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The dysplasia cup, which was devised as an adjunct to the Birmingham Hip Resurfacing 
system, has a hydroxyapatite-coated porous surface and two supplementary neutralisation 
screws to provide stable primary fixation, permit early weight-bearing, and allow 
incorporation of morcellised autograft without the need for structural bone grafting. 

A total of 110 consecutive dysplasia resurfacing arthroplasties in 103 patients (55 men and 
48 women) performed between 1997 and 2000 was reviewed with a minimum follow-up of 
six years. The mean age at operation was 47.2 years (21 to 62) and 104 hips (94%) were 
Crowe grade II or III.

During the mean follow-up of 7.8 years (6 to 9.6), three hips (2.7%) were converted to a 
total hip replacement at a mean of 3.9 years (2 months to 8.1 years), giving a cumulative 
survival of 95.2% at nine years (95% confidence interval 89 to 100). The revisions were due to 
a fracture of the femoral neck, a collapse of the femoral head and a deep infection. There 
was no aseptic loosening or osteolysis of the acetabular component associated with either 
of the revisions performed for failure of the femoral component. No patient is awaiting a 
revision.

 The median Oxford hip score in 98 patients with surviving hips at the final review was 13 
and the 10th and the 90th percentiles were 12 and 23, respectively. 

Arthritis which develops in a hip with develop-
mental dysplasia is a surgical challenge. The
acetabulum is deficient in its shape and the qual-
ity of the bone of its roof is poor and does not
favour adequate component fixation. Torsional
deformities of the femur and discrepancies in leg
length compound the problem. Multiple previ-
ous childhood operations can compromise the
outcome. These patients are relatively young
and wish to remain active, jeopardising the sur-
vival of any arthroplasty device. A destructive
type of primary arthritis may also lead to sub-
luxation of the hip and severe secondary acetab-
ular insufficiency in a hitherto well-developed
hip, necessitating complex acetabular recon-
struction and stabilisation.

The need for supplementary stabilisation of
the acetabular component and for bone grafting
can be assessed in several ways.1,2 Proximal dis-
placement of the femoral head,3 the extent and
position of the false acetabulum4 and the per-
centage of the acetabular component which is
uncovered,5 have all been used as rough guides.
Strategies for acetabular stabilisation (Fig. 1)
include controlled medialisation,6 proximal
positioning of the hip centre,7 supplementary
structural bone grafting with screw fixation,

morcellised bone grafting with a metal mesh or
re-inforcement rings, and different combina-
tions of these techniques.2 Studies have shown
that long-term survival is significantly worse if
the centre of rotation of the hip is moved prox-
imally or laterally.8,9 Augmentation of the ace-
tabulum with a bone graft from a femoral head
has been proposed10,11 but has a high rate of
failure in the long-term.12 Kobayashi et al13

showed excellent results with a combination of
bone block grafting and proximal placement of
the acetabular component in order to obtain
cover of the most proximal point (apex) of the
component by the ilium. However, in their opin-
ion success with this procedure depends on
selecting patients aged over 48 years with a nat-
ural acetabular cover of at least 50%. In most
cases of Crowe3 grade I dysplasia and in some
of Crowe II we have used the standard Birming-
ham Hip Resurfacing (BHR) acetabular
component (Smith and Nephew Orthopaedics,
Warwick, United Kingdom) when the bony ace-
tabulum provides adequate cover for primary
stability. However, in some instances of Crowe
II dysplasia and occasionally in Crowe I, the
bony acetabulum is very shallow and offers
poor primary cover for the component.



716 D. J. W. MCMINN, J. DANIEL, H. ZIAEE, C. PRADHAN

THE JOURNAL OF BONE AND JOINT SURGERY

Unfortunately, most classifications,3,14,15 including the
widely-used Crowe system,3 grade dysplasia on the basis
of the proximal migration of the femoral head rather than
on the shape and stability provided by the bony acetabu-
lum. We have several cases to illustrate this point, one of
which is shown in Figure 2. The measured proximal

migration of the femoral head categorises it as Crowe
grade I dysplasia, but the apex of the acetabular compon-
ent lies outside the cover afforded by the acetabulum even
after advancing the component medial to the true floor. It
therefore needs supplementary fixation and augmentation
by a bone graft.

