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Abstract— The present work addresses the issue of Digital
Engineering (DE) and Digital Information Services h general
as applied to Orthopedics Surgery. In particular, he focus is on
Total Hip Replacement (THR) with the use of Compute Aided
Engineering (CAE) tools and practices.

Initially, current THR practices and the reasons hat novel
processes are necessary are given.
shortcomings of current methods and processes forHR are
analyzed. A presentation of the proposed methodolggollows,
along with a description of the developed customizeimplant.
The steps required are detailed in their natural oder. Digital
Imaging (DI) data are recovered from a Computer Tonography
(CT) device. The 2D data acquired are processed withe use of
custom developed software in order to become a fyll3D
defined geometrical description of the patients hipbone
structure. This geometry serves a dual purpose, gie it is used
for evaluation of the bone's stress conditions, asell as, for the
planning of the surgery and training of medical stif. Modern
Computer Aided Engineering (CAE) methods, in partialar the
Finite Element Method (FEM), are used to asses the
biomechanical behavior of the bone-implant system nder
various loading conditions. A Virtual Reality (VR) installation
is proposed, to assist the surgery planning with Re& Time (RT)
simulation of the implant's positioning and the revew of the
calculation results. Finally, THR demographic data are
presented, explaining the motivation for this work.

I. INTRODUCTION

The problems and

damaged hip joints with the use of artificial impie. These
implants replace the patient’s hip joint with a imecical
device that mimics the bone — hip connection [B]uife 1].
Although THR has been used for many years, theatipers
results are not always satisfactory. This is egpgcirue,
when the responsible disease (osteoporosis, #&thitis at
an advanced stage and causes anatomical malfongatio
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Fig. 1 Typical THR implant

Present THR has some limitations, leading to

Modern lifestyle and the overall aging of Europe’ssompromises in the operation procedure, as wellpast

population have increased the number of peopleesnff
from chronic musculoskeletal pains and motor impedits.
Advances in biomechanical science, over the lashdie,
have assisted in understanding musculoskeletahskseand
in their early diagnosis and treatment. DE toolgehhad a
significant effect on medical technology and suyger
practices. The design and analysis of artificigblants is an
excellent example of DE practices as applied to enod
orthopedics.

THR is a widely applied operation aimed at resigri
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operation problems affecting the patient’s life lijyaand the
implant’s lifespan. Such shortcomings can be the:

0 insertion of the implant with minimum traumatic
surgery,

o determination of the actual acetabulum and creating
new socket for the acetabular component,

0 preparation of the femur canal for the insertiorthef
femoral component,

o0 selection of the proper type and size of the implan

0 proper anteversion of the femur and

0 post operation balancing of the lower extremities.

Using an integrated DE methodology for THR allesaa
number of these problems [3]. Inserting the implianthe
femur and determining the proper anteversion argeea
Calculating the proper implant geometry, with rebts the
length and orientation of the femoral componentkesait
easier to define the distance between the pelhdsfamur.
Finally, maximum contact surface is achieved betwte
implant and the femur, leading to optimized load
distribution.



Il. METHODOLOGY

B. Boundary extraction methodology

The proposed methodology comprises of several stepsimages from CT scanners are usually noisy or have

[figure 2]. Initially, the patient in need of THR examined,
with the use of a CT system and the images, aadjdiicen
hospital scanners, are collected. Processing ofintages
follows, to prepare the data for the constructib@D curves

reduced resolution. In order for the process of niolay
extraction to be as successful as possible a fustee must
be taken, image enhancement/clearing. This stepisterof
image filtering, cropping and application of edgetattion

corresponding to cross sections of the patient'siebo algorithms so that the data can then be used aspah for

structure. With a user driven, automated technidoe
images produce a detailed 2D geometrical repretemtaf
the bone, for each one of the input cross sectieinglly, a
3D reconstruction of the pelvis and femur is creéaby
joining the 2D curve data.

