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Abstract:

Objective ; To compare the local compressive strength at the middle of the weight bearing surface of
the femoral head and talar dome.

Design : Cadaveric and comparative experimental study. The compressive strength of the talar
dome and the femoral head were measured and compared.

Background : The prevalence of late collapse of femoral head from avascular osteonecrosis is higher

than that of the talar dome. The femoral head and acetabulum form a hip jeint with monoarticulation
whereas the talus itself has several articulations with several bones, so the talar dome distributes load
more effectively from it to the surroundings than does the femoral head. Compressive strength of the
weight bearing surface of the femoral head and talar dome, however, may play a role in late collapse.
Methods : Ten fresh cadaveric normal adult femoral heads and tali were obtained. A compressive
load was applied through an indenter at the middle of the superior quadrant of the femoral head and talar
dome by using a universal testing machine until a maximum load was obtained. The maximum load and
depth of depression at maximum load were recorded.

Results : The middle of the weight bearing surface of the femoral head could withstand an average
maximum pressure of 30.42 MPa. Itsstiffness was 929.04 N/mm and its depth of depression was 1.11 mm.
The corresponding figures for the talar dome were 49.64 MPa, 1631.65 N/fmm, and 0.96 mm respectively.

Conclusion +  This study showed that local compressive strength at the middle of the weight bearing
surface of the talar dome was 1.63 times greater than that of the femoral head.
Relevance : This finding may explain the higher prevalence of late collapsing avascular necrosis of

the femoral head than that of the talar dome,

Key words compressive strength, weight bearing surface, femoral head, talar dome, universal testing
machine.
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INTRODUCTION

Osteancerosis is one of the leading causes
of collapse of the femoral head and talus. Most stud-
ies report incidence of collapse in osteonecrosis of
the femoral head, and it was shown that all femoral
heads progress more than 50% in any Ficat stage'.
The collapse rate in osteonecrosis of the talus was
reported in only one-third of the paticnts®, The
femoral head and acetabulum form a hip joint with
only one articulation® whereas the talus has articula-
tions with several bones including distal tibia,
medial and lateral malleali, navicular and calcaneus?,
s0 the talar dome can distribute load to the surround-
ings more effectively®. The compressive strength of
osteochondral tissues at the weight bearing surlace
of the femoral head and talar dome may be one of the
factors that causes the collapse of both avascular
necrotic femoral head and talar dome, Therefore,
this study was carried oul to determine which local
compressive strength, between that at the surface of

the femoral head and that at the surface of the talar
dome, can withstand more load,

MATERIALS AND METHODS

Ten fresh normal cadaveric femoral heads
and tali without metabolic bone diseases or tumor
(ranging from 20-45 years old) from 5 females and 5
males were obtained and kept at - 70°C in a freezer,
The bone was thawed and warmed up to room tem-
perature prier to the test. The femoral head was cut to
a smooth plane Y2 em below the equator at the infe-
rior quadrant to achieve a stable base for placing the
middle of the superior quadrant of the femoral head
under an indenter. A 6 mm-diameter round-tipped
metal indenter was placed verlically and connected
with the load cell of a universal testing machine
(Figurel), The 6 mm-diameler indenter was used be-
cause its diameter is not large enough to cause sur-
face incongruity with the articular cartilage of the
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femoral head and talar dome. At the same time, it 15
not so small as to create a penetrating hole instead of
a depression, Using a universal testing machine
{Shimadzu, Tokyo, Japan), a compressive load was
applied through the indenter at a speed of 2 mm/min.
The load was applied until a maximum load was
obtained and stopped when the load showed a
decline in the graph. The talus was prepared and the
lower part was embedded in acrylic cement (o achieve
astable base on which to apply the compressive load.
The compressive load was applied at the middle of
the talar dome in the same manner as it was applied
to the femoral head (Figure 1). The maximum load
and depth of depression at maximum load were re-
corded by the machine’s computer. Stiffness was cal-
culated. The resulting data were analyzed thourgh a
non-parametric Mann-Whitney U tesl.

RESULTS

The middle of the weight-bearing surface
of the femoral head could withstand an average com-
pressive pressure of 30,42 MPa (5D 11.21). lis stiff-
ness was 929,04 N/mm (SD 530.01) and its depres-
sive depth at maximum load was 1.11 mm (SD 0.23).
The corresponding figures for the talar dome were
49.64 MPa (SD 9.08), 1631.65 N/mm (5D 778.24)

and 0.96 mm {SD (.36) respectively (Table 1). Sta-
tistical analysis showed that the middle of the weight-
bearing surface of the talar dome could withstand
1.63 times higher compressive load than that of the
femoral head (P =0.002, and 0.034 respectively) and
the stiffness of the talar dome was significantly higher
than that of the femoral head. However, the depres-
sive depth of both was not significantly different (P
=0.112}.

DISCUSSION

The compressive strength at the middle of
the talar dome and femoral head is the summation of
the compressive load bearing of articular cartilage,
subchandral plate and subchondral cancellous bone®.
Compressive loads were measured using the same
indenter so that local compressive strength at the
middle surface of the talar dome and femaral head
could be compared. Even though the pressure was
not applied on the whole weight bearing surface, the
load was applied in the same direction and position
with the resuliant force on both the femaoral head and
the talus, Since osteochondral lissue is a viscoelas-
tic material, applying a load with a different speed
from 2 mm/min will produce different figures of load
and stiffness®, However, the relative local compres-

Table. 1 Data of maximum load, stiffness and depth at maximum load of femoral head and talus.

No. of Maximal pressure (Mpa) Stiffness (N/mm) Depth (mm)
specimen Femoral head Talus Femoral head Talus Femoral head  Talus
1 41.13 43.90 139552 T13.44 .40 0.63
2 15.74 40.47 18516 926.59 1.51 0.74
3 37.47 40.22 1395.52 2657.76 1.05 0.86
4 19.51 50.56 470,40 2163.84 (1.85 1.06
5 20.84 44.24 635.04 1677.76 1.12 0.81
fi 42.24 49.00 1662.08 1615.04 L.01 (L83
7 20.73 69.40 274.40 2987.04 0.98 (.94
B 25.50 59.20 917.28 1552.32 1.13 1.18
9 46.79 46,34 [458.24 729,12 0.73 1.87
10 34.26 53.11 893.76 1293.60 1.35 071
Mean 30.42 49.64 920,04 1631.65 1.11 0.96
5D 11.21 Q.08 530.01 178,24 0.25 (.36
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Figure I. Using a universal testing machine, compressive load was applied at the middle of the weight-bearing
surface of the femoral head and talar dome through a 6 mm-diameter round-tipped indenter.

sive strength of the talar dome and femoral head could
he compared. This study showed that the middle sur-
Face of the talar dome had a 1.63 times greater com-
pressive strength than that of the femoral head, The
reason for this may be that talar domes have higher
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