Fig. 1a

a) The normal acetabulum provides good fixation for a hemispherical acetabular component, with the apex of the implant (straight arrow), lying
securely within the bony acetabulum. b) The dysplastic acetabulum is deficient superolaterally (curved arrow) and the apex of the component lies
outside the region of bony support. c) Controlled medialisation, d) proximal shift of the hip centre and e) bone graft augmentation are some of the
strategies classically described to overcome acetabular insufficiency.

Fig. 1b Fig. 1c Fig. 1d Fig. 1e

Fig. 2a

a) A radiograph of the hip showing severe arthritis secondary to developmental dysplasia in a 37-year-old woman. The proximal
migration of the femoral head is < 50% of the width of the femoral head and < 10% of the pelvic height, and the dysplasia is
therefore classified as Crowe I. b) Templating, however, shows that the apex of the acetabular component (white arrow) would
lie outside the bony acetabular cover even after advancing the component medial to the true floor.

Fig. 2b



RESULTS OF THE BIRMINGHAM HIP RESURFACING DYSPLASIA COMPONENT IN SEVERE ACETABULAR INSUFFICIENCY 717

VOL. 90-B, No. 6, JUNE 2008

It is unwise to think that because a particular case can be
classified as Crowe grade I, the acetabular deficiency will
always be minor and that a standard component will suf-
fice. Resurfacing with a standard component in such a case
would carry a high chance of early loosening.

It may be argued that in such a case augmentation can be
provided with a structural bone graft using fixation with
lag screws. We used this method before the development of
the BHR and the availability of the dysplasia component
(Fig. 3). Successive follow-up radiographs show the failure
of the bone graft to osseointegrate, eventually leading to
acetabular loosening. However, these earlier implants
(McMinn Hybrid Components, Corin Medical Ltd,
Cirencester, United Kingdom) were a different design from
the BHR and did not have a beaded hydroxyapatite (HA)-

coated surface but HA coating on a smooth surface. The
extent to which this feature hastened the failure of the
Corin device is unknown, but the failure of the block bone
graft to osseointegrate is clear. We agree with previous
authors12,16 that although the early results with structural
bone grafting are good, the long-term results are far from
satisfactory.

In a conventional cemented total hip replacement (THR)
primary stability can be improved with additional bone
cement, and in a cementless acetabular component screw fix-
ation can be used where bony support is available. Neither of
these solutions is suitable for the severely-deficient acetabu-
lum. With a resurfacing acetabular component, screw holes
cannot be made in the floor of the component. Hence the
dysplasia cup (Smith and Nephew Orthopaedics) (Fig. 4)

Fig. 3a

a) Radiographs of a 38-year-old man with bilateral dysplastic acetabula. When he developed severe arthritic changes on the left side,
the dysplasia component and the Birmingham Hip Resurfacing were unavailable. He was treated with a McMinn hybrid resurfacing
device with block bone graft and lag screw fixation to support the acetabular component. b) and c) Early follow-up radiographs show
good component alignment and optimal bone graft apposition and fixation. A year later he developed arthritic changes of the
contralateral hip, by which time a Birmingham Hip Resurfacing dysplasia component was available and was used with supplemen-
tary screws and morcellised bone graft. d) At the nine-year follow-up there were symptoms and radiological appearances of loosen-
ing on the left side. e) The ten-year review of the dysplasia component shows perfect hip function with excellent bone graft
incorporation and acetabular remodelling and no evidence of loosening or migration. At the 11-year follow-up the acetabular com-
ponent on the left has tilted into a vertical position and he is awaiting revision surgery.

Fig. 3b

Fig. 3c Fig. 3d

Fig. 3e
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was produced as an adjunct to the BHR system. It articulates
with a standard BHR femoral head component or its modu-
lar version on a stemmed THR, although the latter is not the
subject of this report.

We have followed-up a consecutive series of dysplasia
BHR procedures, carried out on hips with severe acetabular
insufficiency. Less severe degrees of dysplasia were
excluded from this group, as they were managed using a
standard BHR acetabular component employing tech-
niques such as medialisation or slight elevation of the centre
of rotation of the hip.

