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What a relief! After a year and a half of the coronavirus 
pandemic and online education, we were allowed to re-
turn to the lecture halls in the fall. Finally, we were able to 
ADMDÖS�EQNL�E@BD�SN�E@BD� HMSDQ@BSHNMR�@F@HM�@MC�DWOKNQD�
the relevance of hybrid and fully virtual solutions in a 
more detached mindset. In all options, our students ap-
OQDBH@SDC� SGD� ONRRHAHKHSX� NE� QDUHDVHMF� SGD� KDBSTQDRi� BNM-
SDMSR��V@SBGHMF�SGD�@U@HK@AKD�ONCB@RSR�
From a personnel point of view, Ms. Ulla Jakob was pro-
LNSDC�GD@C�NE�SGD�RSTCX�BNNQCHM@SHNM�SD@L�3GHR�HR�@�GHFGKX�
CDRDQUDC�B@QDDQ�RSDO�@MC�(�VHRG�SN�@BJMNVKDCFD�GDQD�GDQ�
DWBDOSHNM@K� CDCHB@SHNM� SN� DMRTQD� NOSHL@K� KD@QMHMF� BNMCH-
tions, complete information, and fair treatment to all stu-
CDMSR�NE�SGD�OQNFQ@L�,X�SG@MJR�DWSDMC�SN�@KK�LDLADQR�NE�
the study coordination who support Ms. Jakob, especially 
ENQ�SGD�@CCHSHNM@K�S@RJR�FDMDQ@SDC�AX�SGD�O@MCDLHB�
3GHR�XD@Q��@�QDRHYDC�!HNLDCHB@K�$MFHMDDQHMF�#@X�V@R�NQF@M-
HYDC�NMKHMD�ENQ�SGD�ÖQRS�SHLD� ESDQ�SGD�CHROK@X�NE�SGD�MDV�
L@RSDQiR�OQNFQ@L�HM� QSHÖBH@K�(MSDKKHFDMBD�HM�,DCHBHMD��DHFGS�
BNLO@MHDR�OQDRDMSDC�SGDLRDKUDR�@MC�@�KHUD�RTQFDQX�V@R�QD-
SQ@MRLHSSDC� EQNL� SGD� CDO@QSLDMS� NE� SGNQ@BHB� RTQFDQX� (�
VNTKC� KHJD� SN� SG@MJ�&QDFNQ�*NBGDQ�@MC�/@SQHBJ�#NQM� ENQ�
OQDRDMSHMF� @M� HLOQDRRHUD� HMSDQUDMSHNM� SG@S� FDMDQ@SDC� @�
AQN@C� ×NV� NE� PTDRSHNMR� ,X� RODBH@K� SG@MJR� FN� SN� )TKH@�
2OXQ@�ENQ�SGD�RD@LKDRR�NQF@MHY@SHNM�@MC�SGD�,TRBTKNRJDKDS@K�
Biomechanics  team of ARTORG for technical support. 
At this same occasion, the RMS award for the best aver-
@FD� FQ@CD� CTQHMF� SGD� DMSHQD� OQNFQ@L�V@R� @SSQHATSDC� SN�
 CQH@M�1TBJKH��VGHKD�SGD�ADRS�L@RSDQiR�SGDRHR�@V@QCR�VDQD�
@V@QCDC�SN�&HTCHSS@�3GNL@�ENQ�A@RHB�RBHDMBD�@MC�,@WHLD�
"GH@QDKKH�ENQ�HMMNU@SHNM�3GD�ADRS�/G#�SGDRHR�V@R�@SSQHATS-
DC� SN� 2DQHED� *TBTQ� ENQ� GDQ� VNQJ� ſ$WOKNQ@SHNM� @MC�
$WOKNHS@SHNM�NE�5HRT@K�%HDKCR��EQNL� BPTHRHSHNM�SN�/QDCHBSHNM�
NE�&K@TBNL@ſ�"NMFQ@STK@SHNMR�SN�@KK�NE�SGDL
#DROHSD�SGD�QDCTBDC�MTLADQ�NE�DUDMSR��SGD�L@RSDQiR�OQN-
FQ@L�DWGHAHSR�@�GD@KSGX�BNMCHSHNM�VHSG����@KTLMH�@MC����
new students. The list of courses was revised, and a new 
study plan was approved by the medical faculty for the 
TOBNLHMF� @B@CDLHB� XD@QR� 3GD� CDFQDD� NE� NTQ� RSTCDMSRi�
R@SHRE@BSHNM��@R�QD×DBSDC�HM�SGD�HMCDODMCDMS�DU@KT@SHNM�NE�
SGD�4MHUDQRHSX�NE�!DQM��QDL@HMR�RS@AKD�CDROHSD�SGD�EQDPTDMS�
@KSDQM@SHNM�NE�SD@BGHMF�@MC�DW@LHM@SHNM�LNCDR
.MBD�@F@HM��(�VHRG�SN�DWOQDRR�LX�@OOQDBH@SHNM�SN�SGD�KDB-
STQDQR�ENQ�SGDHQ�BNMRS@MS�HMUNKUDLDMS�HM�SGD�OQNFQ@L�@MC�
their personal efforts to deliver the best possible educa-
SHNM� SN� NTQ� FQ@CT@SD� RSTCDMSR�6HSG� SGHR� QDBNFMHSHNM� HM�
LHMC�� (�@L�UDQX�FK@C�SN�OQDRDMS�NTQ�XD@QKX� QDONQS� HM�SGD�
MDWS�O@FDR�(�VHRG�XNT�@M�DMINX@AKD�QD@CHMF

/GHKHOOD�9XRRDS

Introduction

Management

5�,�*NBG
#DOTSX�/QNFQ@L�#HQDBSNQ��
Bern University of Applied Sciences

/G�9XRRDS
/QNFQ@L�#HQDBSNQ��4MHUDQRHSX�NE�!DQM

Administration

4�)@JNA�!TQFDQ
Head of Study Coordination, University of Bern

E. Gnahoré
Study Coordinator, University of Bern

A. Neuenschwander Salazar
Study Coordinator, University of Bern

"�*@Q@B@
Study Coordinator, Bern University of Applied Sciences

J. Spyra
$UDMS�.QF@MHY@SHNM��4MHUDQRHSX�NE�!DQM

/G�!ÂBGKDQ
Master Thesis Coordinator, University of Bern

Organization
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2HMBD� SGD� RS@QS� NE� SGD� ,@RSDQiR� /QNFQ@L� !HNLDCHB@K�
$MFHMDDQHMF�HM�,@QBG�������SGD�BNMRS@MS�DEENQS�SN�HLOQNUD�
SGD� PT@KHSX� NE� NTQ� BTQQHBTKTL� G@R� QDRTKSDC� HM� RTARS@MSH@K�
BG@MFDR�NE� SGD�BNTQRD� RSQTBSTQD�NUDQ� SGD�O@RS� XD@QR�3GD�
ÖQRS�BTQQHBTKTL�BNMRHRSDC�NE�@�MTLADQ�NE�HMCHUHCT@K�BNTQRDR�
that were either mandatory or elective, but their coherence 
VHSG�QDF@QCR�SN�BNMSDMSR�V@R�HM�LNRS�B@RDR�MNS�DWOQDRRDC�
AX�@�CDÖMDC�RSQTBSTQD�'NVDUDQ��SVN�L@INQ�LNCTKDR��ENQ-
LDQKX�B@KKDC�jENBTR�@QD@Rk��@KQD@CX�DWHRSDC
 R�NE�%@KK�2DLDRSDQ�������@KK�BNTQRDR�VDQD�FQNTODC�HM�@�
strictly modular way in order to enhance both the clarity 
@MC�SGD�×DWHAHKHSX�NE�SGD�BTQQHBTK@Q�RSQTBSTQD� �L@HM�HCD@�
V@R�SN�FTHCD�SGD�RSTCDMSR�SGQNTFG�SGDHQ�RSTCHDR�HM�@�ADS-
SDQ�V@X�AX�@CCHMF�@M�DKDBSHUD�O@QS�SN�SGD�L@INQ�LNCTKDR��
VGHBG� ENQLDQKX� G@C� BNMRHRSDC� DWBKTRHUDKX� NE� L@MC@SNQX�
BNTQRDR�!DRHCDR��SGD�BTQQHBTKTL�V@R�DWO@MCDC�AX�@�MTL-
ber of new specialized courses as well as an additional 
L@INQ�LNCTKD�B@KKDC�j(L@FD�&THCDC�3GDQ@OXk
 C@OS@SHNMR�HM�SGD�KDF@K�EQ@LDVNQJ�NE�SGD�L@RSDQiR�OQNFQ@L�
@QD�MNV�NEEDQHMF�LNQD�×DWHAHKHSX� HM�SGD�CDRHFM�NE�BNTQRDR�
@MC�LNCTKDR��SGTR�OQNUHCHMF�SGD�A@RHR�ENQ�@�RDBNMC�ETMC@-
mental restructuration of the curriculum as of Fall Semester 
�����(M�O@QSHBTK@Q��@�LNCTKD�B@KKDC�j"NLOKDLDMS@QX�2JHKKRk�
was introduced. In addition, the list of mandatory courses 
HM�ANSG�A@RHB�@MC�L@INQ�LNCTKDR�V@R�QDUHRDC�,NQD�QDBDMS-
KX��HM�%@KK�2DLDRSDQ�������@�LNCTKD�jOQDO@Q@SHNM�BNTQRDRk�
V@R�BQD@SDC�3GD�BNTQRDR�HM�SGHR�LNCTKD�@QD�HMSDMCDC�SN�ÖKK�
F@OR�QDF@QCHMF�OQDQDPTHRHSDR�ENQ�A@RHB�@MC�@CU@MBDC�BNTQR-
DR�HM�SGD�L@RSDQiR�OQNFQ@L�!HNLDCHB@K�$MFHMDDQHMF�
 ESDQ� HMSDMRHUD� OQDO@Q@SHNM�� SGD� BTQQHBTKTL� V@R� @F@HM�
QDRSQTBSTQDC�@R�NE� E@KK� RDLDRSDQ������3GD� ENBTR� HR�MNV�
on a more practice-oriented education, which is achieved 
OQHL@QHKX�SGQNTFG�SGD�MDVKX�BQD@SDC�ſ!,$�+@ANQ@SNQHDRſ�
These will be conducted in the second semester in the 
QDRD@QBG� FQNTOR� NE� SGD� 4MHUDQRHSX� NE� !DQM�� SGD� !DQM�
4MHUDQRHSX�NE� OOKHDC�2BHDMBDR��!%'��@R�VDKK�@R�NTQ�O@QS-
MDQ� HMRSHSTSHNMR� !DQM�4MHUDQRHSX�'NROHS@K� �(MRDKROHS@K�� @MC�
$LO@�� SGD� 2VHRR� +@ANQ@SNQHDR� ENQ�,@SDQH@KR� 2BHDMBD� @MC�
3DBGMNKNFX��(M�@CCHSHNM��SG@MJR�SN�SGD�FQD@S�BNLLHSLDMS�
of the Institute of Biochemistry and Molecular Medicine, 
practical laboratories were now included in the course 
ſ!HNKNFHB@K� /QHMBHOKDR� NE� 'TL@M�,DCHBHMDſ��VGHBG� HKKTR-
trate and complement the theoretical lectures.

The Curriculum

Duration of Studies and Part-Time Professional 
Occupation
3GD� ETKK�SHLD� RSTCX� OQNFQ@L� S@JDR� �� RDLDRSDQR�� VGHBG�
BNQQDRONMCR�SN�����$"32�BQDCHSR��NMD�$"32�BQDCHS�ADHMF�
CDÖMDC� @R� ������ GNTQR� NE� RSTCDMS�VNQJKN@C� (S� B@M� AD�
DWSDMCDC�SN�@�L@WHLTL�NE���RDLDRSDQR�6GDM�@�RSTCDMS�
decides to complete the studies in parallel to a part-time 
OQNEDRRHNM@K�NBBTO@SHNM��ETQSGDQ�DWSDMRHNM�HR�ONRRHAKD�NM�
QDPTDRS� 3N� RTOONQS� QDFTK@Q� O@QS�SHLD� VNQJ�� L@MC@SNQX�
BNTQRDR�S@JD�OK@BD��VHSG�Q@QD�DWBDOSHNMR��NM�NMKX���C@XR�
per week.

Preparation Courses
.VHMF�SN�SGD�HMSDQCHRBHOKHM@QX�M@STQD�NE�SGD�!,$�L@RSDQiR�
OQNFQ@L��NTQ�RSTCDMSR�BNLD�EQNL�U@QHNTR�ÖDKCR�NE�RSTCX�
$RODBH@KKX�RSTCDMSR�VHSG�@�MNM�DMFHMDDQHMF�A@BJFQNTMC�m�
ENQ�DW@LOKD� HM�LDCHBHMD�m�CN�MNS� ETKÖKK� @KK�OQDQDPTHRHSDR�
ENQ�SGD�BNTQRDR�NE�SGD�L@RSDQiR�OQNFQ@L�3GDQDENQD��HMSQN-
CTBSNQX�BNTQRDR�HM�, 3+ !��"

�OQNFQ@LLHMF��$KDBSQHB@K�
$MFHMDDQHMF��$MFHMDDQHMF�,DBG@MHBR�@MC�,@SDQH@K�2BHDMBD�
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 
@� A@BJFQNTMC� HM� DMFHMDDQHMF�� NM� SGD� NSGDQ� G@MC�� G@UD�
the possibility to select these courses freely if they feel the 
MDDC�SN�QDEQDRG�RNLD�NE�SGD�JMNVKDCFD�OQNUHCDC�

Basic Modules
The basic modules provide the students with the necessary 
A@BJFQNTMC�SN�AD�@AKD�SN�ETKKX�TMCDQRS@MC�SGD�BNLOKDW�RTA-
IDBS�L@SSDQ�HM�SGD�RODBH@KHYDC�BNTQRDR� KK�RSTCDMSR�G@UD�SN�
complete all courses in the Basic Modules Human Medicine, 
 OOKHDC�,@SGDL@SHBR��@MC�!HNLDCHB@K�$MFHMDDQHMF�(M�SGD�
ÖQRS�RDLDRSDQ��@KK�L@MC@SNQX�BNTQRDR�ADKNMF�SN�SGHR�FQNTO��
whereas in the second semester, the courses from the basic 
LNCTKDR�L@JD�TO�ENQ�@OOQNWHL@SDKX����

Major Modules
3GD�BGNHBD�NE�NMD�NE�SGQDD�L@INQ�LNCTKDR�!HNLDBG@MHB@K�
2XRSDLR�� $KDBSQNMHB� (LOK@MSR�� NQ� (L@FD�&THCDC� 3GDQ@OX�
@ESDQ� SGD� ÖQRS� RDLDRSDQ� BNMRSHSTSDR� SGD� ÖQRS� NOONQSTMHSX�
for specialization. 
 OOQNWHL@SDKX�NMD�SGHQC�NE�SGD�L@INQ�LNCTKDR�BNMRHRS�NE�
L@MC@SNQX�BNTQRDR�(M�SGD�DKDBSHUD�O@QS�NE�SGD�L@INQ�LNC-
ule, the student is allowed to select every course from 
SGD�KHRS�NE�BNTQRDR�HM�SGD�L@RSDQiR�OQNFQ@L��FHUHMF�QHRD�SN�
@�GHFG�CDFQDD�NE�CHUDQRHSX�@MC�×DWHAHKHSX�@MC�@KKNVHMF�ENQ�
numerous course combinations. However, this freedom 
L@JDR�HS�RNLDVG@S�CHEÖBTKS�ENQ�SGD�RSTCDMS�SN�L@JD�QD@-
RNM@AKD�BGNHBDR�QDF@QCHMF�OQNEDRRHNM@K�OQNRODBSR�
This is why the responsible lecturers developed a recom-
LDMCDC� RSTCX� OK@M� SN� FTHCD� SGD� RSTCDMSR� SGQNTFG� SGD�
BNTQRD�RDKDBSHNM�OQNBDRR�@MC�SN�@UNHC�NQF@MHY@SHNM@K�OQNA-
KDLR�RTBG�@R�NUDQK@OOHMF�BNTQRDR�(E�@�RSTCDMS�ENKKNVR�SGD�
recommended path, he or she can be sure to establish a 
RNTMC�OQNEDRRHNM@K�OQNÖKD

