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INTRODUCTION
Periprosthetic bone loss is common in patients with total hip
replacement (THR) and conventional long stem prostheses
have been shown to transfer loads distally, resulting in bone
loss of the proximal femur. The reduction of strain in the
proximal femur following THR is a likely cause for this bone
loss, which may lead to the progressive implant subsidence or
periprosthetic bone fracture. More conservative, short stems
have been recently introduced to attempt to better replicate the
physiological load distribution in the femur, to minimise bone
loss and improve the long term survival of the implant. In
addition, different size short stems can be easily implanted
into a single femur by using a lower neck resection, and care
must be taken in choosing the optimal sized stem. The aim of
this study was to evaluate the short-term mechanical
environment of two cementless hip replacement designs; a
long and a short stem THR. The effect that oversizing the
short stem had on the mechanical environment was also
investigated.

METHODS
Two physiological load cases (stair-climbing, and 45% of gait)
were simulated in finite element models of a short (Minihip,
Corin, UK) and long (Metafix, Corin, UK) hip stem, which ere
virtually implanted into a cadaveric femur model (Figure 1).
The magnitudes and directions of the muscle forces and joint
reaction force were obtained from Heller et al. [1,2], and Duda
et al. [3], and were mapped onto the femur using an equivalent
reference co-ordinate system [3]. An unimplanted femur was
simulated under the two load conditions and used for the base-
line analysis.

Four sizes (size 2 to 5) of the short stem device and one size
(size 2) of the long stem were implanted separately into the
cadaveric femur model. The standard operating technique was
followed and an orthopaedic surgeon confirmed the placement
of the stem in the femur. The femoral head centre was
reconstructed in each case; more bone had to be resected from
the femur when the larger sized short stems were implanted.
Of the short stems, the size 2 was the correctly sized implant
for the femur. The size 2 long stem was the correctly sized
long stem for the femur.

The three dimensional geometry of the femur was constructed
from computed tomography data of the donor (female, 44
years old, right side). Elemental bone properties were assigned
from the Hounsfield Unit values of the CT scans. The elastic

modulus (E) of the bone was assumed to be isotropic and was
determined using a cubic relationship to the apparent bone
density [4], and the following; E = c3, where c = 3790 MPa
g−3cm9. The Poisson's ratio for the bone regions varied
between 0.2 and 0.32 depending on the apparent density of the
bone [4].

Contact analysis was employed to model the interaction
between the stem and the bone in each case. Two conditions
were modelled; frictional and bonded. Frictional contact was
used to represent the immediate post-operative period, where
there is little bone integration. Bonded contact represented the
point at which full bone on-growth with the stem had
occurred. For the frictional contact a Coulomb frictional
model was used, with the coefficient of friction being 0.61 [5]
between the coated parts of the stem and the bone. Where the
stem was polished (tip of the MiniHip) a frictionless contact
algorithm was used.

Strain along the medial aspect of the femur was analysed for
each stem and compared to the unimplanted femur. Strain
energy density (SED) was compared for the size 2 short and
the long stem in established Gruen zones.

Figure 1 – a) MiniHip and Metafix stems b) size 2 Minihip
implanted c) size 5 Minhip implanted d) size 2 Metafix
implanted.

RESULTS AND DISCUSSION
The variation and magnitude of compressive strains (Figure 2)
along the medial cortex compared well for the size 2 short
stem and the unimplanted femur (correlation coefficient [CC]
0.94 and 0.98 respectively for the stair climbing load case,
immediate post-operative condition). The corresponding CC
for the long stem was 0.47 and 0.82 respectively (Figure 3).
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The average compressive strain along the medial cortex for the
unimplanted femur for stair climbing and gait was 297 and
248 respectively. The corresponding strain for the long stem
and frictional contact was 25% and 32% lower respectively.
The corresponding strain for the size 5 short stem was 16%
and 26% lower respectively. The corresponding strain for the
size 2 short stem was 3% and 12% lower respectively.

As the short stem was oversized, the strain along the medial
cortex gradually reduced, and became very similar to that
observed for the long stem (Figure 3).

Figure 2 – Contour plots of the compressive strain in the a)
intact femur b) femur implanted with the size 2 Minihip and c)
femur implanted with the size 2 Metafix.

Figure 3 – Compressive strain (microstrain) along the medial
cortex of the femur for the gait load condition and frictional
contact.

For the long stem implanted femur, the respective SED in
Gruen zones 6 and 7 was 42% and 43% higher compared to
the unimplanted femur. For the size 2 short stem, the
corresponding SED was 40% and 12% higher, compared to
the unimplanted femur. For the short stem the SED in Gruen
zone 3 was 1% higher than that for the unimplanted femur,
indicating that bone ingrowth could be induced laterally and
distally.

The correctly sized short stem (size 2 Minihip) transferred
considerably more load into the proximal femur compared to
the long stem. In addition, there was 20% less bone resected
for the size 2 short stem. Should the short stem be incorrectly
oversized (via a lower neck resection) the resulting proximal
strains were similar to those observed with the long stem.

Figure 4: Strain energy density in the different Gruen zones
for a) the short stem and b) the long stem.

CONCLUSIONS
The short stem implant offers less mechanical disturbance on
the femur, causing less bone loss in most zones and even
inducing bone ingrowth in the lateral /distal region. Short stem
implants have the potential to be more bone conserving
compared to conventional stems, and to minimise
periprosthetic bone loss when correctly sized and implanted.
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