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Abstract

To efficiently provide tailor-made hip joints, assgm environment was developed. Our 3D-based peeatipe plan
assistance system, we called JointVision, was tesgdbject the artificial hip joint to simulatiofee determining optimal
placement and size. The position information gitacement enabled stress simulation. The CAD mofittle artificial
hip joint implantafter the design is used in implant placement Ktian, stress analysis, and verifying the shapk an
arrangement. Théiead, socket, and stems are constructed by arragldmeam melting (EBM) device of Arcam
Corporation.
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1. Introduction we describe the details of interactive design fprjaint
implant for each patient. We also describe oursstre

One of the problems associated with population ggn simulation method for a tailor-made hip-joint impia

the increased occurrence of hip joint diseases fesult,
the need for the total hip arthroplasty (THA) is . . . :
increasing. THA is a surgical technique used for 2. Overview of tailor-made implant design
replacing hip joints with artificial components (an 2.1. Pre-operative planning of THA
assortment of implants). Before starting the suyrgtire
doctor must carry out the pre-operative planningtie

patient by using two-dimensional computed radioyap ye\acement arthroplasty (THA) is first importates In
(2DCR) images of the limb or/and three-dimensional ., approach, the doctor selects the pre-definech,st
computed tomography (CT) image. In the pre-opegativ anq checks the pre-defined stem by using CT imae,
planning, the doctor needs to decide the appr@tige  adjusts the size and length if needed. After the
and size of the total hip joint implant parts. He®e  parameters in the design table have been changed
since the hip joint implant parts are manufactured interactively, the CAD model of the implant has
advance, and they are not the tailor-made, itffedit to generated automatically. Therefore, a tailor-made h
fit the implants for each patient bone shape p#yiec implant design step needs trial and error by fittia the
The surgeon must select the most appropriate side a shape of the patient’s bones and joints. Figurédws
combination of hip joint implant parts from the bhurre. our concept from pre-operative planning to surgery
In order to improve the problems, we propose theorder to provide the optimal tailor-made hip-joint
designing approach for tailor-made hip joint imptaon implant to the patient.

a computer-aided design CAD) system in the treatmen

of hip joint diseases. In our approach, A CAD opara
Planning

and doctors design the shape and size of hipijoipliant /
on CAD system interactively. The model can be d N
by EBM made implants
0 |
\\\ //

designed to match the bone surface since the diapes
Figure 1 Concept of tailor-made implant design

In order b provide tailor-made hip-joint implant for each
patient, pre-operative planning of total hip-joint

follows the curvature of the surface of the expobrte
triangulation mesh of bone. Furthermore, the bdams
and the designed stem are eventually converted intc
tetrahedral mesh for stress analysis, and evaluited
several ways. Finally, the most appropriately sHape
stem for the hip joint diseases is manufacturediging

an electron-beam melting (EBM) device. In this pape
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2.2. A Pre-operative planning system

[#] DesignTable-JMM-B - ¥ —xls [EHE—F]

In order to provide tailor-made hip-joint implants A | & |6 b B
efficiently, we have c_ievglqped a pre-operative piag CEEA CEEA HO ‘;w\ﬁ@ T E ‘ij\y‘v'ﬁ
system, we called JointVision [1-3]. The systempsufs (dog)  [tmm) el xA (mm) EA

. . . 1 {rm) (deg)
the acquisition of CT images of the entire lengtgsl,

. . . i 30 85 2 14 145 4

and pre-operative planning for total hip arthroplagn g 20 55 2 14 145 4
the pre-operative planning, we have specified theps 4 30 1o 2 14 145 4
and the position of tailor-made hip implant, atie - i T :

generated triangulation model is recorded as ad soli
model by wusing a universal CAD system. The
CAD/computer-aided manufacturing/CAE systems used
in this study were CATIA Version 5 (e.g., for arehg

the stress between the designed plate and borecsyrf
by Dassault Systémes [4Ve have designed tailor-made
hip-joint implant by adjusting each parameter, sash
length, angle for each part, which was defined as
parameters on basic shapes (template). It is deskib
parameterize each size after designing basic shapes
CATIA. We can change these parameters by using
EXCEL of Microsoft Corporation, and after the
adjustment of each parameter, the CAD model can be
generated automatically. Figure 2 shows the bagic h
implant shape (stem), and Figure 3 shows the design
table. The modeling of tailor-made hip-joint impidras 5
done by using the design table. For example, teeip Ylgﬁ A
hip implant shape (stem) is generated by chandieg t
parameter values in the design table. We have wedig
cement type hip implant, which is to fix to the leonith 3
bone cement. Therefore, the stem stiffness is very
important. The material we used is Co-Cr-Mo alleg .