Module “Complementary Skills”
 O@QS�EQNL�SGD�Q@OHC�CDUDKNOLDMS�NE�SDBGMNKNFX�HSRDKE��SNC@XiR�
AHNLDCHB@K�DMFHMDDQR�@QD�HMBQD@RHMFKX�BG@KKDMFDC�AX�BNLOKD-
LDMS@QX�HRRTDR�KHJD�DSGHB@K�@RODBSR��OQNIDBS�OK@MMHMF��PT@KHSX�
@RRTQ@MBD�@MC�OQNCTBS�R@EDSX��KDF@K�QDFTK@SHNMR�@MC�HMSDKKDB-
ST@K�OQNODQSX�QHFGSR��@R�VDKK�@R�L@QJDSHMF�@RODBSR�+@MFT@FD�
BNLODSDMBD�HM�$MFKHRG�HR�NE�O@Q@LNTMS�HLONQS@MBD�ANSG�HM�
an industrial and academic environment. This situation has 
been accounted for by the module called “Complementary 
2JHKKRk�VGDQD� RSTCDMSR�@QD� QDPTHQDC� SN�BNLOKDSD� SVN�L@M-
C@SNQX� BNTQRDR� �(MMNU@SHNM� ,@M@FDLDMS�� %TMC@LDMS@KR�
NE�0T@KHSX�,@M@FDLDMS� @MC�1DFTK@SNQX� EE@HQR�� @R�VDKK� @R�
���� $"32� EQNL� SGD� DKDBSHUDR� BNTQRDR� �$SGHBR� HM� !HNLDCHB@K�
$MFHMDDQHMF�� 2BHDMSHÖB� 6QHSHMF� HM� !HNLDCHB@K� $MFHMDDQHMF��
"KHMHB@K�$OHCDLHNKNFX�@MC�'D@KSG�3DBGMNKNFX� RRDRRLDMS�

Structure of Courses in the Master’s Program
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Master’s Thesis
3GD�K@RS�RDLDRSDQ�HR�CDCHB@SDC�SN�@�L@RSDQiR�SGDRHR�OQNIDBS�
on an individually suited topic in an academic research 
FQNTO�@S�SGD�4MHUDQRHSX�NE�!DQM�NQ�SGD�!DQM�4MHUDQRHSX�NE�
Applied Sciences or, for particular cases, in an industrial 
QDRD@QBG�@MC�CDUDKNOLDMS�DMUHQNMLDMS� R�@�QTKD��@KK����
$"32�BQDCHSR� EQNL�SGD�BNTQRD�OQNFQ@L�G@UD� SN�AD�BNL-
OKDSDC��SGTR�DMRTQHMF�SG@S�SGD�RSTCDMS�HR�@AKD�SN�ETKKX�BNM-
BDMSQ@SD�NM�SGD�BG@KKDMFDR�HLONRDC�AX�DWBHSHMF�QDRD@QBG�
@BSHUHSHDR�3GD�L@RSDQiR�SGDRHR�HMBKTCDR�SGD�SGDRHR�O@ODQ��@�
SGDRHR�OQDRDMS@SHNM�@MC�CDEDMRD�@R�VDKK�@R�@�NMD�O@FD�@A-
RSQ@BS�ENQ�OTAKHB@SHNM�HM�SGD� MMT@K�1DONQS�NE�SGD�L@RSDQiR�
OQNFQ@L

List of Courses
•  CU@MBDC�3NOHBR�HM�,@BGHMD�+D@QMHMF
• Applied Biomaterials
• !@RHBR�HM�/GXRHNKNFX�ENQ�!HNLDCHB@K�$MFHMDDQHMF
• !HNKNFHB@K�/QHMBHOKDR�NE�'TL@M�,DCHBHMD
• �!HN�,@SDQH@KR
• !HNLDCHB@K� BNTRSHBR�@MC� TCHNKNFX
• Biomedical Instrumentation
• !HNLDCHB@K�+@RDQ� OOKHB@SHNMR
• Biomedical Sensors
• !HNLDCHB@K�2HFM@K�/QNBDRRHMF�@MC� M@KXRHR
• !HN,HBQN×THCHBR
• "

�/QNFQ@LLHMF�(
• "

�/QNFQ@LLHMF�((
• "@QCHNU@RBTK@Q�3DBGMNKNFX
• "KHMHB@K� OOKHB@SHNMR�NE�(L@FD�&THCDC�3GDQ@OX
• "KHMHB@K�$OHCDLHNKNFX�@MC�'D@KSG�3DBGMNKNFX�

Assessment
• "NLOTSDQ� RRHRSDC�2TQFDQX
• Computer Graphics
• "NLOTSDQ�5HRHNM
• Continuum Mechanics
• #DRHFM�NE�!HNLDBG@MHB@K�2XRSDLR
• #XM@LHB@K�,NCDKR�� M@KXRHR��"NMBDOSHNM�@MC�2HLTK@SHNM
• $SGHBR�HM�!HNLDCHB@K�$MFHMDDQHMF
• Finite Element Analysis I
• Finite Element Analysis II
• Fluid Mechanics

• %TMBSHNM@K� M@SNLX�NE�SGD�+NBNLNSNQ� OO@Q@STR
• %TMC@LDMS@KR�NE�0T@KHSX�,@M@FDLDMS�@MC�1DFTK@SNQX�

Affairs
• (L@FD�&THCDC�3GDQ@OX�+@A
• (MMNU@SHNM�,@M@FDLDMS
• (MSDKKHFDMS�(LOK@MSR�@MC�2TQFHB@K�(MRSQTLDMSR
• (MSQNCTBSHNM�SN� QSHÖBH@K�(MSDKKHFDMBD
• Introduction to Biomechanics
• (MSQNCTBSHNM�SN�#HFHS@K�+NFHB
• (MSQNCTBSHNM�SN�#HFHS@K�2HFM@K�/QNBDRRHMF
• (MSQNCTBSHNM�SN�$KDBSQHB@K�$MFHMDDQHMF
• (MSQNCTBSHNM�SN�$MFHMDDQHMF�,DBG@MHBR
• (MSQNCTBSHNM�SN�$MFHMDDQHMF�,DBG@MHBR
• Introduction to Material Science
• (MSQNCTBSHNM�SN�/QNFQ@LLHMF
• (MSQNCTBSHNM�SN�2HFM@K�@MC�(L@FD�/QNBDRRHMF
• (MSQNCTBSNQX� M@SNLX�@MC�'HRSNKNFX�ENQ�!HNLDCHB@K�
$MFHMDDQR

• +DBSTQD�2DQHDR�NM� CU@MBDC�,HBQNRBNOX
• +NV�/NVDQ�,HBQNDKDBSQNMHBR
• ,@BGHMD�+D@QMHMF
• ,DCHB@K�(L@FD� M@KXRHR
• ,DCHB@K�(L@FD� M@KXRHR�+@A
• Medical Informatics
• Medical Robotics 
• ,HBQNRXRSDLR�$MFHMDDQHMF
• Numerical Methods
• .OGSG@KLHB�3DBGMNKNFHDR
• .RSDNKNFX
• /QHMBHOKDR�NE�,DCHB@K�(L@FHMF
• /QNFQ@LLHMF�NE�,HBQNBNMSQNKKDQR
• 1DFDMDQ@SHUD�#DMSHRSQX�ENQ�!HNLDCHB@K�$MFHMDDQHMF
• 1DG@AHKHS@SHNM�3DBGMNKNFX�(
• 1DG@AHKHS@SHNM�3DBGMNKNFX�((
• 2BHDMSHÖB�6QHSHMF�HM�!HNLDCHB@K�$MFHMDDQHMF
• Selected Chapters in Mathematics
• 2GNQS�(MSQNCTBSHNM�SN�, 3+ !
• 3DBGMNKNFX�@MC�#H@ADSDR�,@M@FDLDMS
• Tissue Biomechanics
• 3HRRTD�!HNLDBG@MHBR�+@A
• 3HRRTD�$MFHMDDQHMF
• 6HQDKDRR�"NLLTMHB@SHNM�ENQ�,DCHB@K�#DUHBDR
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Major Modules

Biomechanical Systems

/QNE�#Q�/GHKHOOD�9XRRDS

The respiratory, cardiovascular and musculoskeletal sys-
tems are the transport and structural bases for our phys-
HB@K�@BSHUHSHDR�@MC�SGDHQ�GD@KSG�G@UD�@�OQNENTMC�HM×TDMBD�
NM�NTQ�PT@KHSX�NE� KHED� +TMF�CHRD@RDR�� B@QCHNU@RBTK@Q�CHR-
D@RDR��LTRBTKNRJDKDS@K�HMITQHDR�@MC�O@SGNKNFHDR�@QD�BNRSKX�
@HKLDMSR�E@BHMF�NTQ�GD@KSG�B@QD�RXRSDLR��ANSG�HM�SDQLR�NE�
direct medical costs and compensation payments related 
to loss-of-work. 
(M�SGHR�LNCTKD��RSTCDMSR�VHKK�F@HM�@�BNLOQDGDMRHUD�TMCDQ-
RS@MCHMF�NE�SGD�LTKSH�RB@KD�NQF@MHR@SHNM�NE�SGD�QDROHQ@SNQX��
B@QCHNU@RBTK@Q� @MC� LTRBTKNRJDKDS@K� RXRSDLR�� BNLAHMHMF�
JMNVKDCFD�EQNL�SGD�BDKK��SHRRTD��NQF@M�SN�SGD�ANCX�KDUDK�
3GDX�VHKK�KD@QM�GNV�SN�@OOKX�DMFHMDDQHMF��AHNKNFHB@K�@MC�
LDCHB@K�SGDNQX�@MC�LDSGNCR�SN�QDRNKUD�BNLOKDW�OQNAKDLR�
HM�AHNLDBG@MHBR�@MC�LDBG@MN�AHNKNFX�2STCDMSR�VHKK�KD@QM�
SN� CQ@V� BNMMDBSHNMR� ADSVDDM� SHRRTD� LNQOGNKNFX� @MC�
mechanical response, and vice versa. Students will also 
F@HM� SGD� QDPTHQDC�DWODQSHRD� SN� @OOKX� SGDHQ� JMNVKDCFD� HM�
QDKDU@MS�� OQ@BSHBD�NQHDMSDC� OQNAKDL� RNKUHMF� HM� SGD� ÖDKCR�
NE�OMDTLNKNFX��B@QCHNKNFX��B@QCHNU@RBTK@Q�RTQFDQX��NQSGN-
paedics, dentistry, rehabilitation and sports sciences.
The mandatory courses in this module provide the student 
VHSG�ETMC@LDMS@K�JMNVKDCFD�NE�×THC�@MC�RNKHC�LDBG@M-
HBR��SHRRTD�DMFHMDDQHMF��SHRRTD�AHNLDBG@MHBR�@MC�ÖMHSD�DKD-
ment analysis. This provides an overview of the functional 
adaptation of the respiratory, cardiovascular or musculo-
RJDKDS@K� RXRSDL� SN� SGD� CDL@MCR� NE� C@HKX� KHUHMF�� @MC� SGD�
MDBDRR@QX�BNMCHSHNMR�ENQ�HSR�QDO@HQ�@MC�QDFDMDQ@SHNM�3GHR�
L@INQ�LNCTKD�QDPTHQDR�@�OQHNQ�JMNVKDCFD�NE�LDBG@MHBR��
MTLDQHB@K�LDSGNCR�@MC�QDK@SDC�DMFHMDDQHMF�RBHDMBDR��@R�
many of the mandatory and elective courses build upon 

these foundations. Elective courses allow the students to 
DWSDMC� SGDHQ� BNLODSDMBD� HM� @� BGNRDM�CHQDBSHNM�� F@HMHMF�
JMNVKDCFD� HM� @M@KXSHB@K� LDSGNCNKNFHDR�� LDCHB@K� CDUHBD�
CDRHFM��LHMHL@KKX�HMU@RHUD�RTQFDQX�NQ�QDG@AHKHS@SHNM�
*MNVKDCFD�F@HMDC�CTQHMF�SGD�BNTQRDVNQJ�GHFGKHFGSR�SGD�
multidisciplinary nature of this study focus area, encom-
O@RRHMF�SGD�BDKK�SN�ANCX��SGD�HCD@�SN�@OOKHB@SHNM�@MC�SGD�
K@A� ADMBGSNO� SN� SGD� GNROHS@K� ADCRHCD� 3GHR� JMNVKDCFD�
HR�@OOKHDC�CTQHMF�SGD�ÖM@K� SGDRHR�OQNIDBS��@�OQNIDBS�NESDM�
VHSG�@�KHMJ�SN�@�ÖM@K�CH@FMNRSHB�NQ�SGDQ@ODTSHB�@OOKHB@SHNM�
$W@LOKDR�NE�QDBDMS�L@RSDQ�SGDRHR�OQNIDBSR�HMBKTCD�KTMF�@K-
veoli array on chip, development of an in-vitro model of 
the lower urinary tract, personalized prediction of percu-
taneous coronary interventions, setup and analysis of a 
hop test and development of a device for sensorimotor 
G@MC�SQ@HMHMF
Career prospects are numerous. Many students proceed 
SN�ETQSGDQ�ONRS�FQ@CT@SD�DCTB@SHNM�@MC�QDRD@QBG��OTQRT-
HMF�CNBSNQ@K�QDRD@QBG�HM�SGD�ÖDKCR�NE�AHNLDBG@MHBR��SHRRTD�
DMFHMDDQHMF��K@A�NM�BGHO�NQ�CDUDKNOLDMS�NE�AHNL@SDQH@KR�
,NRS�NE�SGD�L@INQ�BNLO@MHDR�HM�SGD�ÖDKCR�NE�B@QCHNU@RBT-
K@Q�SDBGMNKNFX��NQSGNO@DCHBR��CDMSHRSQX��QDG@AHKHS@SHNM�DM-
FHMDDQHMF� @MC� OG@QL@BDTSHB@KR� @QD� RSQNMFKX� QDOQDRDMSDC�
VHSGHM�SGD�2VHRR�,DCSDBG�HMCTRSQX�@MC�G@UD�@M�NMFNHMF�
CDL@MC�ENQ�FQ@CT@SDR�NE�SGHR�L@INQ�LNCTKD�� S�SGD�HMSDQ-
E@BD�ADSVDDM�AHNLDCHB@K� DMFHMDDQHMF�@MC�BKHMHB@K� @OOKH-
B@SHNMR��FQ@CT@SDR�L@X�@KRN�OTQRTD�B@QDDQR�QDK@SDC�SN�SGD�
evaluation and validation of contemporary health tech-
MNKNFX��@�BNQMDQRSNMD�ENQ�ETSTQD�ONKHBHDR�NM�SGD�@CNOSHNM�
NE� SGDRD� MDV�LDSGNCR� HM� SGD� GHFGKX� BNLODSHSHUD� GD@KSG�
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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Electronic Implants

Electronic implants are devices like cardiac pacemakers 
@MC�BNBGKD@Q�HLOK@MSR�#TD�SN�LHMH@STQHY@SHNM�@MC�NSGDQ�
developments, many new applications become feasible 
@MC� SGHR� DWBHSHMF� @QD@� HR� FQNVHMF� Q@OHCKX� %NQ� DW@LOKD��
cochlear implants provide people a sense of sound. These 
people were previously profoundly deaf or severely hard 
NE�GD@QHMF�1DBDMSKX��QDRD@QBGDQR�CDLNMRSQ@SDC�SG@S�DKDB-
SQNMHB�QDSHM@K�HLOK@MSR�@KKNV�SGD�AKHMC�SN�QD@C�K@QFD�VNQCR
There are many more applications for electronic implants 
ADXNMC� SQD@SHMF� GD@QS� OQNAKDLR�� GD@QHMF� KNRR� NQ� AKHMC-
MDRR�%NQ�DW@LOKD��SGDQD�@QD�DKDBSQNMHB�HLOK@MSR�SG@S�SQD@S�
/@QJHMRNM�R�CHRD@RD��NADRHSX��CDOQDRRHNM��HMBNMSHMDMBD��GX-
CQNBDOG@KTR��O@HM��O@Q@OKDFH@��@MC�INHMS�CHRD@RDR
(M�SGHR�LNCTKD��RSTCDMSR�VHKK�F@HM�@�BNLOQDGDMRHUD�SDBGMH-
B@K�@MC�@OOKHB@SHNM�NQHDMSDC�TMCDQRS@MCHMF�SG@S�VHKK�@KKNV�
SGDL�SN�RDKDBS��TRD��CDRHFM��@MC�NOSHLHYD�DKDBSQNMHB� HL-
plants and similar biomedical systems. Since the work on 
RTBG�BNLOKDW�RXRSDLR� HR�TRT@KKX�CNMD� HM� HMSDQCHRBHOKHM@QX�
FQNTOR��@MNSGDQ�HLONQS@MS�FN@K�HR�SG@S�FQ@CT@SDR�@QD�@AKD�
SN�VNQJ� @MC� BNLLTMHB@SD� HM� SD@LR� BNMRHRSHMF� NE�� DF��
DMFHMDDQR��RBHDMSHRSR��@MC�LDCHB@K�CNBSNQR
2ODBHÖB@KKX�� RSTCDMSR� VHKK� KD@QM� @ANTS� SDBGMNKNFX� A@RHBR�
HMBKTCHMF� HMSDKKHFDMS� HLOK@MSR� @MC� RTQFHB@K� HMRSQTLDMSR��
AHNLDCHB@K�RHFM@K�OQNBDRRHMF�@MC�@M@KXRHR��KNV�ONVDQ�LH-
croelectronics, wireless communications for medical de-
UHBDR�� AHNLDCHB@K� RDMRNQR� @MC�LHBQNRXRSDLR� DMFHMDDQHMF�
HMBKTCHMF�,$,2�SDBGMNKNFX� OOKHB@SHNM�NQHDMSDC�DKDBSHUD�
BNTQRDR�@QD�@KRN� S@TFGS��DF�� B@QCHNU@RBTK@Q� SDBGMNKNFX��
biomedical acoustics, biomedical laser applications, oph-
SG@KLHB�SDBGMNKNFHDR��@MC�CH@ADSDR�L@M@FDLDMS
2STCDMSR�L@X� @KQD@CX� @OOKX� SGDHQ� JMNVKDCFD� @R� @� O@QS��
SHLD�@RRHRS@MS�HM�@M�HMRSHSTSD�@MC�NQ�CTQHMF�SGDHQ�L@RSDQiR�
OQNIDBSR� ESDQ�ÖMHRGHMF�SGD�CDFQDD�OQNFQ@L��@�VHCD�U@QHD-
SX�NE�B@QDDQ�O@SGR�@QD�@U@HK@AKD��Q@MFHMF�EQNL�QDRD@QBG�@MC�
CDUDKNOLDMS�SN�OQNIDBS�@MC�OQNCTBS�L@M@FDLDMS�,@MX�
BNLO@MHDR� HM� 2VHSYDQK@MC�VNQJ� HM� SGHR� ÖDKC� @MC� ſSQ@CH-
SHNM@Kſ�HLOK@MSR�L@MTE@BSTQDQR�G@UD�QDBDMSKX�ADBNLD�HM-
SDQDRSDC�HM�DKDBSQNMHB�HLOK@MSR��DF��SN�LD@RTQD�ENQBDR�HM�
knee implants.
3GHR�L@INQ�HR�NODM�SN�@KK�RSTCDMSR�NE�NTQ�L@RSDQ�R�OQNFQ@L�
'NVDUDQ�� SXOHB@KKX��RSTCDMSR�G@UD�@M�DMFHMDDQHMF�QDK@SDC�
A@BJFQNTMC�� ENQ� DW@LOKD�� DKDBSQHB@K� DMFHMDDQHMF��LHBQN-
SDBGMNKNFX� DMFHMDDQHMF�� RXRSDLR� DMFHMDDQHMF�� LDBG@-
SQNMHBR�DMFHMDDQHMF��LDBG@MHB@K�DMFHMDDQHMF��NQ�BNLOTSDQ�
science.

