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The early designs of hip resurfacing implants suffered high rates of early failure, making it 

impossible to obtain valuable mid-term radiostereophotogrammetric (RSA) results. The 

metal-on-metal Birmingham Hip Resurfacing arthroplasty has shown promising mid-term 

results and we present here the first mid-term RSA analysis of a hip resurfacing implant.

The analysis was performed in 19 hips at five years post-operatively. The mean 

acetabular component translation and rotation, and femoral component translation were 

compared with the previous RSA measurements at two and six months, and one and two 

years. 

There was no statistical significance (t-test, p ≤ 0.05) between these consecutive 

movements, indicating the mid-term stability of the implant.

The concept of hip resurfacing using a poly-
ethylene acetabular component and a metal
femoral head, which gained popularity in the
1970s,1-7 was abandoned because of high
rates of failure related to debris from the
polyethylene bearing.8 Modern cobalt-
chrome metal-on-metal resurfacing arthro-
plasty with cemented femoral and
uncemented acetabular components has been
used since the late 1980s.9 The Birmingham
Hip Resurfacing (BHR) (Midland Medical
Technologies, now Smith and Nephew, War-
wick, United Kingdom) arthroplasty, which
was introduced in 1997, has produced
promising short- and mid-term clinical
results10-12 infusing new interest in hip resur-
facing, especially for young and active
patients.

Hip resurfacing carries the risk of early or
late femoral neck fracture or avascular
necrosis of the femoral head. These can be
visualised in conventional radiographs.
However, a small degree of distal migration
of the femoral component can remain unde-
tected. In total hip replacement (THR), distal
migration of the femoral component is the
most significant movement pattern determin-
ing the longevity of the prosthesis.13

Radiostereophotogrammetric analysis (RSA)
is a tool to assess the migration of implants,
with a detection threshold of translation up to
ten times better than conventional radiogra-
phy.14 The application of RSA in studying
migration patterns is invaluable.15,16 

A two-year RSA stability analysis of the
BHR implant has been published.17,18 The
present study reports the mid-term five-year
RSA results for the BHR arthroplasty.

This is the first study to describe mid-term
hip resurfacing RSA analysis, after the first
generation of polyethylene with metal resur-
facing designs suffered from high early failure
rates.

Patients and Methods

We report 19 consecutive male patients who
underwent treatment with a BHR implant. A
bilateral procedure was undertaken in one
patient, so the total number of prostheses stud-
ied was 20.

At the five-year follow-up one patient had
died from an unrelated cause and was not
included in the analysis, leaving 19 hips (18
patients) available for evaluation. All opera-
tions were performed by the same surgeon
(DJWM). The implants were equipped with
tantalum markers on titanium towers (Fig. 1).
During the operation, six to eight additional
markers per segment were introduced into the
pelvis and femur (Fig. 1).

Radiological examinations were performed
at two and six months, and at one, two years
and five years post-operatively. The data
obtained at five years were analysed using
mRSA software (RSA Biomedical, Umeå,
Sweden). The centre of the acetabular compon-
ent was considered to approximate to the cen-
tre of the femoral head with sufficient accuracy
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to allow its migration patterns to be calculated from the
markers which had been fixed to the femoral component as
previously described.17 Because of the absence of significant
rotation of the femoral component in all measurements
during the study, we present only the values of the trans-
lation of the centre of the femoral head as measurements of
the migration of the femoral component in relation to the
femur.

A problem in analysing migration of metal-on-metal
resurfacing femoral components arises from limitations of
positioning of the X-ray tube imposed by the need to iden-
tify the polar acetabular markers in two views.17 Our pre-
vious experience suggests that the expected errors along the
anteroposterior axis are approximately twice those
observed in relation to the transverse and vertical axes.17

The parameters calculated to describe consecutive RSA
examinations are the mean error (the mean difference in
measured position of each marker in a segment, in relation
to the reference examination) and the condition number
(a measure of the spatial spread of the markers in a seg-
ment, where a very high value indicates that the markers
are close to forming a straight line in space, which pre-
cludes measurements of segment rotation). The mean error
and condition numbers were calculated for each examina-
tion, and when the condition number exceeds 200, we
present only the translation data relating to the correspond-
ing segment or point. Differences in rotation and trans-
lation between two months and two years, as well as
between two months and five years, were tested using Stu-
dent’s t-test for dependent samples. The initial measure-
ment for statistical analysis was taken two months post-

operatively to allow time for the incorporation of the
implant. The level of significance was set at p < 0.05.

Results

The centre of the femoral head could be calculated in all
patients. The mean values for translation of the femoral
components were low (Table I). The rotation data for the
acetabular component in three subjects were excluded
because of condition numbers exceeding 200. In these three
patients translation of this component was calculated only
by the polar marker, as the other two markers were insuffi-
ciently defined. Another patient was excluded from all ace-
tabular component calculations because of missing pelvis
segment data.

