mechanics
•
•
•
• Finite Element Analysis I
• Finite Element Analysis II
• Fluid Mechanics

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Medical Informatics
Medical Robotics
Numerical Methods

Selected Chapters in Mathematics

Tissue Biomechanics
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Major Modules
Biomechanical Systems

The respiratory, cardiovascular and musculoskeletal systems are the transport and structural bases for our phys-

these foundations. Elective courses allow the students to

multidisciplinary nature of this study focus area, encomdirect medical costs and compensation payments related
to loss-of-work.
veoli array on chip, development of an in-vitro model of
the lower urinary tract, personalized prediction of percutaneous coronary interventions, setup and analysis of a
hop test and development of a device for sensorimotor
mechanical response, and vice versa. Students will also

Career prospects are numerous. Many students proceed
-

paedics, dentistry, rehabilitation and sports sciences.
The mandatory courses in this module provide the student
ment analysis. This provides an overview of the functional
adaptation of the respiratory, cardiovascular or musculo-

-

evaluation and validation of contemporary health tech-

many of the mandatory and elective courses build upon

care domain.

Patient-specific loading for high-resolution peripheral quantitative computed tomography (HR-pQCT) based homogenized
FE analysis of the distal radius (Illustration: Denis Schenk)
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Major Modules
Electronic Implants

Electronic implants are devices like cardiac pacemakers
developments, many new applications become feasible
cochlear implants provide people a sense of sound. These
people were previously profoundly deaf or severely hard
There are many more applications for electronic implants
plants and similar biomedical systems. Since the work on

croelectronics, wireless communications for medical de-

biomedical acoustics, biomedical laser applications, oph-

-

-

The Ligamys implant used for anterior cruciate ligament
(ACL) rupture healing has been instrumented to be able
to measure in-vivo loads wirelessly. This work was part of
an Innosuisse project. The BFH (HUCE-SensorLab) together
with the Swiss Innovation Park Biel and the HAFL were involved in the development of this innovative solution.

knee implants.

science.

Master of Science in Biomedical Engineering 2021

7

Major Modules
Image-Guided Therapy

clinical standards as well as an overview of latest advancements in research. Successful students will be enabled
-

approaches. This will be the basement for successful
careers both in the industrial and academic sector.
Mandatory courses of this module are concerned with the

mination of the spatial instrument-to-patient relation-

sor enhanced instrument systems as well as information

mally invasive procedures and its applications within IGT
are introduced in the course Medical Robotics. Additional

Students of the IGT module will study the clinical and

Demonstrator for robotic spinal surgery (© ARTORG Center, 2021)
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Faculty
University of Bern
Fabio Modica

Nicolas Wenk

Partner Institutions and Industry
Markus Auly

Nicolas Bouduban
Bern University Hospital
(Inselspital)

Martin Hofmann

Michael Rebsamen

Andrea Montali

Beatrice Minder
Bern University of Applied Sciences
Aileen Näf
Christof Baeriswyl

Raphael Rätz
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New Courses
Introduction to Digital Signal
Processing

Introduction to Materials Science

-

rials. The aim is to convey the basic material classes and
principles about the material-structure relationship.

be able to evaluate them and convert the properties into
-

performed to support the theory. The course material
McClellan, Ronald Schafer, and Mark Yoder.

• be able to describe and discuss how continuous-time
•
•

materials science.
This lecture covers the fundamentals of the chemical,
physical, and mechanical properties of metals, ceramics,
and polymers as fundamental classes of materials. To
start, the atomic structure, properties that favor interaclasses are discussed.
Since crystal structure is the key to most physical properties, the most important crystal structures, the concepts
-

-

The second part of the lecture focuses on material surfaces, material interface and material interphases. The
material surface is of utmost importance for medical devices because it is only the surface that interfaces with
the nature of interactions and reactions. The modulation
addressed, as well as the appropriate analytical methods
to measure these properties.
-

Head and torso simulator for electroacoustics tests of audio
devices, microphones, headphones, hearing aids, hearing
protectors and smart speakers.

which offers additional in-depth topics.

