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Development of an elastomer coated hip prosthesis
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A cementless stem for a total hip replacement (THR) was designed aiming at some
mechanical advantages of a cemented stem. It is called elastomer coated prosthesis (ECP)
and has a metal core, coated with an elastomer layer as a mechanical buffer between the
core and the femoral cortex. For the ECP coating a thermoplastic polyolefin elastomer (TPO)
was chosen. Required implant sizes were determined from a measurement campaign on the
intramedullar canal of German Shepherds’ femora. Stress distribution in photo-elastic
models of the ensemble ECP core and TPO coating was studied and compared to a model of
a cementless system. The core was tested for fatigue resistance in a simulator.

Extensive in vitro testing of all ECP components (both core and elastomer coating) has
shown that the prosthesis is mechanically suitable for its application. Animal testing was
limited to a strict minimum for ethical reasons. Only after obtaining sufficient evidence for
biocompatibility /n vitro, the elastomer was studied in vivo. Implantation of non-loaded TPO
samples in dogs has shown acceptable behaviour in contact with bone and marrow. ECP
prototypes are currently being implanted in German Shepherds and post mortem histology

will have to deliver final proof of this concept’s validity.

1. Introduction

In the field of total hip replacement (THR), a dicho-
tomy exists between cemented and cementless fixation
of the femoral stem. While a mantle of polymethyl-
metacrylate (PMMA) bone cement has disadvantages,
listed in the ‘side-effects’ section of the instruction
leaflet of any commercially available PMMA bone
cement, it has the advantage of being a mechanical
buffer between prosthesis and bone. This prevents to
some extent the stress shielding which is a major
drawback of many cementless designs. Therefore,
a design was developed with the mechanical advant-
ages of a cemented THR stem but without the use of
cement. It was called elastomer coated prosthesis
(ECP) and has a metal core that is coated with an
elastomer layer as a mechanical buffer between the
core and the cortical bone of the femur. The rationale
for this choice is the following: impacts from cyclic
loading during walking or jumping are dampened by
the elastomer. The relatively low hardness of the elas-
tomer layer (80 Shore A) and its elasticity facilitate
a press fit fixation in the medullar cavity and decrease
the risk of longitudinal femoral fracture at implanta-
tion. Point contacts between bone and ECP stem are
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spread out into area contacts, greatly reducing local
stress concentrations. This also allows some latitude
in the reaming process as small irregularities and
misfits can be smoothed out by the deformation of the
elastomer. Micromovements between ECP stem and
bone should be attenuated by a shearing deformation
of the elastomer layer and this should eliminate rela-
tive movement at the interfaces bone/elastomer and
elastomer/ECP core. Generation of wear particles
would then be significantly reduced, and metal debris
from wear of the core or metal ions from corrosion
processes [1] should be contained within- the elas-
tomer mantle, avoiding contamination of the sur-
rounding tissue. Metallosis of tissue surrounding tita-
nium implants in particular is now a well-documented
phenomenon [2].

For the elastomer layer, a thermoplastic polyolefin
clastomer (TPO) was chosen and submitted to an
in-depth fatigue and biocompatibility study. Mechan-
ical resistance to fatigue was tested with a simulator.
Loads in the human physiologic range were applied
for up to 25.10° cycles. A wide array of techniques was
used to assess damage: microscopy (optical and scanning
electron microscopy (SEM), wide and small angle
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X-ray scattering (WAXS and SAXS), small angle neu-
tron scattering (SANS), dynamic mechanical thermal
analysis (DMTA), infrared spectroscopy (FTIR) and
swelling. Biocompatibility was certified with the tests
for USP Class VI compliance and with in vitro tests
under more severe conditions. Results of the in vitro
mechanical testing programme and the in vitro bio-
compatibility testing were satisfactory [3,4]. The in-
fluence of the elastomer coating on the stress distribu-
tion in the ECP core and in the surrounding bone was
then studied to determine the optimal shape and
thickness of the elastomer coating. For the outer
shape of the ECP, the design as used in a study by
Maistrelli et al. [5] was adopted for comparability.
Before manufacturing and implanting prototypes, the
response to non loaded TPO implants was studied on
a small number of dogs and found satisfactory.
A measuring campaign on reamed femoral cavities
was necessary. to determine the required sizes of ECP
prototypes to start an in vivo study with German
Shepherd dogs. This dog breed was chosen because in
clinical practice most canine THR’s are performed on
it [6]. A set of prototypes could then be manufactured
and implanted.

2. Experimental

2.1 Stress distribution

Models of the ensemble of ECP core and TPO coating
were examined in a photoelastic study and compared
to a model of a conventional cementless implementa-
tion of the same system to study the influence of the
elastomer coating on the stress distribution in the
surrounding bone and to verify that the locally re-
duced thickness of the ECP core had not introduced
dangerous stress concentrations.