The mean (SD) translation of the acetabular component
at five years was 0.00 mm (SD 0.19) medially, 0.06 mm
(SD 0.17) superiorly and 0.11 mm (SD 0.26) anteriorly
(Table II). The mean translation of the polar acetabular
marker in the three patients with incomplete data was 0.23
mm (SD 0.30) medially, 0.24 mm (SD 0.46) inferiorly and
0.30 mm (SD 0.26) anteriorly. The mean rotation at five
years was 0.52˚ (SD 0.86˚) in relation to the transverse axis,
but without a statistical significance (t-test, p = 0.057) com-
pared with the two-month follow-up measurements. Rota-
tions in relation to the other axes were not statistically
significant at either interval.

Discussion

Implant migration is considered to be an important indi-
cator of failure.13 At two years post-operatively, RSA
studies of THRs have been accepted as prognostic of long-
term survival, based on empirically-based experience of
the prosthesis migration pattern.13 However, in surface
replacement, no such RSA analyses exist, owing to the
failure of the early designs, and thus there is no available
information on the parameters that might indicate failure
of the prosthesis.

With increased interest in hip resurfacing it is important
to report and analyse RSA findings. Although absence of
migration in RSA studies does not guarantee good long-
term results, it can usually be expected to be a favourable
prognostic factor. At two years pre-operatively RSA stud-
ies of the BHR implant have shown no statistically signif-
icant migration of the components.17,18

In our previous study,17 translations in the transverse
and vertical axes of the femoral neck were measured as
they were considered possible directions of subsidence of
the femoral component. These values were lower than
those usually seen in RSA studies of THRs.13,19 However,
migration along the vertical axis was slightly increased
by the end of the study, and in some measurements the
pattern of posterior translation exceeded the detection of
migration.17 In order to clarify the significance of this
observation, this study calculated the migration of the
femoral component along three axes. The new measure-
ments did not detect any distal migration. The relatively

Fig. 1 

A diagram of the Birmingham Hip Resurfacing implant showing
tanatalum markers in the femur and pelvis as well as mounted on
the femoral and acetabular components.
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higher values in the anteroposterior axis correlate to the
values seen in the two-year follow-up measurements
(Table I), which allows us to assume that we observed
higher error values in this direction17 and that there is no
significant migration pattern.

The acetabular component migration values in this
study differ slightly from those presented previously17

for three reasons. First, a patient died and was excluded
from the present statistical calculations. Secondly, a
patient who was previously excluded from the calcula-
tions of acetabular rotation was now included, and
finally the updated software used for analysis has a
higher level of accuracy. Despite these differences, there
are no statistically significant changes in either rotation
or translation for the acetabular component at the five-
year follow-up.

In several previously-studied implants, particularly
uncemented ones, a pattern of early migration along the
loading direction was observed in the early post-opera-
tive measurement, which subsequently stopped.13 There
were no such detectable migrations in our study,
although the pattern of vertical migration of the acetab-
ular component indicates that this behaviour may in fact
be present. Our study shows that migration values at five
years were small compared with earlier studies of unce-
mented acetabular components and cemented femoral
components in THRs and are comparable with our ear-

lier published data.17,18 Although this does not ensure
the longevity of the implant, it does indicate that
medium-term migration is not an expected mode of fail-
ure.

Supplementary Material
Supplementary graphs showing implant migration
are available with the electronic version of this article

on our website at www.jbjs.org.uk

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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Table I. Mean (SD) translation values of the femoral component. The translation calculations include all 18 patients at the five-year follow-up

Time interval after surgery

Axis 2 mths 6 mths 1 yr 2 yrs 5 yrs p* p† CI‡

Femoral component 
translation (mm)

Transverse (X)  0.01  (0.24) -0.04  (0.27) -0.05  (0.26) -0.08  (0.31) -0.15  (0.34) 0.288 0.062 -0.30 to 0.00

Vertical (Y)  0.06  (0.14)  0.07  (0.16)  0.03  (0.13) -0.01  (0.16)  0.00  (0.25) 0.769 0.930 -0.10 to 0.11
Anteroposterior (Z)  0.07  (0.64) -0.01  (0.70) -0.10  (0.55)  0.10  (0.69)  0.05  (0.56) 0.684 0.677 -0.19 to 0.31

* calculated between 2 months and 2 years (t-test)
† calculated between 2 months and 5 years (t-test) 
‡CI,  confidence interval

Table II. Mean (SD) translation and rotation values of the acetabular component. The translation calculations at five years are from 18 patients
(the measurements from the patients were from one marker and were excluded from the main calculation). The rotational analysis at five years
included 15 patients (three patients had condition numbers exceeding 200 and were excluded)

Time interval after surgery 

Axis 2 mths 6 mths 1 yr 2 yrs 5 yrs p* p† CI‡

Acetabular component
translation (mm)
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Acetabular component 
rotation (˚)
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* calculated between 2 months and 2 years (t-test)
† calculated between 2 months and 5 years (t-test)
‡ CI, confidence interval
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