Major Modules

/QNE�#Q�5NKJDQ�,�*NBG

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 in-
volved in the development of this innovative solution.
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Image-Guided Therapy

/QNE�#Q�2SDE@M�6DADQ

(L@FD�&THCDC�3GDQ@OX� QDEDQR� SN� SGD� BNMBDOS�NE�FTHCHMF�
LDCHB@K�OQNBDCTQDR�@MC�HMSDQUDMSHNMR�SGQNTFG�ODQBDHUHMF�
@MC�UHDVHMF�NE�LDCHB@K�HL@FD�C@S@��ONRRHAKX�DWSDMCDC�AX�
TRHMF�RSDQDNS@BSHB�SQ@BJHMF�RXRSDLR�,DCHB@K�HL@FHMF�SXOH-
B@KKX�QDK@SDR�SN�@�FQD@S�U@QHDSX�NE�LNC@KHSHDR�Q@MFHMF�EQNL�
�#�×TNQNRBNOX�@MC�TKSQ@RNTMC�SN��#�BNLOTSDC�SNLNFQ@-
OGX� @MC�L@FMDS�QDRNM@MBD� HL@FHMF�� ONRRHAKX� DWSDMCDC�
SN�BNLOKDW��#�SHLD�RDQHDR�@MC�DMG@MBDC�VHSG�ETMBSHNM@K�
HMENQL@SHNM� �/$3��2/$"3��&THC@MBD� HR� QD@KHYDC�AX�CDSDQ-
mination of the spatial instrument-to-patient relation-
RGHO�@MC�AX�RTHS@AKD�UHRT@KHY@SHNM�NE�SQ@BJHMF�@MC�LDCHB@K�
HL@FD�C@S@�(L@FD�FTHC@MBD�HR�UDQX�NESDM�@BBNLO@MHDC�AX�
NSGDQ�RTQFHB@K�SDBGMNKNFHDR�RTBG�@R�RTQFHB@K�QNANSHBR��RDM-
sor enhanced instrument systems as well as information 
@MC�BNLLTMHB@SHNM�SDBGMNKNFX�
Students of the IGT module will study the clinical and 
SDBGMHB@K�ETMC@LDMS@KR�NE�HL@FD�FTHCDC�SGDQ@OX�RXRSDLR�
3GDX�VHKK�CDUDKNO�@M�TMCDQRS@MCHMF�NE�BTQQDMSKX�@OOKHDC�

clinical standards as well as an overview of latest advan-
cements in research. Successful students will be enabled 
SN� CDUDKNO� MNUDK� BKHMHB�SDBGMNKNFHB@K� @OOKHB@SHNMR� ENQ�
BNLOKDW�LDCHB@K�OQNBDCTQDR�@R�VDKK�@R� HLOQNUD�DWHRSHMF�
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 
ETMC@LDMS@KR�NE�2HFM@K�@MC�(L@FD�/QNBDRRHMF�@MC�,DCHB@K�
(L@FD�  M@KXRHR� %TQSGDQLNQD�� ETMC@LDMS@K� @RODBSR� NE�
RSDQDNS@BSHB� HL@FD� FTHC@MBD�� SQ@BJHMF�� O@SHDMS�SN�HL@FD�
QDFHRSQ@SHNM� @MC� A@RHB� BKHMHB@K� @OOKHB@SHNMR� @QD� S@TFGS� HM�
SGD�BNTQRD�"NLOTSDQ� RRHRSDC�2TQFDQX�1DBDMS�SQDMCR�@MC�
ETMC@LDMS@K� @RODBSR� HM� RTQFHB@K� QNANS� SDBGMNKNFX��LHMH-
mally invasive procedures and its applications within IGT 
are introduced in the course Medical Robotics. Additional 
DKDBSHUD�BNTQRDR�DWSDMC�RSTCDMSR�BNLODSDMBHDR�HM�QDK@SDC�
@QD@R� RTBG� @R� BNLOTSDQ� FQ@OGHBR�� O@SSDQM� QDBNFMHSHNM��
L@BGHMD�KD@QMHMF��@MC�QDFTK@SNQX�@EE@HQR

Demonstrator for robotic spinal surgery (© ARTORG Center, 2021)

Major Modules
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Faculty

University of Bern
"GQHRSH@MD� KAQDBGS��/QNE�#Q
,@QHX@� RO@QTGNU@��#Q
"K@TR�!DHRA@QS��/QNE�#Q
)TKH@�!NGKHTR��/#�#Q
#@UHC�!NLLDR��/QNE�#Q
#HDSDQ�!NRRG@QCS��/QNE�#Q
/GHKHOOD�!ÂBGKDQ��/QNE�#Q
)ÂQFDM�!TQFDQ��/QNE�#Q
1@LNM@�!TRDQ��#Q
/DSDQ�!ÂSHJNEDQ��/QNE�#Q
*@QHM�!ÂSKDQ��#Q
1NBG�/GHKHOOD�"G@QKDR��/#�#Q
,@QSHM�#DFDM��#Q
2HFQTM�$HBJ��/QNE�#Q
/@NKN�%@U@QN��/QNE�#Q
"QHRSH@M�%DQM¨MCDY�/@KNLN�#Q
#@QHN�%DQQ@QH
#HLHSQHNR�%NSH@CHR��/#�#Q
,@QSHM�%QDMY��/QNE�#Q
!DMI@LHM�&@MSDMADHM��/QNE�#Q
*@SD�&DQADQ��#Q
-HBNK@R�&DQADQ��#Q
2SDOG@M�&DQADQ��#Q
-HJNK@NR�&J@MSHCHR��/#�#Q
.KHUHDQ�&TDM@S��/QNE�#Q
Martin Hofmann
6HKGDKL�'NERSDSSDQ��/QNE�#Q
#NQHR�*NOO
)@M�*TBDQ@��/QNE�#Q
6@MC@�*TJTKRJH��/QNE�#Q
,@QSHM�+NBGMDQ��/#�#Q
1TSG�+XBJ��/QNE�#Q
 MFD�,@FTX��/#�#Q
+@TQ@�,@QBG@K�"QDRON��/QNE�#Q
(MDR�,@QPTDR��#Q
Beatrice Minder 
2S@UQNTK@�,NTFH@J@JNT��/QNE�#Q
Aileen Näf
3NAH@R�-DE��/QNE�#Q
2@LHQ@�-HDLDXDQ��#Q
#NLHMHJ�.AQHRS��/QNE�#Q
+TCNUHB@�/@QHRH��#Q
"GQHRSHMD�/DHMDKS��/QNE�#Q
)D@M�/@RB@K�/EHRSDQ��/#�#Q
+DNM@QCN�/HDSQ@R@MS@
"KDLDMR�1@@AD��#Q�
Raphael Rätz
,@TQHBHN�1DXDR��/QNE�#Q
)D@M�2°A@RSHDM�1NTFHDQ��/#�#Q
 MMD�1TSIDR��#Q
2G@MJ@Q�2@BGHCG@M@MC@L��/#�#Q
$J@SDQHM@�2@EQNMDDU@��/#�#Q�
-@Q@X@M�2BGÂSY�

6@KSDQ�,@QSHM�2DMM��/QNE�#Q
-@S@KH@�2GHQNJNU@��/QNE�#Q
 CQH@M�2O¼QQH��#Q
 KDW@MCQ@�!D@SQHBD�2S«GKH��#Q
'TADQS�2SDHMJD��/QNE�#Q
)ÂQF�2SQDHS��/QNE�#Q
1@OG@DK�2YMHSL@M��/QNE�#Q
6@KCN�5@KDMYTDK@��#Q
2SDE@M�6DADQ��/QNE�#Q
Nicolas Wenk
6HKGDKL�6HLLDQ��#Q�
2NGDHK@�9DHM@KH��#Q
,@QBDK�9V@GKDM��/QNE�#Q
2@MCQ@�9VXRRHF
/GHKHOOD�9XRRDS��/QNE�#Q

Bern University Hospital  
(Inselspital)
#@MHDK� DADQKH��/QNE�#Q
2SDE@MN�#D�,@QBGH��/#�#Q�LDC
1@HMDQ�$FKH��#Q
+@QR�$MFKADQFDQ��/QNE�#Q
 MCQD@R�'«ADQKHM��/#�#Q
'@MRI¼QF�)DMMH
 KDW@MCDQ�*@CMDQ��/QNE�#Q
,@QSHM�*NLOHR��/QNE�#Q
'TADQS�*¼RRKDQ�
3GNL@R�*ÂEEDQ
5K@CHLHQ�,@J@KNRJH��/#�#Q�LDC�
*@SQHM�/DSDQL@MM
1NTUDM�/NQY��/QNE�#Q
+NQDMY�1«ADQ��/QNE�#Q
Michael Rebsamen
-HJNK@�2@TK@BHB��/#�#Q�LDC
!DMNµS�2BG@KKDQ��/QNE�#Q
1NK@MC�6HDRS��/QNE�#Q

Bern University of Applied Sciences
/@QSQHJ� QMNKC��/QNE�#Q
Christof Baeriswyl 
-NQL@M�4QR�!@HDQ��/QNE�#Q
!DQSQ@MC�#TSNHS��/QNE�#Q
)T@M�%@MF��#Q
2S°OG@MD�%DKHW��/QNE�#Q
&@AQHDK�&QTDMDQ��/QNE�#Q
'NQRS�'DBJ��/QNE�#Q
 MCQD@R�'@ADFFDQ��/QNE
*DMMDSG�)@LDR�'TMS��/QNE�#Q
(MMHFDQ�#NLHMHJ
)¼QM�)TRSHY��/QNE�#Q
5NKJDQ�,�*NBG��/QNE�#Q
,@QSHM�*TBDQ@��/QNE
2XKU@HM�+D�"NTKSQD��/QNE
 MCQ°�+HRHA@BG��/QNE�#Q

 KDW@MCDQ�,@BJ��#Q
"GQHRSNOG�,DHDQ��/QNE
Fabio Modica
3GNL@R�-HDCDQG@TRDQ��/QNE�#Q
/@SQHBJ�2BGV@KKDQ��/QNE�#Q
 MCQD@R�2S@GDK��/QNE�#Q
)@RLHM�6@MCDK��/QNE�#Q
3GNL@R�6XRR�!@KLDQ��#Q

Partner Institutions and Industry
,@QJTR� MFRS��#Q�
Markus Auly
 KDRR@MCQN�!DQSNKN��#Q
,@QB�!NGMDQ��/QNE�#Q
Nicolas Bouduban
$LL@MTDK�CD�'@KKDQ��#Q
-HBNK@R� KDW@MCDQ�#HDGL��/QNE�#Q
-HBNK@�#¼ADKHM��#Q
 KDW�#NLL@MM��/QNE�#Q
&@RDQ�$K�9NFGAH
+TJ@R�$RBGA@BG��#Q
,@QHD�-N²KKD�&HQ@TC��/#�#Q
#@MHDK�'@RBGSL@MM��/#�#Q
/GHKHOO�'DMKD��#Q�LDC
1NL@M�'DTADQFDQ��#Q
1NK@MC�'HRBGHDQ��#Q
4KQHBG�'NEDQ��#Q
3GNL@R�(LVHMJDKQHDC��#Q
&DQG@QC�*HQLRD��#Q
)DMR�'�*NV@K��/#�#Q
!D@S�+DBGL@MM�
1DSN�+DQE��#Q
1DSN�+TFHMAÂGK��#Q
8@RRHMD�,@@YNTY��#Q
*@SG@QHM@�,@MHTQ@��#Q
2HLNM�,HKKHF@M��#Q
Andrea Montali
6@KSDQ�,NRDQ��#Q
 MM@O@NK@�/@QQHKKH��/#�#Q
!DMI@LHM�/HOODMFDQ��#Q
!@QA@Q@�1NSGDM�1TSHRG@TRDQ��/QNE�#Q
!HQFHS�2BG«EDQ��/#�#Q
,@SSGH@R�2BGVDMJFKDMJR��/QNE�#Q
!DMI@LHM�2HLNM@��#Q
)HUJN�2SNX@MNU��/QNE�#Q
/Q@AHSG@�4QVXKDQ��/#�#Q
3HL�5@MADKKHMFDM��/#�#Q
/DSDQ�5@QF@��#Q
/DSDQ�6@GK��#Q�LDC
 MCQ°�6DADQ��#Q
!TQ@J�8HKL@Y��#Q
&TNCNMF�9DMF��#Q
 MCQD@R�9TLAÂGK��/QNE�#Q
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New Courses

Introduction to Digital Signal 
Processing

Introduction to Materials Science

/#�#Q�6HKGDKL�6HLLDQ

/QNE�#Q� KDW�#NLL@MM
#Q�1DSN�+TFHMATDGK
/#�#Q� MM@O@NK@�/@QQHKKH

#HFHS@K� RHFM@K�OQNBDRRHMF� �#2/�� HR� SGD�BNQMDQRSNMD�NE�@O-
OKHB@SHNMR� HM� @TCHN� @MC� RODDBG� OQNBDRRHMF�� RNM@Q�� Q@C@Q��
CHFHS@K� HL@FD�OQNBDRRHMF��C@S@�BNLOQDRRHNM��SDKDBNLLT-
MHB@SHNMR�� BNMSQNK� RXRSDLR�� AHNLDCHB@K� DMFHMDDQHMF�� @MC�
L@MX�NSGDQ�ÖDKCR�
3GD�FN@K�NE�SGHR�BNTQRD�HR�SN�OQNUHCD�@�A@RHB�HMSQNCTBSHNM�
@MC�QDEQDRGDQ�NM�#2/�SGDNQX�(LONQS@MS�BNMBDOSR�RTBG�@R�
BNLOKDW� @LOKHSTCDR�� RODBSQ@K� QDOQDRDMS@SHNM�� %NTQHDQ� RD-
QHDR�� R@LOKHMF� @MC� @KH@RHMF�� HMSDQONK@SHNM�� ÖKSDQHMF�� @MC�
SGD�CHRBQDSD� �SHLD�� %NTQHDQ� SQ@MRENQL�VHKK� AD� HMSQNCTBDC�
/Q@BSHB@K� DW@LOKDR� TRHMF�, 3+ !� HM� SGD� K@ANQ@SNQX� @QD�
performed to support the theory. The course material 
HR�A@RDC�NM�SGD�ANNJ�ſ#2/�%HQRS���MC�DCHSHNMſ�AX�)@LDR�
McClellan, Ronald Schafer, and Mark Yoder.