Patients and Methods
The dysplasia BHR component, like the standard compo-
nent, is uncemented with an HA-coated porous surface. In
addition, it has two offset threaded lugs for supplementary
fixation using neutralisation screws. The bony defect is then
roughened and filled with morcellised bone autograft. The
graft is held in position with Surgicel (Ethicon, Cornelia,
Georgia) which is sutured into place. The screws obtain pur-
chase in the sclerotic bone of the false acetabulum rather
than in the osteopenic bone in the acetabular roof. The pri-
mary stability of this construct allows patients to bear
weight from the first day after operation.

A consecutive series of 110 hips (103 patients) with severe
acetabular insufficiency and end-stage arthritis, treated with
a dysplasia BHR between 1997 and 2000, were assessed. All
the operations were performed by the senior author
(DJWM). There were 55 men (56 hips) and 48 women (54
hips). The mean age at operation was 47.2 years (21 to 62).

There were 45 women (51 of 54 hips) under the age of 55
years, and under the age of 50 years there were almost twice
as many women (35 hips) as men (17 hips).

A total of 48 hips (43.6%) were classified as Crowe grade
III, 56 (50.9%) as Crowe grade II and six (5.5%) as Crowe
grade I. Measurements of leg length were made radio-
logically. A total of 19 patients (20 hips) had one or more
previous hip operation in childhood, including femoral and
pelvic osteotomies with internal fixation.

The need to use a dysplasia component rather than the
standard device was established on the basis of pre-opera-
tive templating (Fig. 2). If after medialising the acetabular
component or by choosing a slightly raised hip centre with
the template, a significant portion of the acetabular compo-
nent was likely to remain uncovered, the possible need for
a dysplasia component was registered. At operation the
stability of the true acetabular component and the extent of
the lateral uncovering were the deciding factors as to
whether to use a standard or a dysplasia component. Using
a depth gauge the uncovering was measured from the edge
of the component to the margin of the available bony cover
at the deepest point. The mean amount of uncovering was
18.5 mm (10 to 30).

All procedures were performed through a posterior
approach. Several critical surgical details merit emphasis.
The size of component which can be inserted into the dys-
plastic acetabulum is governed by the anteroposterior
dimension of the bony acetabulum. Care must be taken not
to ream away the anterior acetabular wall, which is often
hypoplastic. The successively larger reamers should be
biased posteriorly, so that the thickened posterior acetabu-
lar wall is reamed and the thin anterior wall is preserved.
The surgeon must carefully judge the largest size of reamer
that can be safely used, and if that does not allow an acetab-
ular component with a corresponding femoral head size to
clear the femoral neck, then a THR must be performed. The
median component size used was 56 mm (46 to 66).

After the acetabular component is positioned, as the first
screw advances through the lug and reaches the prepared
screw hole on the bony surface, further advancement has to
progress slowly and with care, ensuring that the self-
tapping threads of the screw obtain purchase in the bone
and advance with each turn. Failure to control this step will
result in the acetabular component being disengaged from
the pelvis as the screw advances. Once initial purchase has
been obtained, the screw advances without difficulty and
tightening it against the component towards the end
securely locks the implant in place. Advancement of the
second screw is not fraught with such risk as the compo-
nent is already securely fixed (Fig. 5).

A few other precautions should be borne in mind when
resurfacing dysplastic hips. Anteversion of the femoral neck
is a frequent accompanying feature of dysplastic hips. The
total femoral neck anteversion17 plus acetabular compon-
ent anteversion should equal 45°. It is important that the
surgeon measures femoral neck anteversion before embark-

Fig. 4

The Birmingham hip resurfacing dysplasia component.
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ing on positioning of the acetabular component. Lesser
degrees of excess femoral anteversion can be compensated
for by implanting the acetabular component in a less
anteverted position. However, if the anteversion of the fem-
oral neck is in excess of 45° a femoral derotation osteotomy is
required if the patient is to be managed with hip resurfacing. 

Although the senior author has performed nine pro-
cedures where a BHR was combined with simultaneous
subtrochanteric derotation femoral osteotomy secured with
an AO dynamic compression plate (Synthes GmbH, Solo-

thurn, Switzerland), only one of them (Fig. 6) has had a
long enough follow-up to be included in this report.