The aforementioned 3D geometry is helpful for aatz
surgery planning, fitting, as well as, choosing uitesl
standardized hip endoprosthesis or designing aomustd
one, if required. Furthermore, it is possible todate the
bone-implant system under diverse operating caorhti
With the use of FEM, the stress levels developedhat
bones under specific loads are evaluated.

If the stress levels are within the proper limitse

the boundary extraction algorithm [5].

For the boundary extraction, active contours moudese
used. Active contours models also known as snakes a
energy minimizing curves that deform to fit imagatures.
They are used extensively in computer vision andgien
processing applications, particularly to locate eabj
boundaries. Snakes are curves defined within angéma
domain that can move under the influence of intefmrzes
coming from within the curve itself and externalrdes
computed from the image data (image force fieldhe T
internal and external forces are defined so thastiake will
conform to an object boundary or other desiredufest
within an image. In our particular application teature of

endoprosthesis is accepted and in case of a cusidmiinterest are the internal and external boundaffi¢isecbones.
implant can be forwarded for production with the ux a The process of boundary extraction is user driven a

Rapid Prototyping (RP) system.

This process is supported with
applications [4] that provide the medical stuffiwitaluable
insight and can also double as an excellent ecuretiool.

It should be noted that the described processsigded
to work in several iterations, if necessary. Insthiay,

previously mentioned, the user must define anahdontour

interactive VRiear the feature of interest and the algorithm &ilract the

nearest feature. The initial contour can be vempt e.g. a

circle around the bone to extract the outer boundar
There are two key difficulties with active contounsdels.

First, the initial contour must, in general, besgdo the true

problems encountered at any stage are correctedthend boundary or else it will likely converge to the wgpresult.

improvements are propagated back to the originsibde
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Fig. 2 Proposed Methodology [1]

I1l.  DATA ACQUISITION, PREPROCESSING ANIBONE
RECONSTRUCTION

A. Data acquisition from CT Scanners

The second problem is that active contours havecdties
progressing into boundary concavities. Several auzthave
been proposed to address this problem. Gradiento¥ec
Flow (GVF) image force field described in [6] and was
chosen for improving the initial image field so ttiiae initial
contour given manually by the user is not requiede too
close to the target boundary. This method of comguhe
image force field also sufficiently addresses thebjem of
progressing into boundaries concavities.

Another consideration is the performance of the lesho
boundary extraction process, several known optitioiza
techniques were applied (e.g. [8],[9]) for the festverge of
the active contours.

C. 3D Reconstruction

Having all the points of each contour, the pointe a
interpolated using cubic splines. A knot removgbaithm is
then applied in order to reduce the necessary dath
smooth the contours. The splines can be furtherifradd
through control point adjustment in the editor dfet
software. After the processing of the contoursompleted,

The data used comes from CT scanners, the standaid selection of the contours which will be stackegether

format that CT scanners use to exchange data i#aDigis done manually by the user. In that way all theividual
Imaging and Communications in Medicine (DICOM).pbranches of the object (bone) are created and jtieed.
Professional image toolkits are used to convertitita to an  For the final 3D surface reconstruction a skinrafgprithm
appropriate format for further manipulation in geftware. is used, the final skinned surface of the bone isva



parameter function (u,v), the u parameter is ddfibg the inside the femoral canal geometry, in order to wheitee the
boundaries obtained and the v parameter is definedntact or overlap areas. Furthermore, the fulermsdy of
automatically by the skinning algorithm. Specialrecas the pelvis, implant and femur can be examinedHergroper
taken in order the final surface does not have €1/Gyeometrical packaging.

discontinuities. Later the final 3D parametric miods B. CAE, FEM

converted to a triangular mesh according to a désir o
resolution and then visualized using OpenGL grapbiary. A FEM analysis is performed for the femur under
typical loading conditions for this kind of appli@n. In

D. Dataexchange and integration more detail, initially the femur and implant 3D geetries

The parametric model created from the 3D reconstmic are transferred to a CAE system. Material propeffie the
process can be extracted to standard 3D formatgg@eal bone and the implant are assigned to their correfipg
or not) for use in other software for further presiag like geometries, which are then discretized, mesheal vioiume,
tetrahedral, elements. The FEM modeling is comgldte
applying the proper boundary conditions and load@jghat
simulate a worst case scenario, considered as ehimank
[10] for evaluating hip implants [figure 4].

