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ABSTRACT

Arthritis is a crippling disease affecting one or more human
joints and if not treated early with conservative methods, surgi-
cal management -- by replacing the diseased joint with an artifi-
cial substitute -- is often required. One of the joints that has
received little attention in the past, despite its obvious impor-
tance in many daily activities, is the ankle joint. After revie-
wing the results of previous ankle replacement procedures it was
found that these had an unacceptably high rate of 1loosening.
This was due to the implant either failing to allow physiological
motion of the ankle complex or having a method of fixation which
was inadequate. For these reasons it was felt a new prosthesis
-- designed to replace the tibio-talar joint -- could have a
significant clinical impact.

The design of the prosthesis was performed in two stages.
The first stage was to determine the optimum shape of the articu-
lating surfaces so that the chances of muscular contractions
causing loosening would be minimised. The second stage was to
determine the shape and size of the projections necessary to hold
the prosthesis in place. In this case it was found appropriate
to model the geometry of the ankle mathematically and to simulate
the effect of different fixation methods using a computer.

Once a theoretical design had been formulated, a trial
prosthesis was made and laboratory tests were started. These
were of a comparative nature in which commercial implants were

evaluated together with the prototype. Extensive use was made of

polyurethane models of the ankle joint since it was desirable

that biological variability be eliminated. The results of these
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tests showed the new prototype to be superior to the other pros-
theses: it required very little bone resection, ©placed 1little
extra loads on the ligaments, had a range of movement which
approximated the normal motion at the ankle complex and which was
unlikely to 1loosen in either the antero-posterior or medio-
lateral directions. Besides this it was designed in such a
manner that if the plastic articular surface were to wear thin,
it could easily be replaced without endangering the integrity of
the bond between bone and prosthesis. This feature makes the use
of bone ingrowth an attractive alternative for enhancing stabili-
ty since the bone bed need not be disturbed.

It 1is envisaged that the next stage of the design process
should be to develop instrumentation to facilitate the correct
orientation of the prosthesis in vivo. In this regard it 1is
vitally important that the axis of rotation post-operatively be
compatible with the ligaments crossing the ankle. If this is
achieved it is felt there is every chance of ankle replacement

being as successful as hip arthroplasty.
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