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Abstrach Fibre compaction and hydrostatic extrusion
were used to prcduce hydroxyapatite/polyethylene
bone analogue witn the highest stiffness and strength
yet achieved in these systems, matching the values
associated with cortical bone. These advantages of the
new material are complemented by satisfactory
ductility.

materials were evaluated

in terms of their flexural

stiffness, strength and ductility. A qualitative assessment
of the effect of the various processing stages on the matrix

morphology wzls made

with differential

scanning

calorimefiy (DSC). The dispersion of the HA in the PE
matrix was studied with scanning elechon microscopy
(SEM) technique.

METHOD

INTRODUCTION

Hydroxyapatite

(HA) reinforced high

density

polyethylene (PE) composite (HAPEX) was pioneered as a
bone substitute by Bonfield et al [U. It was demonsfrated

that an optimurn combination

of

mechanical and
biological performance was produced by HA content in
the region of 40 vol Vo. This amount of reinforcement
resulted in a bone substitute with a stiffness and strength
suitable for minor load bearing applications. However,

for major load bearing skeletal implants

considerably

higher stiffness and strength are required, comparable
with the values associated with cortical bone Oable 1a).

The HA particles and chopped HMPE fibres werc
mixed at room temperature with a modified domestic
hand blender. The composites were compacted in an

aluminium mould placed in a hydraulic hot press.
Preliminary experiments showed that compaction
temperatures of between 137.0eC and 138.0"C were
adequate to melt a small proportion of the fibres surface

[a] and to form a continuous network of re-crystallized PE
binding the fibres and the HA particles together.
Some samples were powderized after compaction

of them, hydrostatic extrusion, was previously used to
produce a very significant improvement in the stiffness
and shength of HAPEX (40 vol Vo HN60 vol Vo PE) t3l.

with the purpose of improving the HA dishibution within
the polymeric matrix. The material was re-compacted at
about 3.0sC - 4.0 C lower than the frst compaction
temperature, ensuring the re-melting of the PE fraction
melted during the first compaction, but with minimum
disturbance of the fraction retaining the fibre morphology
(the HMPE fibres melt at = 1404 C, which compares with
= l30oC for the re-crystalbzedPE t4l).

Work on the hydrostatic extrusion of HAPEX is
proceeding. However, it is also desirable to have other

In some cases the composites were prepared in a
somewhat different way, namely by blending the HMPE

Molecular orientation in a polymer leads to a
significant enhancement in the stiffness and strength
along the orientation direction [2]. There are several well
established technologies for inducing these effects and one

alternative production routes for suitable materials with
the purpose of achieving increased IIA content (for higher
bioac

tivity) and better

m

echanical properties.

In principle, the basic concept of combining PE
with HA to produce bone analogue [1,3] could also be
fulfilled by replacing the isohopic polymer with chopped
high modulus polyethylene (HMPE) fibres [2], a material
of exceptional stiffness and strength which could be
blended with the HA particles, followed by hot
compaction. The latter is a recently developed process
which allows the production of large section polymeric
products with substantial fibre morphology content,
retaining to a large extent the high stiffness and strength
associated with the fibres [4].

This communication describes the fabrication of
HA/PE composites with fibre morphology matrix, using
chopped HMPE fibres. Surprisingly the material was
amenable to hydrostatic extrusion, a technology never
before attempfed with hot compacted fibres. The

chopped fibres with a mixture of HA and HAPEX
(40 vol VoHA)fl1. This mixture is referred to as

"enriched"

HAPEX. The proportion of the

various

materials used were chosen such that the final mix had
the pre-determined HA content, with two-thirds of the PE
having fibre morphology.

The hydrostatic extrusion process [5] involved a

billet of the composite surrounded by a fluid and heated
up below its melting point The billet was made to pass
through a convergent die by the application of a back
pressure to the fluid. The extrusion ratio (ER) is defined
as the ratio of the cross section area of the billet to that of
the die bore. was found that powderizing and rethe
compaction were necessary requirements

It

for

successful hydrostatic extrusion
fibre composites.

of

HA/chopped HMPE

The mechanical properties of the

were assessed

in

composites

three point bending.
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Three
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measurements were undertaken, namely flexural modulus
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DISCUSSION

particles

in the polymeric mafix, whereas

HA/chopped fibre composites have regions with varying
degrees of HA content. Powderizing and re-compaction
of the HA/chopped fibre systems significantly improved
their HA distribution and these stages were required for
successful hydrostatic extrusion, as noted above.

Table la shows that powderizing and
re-compaction

of HA/chopped

fibre

composites are

accompanied by a reduction in their stiffness and shength.
This can be attributed to damage of the fibre morphology
taking place during the powderizing stage, as shown by
DSC studies, which also reveal that a high melting point
morphology (fibre morphology?) is re-established during
the hydrostatic exfusion process, accounting for the
superior properties of these systems (Table lb).
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CONCLUSION

Hydrostatic exfusion of HA/chopped HMPE
fibre composites which have been powderized and re-
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compacted provides the highest stiffness and strength yet

encountered with HA/PE bone substitute material, fully
comparable with the values associated with cortical bone.
This material therefore shows promise for use in load
bearing skeletal prostheses.
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fibre composites

a) Non-extruded

SEM observations with polished samples showed
that HAPE)( has a highly homogeneous distribution of

HA
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* For these systems the HA was incorporated
as"enriched" HAPEX (see text).
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