Fig. 3 3D reconstruction software

IV. ENDOPROSTHESISSELECTION AND CUSTOMIZATION

The 3D reconstruction of the patient’s bone stmeitan
be used for the selection of the implant. Usingbeaty of
3D models for standard commercial implants, a nfitti
analysis can help determine the optimum model. The
selection is based on contact surface, insertiath pad
geometrical conditions that are examined with tise of
advanced CAD systems.

The choice of a commercial implant is not suitafole
several patients, especially when highly irregtitemations
of the bone structure occur. In this case, givea 8D
geometry of the femur and pelvis, a customize
endoprosthesis can be designed. This kind of imylas the
advantage that it can be tailored to specific negménts.
The final design is then programmed for productignRP
facilities.

Fig. 4 Femur mesh

Once the modeling is complete, the solution phase
follows. The FEM analysis results, mainly in thenfoof
Von Mises Stress, are compared to the maximum aliow
stress values for the femur material. This analyars reveal
sensitive areas where the strength of the femur is
8ompromised. Furthermore, it serves as a pointer fo
Improvements and optimization of the implants gemyne
[figure 5].

V. BIOMECHANICAL ANALYSIS

Following the selection, or design, of the implaat,
biomechanical analysis is applied, in order to eiee the
stress levels at the patient's bone structure. kims of
analysis is based on standard engineering metlisds, for
decades in the manufacturing industry.

A. CAE, Geometrical Fitting, Packaging

The wuse of CAE applications facilitates the
determination of an optimum implant in terms ofitfig. In
particular, the geometry of the implant can be fmsed

Fig. 5 Stress results on the femur



VI. SURGERYPLANNING VIIl. DEMOGRAPHICS

Surgical implications are often depended on theatitum The proposal to develop a fully integrated procediar
of an operation. Thus, it is imperative that thegson is as THR is further supported by demographic data. Futur
much prepared as possible before operating onatiernp. projections of the THR market predict an estimdt&8&b.7
So far, it was possible to obtain knowledge of thenillion €. So far, in Greece hip implants are inedr A
patient's anatomy only with the use of 2D scandny8D number of 6000 operations annually is estimatedting
data and VR tools, better insight is given and eryrg roughly 20 million € to the National Health Systdon the
planning is improved and it is possible to simulaéite imports. Lack of technical knowledge and versatile
operation beforehand. production facilities are responsible for the noisi&nce of
Finally, with respect to standard medical protectthe local production.
information is stored for future use. Surgery répor

generation is automated to facilitate future reurisi and IX. CONCLUSIONS FUTURE WORK
follow ups of the patient's medical condition [figu6]. The use of DE tools is of enormous help to meditaf
and surgeons in particular. Regarding the apptioatif such

Im: 1 t lr RY,’I"\ f‘ﬁSZB rows, 512 cols methods to THR, it is possible to speed up operasiod
DFQV 500.0 mm} ol

recovery of the patient with proper selection af tplant
and surgery planning.

More detailed models, in terms of geometry, materi
and boundary/loading conditions, can be used iriutuge to
increase the accuracy of the simulations. Furthezmo
various types of CAE analysis, besides FEM, shbeldised
for the same reason.

Finally, providing the whole process in a standelo
package, with minimum user input, from CT imageféirtal
report, would be extremely beneficial. Especiatly fedical
staff, that is not trained to use commercial CAglaations.
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Fig. 6 Surgery Planning
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