A Biomechanical Study on the Posterior
Stabilized Total Knee Prosthesis
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Fig.1. Experimental system for loading test

A longitudinal load up to two hundred kilogram
force is applied on the tibial component fixed to
the tibial model or bone through femoral com-
ponent fixed to the loading machine. The
longitudinal strain on the tibial component is
monitored. The arrow indicates polyurethan
tibial model or bone.
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Fig. 2.

Strain gages attached to the
component.

Two strain gages are atteched to the anterior and
posterior surface of the tibial component twenty
milimeters apart and three milimeters from the
under surface of the tibial component.

tibial
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Fig. 3.

Tilt of the proximal tibial osteotomy.
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A, proximal tibial osteotomy with an anterior tilt of ten degrees; B, proximal tibial

osteotomy with a posterior tilt of ten degrees.

The arrow indicates the direction of load.
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Fig. 4. Model for analysis with two-dimensional finite element method.
A, material construction domains. In order to include the influence of different material
constituent of the experimental specimen, the model is divided into fifteen domains and
numbered. ; B, lateral thickness of the model (mm).



48 S

BIEFIALTREHLE, £, HECERERTY >~
e LTE 1 S ITERESBEROMED LD 2/
fo. TR ZDEFMCOWTORIMEOMEES %
RF., TO3BERYTVIVBIUVRI YV SY
7 4 — A TR ESE 1 OMERB TR o RES E R
T8, tnsTR, oREcBIZBEEZH
forlo~ie AT, KD v Ly o REE e AREEA
DTHED OBEDWTITR o 7.

3. BEROH, MWK
ERSENTER LTS, HaB 201 L (B6).
HHREMEIR, ERTOBEEFUEERLTREET
NVOEmE LT,

4. WEEMHF

PS ERERBIVHR—2 VDA LLDERQLER
FREEESicoBmmrRET 3 K PICHE 200 kef
MNIN2THELCARENZ ELL (H6), 2hid

[
!
|
|
1
!
1
|
|
i
1
!
!
i

2 2
=il
B X[ 23 4 32|t X lThickness
5
2 2 g ~

70 2

b 11 1 13’?\

c/ d/ \e f

Fig.5. Schematic presentation of a simplified
method of measuring the lateral thickness of four
different constituents (1, cortical bone; 2,
cancellous bone ; 3, bone cement ; 4, tibial com-
ponent of the knee prosthesis).
The upper schema (A) is a horizontal section of
the upper end of the tibia to obtain the model
with approximate thickness (B). X~X, sagittal
plane used for FEM analysis; a~g, blocks
consisted of each constituent with approximate
thickness.
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Table 1. Ratio of the area
Material
Domain
number Cortical Cancellous Bone Tibial
bone bone cement component

1 1.0000 - - -
2 - - - 1.0000

3 - - 1.0000 -
4 - - 0.7333 0.2667

5 0.2308 0.7692 - -

6 0.1000 0.6500 0.2500 -
7 (.1000 (.6500 0.0500 0.2000

8 0.6216 0.3784 - -

9 0.1000 0.9000 - -

10 (.3438 0.6562 - -
11 (.1600 0.4400 0. 0800 0.3200

12 0.1600 0.8400 - -

13 0.1600 0.4400 0.4000 -

14 0.2273 0.7727 - -

15 0.4516 0.5484 - -

The domain numbers are identical with the numbers in Figure 4A.

T

SR N

|

o

Table 2. Mechanical properties of each mater-
ials

Young's Poisson’s

Number Meterial modulus(MPa) ratio

1 Cortical bone 1.50x 101 0.30
(Polyurethan) 1.60x10% 0.36
2 Cancellous bone 9.80x 102 0.20
(Polyurethan foam) 2.65x 10! 0.40
3 Bone cement 2.00x10% 0.40
4 Tibial component 5.00x 102 (0. 40

The numbers are identical with the numbers in
Figure 5.

Fig. 6. Analysis model for two-dimensional finite
element method.
The model is divided into 178 elements with 201
nodes. P, point arbitrarily selected for a contact
point of the femoro-tibial joint ; Q, contact point
of the tibial spine and the transverse cam of the
femoral component ; 4, load direction ; A, fixed
point ; A,~A,, nodes of the anterior surface of
the tibial component; B,~B,, nodes of the
posterior surface of the tibial component ; A,, B,,
position of strain gage; A, Bs, bone-cement
interface.
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Fig.7. Effect of knee flexion on tensile and compressive strains.
Abscissa and ordinate indicate respectively the load and the strain monitored.
Knee flexion angle 0° (s, %), 30" (O, ®), 40° (A, &), 50° (o, ®). Open and closed
symbols indicate respectively strain at the anterior surface and strain at the
posterior surface. Data shown in Figures 7, 8, 9 and 10 were based on experiments

with polyurethan tibial model.
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Fig.8. Effect of the tibial component thickness on tensile and compressive strains.
Abscissa and ordinate indicate respectively the load and the strain monitored.
Tibial component thickness 7.5 mm (O, @), 10.5mm (A, &), 12.5 mm(0, ). Open
and closed symbols indicate respectively compressive strain at the anterior surface

and tensile strain at the posterior surface.
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Fig. 9. Effect of the proximal tibial osteotomy with an anterior tilt of ten degrees on

tensile and compressive strains.

Abscissa and ordinate indicate respectively the load and the strain monitored.

Knee flexion angle 0° (5%, %), 30° (O, @), 40° (&, A), 50° (O, =),

Open and closed

symbols indicate respectively strain at the anterior surface and strain at the

posterior surface.
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A Biomechanical Study on the Posterior Stabilized Total Knee Prosthesis
Yasunobu Sueyoshi, Department of Orthopaedic Surgery, School of Medicine, Kanazawa
University, Kanazawa 920—1J. Juzen Med. Soc., 97, 44—59 (1988)
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Abstract

The tibial component of the posterior stabilized total knee prosthesis has a central spine
(posterior stabilizer) for preventing posterior dislocation of the tibia. However, it is suspected
that this posterior stabilizer has adverse effects. That is, when force is exerted on the posterior
stabilizer, it generates tensile stress at bone-cement interface and promotes tibial component
loosening. In this study, the stresses at bone-cement interface of the anterior and posterior
portion of the tibial component were measured to evaluate the influence of knee flexion, tibial
component thickness and the tilt of proximal tibial osteotomy. Longitudinal load up to two
hundred kilogram force was applied on the tibial component through the femoral component fixed
to a loading machine. The tibial component was fixed either to polyurethan tibial model or
cadaveric tibia with bone cement. The longitudinal strain on the tibial component was
monitored by strain gages under several conditions. The two-dimensional finite element method
was employed for computer analysis. With the knee flexed over twenty degrees, tensile stress was
observed at the posterior surface of the tibial component while compressive stress was observed at
the anterior surface. The magnitude of the tensile stress at the posterior surface was less than a
quarter of the compressive stress at the anterior surface. These tensile and compressive stresses
increased as the knee flexion angle increased. The increase of tibial component thickness
definitely increased the tensile stress at the posterior surface, with a minimal change of the
compressive stress at the anterior surface. When the proximal tibial osteotomy was performed
with an anterior tilt of ten degrees, both the tensile stress at the anterior surface and the
compressive stress at the posterior surface increased. However, a posterior tilt of ten degrees by
osteotomy resulted in little change of stresses. The present study demonstrates tensile stress at the
bone-cement interface in the posterior stabilized total knee prosthesis. This tensile stress, which
would be a cause of loosening of the tibial component, was greatly influenced by the knee flexion
angle, tibial component thickness and the tilt of proximal tibial osteotomy.



