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Introduction

BIOMECHANICAL DEVICES
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Introduction — Biomechanical Implants Arterial Coarctation
Total Hip Arthroplasty (THA) Endovascular
Abdominal
Aneurysm
Repair 2

PEN-A Targon PF

Screw-Rod Fixation Systems
for Instrumented Spinal Fusion Surgical and endovascular techniques for
the treatment of intra-cranial aneurysms %)

Intramedullary implants for the
fixation of proximal femoral fractures

2) Endovascular Abdominal Aortic Aneurysm Repair : J.L. Eliason, MD et al. : Circulation. 2008;117:1738-1744
D Perrone, R. D. et al. (2015) Vascular complications in autosomal dominant polycystic kidney disease Nat. Rev. Nephrol. doi:10.1038/nrneph.2015.128
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Introduction

MOTIVATION FOR SIMULATION SUPPORT IN
ORTHOPAEDICS AND ENDOVASCULAR SURGERY
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Motivation - Orthopaedics

* Implant development is down to the
present day done on empirical basis

* Selection of type, size and placement
position is done based on experience
and knowledge of the attending surgeon

* The probability of mechanical complications
cannot be quantified

* Mechanical complications induced by
unpredictable bone remodeling:
—  Cut-Out of the neck screw
— Implant movement

— Screw loosening
— Implant failure Implant Fracture Proximal femur

failure treatment fracture

Dr. med. Jirgen Degreif - Klinik fir Unfallchirurgie und Orthopadie - Klinikum Esslingen

1) Images: Prof.
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Motivation - Orthopeadics
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Central mechanism: Bone remodeling

Bone remodeling is induced by mechanical activation
— Osteoblasts =» synthesize bone tissue

— Osteoclasts =» break down bone tissue

Mechanical activation translates to:
Transient strain patterns within bone’s micro-structure

Quantitatively correct prediction of bone remodeling = Cancellous
Determine factors that influence transient strain patterns Bone Structure
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Motivation — Endovascular Surgery

Abdominal Aortic Aneurysms (AAA)
* Selection of treatment technique, based on
* experience and knowledge of the attending surgeon
e Point in time of treatment is determined based
on general measures
— Diameter > 5.5 cm ?
— Growth rate > 0.5 cm / year
5

* Probability of a rupture can not be
quantified patient specifically

* In case of EVAR the probability of Endoleaks
can not be quantified patient specifically

2) http://medical-dictionary.thefreedictionary.com/Aneurysm; 3) http://en.wikipedia.org/wiki/Stent 4.) Endovascular Abdominal Aortic Aneurysm Repair : J.L. Eliason, MD et al. : Circulation. 2008;117:1738-1744
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Motivation — Endovascular Surgery

Cerebral Aneurysms
* Treatment methods:
— Guglielmi detachable coils (GDC)

— Stent assisted GDC Aortic Coarctations
— Flow diverters e Birth defect that causes
*  Complication — upper-body hypertension

— Thromboembolic events — lower-body hypotension

e  Critical factor: Pressure drop across
narrowing

— Device malfunction

* Indicators for complications o
: . * Treatment
— stagnation of blood flow inside the aneurysm Y
— Surgery

— residence time inside the aneurysm
— Stent placement

— balloon angioplasty
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Introduction

PHYSICAL CLINICAL TRIALS, E-HEALTH AND
VIRTUAL (IN SILICO) CLINICAL TRIALS
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Limits of Physical clinical trials (PCT)

* Relate global measures to secondary effects  E.g.: Ohtori et al.

Comparison of teriparatide and bisphosphonate

.. * treatment to reduce pedicle screw loosening

) Compllcathn rates Tota i Artptaty after lumbar spinal fusion surgery perspective.
are stagnating even

for well known devices
— Modern THA known

* Based on trail and error

* |dea of trial:

— Both medication are known to improve
bone quality which is the more effective

for +50 years ; one
Problem: — Two groups with respective medication
No deeper understanding for the causal — One control group
connection of body internal mechanisms * Result:
can acquired — No effect of bisphosphonate compared

to control group
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eHealth

* Integration of Information and Toomas Hendrik llves, May 2012

Communication Technology (ICT) into the “We know that in healthcare we lag at least 10
years behind virtually every other area in the

health sector implementation of IT solutions. ...”

 Regarded an important
field by the European

Commission (EC) “Short-term and mid-term research priorities
e eHealth Action Plan 2012-2020: Innovative include health and wellbeing solutions for citizens

health for the 21st t and health professionals ...
calthcare forthe 2Lst century Particular attention is paid to the design and user-

centricity of mobile technologies and applications.

Section 5.1. Supporting research, development and
innovation

Critical Problem with mobile devices & data There will be an additional focus on ways of
o ) analysing and mining large amounts of data for
mining: Extension of PCT methodology the benefit of individual citizens, researchers,

practitioners, businesses and decision makers.”
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Virtual (in silico) Clinical trials

* eHealth Action Plan 2012-2020: Innovative The Avicenna Roadmap

healthcare for the 21st century “in silico Clinical Trials: How Computer

Simulation will Transform the Biomedical
Section 5.1. Supporting research, development and Industry”

innovation
* Coordination and Support Action funded

by the European
Commission as part of
the Seventh Framework
Program for Research and
Technological Development u silico

Clinical Trials:

Biomedical Industry

“Longer-term research objectives address topics
that can promote synergies between related science
and technologies, and accelerate discoveries in the
area of health and wellbeing. They include in silico
medicine for improving disease management as
well as prediction, prevention, diagnosis, and

treatment of diseases.” * Duration:
October 2013 - September 2015
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Simulation Approaches