10

Master of Science in Biomedical Engineering 2021

New Courses

New Study Program

Introduction to Artificial
Intelligence

MSc in Artificial Intelligence in
Medicine

was founded by the University of Bern and the Bern
overview of the topic of AI. As an introductory course, a

The new MSc AIM runs in close cooperation with the

technical frameworks and concepts are introduced. Topics

•
•
• Information theory
•
•
•

-

For details visit www.caim.unibe.ch/msc_aim

At the end of the semester, students have developed a

implementation of a small number of AI systems in a med-

Professor Dr. med. Lukas Ebner, radiologist at the University Cancer Center Inselspital, and Matthias Fontanellaz,
PhD student in the AI in Health and Nutrition group at the
ARTORG Center for Biomedical Engineering Research, discuss AI-based interpretations of lung X-rays.
Photo: Adrian Moser
Radiological preparation for neurosurgical treatment training with a realistic simulator: Fredrick Johnson built the
3D files he is touching from the software for the patientspecific simulation training as part of his PhD thesis at the
ARTORG Center.
Photo: Adrian Moser
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Evaluation of Courses in the Year 2021

-
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Statistics
Number of New Students (above) and Graduates (below)

Profession after Graduation: Activity after 1 (inner circle) and 5 years
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Graduations

Graduates with Major Module
Biomechanical Systems
Muriel Caroline Bischof
Rafael Gfeller
Marc Sascha Ilic

Graduates with Major Module
Electronic Implants
Eylem Akalp
Raphael Raschid Andonie
Martin Bertsch

Nina Chatelain

Graduates with Major Module
Image-Guided Therapy

Michael Herren
Nalet Julian Meinen

Ece Su Ildiz
Barbara Schläpfer
Adrian Josef Rechsteiner
Simon Adrian Salzmann
Ralph Hans Rechsteiner
Jana Stárková
Stefan Tobias Weber

RMS Award

-

Adrian Ruckli (bottom) receives
the award from Beat Gasser
(center), managing director of
the RMS foundation. Philippe
Büchler (top) is chairman of the
video session.
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Graduate Profile

Q:
A:

Q:

Q:
A:

A: I had chosen the specialization “Biomechanical
-

percent. On the other hand, I knew I wanted to stay in
-

Q:

-

Q:

A:

A:
-

would be at least three years. Since I already had a mas-

internet search. The fact that I was accepted without recourses Tissue Biomechanics, Biomaterials and Applied
rent work, as did actually all the courses in biomechanics.

Q:
A:

Q:

-

A:

Q: How would you describe your time as a student in Bern
A: Actually, I was astonished to see that many students

friendships were created, and we are still in contact.
Q:
A:

-
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Biomedical Engineering Day 2021

Awards
-

mercial activities and their company philosophies as well

•

•
biomedical researchers, too. The ARTORG Center for
Membrane)
-

•

•
st

Besides company representatives, scientists, researchers,
nd

and Gait Abnormalities)
rd

Glioblastoma Mouse Models)
-

•

From left to right: Maxime Chiarelli, Giuditta Thoma, Serife Kucur, Simone Poncioni, Adrian Ruckli

122 people (left) visit the company room in gather city
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The virtual research groups of BFH and ARTORG

The surgical team at the operating table

Live surgery (lung resection due to cancer)

Chairman Philippe Büchler (top) awards the prizes to Giuditta Thoma, Maxime Chiarelli and Serife Kucur

We thank our sponsors and exhibitors
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The Biomedical Engineering Club

The BME Club and its Mission

Further improvements
As we could not offer the number of events we would
have liked to, we improved our online presence. We
-

Follow us if you want to be informed about events, meetThe BME Club executive Board members in 2021
conferences, and visit plans to industries and laboratories.
association of the University of Bern under the umbrella
mittee within the BME-Club follows the principles of our