Models were machined from 10 mm thick Araldite-
B epoxy resin plates and had two components: a rec-
tangular plate in which a frontal section of a femoral
cavity had been machined and a frontal section of
a prosthesis stem with a 10 mm diameter hole in the
centre of the modelled femoral head. Loads were ap-
plied in the centre of this hole. The plate was made in
two versions, one with only a section of the femoral
cavity and another with a 10 mm wide sleeve through
the full thickness of the plate on both sides of this
section. The remaining 3 mm of epoxy resin modelled
a frontal section of the cortex. For the prosthesis stem
three models were made: (1) exactly fitting into the
cavity (model for a conventional press-fit cementless
design), (2) the same shape, but on the outer edge
2 mm was machined away and (3) the same as (2) but
with extra resin removed proximo-medially and disto-
laterally. In (2) and (3) the open space was filled with
a strip of TPO. Two hardnesses of TPO were used:
2-73 and 2-87 (73 and 87 Shore A).

Models were loaded with 200 N 1in the direction of
the resultant force in single leg stance. Bright field
isochromate images were observed under circularly
polarized monochromatic light (A =589 nm) in a
Moénch-Ficker projection polariscope [7]. Photo-
graphs of the projection screen were transformed to
black and white monochrome bitmaps.
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2.2. In vivo program with non-loaded
implants

As a last test before actually manufacturing ECP

prototypes, non-loaded implants were inserted in the

femoral cortex and medullar cavity of mongrel dogs;

undecalcified bone sections were made with the cut-

ting-grinding technique [8].

2.3. Determination of required sizes

A measurement programme on the femoral cavities of
German Shepherd dogs was necessary since the avail-
able literature (¢.g. [9-11] ) does not contain quantit-
ative data to determine implant sizes for a test popula-
tion of German Shepherds. Forty-one cadaver femora
were used; these were by-products of other institu-
tionally approved animal studies. No &dnimal was
killed specifically for this measuring programme. The
femora were prepared for insertion of a cementless hip
prosthesis by osteotomy of the femoral head and neck
and reaming with standard surgical instruments. An
imprint of the reamed cavity was made with the IMP
system® of Stewal Implants® (known as “Identifit®”
in the USA). Data were analysed according to a seven
parameter geometric model of the proximal medullar
cavity of the canine femur. Detailed results are being
published separately [12].

2.4. Design and production of prototypes
A first ECP prototype core was then machined from
a Ti-Al-Nb alloy according to the drawing in Fig. 1.
The distal fixation rod is to be removed before im-
plantation. A collarless design was chosen because the
biomechanical advantages of a collar do not seem to
compensate the clinical disadvantages when a collar is
imperfectly seated [13,14]. Kwong [15] published
a clear review of this topic. Moreover, imperfect con-
tact of collar and calcar will introduce additional
variability in the proximal stress transfer [16], making
assessment of the elastomer coating’s effect more diffi-
cult. The coating was to be applied later by injection
moulding. Fixation is achieved mechanically: the coat-
ing penetrates the core through two sleeves on the
centreline. They are filleted in such a way as not to
adversely affect the core’s fatigue resistance.

2.5. Fatigue testing of prototype core

The prototype core of the 12 mm ECP was subjected
to fatigue in a geometry causing mainly bending stres-
ses in the stem. A Schenck servohydraulic fatigue
tester applied the load. Details should be clear from
Fig. 1.

The force amplitude was increased in steps during
the test, ending at 2900 N or & 10 times the body
weight of a 30 kg dog. An overview of the force
amplitude versus number of cycles is given in Fig. 2.
Frequency of oscillation was 20 Hz. A total number of
approx. 61.10° cycles were applied.
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Figure I Prototype BECP core mounted in the servohydraulic
fatigue tester in a geometry causing mainly bending stresses in the
core. The sleeves in the centreline of the core are meant for later
mechanical fixation of an elastomer coating.
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Figure 2 Load amplitudes applied during fatigue of the prototype
ECP core.

3. Results and discussion

3.1. Stress distribution

Models were checked for initial stresses in unloaded
condition (e.g. residual stresses from machining).
A limited edge effect was eliminated by annealing for
24 h. After this treatment no stresses were present that
could significantly interfere with observations.

In massive plates without sleeves an isochromate
image was created upon insertion of the stems;
changes upon loading were less pronounced than
would be expected. Insertion was difficult due to the
stiffness of the femoral cavity model. As this model
without sleeves is obviously an oversimplification of
reality, no conclusions could be drawn, except for the
exactly fitting stem (Fig. 3), where strong stress con-
centrations were present around the distal tip, prox-

Figure 3 Photo-elastic model of a conventional cementless THR
stem inserted in a cavity machined in a massive plate. Load was
applied in the direction of resultant force in single leg stance, acting
on the centre of the femoral head.

Figure 4 Photo-elastic model of ECP core with TPO 2-73 layer of
continuous thickness, not loaded.