 ESDQ�BNLOKDSHMF�SGD�BNTQRD�RSTCDMSR�VHKK�
• be able to describe and discuss how continuous-time 
RHFM@KR�@QD�R@LOKDC�@MC�QDBNMRSQTBSDC

• G@UD�@M�HMSTHSHNM�@ANTS�SGD�EQDPTDMBX�RODBSQTL�NE�@�
RHFM@K�@MC�SGD�%NTQHDQ�SQ@MRENQL

• AD�@AKD�SN�HLOKDLDMS�RHLOKD�, 3+ !�RBQHOSR�SN�RHLT-
K@SD�@MC�@M@KXYD�OQNAKDLR�HM�RHFM@K�OQNBDRRHMF

3GHR� KDBSTQD� OQNUHCDR� SGD� A@RHB� JMNVKDCFD� @ANTS�L@SD-
rials. The aim is to convey the basic material classes and 
principles about the material-structure relationship.
3NC@X��SGD�CDUDKNOLDMS�NE�LDCHB@K�CDUHBDR�QDPTHQDR�@M�HM�
CDOSG�TMCDQRS@MCHMF�NE�L@SDQH@KR� KSGNTFG�L@MX�S@AKDR�
NM�L@SDQH@K� OQNODQSHDR� @QD� @U@HK@AKD�� SGD� DMFHMDDQ�LTRS�
be able to evaluate them and convert the properties into 
SGD�CDRHFM�BNMBDOS�ENQ�@�LDCHB@K�CDUHBD�VHSG�@OOQNOQH@SD�
L@SDQH@KR� MC�SGHR�HR�MNS�ONRRHAKD�VHSGNTS�JMNVKDCFD�NE�
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 intera-
SNLHB�ANMCHMF��NQ�SGD�U@QHNTR�ANMCHMF�CDÖMHMF�L@SDQH@K�
classes are discussed. 
Since crystal structure is the key to most physical proper-
ties, the most important crystal structures, the concepts 
NE�BQXRS@KKNFQ@OGHB�ONHMSR��CHQDBSHNMR��@MC�OK@MDR��SGD�HL-
ODQEDBSHNM�NE�RNKHCR��@MC�OG@RD�CH@FQ@LR�@QD� HMSQNCTBDC�
AX�TRHMF�LDS@KKHB�L@SDQH@KR�@R�DW@LOKDR�6HSG�SGHR�JMNVK-
DCFD��LNQD�BNLOKDW�L@SDQH@KR�RTBG�@R�BDQ@LHBR�NQ�ONKX-
LDQR�@QD�DWOK@HMDC
The second part of the lecture focuses on material sur-
faces, material interface and material interphases. The 
material surface is of utmost importance for medical de-
vices because it is only the surface that interfaces with 
SGD�AHNKNFHB@K�RXRSDL�NE�@M�NQF@MHRL�@MC�SGTR�CDSDQLHMDR�
the nature of interactions and reactions. The modulation 
NE� RTQE@BD� OQNODQSHDR� AX� RNES� @MC� G@QC� BN@SHMFR�VHKK� AD�
addressed, as well as the appropriate analytical methods 
to measure these properties.
3GD�KDBSTQD�ſ(MSQNCTBSHNM�SN�,@SDQH@KR�2BHDMBDſ�VHKK�AD�ENK-
KNVDC�HM�SGD�MDWS�RDLDRSDQ�AX�SGD�KDBSTQD��!HN��,@SDQH@KR��
VGDQD�SGD�RODBHÖB�L@SDQH@K�OQNODQSHDR�@MC�SGD�HMSDQ@BSHNM�
NE�L@SDQH@KR�VHSG�AHNKNFX�VHKK�AD�CHRBTRRDC�HM�LNQD�CDS@HK
3GD� KDBSTQD� RDQHDR� HR� K@QFDKX� A@RDC� NM� SGD� ANNJ�
ſ%TMC@LDMS@KR�NE�,@SDQH@KR�2BHDMBD�@MC�$MFHMDDQHMFſ�AX�
6HKKH@L�#�"@KKHRSDQ��#@UHC�&�1DSGVHRBG��6HKDX����DCHSHNM��
which offers additional in-depth topics.

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



11Master of Science in Biomedical Engineering 2021

Introduction to Artificial 
Intelligence 

 QSHÖBH@K� (MSDKKHFDMBD� � (�� G@R� ADBNLD� @M� DRRDMSH@K� DKD-
LDMS�HM�L@MX�@QD@R�NE�SDBGMNKNFX�@MC�RNBHDSX�6HSG�@�QHBG�
CDUDKNOLDMS�GHRSNQX�� SGD�CNL@HM�G@R�TMCDQFNMD� Q@CHB@K�
RGHESR�HM�SGHMJHMF�3GDQDENQD��SGHR�BNTQRD�OQNUHCDR�@�AQN@C�
overview of the topic of AI. As an introductory course, a 
GHRSNQHB@K�NUDQUHDV�NE�SGD�RTAIDBS�HR�FHUDM�@MC�@�MTLADQ�NE�
technical frameworks and concepts are introduced. Topics 
BNUDQDC�HMBKTCD�

• *MNVKDCFD�A@RDC�RXRSDLR
• 2D@QBG�LDSGNCR�HMBKTCHMF�GDTQHRSHB�A@RDC�RD@QBG�� 	�DSB
• Information theory
• 2@LOKHMF�LDSGNCR�HMBKTCHMF�,","��HLONQS@MBD�
R@LOKHMF��,"32�DSB

• 1DOQDRDMS@SHNMR��JMNVKDCFD��OK@MMHMF�@MC�@FDMSR
• 4MBDQS@HMSX�QD@RNMHMF

At the end of the semester, students have developed a 
FDMDQ@K� TMCDQRS@MCHMF� NE� CHEEDQDMS� JHMCR� NE�  (� RXRSDLR�
@MC�LDSGNCR� 3GDX� G@UD� @KRN� F@HMDC� DWODQHDMBD� HM� SGD�
implementation of a small number of AI systems in a med-
HB@K�BNMSDWS

MSc in Artificial Intelligence in 
Medicine
(M�ROQHMF�������SGD�L@RSDQiR�OQNFQ@L� QSHÖBH@K�(MSDKKHFDMBD�
HM� ,DCHBHMD� �,2B�  (,�� V@R� K@TMBGDC�� RS@QSHMF� HM�
2DOSDLADQ������VHSG�SGD�ÖQRS�FQNTO�NE�GHFGKX�LNSHU@SDC�
RSTCDMSR� 3GD� OQNFQ@L� HR� O@QS� NE� SGD� MDVKX� DRS@AKHRGDC�
"DMSDQ�ENQ� QSHÖBH@K�(MSDKKHFDMBD�HM�,DCHBHMD��" (,��VGHBG�
was founded by the University of Bern and the Bern 
4MHUDQRHSX�'NROHS@K��(MRDKROHS@K��HM�)@MT@QX������
The new MSc AIM runs in close cooperation with the 
VDKK�DRS@AKHRGDC�,2B�!,$�OQNFQ@L�SN�SGD�LTST@K�ADMDÖS�
NE�RSTCDMSR�EQNL�ANSG�OQNFQ@LR� (,�@MC�!,$�RSTCDMSR��
ENQ�DW@LOKD��@QD�@KKNVDC�SN�QDFHRSDQ�ENQ�BNTQRDR�EQNL�ANSG�
OQNFQ@LR�
.MD�NE� SGD�MDV�BNTQRDR�CDRHFMDC� ENQ� SGD�L@RSDQiR� OQN-
FQ@L�  QSHÖBH@K� (MSDKKHFDMBD� HM� ,DCHBHMD� HR� SGD� BNTQRD�
j(MSQNCTBSHNM�SN� QSHÖBH@K�(MSDKKHFDMBDk�!DHMF�L@MC@SNQX�
ENQ� (,�RSTCDMSR��HS�V@R�LTBG�EQDPTDMSDC�HM�SGD�E@KK�RD-
LDRSDQ�������@R�@M�DKDBSHUD��AX�!,$�RSTCDMSR�@R�VDKK
For details visit www.caim.unibe.ch/msc_aim

New Courses New Study Program

/QNE�#Q�1@OG@DK�2YMHSL@M

Introduction to Materials Science

Professor Dr. med. Lukas Ebner, radiologist at the Univer-
sity Cancer Center Inselspital, and Matthias Fontanellaz, 
PhD student in the AI in Health and Nutrition group at the 
 ARTORG Center for Biomedical Engineering Research, dis-
cuss AI-based interpretations of lung X-rays.

Photo: Adrian Moser

Radiological preparation for neurosurgical treatment train-
ing with a realistic simulator: Fredrick Johnson built the 
3D files he is touching from the software for the patient- 
specific 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

+HJD�HM�SGD�OQDUHNTR�XD@QR��@�BDMSQ@KHYDC�NMKHMD�DU@KT@SHNM�V@R�ODQENQLDC�HM�SGD�L@RSDQiR�OQNFQ@L�HM�2OQHMF�@MC�%@KK�2DLDRSDQ�
�����@BBNQCHMF�SN�SGD�FTHCDKHMDR�NE�SGD�4MHUDQRHSX�NE�!DQM�!NSG�RDLDRSDQR�VDQD�BNMRHCDQDC�KD@CHMF�SN����BNTQRD�DU@KT@-
SHNMR�HMUNKUHMF�����ENQLR�HM�SNS@K�3GD�QDRTKSR�QDF@QCHMF�@KK�ENQLR��RDD�ADKNV��QDUD@K�SG@S�SGD�RSTCDMSR�@QD�FDMDQ@KKX�R@SHRÖDC�
VHSG�SGD�OQNFQ@L�@MC�SG@S�SGD�BNTQRDR�@QD�HMSDQDRSHMF�@MC�OQNLNSD�SGD�@BPTHRHSHNM�NE�RJHKKR
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Statistics

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

Number of New Students (above) and Graduates (below) 
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Graduations

"NMFQ@STK@SHNMR�SN�NTQ������FQ@CT@SDRâ�6D�VHRG�XNT�@KK�SGD�ADRS�ENQ�XNTQ�ETSTQD�OQHU@SD�@MC�OQNEDRRHNM@K�KHED�

Graduates with Major Module  
Biomechanical Systems
Muriel Caroline Bischof
*@SQHM� MHS@�&EDKKDQ
Rafael Gfeller
Marc Sascha Ilic
"@LHKKD�+°NM@QC�*@TEL@MM
"GQHRSH@M�6DQMDQ�*ÂMCHF
"@KDA�,HBG@DK�+DHBGSX
1DLN�/@RB@K�,TQH
+@Q@�/HDQR
Barbara Schläpfer

Graduates with Major Module  
Electronic Implants
Eylem Akalp
Raphael Raschid Andonie
Martin Bertsch
!DMI@LHM�!HQBGDQ
/@UDK�!NTCTA@M
Nina Chatelain
+TJ@R�&DHRRGÂRKDQ
Ece Su Ildiz
2HLNM�*QDAR
 IHSG�,@MHL@K@
1@E@DK�/GHKHOOD�,NQ@MC
1°LX�,HMG� M�-FTXDM
Ralph Hans Rechsteiner

Graduates with Major Module 
Image-Guided Therapy
"XQHK�#NLHMHB� KAQDBGS
3GNL@R�!TBGDFFDQ
+HM@QC�!ÂBGKDQ
"@QNKHM@�#TQ@M
Michael Herren
Nalet Julian Meinen
*HKKH@M� MCQ°�/@TK�,NMMHM
1NADQS� QL@MCN�,ÂMFDQ
!@RHK�%HMM�/DSDQG@MR
"GQHRSH@M�&@AQHDK�/HFTDS
Adrian Josef Rechsteiner
Simon Adrian Salzmann
+DNM@QCN�/HDSQN�$L@MTDKD�2@QSNQH
Jana Stárková
Stefan Tobias Weber

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.

RMS Award

(M� ������ SGD� 1,2� V@QC�VDMS� SN� CQH@M� 1TBJKH� ENQ� GHR�
DWBDKKDMS�FQ@CD�ONHMS�@UDQ@FD��&/ ��NE�������
3GD�1,2� V@QC�HR�@M�@V@QC�NE�DWBDKKDMBD�$@BG�XD@Q��SGD�
1NADQS� ,@SGXR� 2SHESTMF� �1,2��� @M� HMCDODMCDMS� RDQUHBD�
K@ANQ@SNQX�@MC�QDRD@QBG�HMRSHSTSD��FHUDR�HS�SN�SGD�ADRS�!,$�
RSTCDMS�ENQ�GHR�GDQ�NTSRS@MCHMF�@BGHDUDLDMSR�
3GD�@V@QC�NE������"'%�GNMNQR�SGD�RSTCDMS�VGN�QDBDHUDR�

SGD� ADRS� FQ@CD� ONHMS� @UDQ@FD� NUDQ� SGD� BNTQRD� NE� SGD�
SVN�XD@Q�!,$�L@RSDQiR�OQNFQ@L�(M�������SGD�OQHYD�V@R�
@V@QCDC�CTQHMF�SGD�UHQST@K�!,$�#@X
3GD� OQNFQ@L� L@M@FDLDMS� VHRGDR� SN� SG@MJ� #Q� !D@S�
&@RRDQ� @MC� SGD� DWDBTSHUD� AN@QC� NE� SGD� 1NADQS� ,@SGXR�
%NTMC@SHNM�ENQ�SGHR�BNMSQHATSHNM�SN�SGD�DWBDKKDMBD�@MC�UHR-
HAHKHSX�NE�NTQ�AHNLDCHB@K�DMFHMDDQHMF�ÖDKC



15Master of Science in Biomedical Engineering 2021

Q:�6G@S�V@R�XNTQ�@B@CDLHB�@MC�OQNEDRRHNM@K�A@BJFQNTMC�
OQHNQ�SN�XNTQ�!,$�,@RSDQiR�RSTCHDR�
A:� ESDQ�SGD�2VHRR�,@STQ@��GHFG�RBGNNK�CHOKNL@���(�BNL-
OKDSDC� @� A@BGDKNQ�R� @MC� @�L@RSDQ�R� CDFQDD� HM� BHUHK� DMFH-
MDDQHMF�@S�SGD�+TBDQMD�4MHUDQRHSX�NE� OOKHDC�2BHDMBDR

Q:�'NV�CHC�XNT�FDS�HMSDQDRSDC�HM�AHNLDCHB@K�DMFHMDDQHMF�
A:� #TQHMF�LX�L@RSDQ�R� RSTCHDR�� (�VNQJDC� O@QS�SHLD� @MC�
QD@KHYDC�SG@S�BHUHK�DMFHMDDQHMF�CHCM�S�RTHS�LD�NMD�GTMCQDC�
percent. On the other hand, I knew I wanted to stay in 
DMFHMDDQHMF�(�G@UD�@KV@XR�G@C�@�RSQNMF�HMSDQDRS�HM�LDC-
HBHMD� ATS�V@R� @V@QD� SG@S� ADHMF� @� CNBSNQ�VNTKC� MNS� AD�
SGD�QHFGS�OQNEDRRHNM�ENQ�LD�/QNEDRRHNM@K�B@QDDQ�BNTMRDKHMF�
QDHMENQBDC�LX�HCD@�SG@S�AHNLDCHB@K�DMFHMDDQHMF�VNTKC�AD�
SGD�QHFGS�SGHMF�ENQ�LD

Q:�'NV�CHC�XNT�BNLD�SN�JMNV�@ANTS� SGD�!,$�,@RSDQiR�
OQNFQ@L��6GX�CHC�XNT�BGNNRD�SGHR�OQNFQ@L�@LNMF�NSGDQR�
A:� S�ÖQRS��(�NMKX�JMDV�SGD�RSTCX�OQNFQ@L�@S�$3'�9TQHBG��
ATS�(�ENTMC�NTS�SG@S�(�VNTKC�G@UD�SN�ETKÖKK�@CCHSHNM@K�QD-
PTHQDLDMSR�NE����$"32��VGHBG�LD@MS�SG@S�LX�RSTCX�SHLD�
would be at least three years. Since I already had a mas-
SDQ�R�CDFQDD��SGHR�V@R�MNS�@M�NOSHNM�ENQ�LD�(�B@LD�@BQNRR�
SGD�!,$�OQNFQ@L�@S� SGD�4MHUDQRHSX� NE� !DQM� SGQNTFG� @M�
internet search. The fact that I was accepted without re-
PTHQDLDMSR�V@R�@�AHF�OKTR�ENQ�LD

Q:�#HC�XNT�VNQJ�O@QS�SHLD�CTQHMF�XNTQ�RSTCHDR�
A:�6GDM�(�RS@QSDC�SGD�!,$�L@RSDQiR�OQNFQ@L��(�CDBHCDC�SN�
BNMBDMSQ@SD�NM�LX�RSTCHDR�(�G@C�CNMD�@�O@QS�SHLD�INA�CTQHMF�
LX�L@RSDQiR�HM�BHUHK�DMFHMDDQHMF� KSGNTFG�SGHR�V@R�@�FNNC�
DWODQHDMBD�� (� V@MSDC� SN� ENBTR� DWBKTRHUDKX� NM� LX� RSTCHDR�
(M�@CCHSHNM�� (�@L�UDQX� HMUNKUDC� HM�BKHLAHMF�@MC�DMCTQ@MBD�
RONQSR�@MC�CHCM�S�V@MS�SN�L@JD�@MX�BNLOQNLHRDR�GDQD�

Q: How would you describe your time as a student in Bern 
HM�QDSQNRODBS�
A: Actually, I was astonished to see that many students 
m�KHJD�LXRDKE�m�CHC�MNS�G@UD�@�A@BJFQNTMC�HM�!HNLDCHB@K�
$MFHMDDQHMF�3GDX�B@LD�EQNL�CHEEDQDMS�CHRBHOKHMDR��VGHBG�
L@CD�HMSDQ@BSHNMR�@MC�DWBG@MFD�UDQX�HMSDQDRSHMF�(M�E@BS��
(�G@UD�MDUDQ�DWODQHDMBDC�RTBG�@�FNNC�ROHQHS�ADSVDDM�RST-
CDMSR�HM�LX�OQDUHNTR�BNTQRDR�NE�RSTCX�6D�VDQD�@�FQNTO�
NE�@QNTMC����ODNOKD�@MC�LDS�QDFTK@QKX�MNS�NMKX�ENQ�KD@QM-
HMF��ATS�@KRN�ENQ�KDHRTQD�@BSHUHSHDR�@MC�BNNJHMF�,@MX�FNNC�
friendships were created, and we are still in contact.