President

•

Adel Tekari
Alumni
Representative

companies

Tamara Melle
Secretary, Treasurer
M.Sc. class 2017

Corporate
Representative

•
• Information on career opportunities for Masters levels
•
•

-

Tobias Imfeld
Webmaster

• Sponsorship of the best, Master thesis award at the
annual BME day
•
conferences
• Joint membership for former students of the
University of Bern
•

Fredrick Joseph
PhD Student
Representative

Arina Auchlin
Student
Representative

Further details on the BME-Club are available on our web-

How to Join
-

BME Club on pause
Worldwide, we had to adapt our planned events.
We were very happy to be able to award the three best
BME club alumni barbecue, September 2021

September. We hope for more visits possibilities and net-
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Success Story

Q:

the Innovation Act. Empa, the Swiss center for materials

A:

-

Q:
A.
implement them.
Q:
A:

whether I would take over two lectures on additive manwork at BFH part-time.
Q:
student.
A:

Q:
A:

and I would not have been able to do this work without

-

was already laid when I was a student. What makes the
-

in anatomy of the musculoskeletal system.
professionals.
Q:
A:

Q:
A: Yes, and I can fully recommend it.

-

Q:
A:

Nicolas Bouduban (right) in Swiss M4M’s certified production for high-tech 3D printing
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MASTER'S
THESES

2021

20

Master of Science in Biomedical Engineering 2021

Experimental, Theoretical and Computational Analysis of
Conical Implant Press-Fit in Bovine Trabecular Bone
Marcel Aeschlimann
Supervisors:
Institution:
Examiners:

MSc. Marzieh Ovesy, MSc. Benjamin Voumard
University of Bern, ARTORG Center for Biomedical Engineering Research
Prof. Dr. Philipp Zysset, MSc. Marzieh Ovesy

Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

b)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
References
Ovesy et al. J Mech Behav Biomed Mater, 301-310,
2019
Acknowledgements
The continuous support of the ARTORG group of
Musculoskeletal Biomechanics and RMS foundation
is gratefully acknowledged.
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Experimental, Theoretical and Computational Analysis of
Conical Implant Press-Fit in Bovine Trabecular Bone
Marcel Aeschlimann
Supervisors:
Institution:
Examiners:

MSc. Marzieh Ovesy, MSc. Benjamin Voumard
University of Bern, ARTORG Center for Biomedical Engineering Research
Prof. Dr. Philipp Zysset, MSc. Marzieh Ovesy

Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
References
Ovesy et al. J Mech Behav Biomed Mater, 301-310,
2019
Acknowledgements
The continuous support of the ARTORG group of
Musculoskeletal Biomechanics and RMS foundation
is gratefully acknowledged.
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Experimental, Theoretical and Computational Analysis of
Conical Implant Press-Fit in Bovine Trabecular Bone
Marcel Aeschlimann
Supervisors:
Institution:
Examiners:

MSc. Marzieh Ovesy, MSc. Benjamin Voumard
University of Bern, ARTORG Center for Biomedical Engineering Research
Prof. Dr. Philipp Zysset, MSc. Marzieh Ovesy

Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

b)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
References
Ovesy et al. J Mech Behav Biomed Mater, 301-310,
2019
Acknowledgements
The continuous support of the ARTORG group of
Musculoskeletal Biomechanics and RMS foundation
is gratefully acknowledged.
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Marcel Aeschlimann
Supervisors:
Institution:
Examiners:

MSc. Marzieh Ovesy, MSc. Benjamin Voumard
University of Bern, ARTORG Center for Biomedical Engineering Research
Prof. Dr. Philipp Zysset, MSc. Marzieh Ovesy

Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
References
Ovesy et al. J Mech Behav Biomed Mater, 301-310,
2019
Acknowledgements
The continuous support of the ARTORG group of
Musculoskeletal Biomechanics and RMS foundation
is gratefully acknowledged.
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Experimental, Theoretical and Computational Analysis of
Conical Implant Press-Fit in Bovine Trabecular Bone
Marcel Aeschlimann
Supervisors:
Institution:
Examiners:

