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Abstract. The paper presents the numerical analysis of stress and strain occuring in the
most wearable parts of hip and knee joint endoprostheses. In the hip joint that would be the
pair: the head - cup, and in the knee joint: sled - insert. The complexity of the processes
taking place both in natural and artificial joint make is necessary to conduct the analysis on
the 303 mode! and basing on alteady exisling mathematical models. Finite clements method
makes it possible to calculate the stress in particular elements of the tested model.

1. Numerical analysis of stress and strain oceuring in the hip joint
endoprostheses

The finite elements method enables one to calculate the stresses in respective
parts of the analytical model.

In available publications there have been presented the results of numerical
analysis of hip joint endoprosthesis in model 2D [1. 2]. Due to complexity of pro-
ceeding equally in natural and artificial hip it is critical to make an analysis in
model 3D |3, 4].

It is currently very popular to offer endoprostheses with a replacable cap in
metal casing. This solution allows one to decrease the operating area that the pa-
tient has 1o be subjected to when the endoprosthesis™ parts get worn, The cups and
casing are most commonly made of the alloy Ti6Al4V and an appropriate inscrt.
The replaceable internal element can be made of UHMWPE [5], bioceramics [6] or
- like in the most recent solutions - double-layer materials [7].

The mode! is based on dimensions of a real modular cup and endoprosthesis
head of AESCULAP Corp. offered by Plasmacup SC. A numerical analysis was
conducted on the ADINA program System 7.5.1. The geometrical model was elab-
orated basing on measurements of real cups and heads and on data pointed in the
catalogue by the producer |8]. The solid model was made dircetly in program
ADINA System 7.5.1.

Due to difficult modeling of connection ..cup casing - bone™, the contact area
was simplified to a common edge [9]. Technological holes, which are usually used
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head of endoprosthesis. Due to the contracts between the cooperating surfaces the
stress 15 transferred onto the cups.

Much lower stress values were provided by the pair: ceramic head - cup
UHMWTPE. As the butt point of cooperating surfaces is different in this case. the
obtained stress pattern varies as well. The strain covers a much bigger surface.
therelore the stress has been transferred to deeper layers, not only onto the cup. but
also onto its casing.

The lowest stress values were provided by the pair: the CoCrMo alloy head -
UHMWPE cup. In this case. the stress is also transferred through the polvethylene
cup onto its casing.

In all of the cases the stress is concentrated in subsurface layer of the endopros-
thesis head exactly in the area where the load is put into the set.

As the cup is replaceable and put inside the titanium casing. neither the stress is
transierred nor are there any displacements [rom the endoprosthesis o the pelvis
bone.

The highest strain occured in the cooperation between the ceramic head -
UHMWPE cup, With the highest load, the high strain of the cup was obtained and
reached (.084 mm in the surface arca. Also deeper layers., like the cup casing suf-
fered some strain.

The high strain of surface layer was also obtained in the case of polyvethylene
cup cooperating with the head made of CoCrMao alloy.

The otherwise case was of the pair: ceramic head - ceramic cup. The connection
point between the cup and the casing was strained mostly, as well as was the pelvis
bone.

2. Geometrieal model of knee joint endoprosthesis

The analysed physical model of the knee joint ought to be respective to the real
set as far as geometrical and material and load conditions are concerned. All sim-
plifications should enable o conduct numerical simulation and achieve tactual
results.

Numerical analysis of tribological phenomena taking place in artiticial joints al-
lows one to see the wear process of UHMWTPE polyethylene insert, used in knee
Joint endoprostheses, basing on a very simple wear model [13-15],

If we want to analyse contact strength or stress occuring in polvethylene insert. it is
enough to construct a simplified model consisting of a metal sled and a polyethylene
insert. which will let us settle the required values and analyse the phenomena occurring
in the [riction point of endoprosthesis,

The model presented in the paper consists which of the elements respective to all
parts of the endoprosthesis: thigh, tibia, and polyethylene insert.

The analysis was conducted on the ADINA System 7.5.1. based on the finite
clements method. It covered two types of inserts: spherical and flat.
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Table 2

Mechanical features and density of materials used for endoprostheses

Young module E Poisson’s Density
[MPq] coefticient v o [kgim']
CoCrMeo 21108 0.29 8300
Ti6AMY 1110 0.3 4300
UHMWPLE 1000 0.4 960

The calculations take a standard and simplified model of the system load. where
the load is put onto the upper surface of endoprosthesis sled.

2.3. Stress and strain analysis lor ,sled - flal insert” in the partial
endoprosthesis and ,,sled - spherical insert” in the Motta-Callca
endoprosthesis

The calculations were conducted lor partial and tolal knee joint endoprosthesis.
The most significant are reduced and contact stresses that occur in particular types
of polvethylene inserts. due to the fact that the weakest kinematic point of endo-
prosthesis is UHMWPT. polyethylene.

Contact stress pattern in {lal and spherical polycthylence inserts is shown in Figures
9and 10

Figure 11 presents the strain pattern of the material occuring under the surface
of the tlat polyethylene insert cooperating with the metal sled. The results of nu-
merical calculations [or particular geometrical models are presented in Figures 11,
12 and 13. The following values were taken for the analysis | 16-18]:

—  main slresses - &,.6,, 0.,
— reduced stress Hubera-Misesa - o,

— components ol regular strain in direction ol axis X - £,

o = é(a‘ —ad)(a —ad):

i m-

(1)

1 1
where: 0, =—0, = —(0' +0o, + O'\) - average siess
nr 3 i 3 1 2 3 =

For spatial (three-axis) state of stress. the stress tensor g, and strain tensor &,

arc:
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