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Abstract: Technology of zo-called "digital templating™ iz based on 3D parametric medels of femur and
endoprostheziz af hip. It iz aimed in pre-opevarive plamming, primarily for artificial hip implane
selsction, as well as visualization tool for ather surgical activities planning. Parametric master model of
a femur iz developed from a series of 2D and 3D images obtained by different scanning methods, which
include both X-ray based and opiical In that course. for the mitial model we use optically zcarmad 3D
images gf cadaveric bonas and their educational replica. Generared cloud: of pointz are optimizsd
during reconsiruction process fo ensure proper polvsonization and cveation of surface and solid modei:.
Paramenic definition ef a femur uses a zat of crosz-sectional parameters thar provide amatomically
consistent individualization feustomization) of the master model Family tables for differemt desizns of
endoprosthesziz are also developed. The process of artificial hip implants selection azsumes automatic
pasitioning of a stem into femoral chammel during which developed control mechanizm caleulares both the
overlapping volume and the clearance benveen cortical bone and the stem. Depending on individual
characteriztics of a patient and orthopedic surgeon preferences the system ranks the altemanives and

vizualizes the corvespondent dara and solutions.

Kev words: Free-form modeling, reverse enginsering, femur, endoprosthezis

1. INTRODUCTION

Planning of the surgery and the cheace of type and size of
the implant 1z a2 wery mmpeortant part of precperative
preparztion of pafents prior to imstallahon hap
arthroplasty. Total lup replacement {THE]) is one of the
most apphed surgical operations todzy, alming in
elimnation of pam and restonng gait capabihtes. In a
total lop replacement, both acetabular and femoral head
are replacing by metal and plastic parts [1]. Tradibonally,
orthopedic surgeon uses transparent foils of the stem and
acetzbular cup together with X-ray film for selection of
proper mmplant tvpe and =mzes [1]. [3]. Extensive
development of the computer aszisted swrgery (CAS)
technigues brings new abiliges and mmch more precize
procedures [4], [7-9]. We present mew approach to so-
called digital templating of the THE precperative
planmng, based on 3D parametic medel of the proxamal
fermur and hip endoprosthesis.

1. PARAMETRIZATION OF FEMUR AND
PROSTHETIC IMPLANTS

2.1. Femur reconstruction
The approach to the reconstruction of the scanned object’s
surfaces depends on their peometrical regulanty, 1e

whether theze have proper shapes or represent free-form
(sculphured) shapes. The zlgonthm of sculptured surface

reconstruction 15 shown m Fig 1. and consists of three
complementing phases: the points phase the polygon
phase, and the surface phasze.
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Dunng scanming process a measurement system generates
cloud of pomnts that represents the shape of the scanned
object We used ATOS Ile optical measurement system.
Pomts phase uwsually mvolves optomzation and reduction
of the number of discrete shape samples In order to
simphfy the representation of an object for further
appheation, keeping its consistency and meamngfulness
[2]. [8].

Conversion of ophmuired cloud of points generates
polygonal model of the shape. Thiz phase ensures the
detection, removal, repair and relaxation of the szet of
polygons (fmangles) and determumes the level of
smoothness of the polvgonal swface through poise
reduchion

The surface phase results in the creation of WURBS-bazed
surface model using the smoothed grnid of the polygzonal
model. After the refinement. suwrface model 15 ready for
further application, which mcludes sohd modeling,
analy=s, ete. [4-5], [7-8].

1.1, Definition of femur axes

Parameterization of a fermur is based on determination of
characteristic cross sections and the set of sufficient
number of the parameters that desenbe formn’s shape
anatomacally consistent way., We present the approach to
femur axis determunation that uses the set of the centers of
gravity for the each charactenstic femoral cross sechion
{Fig.2}. The fermur axis consists of the two counterparts,
namely shaft's axis and peck’s axis, which are fitted fo
the set of charactenstic points and smoothed.
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Fig.2. dxis of a femur = shaft

From the anatomucal pomt of view, femoral head has
sphenecal shape. Determination of the neck and head axis
requmres the pownt of the head’s center, as well as the sat
of other spathal geometrical entities shown in the frontal
{Fig.3) and horizontal planes (Fiz.4).
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Fig.3. Axiz of a fomur’s neck in the fromral plane

Fig.4. Axiz of a_femur s neck in the horizental plane

1.3, Parameterization of the femur

The femoral axis is the support for the cuthing planes that
generate cress sectional profiles. The cuthng planes are
pormal to the smoothed axiz m the pomnts of the
aforementioned characterishic set (Fig 5.