Rehabilitation following a combined osteotomy/resur-
facing operation is arduous and it is only a reasonable pro-
cedure in young, fit patients. In older patients a THR with
correction of excess anteversion of the femoral neck is a
better procedure. If excess anteversion is suspected it is
preferable to determine this with a pre-operative CT scan,
and to discuss carefully with the patient the pitfalls and
benefits of resurfacing against THR.

Fig. 5d

Radiographs of a 37-year-old woman with bilateral hip dysplasia
and severe arthritis who a) presented with progressively wors-
ening pain, severe restriction of hip movement, deteriorating
hip function, and an awkward limp with apparent leg-length dis-
crepancy. b) At operation the acetabular component uncovering
was 18 mm on the left and 22 mm on the right. c) Bilaterally dys-
plasia Birmingham Hip Resurfacing components were used
with morcellised autograft to reconstruct the insufficient socket.
d) and e) At 6.5-years follow-up she reports excellent hip func-
tion and has no adverse radiological features.

Fig. 5a Fig. 5b

Fig. 5c

Fig. 5e
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The patients remained in hospital for a maximum of six
nights after the operation. None needed outpatient physio-
therapy after discharge. The peri-operative antibiotic
prophylaxis and thromboprophylaxis measures used were
the same as in our general series.18

Only after a femoral osteotomy was any patient
restricted to non-weight-bearing. All started mobilising on
the first day after operation using elbow crutches. In total
55% of patients (61 hips) were allowed to bear weight fully
starting on the first day. In 45% of patients (49 hips) partial
weight-bearing (50%) was undertaken for a mean duration
of seven weeks (3 to 12), followed by full weight-bearing
with elbow crutches or walking sticks for a mean of four
weeks (2 to 12) before walking unaided. The quality of fix-
ation in the acetabulum and the extent of uncovering of the
acetabular component guided the decision as to the post-
operative weight-bearing regime. Reoperation or revision
for any reason was considered a failure. All patients with
unrevised hips were invited to attend a review clinic. Prior
to arrival at the clinic, patients complete an Oxford hip
score (OHS) questionnaire19 which has been sent to them.
The OHS measures pain and disability but not function; the
best possible score is 12 and the worst is 60. At the clinic
they were examined by a clinician (DJWM, CP or JD). An
anteroposterior radiograph of the pelvis, including both
hips, and a cross-table horizontal beam lateral view of the
resurfaced hip was taken. Radiological assessment of the
acetabulum was performed using the zones of DeLee and
Charnley,20 and that of the femoral stem using the criteria
of Amstutz et al;21 a score of 7 or more was considered sig-
nificant. Thinning of the femoral neck was assessed by
comparing the width of the neck on the radiographs taken
at two months with the most recent films, using the femoral
component as the reference for magnification. A reduction

in width by at least 10% of that of the original neck was
considered significant. The Brooker grading22 was used for
heterotopic ossification. Survival analysis was performed
using a life table and Kaplan-Meier survival plots with 95%
confidence intervals (CI).

Results
At a mean follow-up of 7.8 years (6 to 9.6) there were no
cases of aseptic loosening of the acetabular component.
One patient operated on at the age of 45 years died from an
unrelated cause five years after the operation. Three hips
(2.7%) were converted to a THR at a mean of 3.9 years (2
months to 8.1 years). The Kaplan-Meier cumulative sur-
vival at nine years was 95.2% (95% CI 89 to 100) (Fig. 7).

A total of 75 patients attended a review clinic. One could
not be contacted, but his general practitioner has confirmed
that he has not undergone a  revision procedure, nor has he
reported any hip-related pain. All the others, who were
either abroad or unable to attend, returned postal question-
naire responses and had radiographs taken locally.

The median Oxford hip score in 98 patients with surviv-
ing hips at the final review was 13 and the 10th and 90th
percentiles were 12 and 23, respectively. Three patients
noted that the pain and disability which they recorded on
the questionnaire were originating from a joint other than
the resurfaced hip, such as the contralateral hip or the back.

