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BIOMECHANICS OF NONCEMENTED TOTAL HIP ARTHROPLASTY ;!

R. Huiskes, Ph. D *

Introduction: Noncemented Total Hip
Arthroplasty (THA) has been developed
particularly for the young, active patients.
It was hoped that the frequent aseptic
failures of cemented prostheses in this age
group could be avoided with noncemented
designs and that revisions would be less
tedious. Several designs have been
developed in the last 15 years, which can
be categorized according to their fixation
method as hydroxyl-apatite coated,
porous-ingrowth coated, non-coated-press-
fitted or screwed. Although little clinical
information is available about recent
types, many of the earlier designs have not
lived up to their expectations, in particular
on the femoral side. Problems
encountered were thigh pain, probably
caused by inadequate fit and initial
stability, interface osteolysis and loosening,
and stress shielding, causing bone
resorption. The biomechanical aspects of
these problems will be reviewed in this
lecture.

Prosthetic fit: Fit depends on two factors.
First of all, the relationship between the
shape of the implant in relation to the
bone space available within the cortical
envelope, and secondly the efficacy of the
surgical instruments for the creation of a
precise cavity. The first factor has created
severe problems, because of the natural
inter-patient variations in bone shapes.
Particularly the lack of dimensional
correlations between the femoral
metaphysis and diaphysis has created
problems, which were not easily solved
even with extensive size-series of implants.
The surgical reaming technique is rather
crude, from a technological point of view,
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‘and interface

and will seldom result in reasonable
precision of the cavity relative to the
prosthesis. As a result, the prosthetic -
components usually do not fit well, and
the relauonsh]p between prox1mal and
distal fit is unpredictable. There is no '
trivial solution to this problem. ~
Initial stability and interface _integrity:
Inadequate fit causes inadequate .initial
stability, which leads to interface micro-
motions, thigh pain, lack of bony ingrowth
osteolysis. ~ Several
measurement  techniques have been
developed in the recent past, such “as

" Roentgen-Stereophotogrammetric Analysm

(RSA), suitable to test prosthetic
components relative to these aspects, pre-
chnically and clinically. It will also be
shown that conceptual designs can be
tested in the pre-manufacturing stage
using advanced Finite Element Analysxs ‘
(FEA).

Stress shielding and bone resogptlon:
Particularly around noncemented, = stiff
canal filling and bonded femoral stems,
the bone stresses are reduced relative to
normal (’stress shielding’). In accordance
with "Wolff’'s Law’ the effect of this is
bone resorption, which may extent to the
order of 50 percent proximal bone loss on
the mid-long term. Based on the original
hypothesis of Wolff, computer simulation
programs have been developed to predict
the long-term loss of bone.: These
programs are based on a combination. of
FEA and strain-adaptive bone-remodeling
theories. Using this method, it will be
shown how the bone-resorption process
depends on prosthetic-design parameters
(stem shape, stem material, . coating
placement, bonding characteristics), : on
surgical technique (fit characteristics), and
on patient factors (bone reactivity, patlcnt
weight and activity ]evel) :
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