Q:�'NV�CHC�XNT�DWODQHDMBD�SGD�"NQNM@�+NBJCNVM�
A:� (� RS@QSDC� LX� RSTCHDR� HM� SGD� E@KK� RDLDRSDQ� NE� �����
3GDQDENQD�� TMKHJD� RSTCDMSR� VGN� RS@QSDC� HM� E@KK� ����� NQ�
������ (�G@C�SGQDD�RDLDRSDQR�NE�E@BD�SN�E@BD�BNTQRDR�@MC�
SGDQDENQD�DMNTFG�SHLD�SN�RNBH@KHYD�!TS�EQNL�NMD�C@X�SN�
SGD�MDWS��HM�ROQHMF�������@KK�BNTQRDR�@MC�DW@LR�VDQD�NM-
KHMD�NMKX�,NRS�RSTCDMSR�SGDM�QDSTQMDC�GNLD��LX�FQNTO�
JDOS�HM�C@HKX�BNMS@BS��@MC�HM�SGD�ADFHMMHMF��VD�ENTMC�SGD�

QDFTK@Q�3D@LR�jBNEEDDk�LDDSHMFR�PTHSD�@LTRHMF��ATS�NUDQ�
SHLD� HS�ADB@LD�UDQX�LNMNSNMNTR� SN�OTQRTD� RSTCHDR� ITRS�
RHSSHMF�@KNMD�HM�@�QNNL�+TBJHKX��(�BNTKC�QDSTQM�SN�!DQM�@ESDQ�
NMD�RDLDRSDQ�@MC�VNQJ�NM�LX�L@RSDQ�R�SGDRHR�HM�SGD�K@A

Q:�6G@S�V@R�XNTQ�B@QDDQ�OK@M�@ESDQ�FQ@CT@SHNM��6GDQD�
CN�XNT�VNQJ�MNV�@MC�HM�VGHBG�ONRHSHNM�
A: I had chosen the specialization “Biomechanical 
2XRSDLRk�@MC�V@MSDC�SN�VNQJ�HM�SGD�ÖDKC�NE�INHMS�QDOK@BD-
LDMS�CDUDKNOLDMS�3G@S�R�VGX�(�@OOKHDC�SN�BNLO@MHDR�HM�
SGHR�ÖDKC�@MC�ÖM@KKX�ENTMC�@�INA�@R�@�CDUDKNOLDMS�DMFH-
MDDQ�@S�,@SGXR�HM�SGD�GHO�CDUDKNOLDMS�SD@L� L@YHMFKX��
SVN� NSGDQ� FQ@CT@SDR� EQNL�LX� XD@Q� RS@QSDC� HM� SGD� R@LD�
SD@L� @ESDQ� LD�� @MC� @MNSGDQ� @KTLMTR� VGN� FQ@CT@SDC�
RNLD�XD@QR�@FN�GNKCR�@�RDMHNQ�ONRHSHNM�GDQD

Q:�6GHBG�BNLODSDMBDR�CHC�XNT�F@HM�CTQHMF�XNTQ�RSTCHDR�
SG@S�@QD�TRDETK�ENQ�XNTQ�OQDRDMS�OQNEDRRHNM@K�ONRHSHNM�
A:�(�ENTMC�SGD�BNTQRD�ſ#DRHFM�NE�!HNLDBG@MHB@K�2XRSDLRſ�
UDQX�HMSDQDRSHMF�@MC�HMRSQTBSHUD��@R�KDBSTQDQR�EQNL�HMCTRSQX�
OQDRDMSDC�SGDHQ�HLOK@MSR�3GD�OQ@BSHB@K�DWODQHDMBD�HM�@M@S-
NLX�SG@S�(�V@R�@AKD�SN�@BPTHQD�HM�SGD�BNTQRD�ſ%TMBSHNM@K�
 M@SNLX� NE� SGD� +NBNLNSNQ�  OO@Q@STRſ� @MC� V@SBGHMF�
NQSGNODCHB� RTQFHB@K� OQNBDCTQDR� HM�ſ.QSGNO@DCHB� 2TQFDQX�
m� /Q@BSHB@K� "NTQRDſ� @KRN� OQNUDC� SN� AD� UDQX� TRDETK� 3GD�
courses Tissue Biomechanics, Biomaterials and Applied 
!HNL@SDQH@KR�@KRN�OQNUHCDC�U@KT@AKD�JMNVKDCFD�ENQ�LX�BTQ-
rent work, as did actually all the courses in biomechanics.

Q:�6G@S�HR�XNTQ�ODQRNM@K�BNMBKTRHNM��6DQD�XNTQ�DWODBS@-
SHNMR�NE�XNTQ�RSTCHDR�@MC�XNTQ�MDV�INA�ETKÖKKDC�
A:�3N�L@JD�HS�RGNQS��8DR��(�@L�UDQX�G@OOX�VHSG�ANSG

Graduate Profile 

,TQHDK�!HRBGNE��!,$� KTLM@�����
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Biomedical Engineering Day 2021

6JG�ƂTUV�XKTVWCN�$/'�&C[�YCU�C�ITGCV�UWEEGUU
.M�,@X����������SGD�ÖQRS�UHQST@K�!HNLDCHB@K�$MFHMDDQHMF�
#@X� HM� ��� XD@QR� SNNJ� OK@BD� 3GD� L@RSDQiR� OQNFQ@L� HM�
!HNLDCHB@K�$MFHMDDQHMF�NE� SGD�4MHUDQRHSX�NE�!DQM�NQF@M-
HYDC�SGHR�DUDMS�ENQ�SGD���SG�SHLD
3GD�DUDMS�HR�@M�DEÖBHDMS�OK@SENQL�HM�2VHSYDQK@MC�ENQ�MDS-
VNQJHMF� NE� ,@RSDQ� @MC� /G#� FQ@CT@SDR� @MC� 2VHRR� @MC�
HMSDQM@SHNM@K�LDCHB@K� SDBGMNKNFX� BNLO@MHDR� 3GHR� XD@QiR�
BNLO@MHDR�HMSQNCTBDC�SGDLRDKUDR�SGQNTFG�NQ@K�OQDRDMS@-
SHNMR�HM�@�YNNL�VDAHM@Q�@MC�F@UD�HMRHFGS�HMSN�SGDHQ�BNL-
mercial activities and their company philosophies as well 
@R�RGNVDC�SGDHQ�CDL@MCR�NM�ITMHNQ�DLOKNXDDR�2STCDMSR�
SGTR�G@C�SGD�NOONQSTMHSX�SN�FDS�SN�JMNV�ONSDMSH@K�ETSTQD�
DLOKNXDQR� @MC� BNMS@BS� SGDL� CHQDBSKX� CTQHMF� SGD� UHQST@K�
BNEEDD�AQD@J�NQF@MHYDC�HM�SGD�UHQST@K�SNVM�jF@SGDQ�BHSXk
3GD�!,$�#@X�NEEDQDC�FQD@S�NOONQSTMHSHDR�ENQ�SGD�!DQMDRD�
biomedical researchers, too. The ARTORG Center for 
!HNLDCHB@K�$MFHMDDQHMF�1DRD@QBG�@MC�SGD�!DQM�4MHUDQRHSX�
NE�  OOKHDC� 2BHDMBDR�� @� O@QSMDQ�VHSGHM� SGD�L@RSDQiR� OQN-
FQ@L��TRDC�SGD�ONRRHAHKHSX�NE�OQDRDMSHMF�BTQQDMS�QDRD@QBG�
OQNIDBSR�SN�LNQD�SG@M�����UHQST@K�O@QSHBHO@MSR�(MSDQDRSHMFKX��
L@RSDQ�@MC�/G#�RSTCDMSR�OK@X�@M�HLONQS@MS�QNKD�HM�L@MX�
NE�SGDRD�OQNIDBSR�3GDQDAX��SGHR�DUDMS�V@R�@�CDLNMRSQ@SHNM�
NE�RBHDMSHÖB�@BGHDUDLDMSR��SNN
Besides company representatives, scientists, researchers, 
@MC�XNTMF�@B@CDLHBR��LDCHB@K�CNBSNQR�O@QSHBHO@SDC�HM�SGHR�
XD@QiR�DUDMS�@R�VDKK
%NQ�SGD�ÖQRS�SHLD��XNTMF�QDRD@QBGDQR�OQDRDMSDC�SGDHQ�OQNIDBSR�HM�
@�GTLNQNTR�V@X�CTQHMF�@�ſLX�SGDRHR�HM�����RDBNMCRſ�RDRRHNM
.MD� GHFGKHFGS� NE� SGD� LNQMHMF� V@R� CDÖMHSDKX� SGD� RTB-
BDRRETK� KHUD� RTQFDQX�AX�&QDFNQ�*NBGDQ�@MC�/@SQHBJ�#NQM��

#DO@QSLDMS�NE�3GNQ@QBHB�2TQFDQX��4MHUDQRHSX�'NROHS@K�!DQM�
�(MRDKROHS@K�� ,@MX� RSTCDMSR� @RJDC� PTDRSHNMR� HM� SGD� KHUD�
BG@S�CTQHMF�SGD�KTMF�RTQFDQX

Awards
3GD�ENKKNVHMF�@V@QCR�ENQ�DWBDKKDMS�@B@CDLHB�@BGHDUDLDMSR�
HM�SGD�ÖDKC�NE�!HNLDCHB@K�$MFHMDDQHMF�@S�SGD�4MHUDQRHSX�NE�
!DQM�VDQD�OQDRDMSDC�

• 2VHRR�$MFHMDDQHMF� V@QC�ENQ�SGD�ADRS�L@RSDQ�R�SGDRHR�
�HMMNU@SHNM���,@WHLD�"GH@QDKKH��$RSHL@SHNM�NE�SGD�
$MDQFX�+NRR�SGQNTFG�3TQATKDMBD�HM�@M� NQSHB�2SDMNRHR�
,NCDK�4RHMF�!@BJKHFGS�/@QSHBKD�3Q@BJHMF�5DKNBHLDSQX�HM�
@�2HKHBNMD� RBDMCHMF� NQS@�/G@MSNL�

• 2VHRR�$MFHMDDQHMF� V@QC�ENQ�SGD�ADRS�L@RSDQ�R�SGDRHR�
�A@RHB�RBHDMBD���&HTCHSS@�3GNL@��+TMF� KUDNKH�NM�"GHO��
,DBG@MHB@K�"G@Q@BSDQHY@SHNM�NE�@�-DV�!HNKNFHB@K�
Membrane)

• "",3� V@QC�ENQ�SGD�ADRS�/G#�SGDRHR��2DQHED�*TBTQ�
�$WOKNQ@SHNM�@MC�$WOKNHS@SHNM�NE�5HRT@K�%HDKCR��EQNL�
 BPTHRHSHNM�SN�/QDCHBSHNM�NE�&K@TBNL@�

• !,$�"KTA� V@QCR�ENQ�SGD�ADRS�L@RSDQ�R�SGDRHR�
@ARSQ@BS�
�st�OK@BD��2HLNMD�/NMBHNMH��.OSNLDBG@MHB@K�
2HLTK@SHNMR�NE�+@RDQ�1DEQ@BSHUD�2TQFDQHDR�
�nd�OK@BD��-@SG@M�&XFDQ��"NMS@BKDRR�#DSDBSHNM�NE�&@HS�
and Gait Abnormalities)
�rd�OK@BD��,@QSHM�!DQSRBG��3@QFDSDC�#QTF�#DKHUDQX�HM�
Glioblastoma Mouse Models)

• 1,2� V@QC�ENQ�SGD�ADRS�&/ �HM�SGD�,2B�!HNLDCHB@K�
$MFHMDDQHMF�� CQH@M�1TBJKH��&/ �����

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

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



17Master of Science in Biomedical Engineering 2021

Live surgery (lung resection due to cancer)

The surgical team at the operating table

We thank our sponsors and exhibitors

Chairman Philippe Büchler (top) awards the prizes to Giu-
ditta Thoma, Maxime Chiarelli and Serife Kucur
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BME club alumni barbecue, September 2021

The Biomedical Engineering Club

The BME Club and its Mission
3GD� !HNLDCHB@K� $MFHMDDQHMF� �!,$�� "KTA� HR� @� MNM��OQNÖS��
 KTLMH�NQF@MHR@SHNM�EQNL�SGD�4MHUDQRHSX�NE�!DQM�SG@S�@HLR�
SN� OQNUHCD� @MC� OQNLNSD� MDSVNQJHMF� DUDMSR� @LNMF� HSR�
HMSDQCHRBHOKHM@QX�LDLADQR�6D�@QD� @� BNMRS@MSKX� FQNVHMF�
FQNTO�NE�AHNLDCHB@K�DMFHMDDQR��RBHDMSHRSR��O@RS�@MC�OQDR-
DMS� RSTCDMSR� @MC� LDCHB@K� SDBGMNKNFX� BNQONQ@SD� D@FDQ�
SN�AQHMF�SNFDSGDQ�SGD�ÖDKCR�NE�DMFHMDDQHMF��AHNKNFX��@MC�
BKHMHB@K�LDCHBHMD�3GD�!,$�"KTA�@BBNLOKHRGDR�SGDRD�FN@KR�
AX�MDSVNQJHMF�@MC�GNRSHMF�DUDMSR��HM�O@QSHBTK@Q��HMENQL@-
SHNM�RDRRHNMR�SN� KD@QM�@ANTS�BTSSHMF�DCFD�QDRD@QBG�ÖDKCR�
NE� AHNDMFHMDDQHMF�� @SSDMC@MBD� NE� M@SHNM@K���HMSDQM@SHNM@K�
conferences, and visit plans to industries and laboratories. 
3GD�!,$�"KTA�G@R�ADDM�QDBNFMHYDC�@R�@M�NEÖBH@K� KTLMH�
association of the University of Bern under the umbrella 
NQF@MHY@SHNM�m� KTLMH�4MH!$� �CDCHB@SDC�DWDBTSHUD�BNL-
mittee within the BME-Club follows the principles of our 
BNMRSHSTSHNM�6D�@QD�@M�DMSGTRH@RSHB�@MC�UDQR@SHKD�FQNTO�
SG@S�ODQENQLR�CHUDQRD�@BSHUHSHDR�HMBKTCHMF�

• 1DFTK@Q�UHRHSR�SN�2VHRR�LDCHB@K�@MC�DMFHMDDQHMF�
companies

• .QF@MHY@SHNM�NE�SGD�@MMT@K�,$#(" �SQHO
• Information on career opportunities for Masters levels 
• .QF@MHY@SHNM�NE�SGD�@MMT@K�6DKBNLD�DUDMS�ENQ�MDV�
RSTCDMSR�NE�SGD�!,$�,@RSDQ�OQNFQ@L

• .QF@MHY@SHNM�NE�@M�@MMT@K� KTLMH�F@SGDQHMF�ENQ�MDS-
VNQJHMF�OTQONRDR

• Sponsorship of the best, Master thesis award at the 
annual BME day

• 2ONMRNQRGHO�NE���3Q@UDK�&Q@MSR�SN�(MSDQM@SHNM@K�
conferences

• Joint membership for former students of the 
University of Bern

• .EEDQHMF��NOSHNM@K��INHMS�LDLADQRGHO�VHSG�2VHRR�
2NBHDSX�ENQ�!HNLDCHB@K�$MFHMDDQHMF

3@JDM� SNFDSGDQ�� SGD�!,$�BKTA� QDOQDRDMSR� @�TMHPTD�OK@S-
ENQL� ENQ� OQNEDRRHNM@K�� KHEDKNMF� BNLLTMHB@SHNM� @MC� MDS-
VNQJHMF�DUDMSR�
Further details on the BME-Club are available on our web-
RHSD�GSSO���VVVALDBKTABG

How to Join
!DBNLHMF�@�!,$�LDLADQ�HR�D@RXâ�2HLOKX�INHM�@S�@MX�!,$�
"KTA�DUDMS�NQ�RHFM�HM�@S�NTQ�VDARHSD�6D�@QD�KNNJHMF�ENQ-
V@QC�SN�RDDHMF�XNT