The mean post-operative acetabular inclination was 37°
(28° to 49°). There was no change in the mean acetabular
inclination at follow-up. A total of 90 patients (87.4%) had
leg-length discrepancies, with a mean shortening of 9 mm
(5 to 35) (Fig. 8). 

One 50-year-old woman who had developmental dyspla-
sia of the hip and had two childhood hip operations under-
went a dysplasia BHR. Her immediate post-operative

Fig. 6c

A 50-year-old man with developmental dysplasia of the hip had 60° of femoral neck anteversion and a coxa valga deformity. A subtrochanteric dero-
tation osteotomy was performed secured with a seven-hole dynamic compression plate. At six-year follow-up, he reports normal hip function and
regularly plays tennis.

Fig. 6a Fig. 6b Fig. 6d Fig. 6e
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radiograph showed a radiolucent line in DeLee and
Charnley zones 1, 2 and 3. She had an uneventful recovery
and an excellent outcome, but the lucent line has persisted
in subsequent radiographs taken at one and seven years.
One patient had a 2 mm radiolucent line around the femo-
ral component, and five had asymptomatic thinning of the
femoral neck at the latest follow-up. There was no case of
osteolysis around the femoral or acetabular components
and no failures due to aseptic loosening. None of the above
patients is awaiting a revision.

A 43-year-old woman sustained a fracture of the femoral
neck two months after her resurfacing and was revised to a
THR. A 39-year-old woman failed because of deep infec-

tion 3.3 years after the operation and underwent a two-
stage revision to a THR. A 34-year-old woman with Crowe
grade III dysplasia, underwent a dysplasia BHR. She had
systemic lupus erythematosus which was treated with
steroids and immunosuppressants. She made a good recov-
ery, but the femoral component underwent varus migration
at six months. However, she remained asymptomatic until a
fall 7.7 years later when she developed a further varus tilt of
the femoral component. One year later this component was
revised, because of pain, to a matching modular femoral
head on a Synergy uncemented femoral component (Smith
and Nephew, Memphis, Tennessee). The acetabular com-
ponent was left in situ. Retrieval analysis of her femoral
head showed no evidence of aseptic loosening of the fem-
oral component or osteonecrosis but a series of microfrac-
tures, and a more extensive partial fracture with some
healing. The fracture line extended centrally and was filled
with fibrous tissue. These findings are consistent with early
varus migration of the femoral component, which would
appear to have been the result of the series of microfrac-
tures. The additional tilt she developed after the fall
probably caused the partial fracture, which developed
fibrous union over the next year, leading to pain on weight-
bearing.

A 50-year-old woman who underwent bilateral resurfac-
ings one week apart suffered a non-fatal pulmonary embo-
lism six weeks after the index operation. She was managed
with anticoagulants and recovered fully with no sequelae.
There were no cases of wound dehiscence, neurovascular
injury or dislocations.

Discussion
Charnley and Feagin1 originally described untreated con-
genital dislocation of the hip as a contraindication to hip
replacement. However, technical advances have made
arthroplasty a reasonable option for severely dysplastic
hips.23 As many patients with dysplasia are young, a con-
servative option such as hip resurfacing is reasonable.

Acetabular insufficiency in developmental dysplasia or in
destructive arthritis presents as a wide spectrum of condi-
tions with varying severity. Minor insufficiencies of the
acetabulum can usually be managed by moving the acetab-
ular component proximally or medially into a more stable
location. At the other extreme, with total dislocation as in
Crowe grade IV, where the true acetabulum is small, either
an extremely small resurfacing femoral component would
have to be used or the acetabulum would need to be over-
reamed. We consider both these options unacceptable and a
hip resurfacing is generally not viable.

Total hip replacement with a diameter of femoral head
which matches a small acetabular component is usually a
more acceptable solution. In addition, although Crowe IV
dislocated hips are unstable, they are not subjected to nor-
mal load-bearing stresses and are therefore less likely to
become arthritic.24 By comparison, the subluxing hips seen
in Crowe II and III dysplasia become painful earlier and the
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dimensions of their acetabulum and femoral head lend
themselves to resurfacing. However, they may offer too
little cover for the acetabular component to allow secure
fixation with a standard acetabular component. Further, in
the subluxing hip the femoral head articulates with the false
acetabulum, leaving the acetabular roof stress shielded and
relatively osteopenic, which renders it unsuitable for robust
fixation with screws or cement.