MSc. Marzieh Ovesy, MSc. Benjamin Voumard
University of Bern, ARTORG Center for Biomedical Engineering Research
Prof. Dr. Philipp Zysset, MSc. Marzieh Ovesy

Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
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tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a
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findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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through a conical press-fit mechanism were measured in experiments, analysed with a rheological
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model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
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predicted by the simulation (experiment: 1.25 mm,
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to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
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pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
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experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
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press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
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plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
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manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a
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findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
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In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
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Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

b)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
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Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

b)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).

a)

Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
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(n=1), using image registration and ehFE.
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A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
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0.90 for all groups. Simulated unloading stiffness of
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predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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in vivo using roentgen stereophotogrammetry or in
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manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
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curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a
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findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
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unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a
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findings showed that BV/TV was a dominating factor
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0.90 for all groups. Simulated unloading stiffness of
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predicted by the simulation (experiment: 1.25 mm,
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Introduction
Nowadays, orthopaedic implants are widely used. A
successful implant has the ability to sustain load without undergoing interface damage after surgery. This
is determined by primary stability and micromotions
at the bone-implant interface that are assessed either
in vivo using roentgen stereophotogrammetry or in
silico using the finite element (FE) method. The FE
method reduces time and costs associated with the
experiments and enhance reproducibility of the outcome. To increase the reliability of the FE method,
validations with experiments are essential. Therefore, the goal of this thesis is the development of an
press-fit experiment resembling total hip arthroplasty (THA) and the validation of an explicit FE
approach that models the bone-implant interface during insertion of a stiff implant.
Materials and Methods
Thirty trabecular bone samples from the bovine tibia
plateau were extracted and machined into cylinders
of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
using the CT scans. The samples were divided into
three groups with the same BV/TV distribution. Three
cones, resembling a femoral stem, with different surface treatments (smooth, middle, and rough) were
manufactured. The experiments were based on a displacement-driven quasi-static cone insertion into the
pilot hole, while the force-displacement curve was acquired. Every 5 mm, the cone was retracted 0.5 mm
to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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Discussion
In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
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to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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of size Ø15.5mm x 25.5mm. After embedding the
samples in polymethyl methacrylate (PMMA), a centric hole (pilot hole) was drilled and micro-computed
tomography ( CT) scans were made. The bone volume to total volume (BV/TV) ratio was determined
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to analyse the unloading stiffness of the samples at
different cone insertion depths. A simple rheological
model based on a spring-slider system was designed
to understand the experimental force-displacement
curves. The simulation was performed according to
the experimental protocol, using an explicit homogenised finite element (ehFE) method with element deletion. The results were then compared with the experiments. Furthermore, a feasibility study on the lateral drift of the cone during insertion was conducted
(n=1), using image registration and ehFE.
Results
A few samples had to be excluded due to an excessive shift in lateral direction. A typical force-displacement curve is shown in Figure 1a. The spring-slider
model could reproduce qualitatively the experimental
unloading/reloading cycles. The overall behaviour of
the simulated force-displacement curves exhibited a

good qualitative fit to the experimental ones. The
findings showed that BV/TV was a dominating factor
for the generated force. After normalising the resulting forces by its BV/TV, the influence of the cone surface treatment was clearly visible. Correlations between simulated and experimental forces were R2 >
0.90 for all groups. Simulated unloading stiffness of
the smooth group correlated nicely with the experimental data (R2 = 0.88). Finally, the cone displacement direction and magnitude were qualitatively well
predicted by the simulation (experiment: 1.25 mm,
simulation: 1.44 mm) (Figure 1b).
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In this study, the force and stiffness generated
through a conical press-fit mechanism were measured in experiments, analysed with a rheological
model and simulated by ehFE. In particular, the influence of surface treatment could be reproduced in the
simulation. Moreover, the lateral drift of the cone due
to BV/TV variations, was well captured.
The developed ehFE methodology may become beneficial for assessing primary stability and micromotion of femoral stems in THA surgeries.
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