BME Club on pause
#TD�SN�SGD�BTQQDMS�O@MCDLHB�RHST@SHNM�HM�2VHSYDQK@MC�@MC�
Worldwide, we had to adapt our planned events.
We were very happy to be able to award the three best 
L@RSDQ� SGDRHR� @ARSQ@BS� @V@QCR� CTQHMF� SGD� ÖQRS� UHQST@K�
!,$�#@X�HM�,@X�m�ENQ�CDS@HKR��RDD�SGD�@QSHBKD�ſ!HNLDCHB@K�
$MFHMDDQHMF�#@Xſ�NM�O@FD���
%TQSGDQLNQD�� VD� ÖM@KKX� BNTKC� RDD� D@BG� NSGDQ� @F@HM� HM�
ODQRNM� @S� @� RL@KK� F@SGDQHMF� CTQHMF� SGD�  KTLMH� !!0� HM�
September. We hope for more visits possibilities and net-
VNQJHMF�DUDMSR�ENQ������

Further improvements
As we could not offer the number of events we would 
have liked to, we improved our online presence. We 
G@UD� TOC@SDC� NTQ� VDARHSD� VHSG� @� MDV� BNLODKKHMF� CD-
RHFM�� BG@MFDC� NTQ� +HMJDC(M� @OOD@Q@MBD� �GSSOR���VVV
KHMJDCHMBNL�BNLO@MX�AHNLDCHB@K�DMFHMDDQHMF�BKTA���@MC�
EQDPTDMSKX�@CC�ONRSR�SN�SGD�(MRS@FQ@L�OQNÖKD�NE�SGD�!,$�
,@RSDQ�BNTQRD��GSSOR���VVVHMRS@FQ@LBNL�ALD>TMHAD���
Follow us if you want to be informed about events, meet-
HMFR��NQ�NSGDQ�@BSHUHSHDR�NE�SGD�BKTA

The BME Club executive Board members in 2021

2@LTDK�*MNADK
President  
,2B�BK@RR�����

Adel Tekari
Alumni 
Representative 
,2B�BK@RR�����

Tobias Imfeld
Webmaster
,2B�BK@RR�����

Arina Auchlin
Student  
Representative
,2B�BK@RR������

,@QJ�*DKKDQ
Corporate 
Representative 
,2B�BK@RR�����

Fredrick Joseph
PhD Student  
Representative

Tamara Melle
Secretary, Treasurer  
M.Sc. class 2017
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Nicolas Bouduban (right) in Swiss M4M’s certified produc-
tion for high-tech 3D printing

Q:�6G@S�V@R�XNTQ�@B@CDLHB�@MC�OQNEDRRHNM@K�A@BJFQNTMC�
OQHNQ�SN�XNTQ�!,$�,@RSDQiR�RSTCHDR�
A:� (� G@C� ÖMHRGDC� @� CHOKNL@� HM�,HBQNSDBGMNKNFX� @S� SGD�
!DQM�4MHUDQRHSX�NE� OOKHDC�2BHDMBDR��!%'�

Q:�'NV�CHC�XNT�BNLD�SN�JMNV�@ANTS�SGD�!,$�,@RSDQiR�
OQNFQ@L�
A.�� ESDQ�FQ@CT@SHMF� EQNL�!%'� HM������� (� RS@XDC�@S�!%'�
@R�@M�@RRHRS@MS�HM�)ÂQFDM�!TQFDQiR�K@A��VNQJHMF�NM�@�LDC-
SDBG�OQNIDBS� )ÂQFDM�V@R� RSQNMFKX� HMUNKUDC� HM� RDSSHMF�TO�
SGD�!,$�L@RSDQiR� OQNFQ@L�� @MC� RN� (� KD@QMDC� @ANTS� SGHR�
NOONQSTMHSX�ÖQRS�G@MC� (�V@R� UDQX� HMSDQDRSDC� HM� SGD�ÖDKC�
NE�LDCHB@K� SDBGMNKNFX�� @MC� SGD�OQNRODBS�NE�NAS@HMHMF�@�
L@RSDQiR�CDFQDD�m�VGHBG�@S�SGD�SHLD�V@R�MNS�ONRRHAKD�@S�
2VHRR�TMHUDQRHSHDR�NE�@OOKHDC�RBHDMBDR�m�V@R�UDQX�@OOD@KHMF�
SN�LD�2N�ÖM@KKX��VGDM�SGD�L@RSDQ�R�OQNFQ@L�RS@QSDC� HM�
������ (�V@R�NMD�NE� SGD�ÖQRS� RSTCDMSR� @MC� BNMSHMTDC� SN�
work at BFH part-time.

Q:�6G@S�V@R�XNTQ�ÖQRS�B@QDDQ�RSDO�@ESDQ�BNLOKDSHMF�SGD�
L@RSDQ�R�CDFQDD�
A:�(�G@C�@KQD@CX�BNMCTBSDC�LX�L@RSDQ�R�SGDRHR�NM�SGD�SNO-
HB�NE�NRSDNRXMSGDRHR�@R�O@QS�NE�@�OQNIDBS�VHSG�SGD�2XMSGDR�
BNLO@MX� ESDQ�LX� SGDRHR�� (� RS@QSDC� QHFGS� @V@X�@R� @�CD-
UDKNOLDMS� DMFHMDDQ� HM� SGD� HMMNU@SHNM� SD@L�NE� 2XMSGDR��
VGHBG�V@R�GD@CDC�AX�1NADQS� %QHFF� @S� SGD� SHLD� (� RODMS�
@S� KD@RS�NMD�C@X�ODQ�VDDJ�@S�!@KFQHRS�4MHUDQRHSX�'NROHS@K�
HM�9TQHBG�,X�INA�V@R�SN�ENKKNV�NQSGNO@DCHB�RTQFDQHDR�HM�
SGD�NODQ@SHMF�QNNL�HM�NQCDQ�SN�HCDMSHEX�NOONQSTMHSHDR�ENQ�
HLOQNUDLDMS�@MC� HMMNU@SHNM� (� ENTMC� SGHR� UDQX�DWBHSHMF��
and I would not have been able to do this work without 
LX�OQDUHNTR�JMNVKDCFD�EQNL�LX�!,$�RSTCHDR��DRODBH@KKX�
in anatomy of the musculoskeletal system.

Q:�'NV�CHC�XNTQ�B@QDDQ�BNMSHMTD�@ESDQ�SG@S�
A:� ESDQ�SGD�@BPTHRHSHNM�NE�2XMSGDR�AX�)NGMRNM���)NGMRNM�
�)�)���(�LNUDC�SN�SGD�CDUDKNOLDMS�CDO@QSLDMS�NE�#D/TX�
,HSDJ� �K@SDQ�,HSDJ� 2ONQSR�,DCHBHMD��� @� RTARHCH@QX� NE� )�)�
@BSHUD�HM�SGD�ÖDKC�NE�RONQSR�LDCHBHMD�3GDQD�(�VNQJDC�UDQX�
HMSDQM@SHNM@KKX��ÖQRS�HM�$TQNOD�@MC�SGDM�ENQ�RDUDQ@K�LNMSGR�
D@BG�HM�!NRSNM�@MC�/GHK@CDKOGH@�6GDM�1NADQS�%QHFF��LX�
ENQLDQ� ANRR� @S� 2XMSGDR�� ATHKS� SGD� BNLO@MX� ��LDCHB@K�
SNFDSGDQ�VHSG� KNMF�SHLD�BNKKD@FTDR� HM������� (� INHMDC�GHR�
BNLO@MX�@R�'D@C�NE�,@QJDSHMF�@MC�2@KDR�,X�VNQJ� HM-
BKTCDC�OQNIDBS�@BPTHRHSHNM�@MC�OQNIDBS�CDUDKNOLDMS�EQNL�
MDV�HCD@R�SN�"$�L@QJHMF�HM�SGD�ÖDKCR�NE�RONQSR�LDCHBHMD��
NQSGNO@DCHBR�� SQ@TL@SNKNFX��CDMS@K�LDCHBHMD�@MC�@� KHSSKD�
B@QCHNKNFX� (M������� (�V@R�FHUDM�SGD�NOONQSTMHSX�SN�S@JD�
NM�SGD�"$.�ONRHSHNM�@S�2VHRR�,�,�BDMSDQ

Q:�"@M�XNT�CDRBQHAD�SGD�BDMSDQ�@MC�HSR�@BSHUHSX�
A:� 3GD�BNLO@MX� HR�@� SDBGMNKNFX� SQ@MREDQ� BDMSDQ� ENQ�@C-
CHSHUD�L@MTE@BSTQHMF� HM� SGD�ÖDKC�NE�LDCHB@K� SDBGMNKNFX��
HMHSH@SDC�@MC�OQNLNSDC�AX�SGD�EDCDQ@K�FNUDQMLDMS�TMCDQ�

the Innovation Act. Empa, the Swiss center for materials 
RBHDMBD�@MC�SDBGMNKNFX��G@C�ADDM�OTQRTHMF�SGD�OK@M�ENQ�@�
BDMSDQ�HM�SGHR�ÖDKC�ENQ�@�KNMF�SHLD�@MC�V@R�SGDM�@AKD�SN�QD-
@KHYD�HS�HM�BNKK@ANQ@SHNM�VHSG�SGD�HMCTRSQX�VGDQD�/HDQ@MFDKN�
&Q¼MHMF� EQNL� $LO@� @MC� 1NADQS� %QHFF� EQNL� ��LDCHB@K�
OK@XDC�@�L@INQ�QNKD�3GD�OTQONRD�NE�SGD�BDMSDQ�HR�SN�DMRTQD�
SGD�@BBDRRHAHKHSX�NE�@CCHSHUD�L@MTE@BSTQHMF�HM�SGD�L@QJDS��
HD�� SN�FHUD�BNLO@MHDR� SGD�BG@MBD� SN�FDS� HM� SNTBG�VHSG�
SGHR�SDBGMNKNFX��KD@QM�JMNV�GNV��L@JD�OQNIDBSR�@MC�SGDM�
implement them. 

Q:�-NV@C@XR��XNT�@QD�@�SD@BGDQ�HM�SGD�L@RSDQiR�OQNFQ@L�
XNTQRDKE�'NV�CHC�SG@S�BNLD�@ANTS�
A:�/Q@AHSG@�4QVXKDQ�� KHJD�LD�NMD�NE�SGD�ÖQRS�RSTCDMSR� HM�
SGHR�OQNFQ@L�� HR�MNV�BNNQCHM@SNQ�NE� SGD�BNTQRD�j#DRHFM�
NE�!HNLDBG@MHB@K�2XRSDLRk�6GDM�RGD�@RJDC�LD�HM������
whether I would take over two lectures on additive man-
TE@BSTQHMF�HM�LDCHB@K�SDBGMNKNFX��(�FK@CKX�@BBDOSDC�(�@L�
DWBHSDC� @ANTS� RG@QHMF�LX� JMNVKDCFD� HM�LX�ÖDKC�NE� DW-
ODQSHRD�@MC�SD@BGHMF� HM�@�BNTQRD� SG@S� (� SNNJ�LXRDKE�@R�@�
student.

Q:�6GHBG�BNLODSDMBDR�CHC�XNT�F@HM�CTQHMF�XNTQ�RSTCHDR�
SG@S�VDQD�TRDETK�ENQ�XNTQ�B@QDDQ�
A:� 3GD�OQNFQ@L� HMBKTCDC�L@MX� SNOHBR� SG@S�@QD� UDQX� HL-
ONQS@MS�ENQ�DMSDQHMF�SGD�LDCSDBG�HMCTRSQX��DRODBH@KKX�SGD�
LDCHB@K� RTAIDBSR�� ATS� @KRN� DF� HL@FHMF� NQ� DMFHMDDQHMF�
LDBG@MHBR�  M� TMCDQRS@MCHMF� NE� QDFTK@SNQX� @EE@HQR� @MC�
PT@KHSX�@RODBSR�HR�@KRN�UDQX�U@KT@AKD�.UDQ�SGD�XD@QR��L@MX�
DWBHSHMF�SNOHBR�VDQD�@CCDC�SN�SGD�OQNFQ@L��ATS�SGD�A@RHR�
was already laid when I was a student. What makes the 
OQNFQ@L�TMHPTD� HM�LX�UHDV� HR� SGD�OQNWHLHSX�SN�SGD�GNR-
OHS@KR��VGHBG�FHUDR�XNT�HMRHFGS�HMSN�SGD�MDDCR�NE�LDCHB@K�
professionals.

Q:�6NTKC�XNT�RSTCX�SGD�!,$�L@RSDQiR�OQNFQ@L�@F@HM�
A: Yes, and I can fully recommend it.

Success Story 

-HBNK@R�!NTCTA@M��!,$� KTLMTR�����
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Introduction 
Nowadays, orthopaedic implants are widely used. A 
successful implant has the ability to sustain load with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment 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 meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion of femoral stems in THA surgeries. 
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Introduction
Melanoma is the most aggressive type of skin cancer 
in humans. Main cause of melanoma fatalities is due 
to formation of melanoma brain metastasis, which
requires extravasation of melanoma cells across the 
tight blood-brain barrier (BBB). Here, we investigated 
the effect of compromised barrier properties caused 
by the absence of PECAM-1 on two separate steps 
of extravasation: the shear resistant arrest and 
diapedesis of the melanoma cells. In addition, we 
compared two different melanoma cell lines: The 
YUMM1.1 (Yale University Mouse Melanoma) 
melanoma cell line and a brain seeking daughter cell 
line YUMM1.1-BrM4. Overall, this project is one 
building block in the understanding of the role of BBB 
integrity on metastasis formation by aggressive brain 
seeking melanoma cells.

Materials and Methods
Primary mouse brain microvascular endothelial cells 
(pMBMECs) isolated from the PECAM-1+/+ or
PECAM-1-/- C57BL/6 mice were used to model the 
BBB in vitro. A flow chamber setup combined with in 
vitro live cell imaging was employed to study shear 
resistant arrest and sustained adhesion. A multi-well 
chamber setup was used to determine melanoma 
cell firm adhesion under static condition with multiple 
samples in parallel. Melanoma cell diapedesis was 
assessed in a two-chamber based Transwell® assay 
(Figure 1). Diapedesed melanoma cells remained 
adherent on the underside of the filter insert (Figure 
1) and were counted after immune fluorescence 
staining and image acquisition at the confocal 
microscope (Figure 2). Images were processed using 
FIJI software and melanoma cells were automatically 
counted.

Fig. 1 In vitro diapedesis experiment setup with Transwell 
filter insert with 8 Pm pore size, pMBMECs monolayer and 
melanoma cells.

Results
pMBMECs formed a confluent monolayer with a 
strong junctional VE-cadherin signal irrespective of 
the presence of absence of PECAM-1. Shear 

resistant arrest and sustained adhesion of YUMM1.1 
and YUMM1.1-BrM4 to PECAM-1+/+ and PECAM-1-/-

were comparable.  In contrast, YUMM1.1-BrM4 cells 
presented a drastic increase in diapedesis across 
both cohorts of pMBMECs compared to YUMM1.1.
Moreover, YUMM1.1-BrM4 diapedesis across 
PECAM-1-/- pMBMECs strongly exceeded 
diapedesis across PECAM-1+/+ pMBMECs. Taken 
together, the compromised PECAM-1 deficient BBB 
favored diapedesis of the brain seeking YUMM1.1-
BrM4 melanoma cells.

Fig. 2 Confocal microscopy imaging of a Transwell filter 
LQVHUW� ZLWK� �� ȝP� SRUH� VL]H� ZLWK� 3(&$0-1+/+ pMBMECs 
demonstrating the diapedesis event of YUMM1.1 (left) and 
YUMM1.1-BrM4 (middle) cells shows the underside of the 
filter. Diapedesed number of YUMM1.1 and YUMM1.1 
BrM4 cells across PECAM-1+/+ pMBMECs per mm2 (right). 

Discussion
Based on our findings, we hypothesize that the 
adaptations of the brain seeking YUMM1.1-BrM4 
melanoma cells are independent of adhesive 
interaction with the BBB but promote diapedesis 
across the BBB. We further conclude that the 
complex cell-cell junctions of the BBB are important 
to limit melanoma extravasation. Taken together, it 
will be important to further reveal the mechanism by 
which the brain seeking melanoma cells can benefit 
from compromised barrier properties. One possibility 
would be that diapedesis of melanoma cells requires 
proteases and that the brain seeking variant 
harbours increased proteolytic activity compared to 
its parental cell line.  As a next step, RNA-sequencing 
and comparison of gene expression between the two 
YUMM1.1 cell lines could help elucidating the 
molecular mechanism of melanoma cell 
extravasation across the BBB.
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Introduction 
Nowadays, orthopaedic implants are widely used. A 
successful implant has the ability to sustain load with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment 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 meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion of femoral stems in THA surgeries. 
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Introduction
Melanoma is the most aggressive type of skin cancer 
in humans. Main cause of melanoma fatalities is due 
to formation of melanoma brain metastasis, which
requires extravasation of melanoma cells across the 
tight blood-brain barrier (BBB). Here, we investigated 
the effect of compromised barrier properties caused 
by the absence of PECAM-1 on two separate steps 
of extravasation: the shear resistant arrest and 
diapedesis of the melanoma cells. In addition, we 
compared two different melanoma cell lines: The 
YUMM1.1 (Yale University Mouse Melanoma) 
melanoma cell line and a brain seeking daughter cell 
line YUMM1.1-BrM4. Overall, this project is one 
building block in the understanding of the role of BBB 
integrity on metastasis formation by aggressive brain 
seeking melanoma cells.