BONE-IMPLANT-SYSTEMS
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Passive Active

Training
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1)  Granito diaz - https://en.wikipedia.org/wiki/Somatotype and constitutional psychology#/media/File:Bodytypes.ipg
2)  Ralf Pfeifer - https://upload.wikimedia.org/wikipedia/commons/5/57/Fosbury.gif
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Global Geometry Acquisition

Direct methods

*  Clinical computer tomography (c-CT) -
*  Magnet resonance imaging (MRI) ray

*  Both methods
— Directly deliver 3D data

-

— Are not common in operation planning for every device Clinical CT
Indirect methods 3
* Xray =
* DXA-Scans |
. QT |

*  For DXA and X-ray transfer methods from
2D to 3D-geometry are under development. Cf.e.g. :

— Ahmad et al. about Volumetric DXA?)
— Engelke et al. about 3D Assessment of Ostheosynthesis3)
Full body

DXA scan

1)  https://commons.wikimedia.org/wiki/File:Ganzk%C3%B6rperDEXAscan2.ipg
2)  http://onlinelibrary.wiley.com/doi/10.1002/jbmr.140/abstract
3)  https://opus4.kobv.de/opus4-zib/frontdoor/index/index/docld/5621
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Indirect methods

Indirect methods
* ¢-CT, MRI, DXA

* Provide averaged measurements
of local bone geometry

* Measured data are translated by means of
transfer functions to averaged elastic properties

* Transfer functions are determined via experiments

c-CT data

Direct method

*  Micro focus computer tomography ( 4-CT )
* Isotropic resolution: 4Ax; ~ 0.02mm

* Not possible for living tissues

* Current approach at HLRS in cooperation with I
Medical Center Heidenheim e

simulation mesh

08.09.2017
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Acquisition of passive forces
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Forces

All outer forces not related to muscle activation ody. | Worke

weight | loads

Passive forces can not directly be influenced by the patient’s behaviour

Bodywelght
Total weight
— Body fat percentage
— Bone mass
Muscle mass

Workloads
— E.g. resulting from device or machinery usage
— Transient patterns directly accessible

— Measurements during facilitation of devices
— Structural mechanics simulations
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Acquisition of active muscle forces
[ Muscles |
Muscle Forces by Usage o
. . Usage I Training

* Determine behaviour patterns

— Direct request from patient (Surveys) Muscle Forces by Training

— Harvest personal devices like activity *  Most muscle systems are over-determined

trackers * Muscle activation patterns
* Muscle forces are not directly determinable resulting from training depend
* Indirect determination by means of multi- on patient’s history
body Simulations with inverse dynamics * Individual activation patterns

«  Multi-body systems support no detailed are only detectable by

measurements
— Directly by EMG

local geometry
* Apply determined load

collectives to detailed — Indirectly by biomechanical
simulations of local measurements in connection
transient strain fields with inverse dynamics

1) http://www.anybodytech.com/fileadmin/downloads/boxliftsmall.jpg
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Simulation Approaches

ENDOVASCULAR DEVICES
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Current Modelling Technique

 Modelling from Aortic-Valve to lliac-Bifurcation

* Modelling based on computer tomography (CT) or
magnet resonance imaging (MRI)

* Rigid walls (Only fluid domain modelled)

* Transient boundary conditions derived
from literature

e Newtonian Fluid Model
* Transient simulation

e Simulation with commercial and Open Source CFD
packages StarCCM+, Ansys-CFX, OpenFoam

() 02 0.4 06 08 1 12
tls]
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Boundary Data & Fluid Structure Interaction

* Phase Contrast Magnet Resonance Imaging (4D-MRI)

 Time dependent 3D images
— 3D MRI “Image”
— 3D Flow
— 3D velocity components

 Time resolution of ~ 20-25 Frames / Pulse

* Currently under investigation:
— Precision of data for boundary determination
* Problems with continuity even in large vessels
* Problems with resolution in smaller vessels

— Elastic properties of surrounding tissue for FSI
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Calibration to Patient via PC-MRI — Aneurysm Case

Transient BC of aortic
valve gives better results
than Hagen-Poiseuille
condition at inlet

|
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VIRTUAL CLINICAL TRIALS
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Virtual Clinical Trials — Cohort Sizes

THA — Heidenheim Medical Centre
* 250 Cases per year
* Data acquisition:
— Conventional X-Ray Preoperative as well as postoperative 3, 12 and every 24 month

« ~80 Cases eligible for extended Data acquisition
— MRI Preoperative

— Periprothetic DXA scans pre- and postoperative: 3, 12 and every 24 month
* At least 4 assessments for simulation process calibration

=>» 4 year setup project would end up with 960 input data sets, models and results
=>» Current computing resource requirement per case ~ 1 Node day
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Virtual Clinical Trials — Resource Estimations

Peter Helwig, et al. Gliding nail

Finite element analysis of four different implants

inserted in different positions to stabilize an idealized \ /

trochanteric femoral fracture
Injury, March 2009 (Vol. 40, Issue 3, Pages 288-295)

4 Implants x 2 Positions x 3 postop. Evaluations

=» 5760 Simulation results

=>» have to be analysed, evaluated and assessed

Missing method in process chain:

Advanced comparison methods for result assessment

caudal

carnial
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SUMMARY AND CONCLUSION
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Data Integration for Biomechanical Device Assessment
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Thank you for your attention !
& be welcome to ask questions
As you might have noticed we had to remove several pictures due to unclear copyright.

If you whish to get a copy of the complete slides we’ll be happy to provide them.
Please send your request to schneider[at]hlrs.de
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