called COBARION. The material has the features that3'1' Worksheet based design appr oach

have high rigidity (stiffness), and is difficult tbend. Thoughour method using this worksheet has been used
Therefore, it is suitable for the cement type stems to design in a conventional CAD modeling, more
addition, using this support environment, we have efficient design can be achieved in our approdaoh.
designed and manufactured tailor-made hip-jointigmp ~ order to increase the degree of freedom in shapgmle

by using an electron-beam melting (EBM) device (fég ~ Of tailor-made hip implant, we have added more
4), and have verified its effectiveness. parameters in the worksheddecausethere are large

individual differences for the shape of bones andates

in human bodyln addition, when we can't fit the shape
DE-Mv-C_cementea-stem model in human body in these parameters, it is also
”””””””” possible to design the shape model without the
worksheet, and directly modify the shape model &bC
system.The CAD data after the design is used in implant
placement simulation, stress analysis, and vegfyire
shape and arrangement.
Figure 5 shows the left head, socket, and stentsatiea
constructed by an electron-beam melting (EBM) devic
of Arcam Corporation. The right white stem is
constructed by 3D printer with ABS materials. It is
advantageous in term of cost to use 3D printerureid
shows the comparison of before and after polishirge
_ geometry models of the stem, head, and socket)léma

. A generated by using the parameter table of Figure 3.

Figure 2 Tailor-made hip implant basic models

Figure 3 Parameters of design table

Figure 4 An electric-beam melting (EBM) device

. Tailor-made implant design
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treatment after the molding strain. It is not neegg the
mold in order to create the metal parts directlyrr€ntly,
the EBM device, which is a very high price, hasrbee
introduced widely in the manufacture of the prosihién
the medical fields, military industry, aviation, s
industry, and so on.

3.3. Extraction of bone mor phology

Three-dimensional (3D) images of bone morphology ca
; be obtained easily with a computed tomography (CT)
; scanner. The implants are produced based on data
obtained from the CT images and can thus be talltre
specific patients. Although there are individual
differences in bone morphology, it is possible to
accurately acquire the necessary parameters acidatiel
the morphology by using a 3D image processing sysbe
measure the CT images. For this work, we used Velum
Extractor—a 3D visualization system researched and
developed at Iwate Prefectural University [6, 7hlvme
Extractor can be used to perform the following $ask
reads CT images, 2) edits CT images, 3) performs
visualization by means of volume rendering, 4) mess
lengths, angles, and volume, and 5) has a polygon
conversion function (Figure 7).

Figure 5 Stem, cap, socket constructed by an EBM device

Figure 6 Stem, cap, socket of before and after polishing

Measure Manager

|

3.2. An Electron-Beam M dting (EBM) device

An EBM device of Arcam Corporation consists of
electric beam gun, chamber (3D printing room), fneta
powder tunk [5]. The electric beam projected from
electric beam gun melt metal powder slice by slare]
metal products are generated finally. The EBM devic
makes it possible to manufacture a high-quality ainet
part. Since the laminated dissolution has beenethaut
in a vaccum, it has the merit that there is no
contamination of impurities. Furthermore, since ahet

| @@ aHE® = 46| | -

powder that was not dissolved in the chamber isses, i — 3=
a high recycling rate of the material has achieved. S
EBM device, we can use several metal powders, asch Figure 7 3D visualization system of CT images

stainless steel (Steel Use Stainless SUS), titarlioy

(titanium alloy), cobalt-chromium alloys (Co-Cr-Mo Basic shape templates and parameters are preseisso
alloy), and so on. Therefore, it is possible toelep the  easy to generate a computer-aided design (CAD) imode
products depending on the application, when necgssa without requiring advanced CAD operation skills.r Fo
In addition, the EBM manufacturing system is diélet  example, after selecting a row with a standard eng|
from the pressing and casting, the mold and the healength, and thickness, a CAD model can be produgéd
treatment for removing strain after shaping paresrot  a single click. The CAD model is then output in a
required. The EBM approach is different with the stereolithography polygon format, enabling placemen

conventional casting or the direct pressing foratingg  simulations, stress analysis, and molding via gp8bter
the metal parts. It is not necessary to remove heabr an electron-beam melting device.
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3.4. Process flow of implant placement

Step-1) Determining artificial hip joint shape

An artificial hip joint placement simulation can be
performed in JointVision, and the appropriatendsthe
morphology can be verified. The suitability of tieagth,
angles, and thickness of the produced artificipljbint is
confirmed visually. If there is a problem, the shap
parameters are reset, and the artificial hip joint
morphology is re-altered. In the stage resultirogfrthis
work, the artificial hip joint is a tailor-made deg
matching individual body type. In the following pt
detailed checks are performed at the pre-operative Facing anteriorly

planning level. t )

Step-2) Orientation adjustment for volume image Figure 8 Adjust rotation to achievethetrue AP view
JointVision can assess CT images from freely mavabl
viewpoints, but the artificial hip joint placement
simulation displays the patella from anteriorlydan the
subsequent steps, this is the baseline for theiposind
angle of the artificial hip joint (Figure 8).

