S

S T I SR TN

TECH PARPER

 Oriented composites meet
tough orthopedic demands

BY R.L. REIS*, A.M. CUNHA* AND -M.J. BEVIS**

tion must avoid the stress-shielding phenome-
na that are caused by being too stiff. For ex-
ample, metallic materials such as titanium or
stainless steel have a modulus of 100 to 200
GPa in comparison to the 7 to 20 GPa range
found in human cortical bone. Consequently, :
almost all the stress will be supported by the |
implant and not by the healing bone. Since

iomaterials are a growing ap-
Plications field for polymeric
atetials and composites. The
severest problem facing them is that
when molded, the parts are subjected
to highly demanding service condi-
tions. In the specific case of orthope-
dic devices - prostheses, bone fillers,
or fixation plates - one major chal-
lenge is the development of products
with mechanical properties that
match those of human boge as close-
ly as possible. It is essential for the
materials to combine adequate big-
compatible and bioactive (i.e., bone-bonding) behavior,
All of these demands have been met by using shear

Typleal morphology of conventionafly molded
(above} and Scorim processed HMWPE (right),

new bone needs to be under stress to be induced to

controlled orientation in injection molding (Scorim) to

induce an improved morphology or microstructure into

moldings that result in a substantial enhancement of

the essential material broperties. It has been able to

match bone mechanical behavior by achieving a modu-
_lus greater than 7 GPa.

Materials intended for use as Implants for bone fixa-
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grow, the problem of using too strong and stiff 4 materi-

becomes readily apparent. The ideal bone replace-
ment/fixation should have mechanical properties that
fall in the 7 to 20 GPa range.

Work to date by the authors in relation to biomedical:
applications has been conducted with two types o
polymeric systems; ioin ;
applications that is based on hi :
polyethylene (HMWPE); and biodegradable starch-base
blends aimed at temporary .applications. In both cases
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Improvement of other Important Properties,

such as reducing the water-uptake in the case of starch.
based materials.

The Scorim technology is based on the action of two
Or more oscillati_ng, hydraulically actuated pistons, that

Different types of polymeric systems were used in
the study, namely, Hostalen GM 9255F, a HMWYE from
Ticona; and Mat -Bi, starch-based blends from Nova-
mont, Novara, ftaly, obtained from npative maize starch
(70% amylopectin and 30% amylose) and a synthetic
copolymer. Two types of starch-based blends that were
studied included starch/poly(eth :
(SEVA-C) and starch/cellulose acetate (s/ca). Hydroxy-
lapatite (HA) was obtained from Plasma Biotal Limited,
North Derbyshire, U K., for use as reinforcement. It is a
calcium phosphate salt, the natural bope mineral, but it
can also be synthesized for commercial use,

specimens for testing,

The molded specimens were conditioned and tepsile
tested, using an Instron 4505 fitted with a resistive ex-
tensometer, in a controlled environment of 23°C {(73°F)
and 55% relaiive humidity.

The mechanjcal test Tesults (table, p. 73} show the
enhancing effect of Scorim on the compounds studied,
The major increase occurred for HMWPE and is associat-
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graphs (photos, p. 73). The elliptical cross sections ye
sult from the sample preparation procedure, where the
cuts of the 10-um-thick slices were made obliquely tg
the molding cross-section. The characteristic skin-corg
morphology produced by conventional molding can b
contrasied to the oriented layers of the Scorim samples
that feature a shish kebab-like semicrystalline structure.:

The raechanical properties of both starch-based poly
mers were also increased by the structure d -
der Scorim processing. However, the improvement of :
properties was not as impressive as for HMWPE becan
the thermal sensitivity of the materials imposed co
straints on the allowable processing conditions, and
so because of their intrinsically lower crystallinity. Ne
ertheless, the SEVA-C and 5/CA specimens
Scorim showed an increase in tensile strength of 20

molded samples.
In the reinforced compounds -~ HMWPE or starch-#8
based ~ both the matrix and the filler are oriented ¥
Through the Scorim process it was possible to increas :
significantly the mechanical performance of these B8t
grades. For HMWPE, this increase is about 90% for i}
strength and stiffness and more than 300% for ductility.
The mechanical property evaluation showed tha
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there is an optimum level for the HA concentration i
order to achieve maximum stiffness, which is deter
mined by the viscosity required for the effective situc
ture development during Scorim processing. Except fo
HMWPE plus HA, the optimum amount of HA was the

opment of Isobone, a starch-based tissue-engineered liv
ing bone equivalent intended for the clinical market.
Both these promises hinge on the fact that this technol.
0gy produces a composite product that, like in the
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may be just right. ~Edited by William A. Kaplan 0O

Goldilocks fable, is not too stiff, not too flexible, but K