Figure 5 Photo-elastic model of an ECP core with extra thick
elastomer coating (2-73) proximo-medially and disto-laterally, not
loaded.

Figure 6 Photo-elastic model of ECP core with elastomer coating
(2-73) of continuous thickness, loaded with 200 N in the direction of
the resultant force in single leg stance, acting on the centre of the
femoral head.

tmo-medially (calcar region) and proximo-laterally
(greater trochanter area). These were attributed to
small imperfections in the fit of the stem into the
cavity.

In the models with sleeves the clearest isochromate
images were observed (Figs4-7). Under unloaded
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Figure 7 Photo-elastic model of ECP core with extra thick elas-
tomer (2-73) coating disto-laterally and proximo-medially, loaded
with 200 N in the direction of the resultant force in single leg stance,
acting on the centre of the femoral head.

Figure 8 Bone apposition (dark grey) on implant (light grey) after
over 11 months implantation. Original magnification 80 x . “Eleph-
ant foot” structures can be seen were the bone touches the implant.

conditions the modelled cortex shows parallel isoch-
romates, indicating pure bending, except extremely
distal and medial, where a pattern characteristic for
compression stress is observed. Upon loading, the
isochromate pattern indicates that stress in the
modelled cortex decreases medially and increases
laterally. Contact between stem and cortex is lost
distally and medially.

The stem with extra thick elastomer layer proximo—
medially and disto-laterally (Fig. 7) shows less pro-
nounced stress concentrations in the modelled cortex
and calcar than the model stem with an elastomer
layer of continuous thickness (Fig. 6). No significant
difference could be observed between the two hard-
nesses of TPO. In the stem with extra elastomer
(Fig. 7), stresses were higher where core material had
been removed to be replaced by elastomer; the highest
stresses were however always observed in the model
neck. It can be assumed that the shape adaptions to
accommodate the elastomer mantle have not intro-
duced dangerous stress concentrations in the stem
core.

3.2. In vivo program with non-loaded
implants

Fig. 8 shows a micrograph of a ground PMMA em-

bedded section. The implant was in contact with the

femoral cortex for more than 11 months. Staining was

done with Stevenel’s blue and Van Giesen picrofuch-
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Figure 9 Wire model of the silicone imprint of the reamed proximal
femoral cavity of a 35 kg German Shepherd dog.
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Figure 10 Distribution of the parameter average distal diameter
over the examined sample of 41 femora.

sin counterstain. In the micrograph, mature bone is
coloured dark grey and the implant is light grey. At
the interface bone/implant there is clear bone apposi-
tion. However, this can only be achieved if a tight
press-fit is realized at implantation; otherwise, fibrous
tissue will encapsulate the Sarlink TPO implant.

3.3. Determination of required sizes

Results of the measurement programme on cadaveric
femora can be seen in Fig. 9 and Fig. 10. From the
distribution of the measured distal diameters, it was
decided to manufacture the ECP in four sizes, with
distal diameters of resp. 10, 11, 12 and 13.5 mm.

3.4. Fatigue testing of prototype core

During the fatigue test, force and displacement were
recorded. From these data, hysteresis curves and dis-
placement versus number of cycles graphs can be
calculated. The hysteresis loops have an area of
zero + the accuracy of the machine, i.e. the deforma-
tion is completely elastic, even at the highest force
level (3000 N). The slope of the hysteresis loops,
though not equal to the E-modulus, is a measure for
the stiffness of the core and does not change signifi-
cantly during the test. The average value is
(7200 + 800) N/m. Deviations are probably due to



Figure 11 Sectional view of ECP prototype with coating (hatched)
shown over an outline of a canine proximal femur.

either fretting wear between the cone and the alumi-
nium fixture or to plastic deformation of the alumi-
nium fixture. Visual evidence of fretting wear was
present as a grey-white debris on the base of the cone
and on the lower aluminium fixture. The displacement
initially increases slightly with increasing number of
cycles but apparently has an asymptotic value. This is
attributed to plastic deformation and/or fretting at the
contact zone of the cone and the aluminium fixture.
The present design of the ECP-core has sufficient
resistance to mechanical fatigue as applied with our
setup, i.e. load levels 100-3000 N, 20 Hz frequency,

61.10° cycles, atmosphere of 60% humidity and 21 °C..

4. Conclusion

Extenstve in vitro testing of all components of the ECP
{(both core and elastomer coating) has shown that the
prosthesis is mechanically suitable for its application.
The use of test amimals has been limited to a strict
minimum for ethical reasons. Only after sufficient
evidence for biocompatibility was obtained by in vitro
methods, the elastomer was studied in vivo. In vivo
tests of non-loaded TPO samples have shown accept-
able behaviour in contact with bone and marrow
tissue of dogs. Flastomer coated prostheses as the one
shown in Fig. 11 have been implanted in dogs and
post mortem histology will have to deliver final proof
of the validity of this concept.
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