Fig.5. Femoral croszs sectional profiles

In order to provide individuahzation (eustomizaton) of
the master model the appropnate sealing is requived.
Analvzmng the anatomacal feature: mven in the [3], [4].
[3]. [7] we have adopted the parameters, ther values and
ranges. Using the ranges and the extreme values in the
charactenistic femoral cross sections we have caleulated
scalmg coefficients shown mn the Table 1. To prevent
viclation of anatomical consistency dunng customuized
scalng we mfroduce the set of rules that have the role of

contro]l mechanizm

Table 1. Scaling cogfficients in the characteristic cross sections
e TR : Region and scale factor
x HWack shaft angle {ACD)
| Offzet (TAC)

Head diamater {A)
RA: from 0.79 80 1.50
Metaphyseal width (T4
RD: from O.71 io 156

¢ |7 Metaphyseal width ()
| Riz: from 058 ¢ 141
Metaphyseal width (E)
RE: from 0.7 1.79
Metaphyseal width (F)
RF: from 0.75 00 1.83
Intmameduliary diameter (B)
RE: from 0.56 82 1.77
Extramedullary diameter (B7)
| 8 . RB': from 0.82 10 1.47

348



3D parametric-based geometry of a femmr, which creates
so-called master model capable to adapt to custormzed
anatomec values of each individual patient. results from
blendmg operation apphed fo cross sechomal profiles
along femwral axis under mules of confrol mechanism
Figure 6 shows ooter 3D geometnes of femoral cortical (z)
and trabecular (b) bone.

[ [

Fig.6. 3D geemeny of cortical (a} and rabecular (b} bone

2.4. Implants parameterization

The model of an mmplant 1z defined by the sat of
parameters, which directly affect the selection process
[3-5]. [7]. [3): The most influental are stem shaft
diameter (A}, length (B). neck lenzth (D), and offset (C)
{F1z.7). These parameters, together with other ones that
completely desenbe implant desizn, define the famuly
table, 1e. the set of implants" models available on the
market, specific for a particular marnfachwer, or the most
frequently nsed mn a certam chmie.

Fig.7. Skeleton model of a stem

The same procedure 15 aplied for other parts of arhficial
hip prosthess.

3. DIGITAL TEMPLATE

The mplant selechon by companng the radiological
mages and implant film, although the most frequently
used, kas its own deficiencies. Omne of the main drawbacks
relates to the enlargement in radiographs. wihoch may not

necessarilly be m proportion to the real case, camsing
pismatching dunng the operation Development of 3D
dizital template aims in more precise and reliable pre-
operatonal planming.

Prior the mmplantation of a stem medullary cavity 1=
rezmed 1 order to extract the marrew and properly shape
the stem shaft intramedullary seat. Reamed medullary
cavity has straight axis that matches moplant’s axs, while
intremedullary canal matches spatial femoral axis. Hence,
spafial axiz of metaphv=is should be appromimated by a
straight lime. and addibonally set user defined planes that
define femeoral anteversion angle required for proper
implant mserton (Fiz.8).
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Fig.8. Profile of inremedullary canal and the model of a

reamer: af isometric view, b} horizonral plane view

Simnce the reamer has the regular shape, in the contrary to
mnm.eduﬂanrcmlthzthasmeguhrshape,me of the
important criteria in reamer shape and size selection 1s to
satisfy that the reamer profile tghtly circumeircle the
canal’s contour edges (Fig9). This entenon should be
fulfilled at az many cross sechons along femoral axis as
possible. Control mechamsm performs the ophmization of
the selection process.
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Fiz.9. Matching reamer size

Customization of the genenc model of a fomw requires
inputting parameters’ values (Tbll} by measunng
correspondent distances on radiographs (film or digial
format) (Fig.10a). According to the rules of the control
mechamism, the master model regenerates the master
models of fennuw and 1mplant (Fig. 10b.c).

Selection process uses implants’ family table to choose
between availzble alternatrves that suits cwrent parameter
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values and surgeon preferences. In additien, rules of the
control mechamsm check for other constramnts and
anatomical’surgical consistency — for instance, an average
clearance between walls of intremedullary canal and stem
body should be within prefmrred walue (Fig 1l). By
comparing the geometry of customized ferwur and
mtremedullary canal szhape the bwlt-in rules search for
optimal size and shape of the implant. Finally, the control
mechanism provides the alternatives ranking.

i) 1] i)

Fig.10. Regemeration of the master models - a) radiograph
of a proximal famur, bl master model of femur,
cl marching master medels af femur and implant

Fig.11. Checking the implant alternative

Confirmafion of the optimality of selected i1mplant 1=
performing by analysis of stem fitness in different cross
sections along femeral axms, i honzontal and'or fromtal
plane (Fiz.12).
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Fig.12. Srem fitness in different cross sections

Final stage of mmplant selection mvolves amalvsiz of
estimated bone mass that will be removed during reaming
and medullary cavity preparation for stem insertion
Figure 13 shows an eshmated bone mass of 9 grams, as
well 1tz distnbunion along the imtremedullary canal
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Fig.13. Eztimated removed bone mas: and itz disoribution
4. CONCLUSION

Technology of so-called digital templating provides more
precise preoperative plamming of total hip arthroplasty.
The methodelogy uses master (genenc) parametric
models of ferwr and implants that automatically
regenerzte upon entering customized anatomical values of
the prommal femur parameters. Automated procedure for
the amalysis of shape and size of the prosthesis prowvides
itz optimal selection in ezch mdnadual caze. Furtharmeore,
the analy=is may wield to determinztion of an mmplants’
1deal shape and size that supports the custom-based
prosthesis manufactuing.

In addiion the whole methodology may be used m
solving  eomechamical preblems (stress  amalvas,
deformations), prosthesis production. and education
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