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Abstract

Femoral component loosening due to poor fixation is a common failure mode in
cementless total hip arthroplasty (THA). We sought to develop a technique to predicted
femoral stem fixation using pre-operative CT.

Forty-nine patients requiring THA received pre-operative CTs as part of Corin
OPS™ 3D dynamic planning. All patients received a taper wedged blade stem (TriFit™
TS, Corin UK) implanted through a posterior approach. Post-operatively, patients
received an immediate CT and AP x-ray and a 1-year follow-up x-ray. The distance
between the most superior point of the greater trochanter and the shoulder of the stem
was measured and scaled using the known cup diameter on both the immediate and 1-
year follow-up x-rays. The difference was recorded as stem subsidence. Subsidence
greater than 4mm was deemed clinically relevant. The precise placement of the stem
determined by registering the known 3D implant geometry to the post-op CT was
virtually implanted back into the pre-operative OPS™ planning software. A colour map
of the bone density at the stem/bone interface using the Hounsfield Units (HU) of each
CT pixel was generated. Blue represents low density bone transitioning through to
green and then red.

Mean stem subsidence was 1.8mm (0 to 11.1mm). Five patients had clinically
relevant subsidence. Significant areas of blue and green around the proximal portion of
the stem was observed in high subsidence stems when compared to the stems with
minimal subsidence.

Using the HU of the CT scan as an indicator for bone density, we were able to
predict poor implant fixation and subsequent subsidence in a taper wedge stem.
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Introduction

Total Hip Arthroplasty (THA) is a highly successful and a common surgical procedure to restore
function and reduce pain [1]. Over the years there have been a significant advance in prosthesis
design ranging from the shape, coating and modality of fixation [2]. However, post-operative
complications due to mechanical failure of implants still occur and component loosening is
considered as one of the most common failure modes in cementless THA [3-5]. Although the risk of
femoral loosening can be minimised by optimal component positioning, other factors such as patient
age, weight, gender, osteopenia, stem design and Dorr-C bone have all been proposed as risk factors
for poor fixation and subsequent stem subsidence and poor outcome [6-9].

Bone density analysis from Computer Tomography (CT) imaging is defined as means value
expressed in Hounsfield Units (HU) in each pixel of the CT and is currently being used to study bone
quality and its relationship for femoral fracture [10,11]. These analyses have created clinical
opportunities for the use of CT imaging and bone density to analyse the correlation between
component fixation and post-operative implant subsidence in THA. With the increased popularity of
CT-based assistive technologies in THA, in this study we sought to develop a technique to predict
femoral stem fixation using pre-operative CT.

Method

Fourty-nine patients requiring THA were randomly selected from a previous study investigating
component alignment. Mean age was 66 (51 to 82), and 41% were female. All patients received pre-
operative CT as part of OPSTM 3D dynamic planning. Intra-operatively all patients received a taper
wedged blade stem (TriFit™, Corin UK) and a cemented cup (Trinity™, Corin UK) implanted
through posterior approach. Post-operatively, patients received an immediate CT and AP x-ray prior
to leaving the hospital, and a 1-year follow-up x-ray.

On both the immediate post-op x-ray and 1-year follow-up x-ray, the known cup diameter was
used to scale the image. On both images, the distance between the most superior point of the greater
trochanter and the shoulder of the stem was measured. The difference was recorded as stem
subsidence. Subsidence greater than 4mm was deemed clinically relevant.

The post-operative CT was used to determine the precise three-dimensional placement of the stem
immediately after surgery by registering the known 3D implant geometry to the CT. For each patient,
the achieved stem position from post-op CT was then virtually implanted back into the pre-operative
OPS™ planning software. The software provides a colour map of the bone density at the stem/bone
interface using the HU of each pixel of the CT. Blue represents low density bone transitioning
through to green and then red (most dense).

Results

Mean stem subsidence was 1.8mm (0 to 11.1mm). Five patients had clinically relevant
subsidence:

* 68M subsided 11.1mm

* 58M subsided 5.0mm

* 63F subsided 4.9mm

* 55M subsided 4.7mm

* 66M subsided 4.3mm
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Radiodensity colour plots for all five patients with clinically relevant subsidence had significant
areas of blue (low density bone) around the proximal portion of the stem, with minimal medium/high
density fixation when compared to the stems with minimal subsidence (Fig 1).
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Figure 1: Radiodensity mapping results for implant fixation

Discussion

Although advanced implant designs feeds into the success of Total Hip Replacement surgery,
post-operative complications due to mechanical failure of implants still occur. Femoral stem
loosening due to poor fixation is considered as one the most common failure modes in cementless
THA. Using the Hounsfield units of the CT scan as an indicator for bone radiodensity, we were able
to predict poor implant fixation and subsequent subsidence in a taper wedge stem. This technique can
be used as a fixation guide during pre-operative implant size and position templating to ensure
optimal post-operative implant fixation.

Radiodensity mapping is a well-established analysis method to study bone quality. Previous
studies have been conducted on correlation between bone quality, femoral fracture and subsidence
utilising CTs [10-11]. A study conducted by Inoue et al aiming to quantify the implant-femur contact
state and develop a technique to analyse the initial fixation pattern of cementless femoral stem using
density mapping investigated the effect of varus/valgus of the stem positioning in cortical contact.
Their results indicated that quantifying the contact state of implant and femur by using radiodensity
mapping is a useful technique to accurately analyze the fixation pattern of a cementless femoral stem
[12].

Through this study we have developed a technique to predict femoral stem fixation using
radiodensity mapping from pre-operative CT. However, when determining the correlation of the
radiodensity distribution to stem subsidence factors effecting subsidence was not considered. Further
analysis is required to quantify the predicted implant fixation from radiodensity mapping in
consideration with operative factors (implant size and femoral offset) and patient specific parameters
(BMI and bone quality) effecting implant subsidence.

Conclusion

This new technology might have pre-operative value in providing a more quantitative measure of
fixation and resultant stem choice. Future studies are planned to investigate the effect of stem design
and area of fixation in post-operative subsidence and fracture.
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