Materials and Methods
Primary mouse brain microvascular endothelial cells 
(pMBMECs) isolated from the PECAM-1+/+ or
PECAM-1-/- C57BL/6 mice were used to model the 
BBB in vitro. A flow chamber setup combined with in 
vitro live cell imaging was employed to study shear 
resistant arrest and sustained adhesion. A multi-well 
chamber setup was used to determine melanoma 
cell firm adhesion under static condition with multiple 
samples in parallel. Melanoma cell diapedesis was 
assessed in a two-chamber based Transwell® assay 
(Figure 1). Diapedesed melanoma cells remained 
adherent on the underside of the filter insert (Figure 
1) and were counted after immune fluorescence 
staining and image acquisition at the confocal 
microscope (Figure 2). Images were processed using 
FIJI software and melanoma cells were automatically 
counted.

Fig. 1 In vitro diapedesis experiment setup with Transwell 
filter insert with 8 Pm pore size, pMBMECs monolayer and 
melanoma cells.

Results
pMBMECs formed a confluent monolayer with a 
strong junctional VE-cadherin signal irrespective of 
the presence of absence of PECAM-1. Shear 

resistant arrest and sustained adhesion of YUMM1.1 
and YUMM1.1-BrM4 to PECAM-1+/+ and PECAM-1-/-

were comparable.  In contrast, YUMM1.1-BrM4 cells 
presented a drastic increase in diapedesis across 
both cohorts of pMBMECs compared to YUMM1.1.
Moreover, YUMM1.1-BrM4 diapedesis across 
PECAM-1-/- pMBMECs strongly exceeded 
diapedesis across PECAM-1+/+ pMBMECs. Taken 
together, the compromised PECAM-1 deficient BBB 
favored diapedesis of the brain seeking YUMM1.1-
BrM4 melanoma cells.

Fig. 2 Confocal microscopy imaging of a Transwell filter 
LQVHUW� ZLWK� �� ȝP� SRUH� VL]H� ZLWK� 3(&$0-1+/+ pMBMECs 
demonstrating the diapedesis event of YUMM1.1 (left) and 
YUMM1.1-BrM4 (middle) cells shows the underside of the 
filter. Diapedesed number of YUMM1.1 and YUMM1.1 
BrM4 cells across PECAM-1+/+ pMBMECs per mm2 (right). 

Discussion
Based on our findings, we hypothesize that the 
adaptations of the brain seeking YUMM1.1-BrM4 
melanoma cells are independent of adhesive 
interaction with the BBB but promote diapedesis 
across the BBB. We further conclude that the 
complex cell-cell junctions of the BBB are important 
to limit melanoma extravasation. Taken together, it 
will be important to further reveal the mechanism by 
which the brain seeking melanoma cells can benefit 
from compromised barrier properties. One possibility 
would be that diapedesis of melanoma cells requires 
proteases and that the brain seeking variant 
harbours increased proteolytic activity compared to 
its parental cell line.  As a next step, RNA-sequencing 
and comparison of gene expression between the two 
YUMM1.1 cell lines could help elucidating the 
molecular mechanism of melanoma cell 
extravasation across the BBB.
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Introduction 
Nowadays, orthopaedic implants are widely used. A 
successful implant has the ability to sustain load with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  
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EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion of femoral stems in THA surgeries. 

References 
Ovesy et al. J Mech Behav Biomed Mater, 301-310, 
2019͘ 

Acknowledgements 
The continuous support of the ARTORG group of 
Musculoskeletal Biomechanics and RMS foundation 
is gratefully acknowledged. 

a) b) 

� ��+,�*2+��!�+"+�"&��"'%��"��$�& "&��*"& �
�

��
��
�����
���������
�������������
����	����
�����������
�
����
���������
�������
������������
�
����������	����
�
�
�
�%!�"&�# "�� �" ����"����%"��� ���(�#�
��#$�$%$� ��� ���&�"#�$(� ����"��������
����$�"�� "��� ��������	������"������#��"���
	'�����"#�� �" ����"����%"��� ���(�#���" ����"�������� ��%#����"�#��$���

� ������������������������������
� � � �

�����	��������

� (*��"+��%��"��$� "%� �� +� %�&,�,"'&� "+� &�������
+"&��� �&� "$$�('+��� (*'�$�%�%�1� !�.�� �� +" &"�"��&,�
"%(��,� "&� �� �� *��"�,"'&� ,!�*�(1� ($�&&"& �� 0(�*,+�
'�,�&��"+� *�����'-,�,!���0��,�('+","'&�'��,!��,�* �,�
,"++-��/!"�!�&���+� ,'����+� %�&,���� �&� ,!"+�/'*#��
�-**�&,�+� %�&,�,"'&�%�,!'�+�"&�,�*%+�'��)-�$",�,".��
*�,"& ���"���+"%"$�*",1�+�'*���&��*��"�,"'&��'+"%�,*1�
/�*���.�$-�,�����
�
���
��������	��
��	��
�!�� �$,�*&�,".�� +� %�&,�,"'&� %�,!'�+� ��-++"�&�
�*'��++� �'*� ��%($"& � �� %�&,�,"'&� '�� �%� �+�
����������� �&���,'�!�+,"���� %�&,�,"'&���,/'*#+�
��������� /�*�� -+���� �!�� ���� "+� �&� ���","'&�$�
�$ '*",!%��/!"�!� "&� ,!"+�/'*#�/�+� �(($"��� '.�*� ,!��
���(�$��*&"& ���,/'*#����(%��"����!��)-�$",�,".��
�.�$-�,"'&� /�+� �'&�� �1� �&�$1+"& � �&+/�*+� '�� 	�
�"���*�&,��0(�*,+�,'���)-�+,"'&&�"*����!��)-�&,",�,".��
�.�$-�,"'&�/�+��'&��&�0,�,'�,!���"���+"%"$�*",1�+�'*��
/",!� �� (*��"�,"'&� '�� �� *��"�,"'&� ,!�*�(1� ($�&&"& �
+'�,/�*����.�*."�/�"&��" -*�����
�

�
�#!�����(+$�,-+.�-.+����-�,�-�,�!&�'-����2�	��1)�+-,����
�%-�+'�-#/��,�!&�'-�-#('�&�-"(��.,������,.%-,��/�%.�-���
*.�%#-�-#/�%2��2�	�(-"�+��1)�+-,����-+#�,��(&)�+����2�����
,�(+���'��-"���))%#��-#('�����%�''#'!���

�
������
�!�� )-�$",�,".�� *�+-$,� "+� +!'/&� "&� �" -*�� 	� �1� ,!��
'.�*$�1�'��,�&�+�%($�+���" -*����!" !$" !,+�,!�,��.�&�
�� +%�$$� .�*"�,"'&� +!'/� �&� "%(��,� ,'� ,!�� *��"�,"'&�
�'+"%�,*1�"&���!" !��'+��*� "'&��

�

�#!�����(,��)�+��(%.&��"#,-(!+�&�( �-"��%� -�"#))(��&).,��
�"���(,��%#&#-����(+�#'!�-(��%#'#��%�,-�'��+-� #,�
���( � -"��
"#))(��&)#�/(%.&������	��2����+��-"���(,��( �
����( �-"��
/(%.&�� #-,�-"#,�%#&#-��.-�-"��+�'!��( �����/(%.&��#,���-0��'�
��� �2� �'�� ��� �2�� �"#�"� ,"(0,� -"�� #' %.�'��� ( � -"��
&�+!#'�%�,�&)%��/�+#�-#(',��

�
�

�#!�� 	� ��'� ,�&)%�,� ( � �%-�+'�-#/�� ,�!&�'-�-#(',�  (+� -"��
�+�#',-�&��'��"#))(��&)#���#'���-"���+�#',-�&�"�,��%��+�
�(+��+,�� -"�� /�+#�-#(',� �+�� '(-� �,� '(-#����%�� �,� -"��
/�+#�-#(',�( �-"��"#))(��&)#��

�����������

��","'&�$�,'�,!��"&�$-�&���'��+%�$$�.�*"�,"'&+�,'/�*�+�
+"%"$�*",1� �&�� �'+"%�,*1� +,-�1�� �&� '-,$"�*� +,-�1�
+!'/��� ,!�� �����,� '�� ,!�� �'%%'&$1� '��-**�&��� '��
%"++��$"�#+�'&���%�&-�$�+� %�&,�,"'&�,''$���'*�+%�$$�
�-,�&',"����$��'-,$"�*+�,!"+�+,-�1�+!'/���&'������,�'&�
���!��.�$-�,"'&�%�,!'��-+���"&�,!"+�/'*#��

�
�
�
��
��
���� ��� �6�� #0�  )�� 8������� � 1//' +� -.,!#//� $,./ *-)'+%�
/#%*#+0 0',+/� ,$� '* %#/9�� 2,)�� ��
��� �-.'+%#.� �#.) %��
���
��--���7	���
���
��������,+0#'.,��#0�� )��8�0,!& /0'!��#%*#+0 0',+��#03,.(/��
�,"#))'+%��- 0' ))5��,..#) 0#"��)# 0,.'!��+!#.0 '+05�9��#!&��
�#-��

�������
	�
�
����
�!�� "%('*,�&,� �'&,*"�-,"'&� '�� ��-*"�"'� ��1�+�� ,!��
��
� *'-(��&���'��*,��'�$��'*�(*'."�"& �,!��*�+-$,�'��
,!�� *��"�,"'&� �'+"%�,*1� .�$-�+� "+�  *�,��-$$1�
��#&'/$�� ���

�#-) !#�0&'/�0#40�3'0&�
 �-,.0. '0�-&,0,�
 --.,4�����4��
!*�
�,1�"#!'"#�3& 0�5,1�
),,(�)'(#��

�

� �!34%2;3��(%3)3�).��)/-%$)#!,��.').%%2).'�
�

�	�������	����	���������
���	�������	��
��	������	����
������������	��	�������
��
������	������
�
�
�
�#�� $�!� !��  ����� �����������(���� ��� ������
'��'��
��!"�"#"����� ���$� !�"&������ ��������
����"� ��� ������������	������ ������!�� ���
	%����� !��  ����� �����������(���� ��� ������
'��'��
� ������������������������������
� � � �
�������������
�!2$)/6!3#5,!2� $)3%!3%� )3� !� ',/"!,� 05",)#� (%!,4(�
02/",%-� !.$� #/.42)"54%3� 4/� !002/8)-!4%,9� .).%�
-),,)/.�$%!4(3�7/2,$7)$%�%!#(�9%!2� �� ���.%�/&� 4(%�
-/34�#/--/.�#!53%3�/&�#/2/.!29�(%!24�$)3%!3%� )3�
-9/#!2$)!,� ).&2!#4)/.�� 7()#(� #!.� "%� #!53%$� "9�
34%./3%$�#/2/.!29�!24%2)%3�4(!4�2%342)#4�",//$�3500,9�
4/� 4(%� (%!24�� �(%� !)-� /&� 0%2#54!.%/53� #/2/.!29�
).4%26%.4)/.3�������)3�4/�2%34/2%�",//$�&,/7���/7%6%2��
3%6%2%,9� #!,#)&)%$� ,%3)/.3� !2%� ).#2%!3).',9�
%.#/5.4%2%$� ).� 2/54).%� #,).)#!,� 02!#4)3%� $5%� 4/� 4(%�
).#2%!3).'�!'%�!.$�#/-0,%8)49�/&�0!4)%.43�2%&%22%$�&/2�
������&�).!$%15!4%,9�02%0!2%$��4(%3%�#!,#)&)%$�,%3)/.3�
#!.� ,%!$� 4/� 5.$%2�%80!.3)/.� /&� 4(%� 34%.4� 7)4(� )43�
!33/#)!4%$�#/-0,)#!4)/.3���2%$)#4).'�4(%�/54#/-%�/&�
���� 7/5,$� (%,0� 0(93)#)!.3� 4/� $%#)$%� )&� !� -/2%�
!''2%33)6%� 4%#(.)15%� )3� 2%15)2%$� 4/� 02%0!2%� 4(%�
!24%29� "%&/2%� 34%.4).'�� �()3� 02/*%#4� !)-%$� !4�
#/-").).'� ).42!�!24%2)!,� )-!').'� !.$� -%#(!.)#!,�
3)-5,!4)/.3� 4/� $%4%2-).%� 4(%� /54#/-%� /&� ���� ).�
0!4)%.43� 7)4(� #!,#)&)#!4)/.� !.$� #/-0!2).'� 4(%�
3)-5,!4)/.3�7)4(�0/34�/0%2!4)6%�$!4!��

���	����������	������
�)6%�0!4)%.4�30%#)&)#�!24%2)%3�7%2%�2%#/.3425#4%$�&2/-�
����)-!'%3���(%�#/.34)454)6%�-/$%,3�!##/5.4%$�&/2�
4(%� 4)335%� ./.�,).%!2� !.$� !.)3/42/0)#� "%(!6)/52� !3�
7%,,�!3�$!-!'%3�).$5#%$�"9�4(%�).4%26%.4)/.���).)4%�
%,%-%.4� !.!,93%3� 7%2%� #/.$5#4%$� 4/� -)-)#� 4(%�
$)&&%2%.4� 34%03� /&� 4(%� #,).)#!,� 02/#%$52%��
0%2#54!.%/53� 42!.3,5-).!,�!.')/0,!349� �������34%.4�
$%0,/9-%.4� !.$� 0/34�$),!4)/.� �	���� ���� !##/2$).'� 4/�
4(%�0!4)%.4;3�).4%26%.4)/.!,�).&/2-!4)/.���

�

	���� �� 	������ �������� ����������� ��� �� ��������� ���
������� ���� ���������� ��� ���� ��������������� ��������
����������� ������� ������ �������� ���� �����������
����������������������������

�52).'�0/34�02/#%33).'��'%/-%42)#!,� &%!452%3�/&� 4(%�
3)-5,!4)/.� 7%2%� #/-0!2%$� 4/� 0/34�352')#!,� #,).)#!,�
$!4!�!&4%2�����!.$�0/34�$),!4)/.���

�	�����
�(%� "%(!6)/52� /&� 4(%� -%$)!�� !$6%.4)4)!� !.$�
#!,#)&)#!4)/.3�7%2%�).�'//$�!'2%%-%.4�7)4(�02%6)/53,9�
05",)3(%$� %80%2)-%.4!,� 4%343� �	 �� �(%� 3)-5,!4)/.�
2%35,43� 3(/7%$� !� ,5-%.� '!).� 3)-),!2� 4/� 4(%� /.%�
-%!352%$� ).� #,).)#3� �	���� ���� �.� 2%')/.3� 7)4(� -!.9�
#!,#)&)#!4)/.3�� 4(%� ,5-%.� !2%!� 7!3� #/22%#4,9�
02%$)#4%$�� �/7%6%2�� 4(%� 3)-5,!4)/.3� &!),%$� 4/�
2%02/$5#%� 4(%� #,).)#!,� ,5-%.� '!).� ).� 4(%� ()'(,9�
34%./3%$� 2%')/.3� 7(%2%� ./� #!,#)&)#!4)/.3� 7%2%�
)$%.4)&)%$�� �.� 4(%3%� 3%#4)/.3� /&� 4(%� !24%29�� 4(%�
3)-5,!4)/.� 02%$)#4%$� 5.$%2�%80!.3)/.� /&� 4(%� 34%.4��
7()#(�7!3�./4�/"3%26%$�!&4%2�352'%29���
�

	���� �� 
�������� ������ ����� ������ ���� �������������
��������������������������������������������������������

�����������
��.5-%2)#!,�&2!-%7/2+�7!3�3%4�50�"!3%$�/.�).�6)6/�
$!4!�� �(%� !24%2)!,� '%/-%42)%3� !.$� 4(%� 3)-5,!4%$�
02/#%$52%�7%2%�0!4)%.4�30%#)&)#���()3�7/2+�7!3� 4(%�
&)234�4/�#/-0!2%�-%#(!.)#!,�3)-5,!4)/.3�/&�����7)4(�
0!4)%.4�30%#)&)#� #,).)#!,� /54#/-%3�� �)-5,!4)/.3�
0%2&/2-%$�7%,,�7(%.�#!,#)&)%$�0,!15%�7!3�)$%.4)&)%$�
/.� ���� )-!'%3�� �/7%6%2�� 02%$)#4)/.3� 7%2%�
).!##52!4%� &/2� 34%./3%$� !2%!3� 4(!4� $)$� ./4� (!6%�
#!,#)&)#!4)/.�� ,)+%,9�$5%�4/�/4(%2�0,!15%�#/-0/.%.43�
4(!4� 7%2%� ./4� )$%.4)&)%$� /.� 4(%� ���� )-!'%3��
�%6%24(%,%33�� 4(%3%� /4(%2� 490%3� /&� 3/&4%2� 0,!15%3�
!00%!2� 4/�"%� ,%33�02/.%� 4/�5.$%2�%80!.3)/.�/&� 4(%�
34%.4� !.$� #/5,$� 4(%2%&/2%� "%� )'./2%$� 4/� &/#53�
02%$)#4)/.3�/.�4(%�#!,#)&)%$�2%')/.3�/&�4(%�!24%29��

�	
	�	��	��
�� ������(!.�%4�!,���52%53���	�����	�	��
�	 �����%�%4�!,���)/-%#(���/$%,���%#(!./")/,���
�����
�:����	�	�

�



47Master of Science in Biomedical Engineering 2021

� Master’s Thesis in Biomedical Engineering 
�

Experimental, Theoretical and Computational Analysis of  
Conical Implant Press-Fit in Bovine Trabecular Bone 

Marcel Aeschlimann 
 

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

Introduction 
Nowadays, orthopaedic implants are widely used. A 
successful implant has the ability to sustain load with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment 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 meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  
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EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion of femoral stems in THA surgeries. 