Step-3) Implant selection

If there is a wide gap between the artificial hiinj and
cortical bone, there is the possibility that thiixafg will
become defective. On the other hand, during actua
surgery for artificial hip joints that are largenspared
with the medullary cavity of the sort that necessis
trimming of cortical bone, there is the risk of edracture
and the possibility of postoperative femoral pain.
Therefore, for a cementless stem, the selectiom sife
that is not too small, not too large, and fits met
medullary cavity is important. Moreover, cementless
stems that are slightly too small are generally not
problematic. Figure 9 Implant size adjustment

Cortical bone

Implant

Step-4) Implant antever sion adjustment Step-6) Head position and placement

The human femoral neck axis has a 10-30° anteversio The head is installed at the tip of the stem, btiia time
angle with respect to the femur-malleolus axis, #m it is necessary to adjust the length by changimgrtck
femur head faces anteriorly. For artificial hip leement  size (Figure 12).

surgery, it is necessary to apply an appropriate

anteversion angle to prevent dislocation (Figurar@l Step-7) Socket position and placement

Figure 10). The socket is placed at the acetabular portiomempelvis
side. Socket size is determined in accordance with
Step-5) Final determination of bone cutting line acetabular morphology, and the installation positie
The following precautions are necessary to detegrifie determined in a manner that ensures sufficient bony
bone cutting line (Figure 11). support of the socket. It is possible to select ex@m

1) It is necessary to preserve enough bone stotken affixing and cementless affixing of surface-finighe
greater trochanteric regions to which the hip absluc sockets.

muscles attach.

2) The cutting position at the femoral neck ismapartant

point that determines the postoperative leg lergght is

necessary to plan with consideration for the oabimeck

length.
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Figure 10 Setting an anteversion angle appropriate for
the patient

Greater trochanter
(insertion point of gluteus medius)
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Figure 11 Deter mining bone cutting lines

The Cap overlaps the head
(.

Figure 12 Checking cap position
4. Stress Analysisfor THA

After confirming the installation position and skapy
means of an implant installation simulation, ipsssible
to analyze stress by applying the finite elemerthog in
CAD/CAM/CAE software, such as CATIA, SolidWorks,
MSC.Patran, and so on. This section indicates #ia d
conversion procedure for reading JointVision foruhata
in CAD/CAM/CAE software.

Step-1) Storing 3D image data

In JointVision, we store 3D image data in a forrmit
retains image position information and cross-seetio
image information (in JointVision, this is calleaet“jvd
format”). For example, multiple segmented and moved
3D images are saved with an accurate relativeiposit

Step-2) Storing positions of the implants and bones

In JointVision, after implant placement, the polggo

information for each implant and the affine
transformation matrix thereof are output. The affin

transformation matrix has the position and angle
information for the placed implants.

Step-3) Generating analysis mesh from iso-surfaces

We generate iso-surfaces from 3D images by Volume
Extractor, and output them in Step-1). Next, weuned
the number of polygons and padding for the gendrate
iso-surfaces. The iso-surface coordinate system the
image coordinate system.

Step-4) Placing theimplantsand 3D imagein WC
We apply the affine transformation matrix outputiad
Step-2) to the iso-surface data generated in Stem@
the implant data. The data generated in this séepbe
used for stress analysis and the posture check.

Volume Extractor was used in Step-3) in order to
approximate the 3D image bone portions with polygon
and to correct data unconformities arising fromsacdr
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error. The produced polygons are transformed imto a superiority of the alloy. The Iwate artificial hjpint is
analysis mesh by using FreeForm modeling system[8]tailor-made to match individual body types. In fioéure
Figure 13 is an analysis example of the stem andife plan, we will evaluate the proposed techniques $igqu
morphology by SolidWorks2011. The element number isseveral CT images of actual patients.

297352, and the number of vertex is 413815. Thhktrig

figure shows VonMises stress distribution of thetical 6. Acknowledgements
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