With the dysplasia component used in the present study,
the screws obtain purchase in the better-quality bone in the
false acetabulum, providing good primary fixation. Being
neutralisation screws, the acetabular component and the
screws combine into one solid composite three-dimensional
construct, where the stability in any plane is a function of
the area circumscribed by the component and the screws as
a whole. This allows the morcellised autograft filling the
bony deficiency superolaterally to incorporate and consoli-
date without fear of displacement during weight-bearing
mobilisation.

In a subluxing hip, osteopenia is often seen in the lateral
aspect of the femoral head as well, and this, sometimes, is
marked. We consider that one of our failures with femoral
head collapse was due to osteopenia of the lateral part of
the femoral head. This alerted us to this potential mode of
failure early in our experience, and we have since per-
formed THR in such patients. Patients must be warned pre-
operatively of the possibility of an intra-operative conver-
sion to a THR if this localised osteopenia is found to be too
severe to risk failure with a resurfacing implant.

Patients with dysplasia are often young and of child-
bearing age. Although current knowledge25 indicates that
the placenta has a modulatory effect on metal ion transfer,
it is not clear whether the raised metal ion levels have an
effect on the unborn child. Metal ion levels are almost
invariably elevated following a metal-on-metal hip resur-
facing.26 It has therefore been our practice to advise young
female patients who are planning a resurfacing and a preg-
nancy in the forseeable future, to have the baby before the
resurfacing, or postpone it as long as possible thereafter,
and in any case no less than two years after the resurfac-
ing, in order to avoid the run-in period of high metal
release.

A dysplasia component is almost always needed in a
Crowe III dysplastic hip, and often in Crowe II dysplasia.
Whether a hip is classified as Crowe I, II or III, the real test
is the intra-operative stability afforded to the trial compon-
ent by the reamed acetabulum. A standard component can
be safely used if sufficient support is available for the trial
component. It is not acceptable to over-ream the acetabu-
lum in order to increase stabilisation, especially in a young
patient. In marginal cases, in order to avoid using a dyspla-
sia component there is often a tendency to implant the
standard component implant in an abducted position to
achieve superior cover. This must be avoided in a metal-on-
metal bearing, as it leads to edge loading, accelerated wear
and early failure. The defective anatomy should not be

allowed to lead to compromised positioning of the acetab-
ular component.

Amstutz, Antoniades and Le Duff27 described a series of
metal-on-metal resurfacings with regular acetabular
components in dysplastic hips with predominantly (88%)
Crowe I and some (12%) Crowe II deficiencies. In their
series, seven of 59 hips (11.9%) required re-operation at a
mean follow-up of six years. Of these, six hips were con-
verted to a THR, five for femoral failure and one for recur-
rent subluxation. Another patient needed an acetabular re-
orientation after three days for instability. In comparison,
the failure rate with re-operation as the endpoint in our
present series is 2.7% at a mean of 7.8 years.

With the offset screws it is possible to secure the dyspla-
sia component in a more closed position with a lower incli-
nation angle, thereby increasing stability of the hip and
reducing the chances of edge loading and wear. This option
is often required to compensate for an associated increase
in the valgus angle of the femoral neck, as seen from the
mean inclination angle of 37° (28° to 49°) in the present
series, which was lower than the mean of 40° found in a
consecutive series of standard BHRs performed by the same
surgeon.28 The absence of loosening and the excellent
incorporation of the graft seen in our series (Figs 5 and 6)
assures us of the satisfactory stability afforded by the dys-
plasia BHR component and the supplementary screws. It is
hoped that the reconstructed bony margins of the native
acetabulum will stand the patient in good stead if a revision
becomes necessary. The performance of a BHR with a dys-
plasia component is a technically difficult procedure but the
absence of loosening of the component in this series at
medium-term follow-up establishes this component as a
robust method of acetabular reconstruction for patients
with severe acetabular insufficiency.

Supplementary Material
A further opinion by Mr D. Dunlop is available with
the electronic version of this article on our website at

www.jbjs.org.uk
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