References 
Ovesy et al. J Mech Behav Biomed Mater, 301-310, 
2019͘ 

Acknowledgements 
The continuous support of the ARTORG group of 
Musculoskeletal Biomechanics and RMS foundation 
is gratefully acknowledged. 

a) b) 

� �'9:+8C9�#.+9/9�/4��/53+*/)'2��4-/4++8/4-�
�

����������		���	����������������������	�����
������������
����
���
���	�
�������	
���
�
�
�&"�#'�$!#$�� �#!����#���%��� �����#���#�������!���
� $%�%&%�! �� � �'�#$�%)�!����# ����������� %�#��!#���!��������	 �� ��#� ����$��#���
	(��� �#$�� �#!����#���%��� �����#�����
���� �*���#�

� ������������������������������� � � �
�������
������
�4� 85(5:/)� 96/4+� 9;8-+8?�� 9;,,/)/+4:� -+53+:8/)�
'));8')?�=.+4�*+2/<+8/4-�6+*/)2+�9)8+=9� /9�)8;)/'2��
�9� 6'8:� 5,� '� 8+9+'8).� 6850+):� '/3/4-� ':� 685</*/4-�
,5;4*':/549� :5� :.+� 4+>:� -+4+8':/54� 5,� 85(5:/)�
952;:/594��:./9�6850+):�'/3+*�':�/4:85*;)/4-�'�8+2/'(2+�
'4*� <52':/2+� '));8')?� (+4).3'81� 9?9:+3� '4*�
3+:.5*��

�	����	���	�����������
#.+� ,'):589� 65:+4:/'22?� )54:8/(;:/4-� :5� -+53+:8/)�
/4'));8')?� =+8+� /*+4:/,/+*�� ";(9+7;+4:2?�� 9+<+8'2�
6.'4:53� (+4).3'819� =+8+� )54)+6:/54'2/@+*� :5�
'99+99�8+-/9:8':/54�'4*�*8/22/4-�+88589��!+7;/8+3+4:9�
/4)2;*+� �#� 9)'4'(/2/:?�� 8/-/*/:?�� *;8'(/2/:?� '4*�
8+9+3(2/4-�5,�8+2+<'4:�'4':53?����,/89:�6.'4:53�='9�
*+9/-4+*� '4*� 3'4;,'):;8+*� :.':� '225=9� 9:;*?/4-�
/3'-/4-� +,,+):9�� ,/*;)/'2� 25)'2/@':/54� '4*� 9/362+�
65/4:/4-�'));8')?���/-��
���

�
��������
������������	������������������

#.+� 9+)54*� 6.'4:53� ='9� *+9/-4+*� '4*�
3'4;,'):;8+*� :5� 9:;*?� 85(5:/)� *8/22/4-� 6+8,583'4)+�
;4*+8�8/-/*�)54*/:/549��/+��:.+�:'8-+:�*5+9�45:�35<+�
*;8/4-�*8/22/4-��/-������

�
��������������������������������������������������������

�:� /4:+-8':+9� ;6� :5� :.8++� ).;)19� :.':� )'4� .52*� *8/22�
9'362+9� �'8:/,/)/'2�(54+�3':+8/'2��'4*� /4:+8,')+9� ,58�
:.+� '::').3+4:� 5,� 9+-3+4:� 3'81+89� :5� '225=�
+3;2':/54�5,�:8')1/4-�/4*/</*;'2�96/4+�9+-3+4:9��
�
#.+�:./8*�6.'4:53�='9�*+9/-4+*�'4*�3'4;,'):;8+*�
:5� 9:;*?� 85(5:/)� *8/22/4-� 6+8,583'4)+� ;4*+8�35</4-�
)54*/:/549��/+��:.+�:'8-+:�*5+9�35<+�*;8/4-�*8/22/4-���:�
/4:+-8':+9� :=5� ).;)19� :.':� )'4� .52*� *8/22� 9'362+9�
�'8:/,/)/'2� (54+� 3':+8/'2�� '4*� /4:+8,')+9� ,58� :.+�
'::').3+4:�5,�9+-3+4:�3'81+89�:5�'225=�+3;2':/54�5,�
:8')1/4-� /4*/</*;'2� 96/4+� 9+-3+4:9�� ��/-�� ���� #.+�
6.'4:53� 685</*+9� ,8++*53� 5,� 35:/54� '85;4*� :.+�
)8'4/'2�)';*'2�'>/9��85:':/54��'4*�'254-�:.+�'4:+8/58�
659:+8/58�'>/9��:8'492':/54���'9� :.+?�'8+�'99;3+*�:5�
(+�:.+�359:�8+2+<'4:�/4�<+8:+(8'2�35:/54��

�
��������	������� ����������������������������� �������������
�����������

�58� '22� 685*;)+*� 6.'4:539� -+53+:8/)� -85;4*� :8;:.�
='9� 685*;)+*� ;9/4-� '� )558*/4':+� 3+'9;8+3+4:�
3')./4+��

��������
�22� 6.'4:539� =+8+� *+9/-4+*�� :=5� '8+� '28+'*?�
685*;)+*�'4*�3+'9;8+*�,58�-85;4*�:8;:.��

������
���
�"#�� �4:+84':/54'2�� ����� ":'4*'8*�  8'):/)+� ,58�
�+'9;8+3+4:� 5,�  59/:/54'2� '));8')?� 5,� �536;:+8�
�99/9:+*�";8-/)'2�"?9:+39���	
��

�
���������������
#.+�6850+):�='9�9;6658:+*�(?�'��8/*-+�"���-8'4:�5,�
:.+� "=/99� 4':/54'2� 9)/+4)+� ,5;4*':/54� �"����� #.+�
/3658:'4:�)54:8/(;:/54�5,�:.+��!#�!��3')./4+�9.56�
�$89�!5.8+8�� *;8/4-� )549:8;):/54� '4*� 685*;):/54� /9�
-8':+,;22?�')145=2+*-+*��

���
����������������

������
���������

�����������������
	����������
������
����������

�

� �);<-:F;�#0-;1;�16��175-,1+)4��6/16--:16/�


������!����#� ������������������� �� ���������
�����"���� � ��������	�� �����������������
���
���������	���
�
�
�
�$ �!%�"�!"�� �!�����!����#����������!�������!�"#������!�"&(��
��"#�#$#����� ��!�����%�!"�#(�����  ������������"����"#�#$#����!�
$�������#�!���	������!����
$�	�
	'�����!"�� �!�����!���!����������#���!����!����#����������!�
� ������������������������������
� � � �
�����	�������
�7:�<0-������;780)/-)4������:72-+<�'	(�)�>-:;)<14-�
)6,�:7*=;<�;-<�7.�;1/6)4�8:7+-;;16/�)4/7:1<05;�?);�
,->-478-,�� #0-;-� )4/7:1<05;� 0-)>14A� :-4A� 76�
)=<76757=;� 416-):� ;<)<-� ;8)+-� 57,-4;� ���""�;��
<0)<� )447?� :-+=:;1>-� +758=<)<176;� 7.� ;9=):-,� -::7:�
+7;<�.=6+<176;���-;81<-�<0-1:�),>)6<)/-7=;�.-)<=:-;�
)6,� 87?-:� ;)>16/� 87<-6<1)4�� <0-� 1584-5-6<)<176� 7.�
<0-;-�5-<07,;�16�-4-+<:761+�0):,?):-�413-�)6������
��1-4,� �:7/:)55)*4-� �)<-� �:::)A�� 7:� )6� �"���
��8841+)<176�"8-+1.1+� �6<-/:)<-,��1:+=1<��0);�67<� A-<�
*--6� :-)41B-,� '	(�� �6� <01;� ?7:3�� <0-� .-);1*141<A� 7.�
0):,?):-� 1584-5-6<)<176;�7.���""�;�?);�;<=,1-,�
)6,�)�;1584-�A-<�87?-:.=4�)4/7:1<05�?);�16<-/:)<-,�
16� 	��65� ���"�� #0-� +018� ?);� 78<151B-,� ?1<0�
>):17=;�):+01<-+<=:)4�87?-:�<-+0619=-;�.7:�47?�87?-:�
+76;=58<176�� � �6� 7:,-:� <7� ,-;1/6� )6,� ;15=4)<-�
57,-4;� ?1<0� .);<� 1<-:)<176;� 76� ):+01<-+<=:)4� 4->-4��
�1/0��->-4�"A6<0-;1;����"��1;�=;-,�'
(��

���
��������	��
��	��
%-�):-�16<-:-;<-,�<7�1584-5-6<�)6�-,/-�,-<-+<176�7:�
+0)6/-�8716<��,-<-+<176�)4/7:1<05�16�0):,?):-��?01+0�
1;�)�?1,-4A�=;-,�5-<07,��-�/��<7�,-<-+<�76;-<;�7.� !"�
?)>-;�16�����;1/6)4;���1/��	����
�

�
���������������&��&�"!���"$�&� �'%�!��'&"!" "'%���!��$�

�&�&���#�����"���%������%��
�

�;�)�.1:;<�;<-8��)�01/0�4->-4�"15=4163�57,-4�16+4=,16/�
)�<-;<�.:)5-?7:3�0);�*--6�+:-)<-,��?01+0�;-:>-,�);�
)�/74,-6�:-.-:-6+-���-@<��.7=:�5)27:�)6,�.1>-�5167:�
0):,?):-�57,-4;�?1<0�?7:,�4-6/<0;�7.����	
�)6,�	�
*1<;�):-�,-;1/6-,��#0-�6-?�57,-4;�):-�);;-;;-,�16�
<0-1:�-,/-�,-<-+<176�9=)41<A�5-);=:16/�<0-�;-6;1<1>1<A�
)6,�;8-+1.1+1<A���.�;=..1+1-6<��$����+7,-�1;�/-6-:)<-,�
=;16/� )� �����7,-:� )6,� <:)6;.-::-,� <7� <0-� �"���
<774+0)16�� #0-� $���� .14-;� ):-� .1:;<� +0-+3-,� 16� )�
,A6)51+�<1516/�;15=4)<176�*-.7:-�)6�!#��;A6<0-;1;�
1;� 8-:.7:5-,�� #0-� ;<)6,):,� 47/1+� +-44;� ):-� <0-6�
84)+-,�)6,�:7=<-,�)++7:,16/�<7�<0-�/)<-�4->-4�6-<41;<�
)6,� 78<151B-,� .7:� 87?-:�� 8-:.7:5)6+-� )6,� ):-)�
�������?014-�-6;=:16/�<0)<�67�<1516/�>174)<176;�7++=:��
#0-�.16)4�+018�0);�<7�=6,-:/7��+):-.=44A�<-;<16/�*-.7:-�
5)6=.)+<=:16/��

�
������
#0-� 8-:.7:5)6+-� 7.� <0-� -,/-� ,-<-+<7:� 01/04A�
,-8-6,;� 76� <0-� +07;-6� ?7:,� 4-6/<0�� �� *1<� ,)<)�
:-;74=<176�0);�;07?6� <7�*-� <0-�)*;74=<-�51615=5��

�77,�,-<-+<176�1;�)+01->-,�?1<0�	
�*1<;�)6,�)*7>-��
?014-�:-)4�-;780)/-)4�����;1/6)4;�6--,�)�51615=5�
:-;74=<176�7.�	�*1<��#0-�,->-478-,�6-;<-,�.1@-,�8716<�
+76>-:;176�5-<07,�:-,=+-,�<0-�87?-:�+76;=58<176�
*A�����)6,�<0-�+7:-�):-)�*A������
#01;�4-),�<7�)�51615=5�+018�;1B-�7.�	�����55�@�	�����
55�?1<0�)� <7<)4� 87?-:� +76;=58<176�7.� 	��
�E%�)<�
�����$�)6,���*1<�,)<)�:-;74=<176���1/��
���
�

�
�

����������)"'&�"���!�����&��������&��&"$��!����! ������
 ��%'$�!������
�  �(���	���  �

�����������
%-� ;=++-;;.=44A� ,-576;<:)<-,� <0)<� -..1+1-6<�
1584-5-6<)<176;� 7.� )=<76757=;� 416-):� ;<)<-� ;8)+-�
57,-4;� 16�0):,?):-�):-�87;;1*4-���-<07,747/1-;�<7�
:-4)@� <0-� .1@-,�8716<� 8):)5-<-:� :-;<:1+<176� ):-� >-:A�
,-;1:)*4-�<7�-@<-6,�0):,?):-���""��+)8)*141<1-;�<7�
57:-�+7584-@�;1/6)4�.14<-:16/��

�
�
�
��
��
'	(� !�� ��� %14,0)*-:�� �7+)41B-,� ")<-� "8)+-� )6,�
�74A6751)4� �14<-:;� ?1<0� �8841+)<176;� 16�
�4-+<:7+):,17/:)80A���0��<0-;1;���#��&=:1+0��
�	���
'
(� "�� �70)6<A� -<�� )4��� �7?�87?-:� �1/0��->-4�
"A6<0-;1;�.7:��)67;+)4-����"��1:+=1<;��

�������
	�
�
����
�� ;8-+1)4� <0)63;� /7-;� <7� �0:1;<7.� �)-:1;?A4� ?07�
8:7>1,-,�5-�)�47<�7.�01;�367?4-,/-�16�<0-�,1/1<)4��"���
,-;1/6� )6,� <7� �:C,C:1+� %)4,5)66� ?07� 0-48-,�
7*<)1616/�<0-�,-;1:-,�:-;=4<;�.:75�<0-�4541*�41*:):A����
?)6<� <7� <0)63�!-<7�%14,0)*-:�)6,��):+-4��)+75-<�
.7:�<0-�/77,�/=1,)6+-�,=:16/�<0-�+7=:;-�7.�<01;�?7:3�

�

���
����������������

������
���������

�����������������
	����������
������
����������

�



54 Master of Science in Biomedical Engineering 2021

� Master’s Thesis in Biomedical Engineering 
�

Experimental, Theoretical and Computational Analysis of  
Conical Implant Press-Fit in Bovine Trabecular Bone 

Marcel Aeschlimann 
 

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

Introduction 
Nowadays, orthopaedic implants are widely used. A 
successful implant has the ability to sustain load with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
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&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  
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&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion 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 with-
out 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 out-
come. To increase the reliability of the FE method, 
validations with experiments are essential. There-
fore, the goal of this thesis is the development of an 
H[�YLYR press-fit experiment resembling total hip ar-
throplasty (THA) and the validation of an explicit FE 
approach that models the bone-implant interface dur-
ing 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 cen-
tric hole (pilot hole) was drilled and micro-computed 
tomography (ȝCT) scans were made. The bone vol-
ume to total volume (BV/TV) ratio was determined 
using the ȝCT scans. The samples were divided into 
three groups with the same BV/TV distribution. Three 
cones, resembling a femoral stem, with different sur-
face treatments (smooth, middle, and rough) were 
manufactured. The experiments were based on a dis-
placement-driven quasi-static cone insertion into the 
pilot hole, while the force-displacement curve was ac-
quired. 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 homoge-
nised finite element (ehFE) method with element de-
letion. The results were then compared with the ex-
periments. Furthermore, a feasibility study on the lat-
eral 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 exces-
sive shift in lateral direction. A typical force-displace-
ment 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 result-
ing forces by its BV/TV, the influence of the cone sur-
face treatment was clearly visible. Correlations be-
tween simulated and experimental forces were R2 > 
0.90 for all groups. Simulated unloading stiffness of 
the smooth group correlated nicely with the experi-
mental data (R2 = 0.88). Finally, the cone displace-
ment direction and magnitude were qualitatively well 
predicted by the simulation (experiment: 1.25 mm, 
simulation: 1.44 mm) (Figure 1b).  

�
�
)LJXUH���� D��([SHULPHQWDO�DQG�VLPXODWHG� UHVXOW�RI� VDPSOH�
&������%9�79� ���������E��5HJLVWHUHG�WUDEHFXODU�VWUXFWXUH��
EHIRUH��UHG��DQG�DIWHU��JUHHQ��FRQH�LQVHUWLRQ���

Discussion 
In this study, the force and stiffness generated 
through a conical press-fit mechanism were meas-
ured in experiments, analysed with a rheological 
model and simulated by ehFE. In particular, the influ-
ence 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 ben-
eficial for assessing primary stability and micromo-
tion of femoral stems in THA surgeries. 
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Social Media

Follow the ARTORG Center on LinkedIn 
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