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Hip resurfacing arthroplasty is an old orthopedic

concept that has undergone a resurgence of interest in

the past decade [1–8]. Previous problems associated

with thin polyethylene acetabular components, repro-

ducible quality of manufacturing of metal-on-metal

implants, and component fixation issues appear to

have been resolved and a more reliable prosthesis de-

veloped [4,8,9].

The proposed advantages of hip resurfacing over

conventional total hip arthroplasty are bone conser-

vation, reproduction of anatomic hip biomechanics,

greater implant stability, and assumed easier revi-

sion procedures.

There are no long-term results available on the

new-generation hip resurfacing arthroplasties. Studies

of the Conserve Plus (Wright Medical Technology,

Arlington, Tennessee), the McMinn and Cormet

(Corin Medical, Cirencester, UK), and the Birming-

ham Hip Resurfacing (Midland Medical Technolo-

gies, Birmingham, UK) have a mean of 3 years’

follow-up demonstrating survivorship of >97% [1,2,

10]. These studies demonstrate significantly better

survivorship than previous generations of hip resur-

facing prostheses (eg, Wagner, Imperial College Lon-

don Hospital (ICLH), THARIES, Furaya) [1,6,7].

The most popular prosthesis currently in use is the

Birmingham Hip Resurfacing.

Over the last decade, there has been a rapid in-

crease in the number of procedures being performed,
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and previously recognized complications have begun

to recur; for example, femoral neck fracture [1,6,7].

Our understanding of these problems is continuously

evolving, allowing us to better inform patients of the

risks and allow further development of the technol-

ogy to try to overcome them [11].

The ideal candidate for a hip resurfacing procedure

is currently believed to be a young (<60 years) active

man with normal proximal femoral bone geometry

and bone quality who would be expected to outlive

any current conventional prosthesis. Preoperative

diagnoses can be varied and include osteoarthritis,

osteonecrosis, and degenerative conditions secondary

to developmental hip dysplasia, slipped capital femo-

ral epiphysis, and Legg-Calvé-Perthes disease.

Contraindications for a resurfacing procedure are

still being defined. Currently, absolute contraindica-

tions include elderly people with osteoporotic proxi-

mal femoral bone, known metal hypersensitivity, and

impaired renal function. Relative contraindications

include inflammatory arthropathies, severe acetabular

dysplasia, grossly abnormal proximal femoral geome-

try (as may be encountered with some severe cases

of Legg-Calvé-Perthes and slipped capital femoral

epiphysis), large areas of avascular necrosis, and

large geode formation (Fig. 1).

Problems that have been encountered can be di-

vided into two main groups: (1) those associated with

any type of hip arthroplasty; for example, dislocation,

thromboembolic disease, heterotopic ossification,

nerve palsies, and vascular damage; and (2) those

that are more specifically related to the hip resurfac-

ing procedure and the focus of this article; namely,

femoral neck fractures, avascular necrosis, raised
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Fig. 1. (A) A case deemed unsuitable for hip resurfacing due to a large femoral head cyst that would compromise femoral

component fixation and mechanics. (B) Postoperative radiograph.
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metal ion levels, and sound initial and durable long-

term fixation of an all-metal monoblock cobalt/

chrome acetabular component.
Femoral neck fracture

Retention of the femoral neck exposes the patient

to the risk of femoral neck fracture in the immediate

postoperative period and in the future as per the

general aging population.

A recently conducted multisurgeon national au-

dit of the first 3429 Birmingham Hip Resurfacings,

performed over a 4-year period, demonstrated a

femoral neck fracture rate of 1.46% (50 cases). The

fate of all inserted prostheses was known. Mean time

to fracture was 15.4 weeks (range 0–56 weeks) [12].

Important patient, surgical, and postoperative factors

with regard to the risk of fracture were identified from

this review.

Patient factors

Patient factors included sex and proximal femoral

bone quality. The national fracture rate was 0.98% for

men and 1.91% for women undergoing hip resurfac-

ing. This difference was statistically significant (c2

test: P < 0.001); that is, women were twice as likely

to fracture as men. No conclusions could be drawn

with regard to the optimum age range for a hip resur-

facing from this audit. It may be postulated, however,

that the decrease in bone density in postmenopausal

women may have been a factor [12].
Surgical factors

Surgical factors associated with an increased risk

of femoral neck fracture included notching of the

superior femoral neck cortex (Fig. 2) combined with

varus placement of the femoral component relative

to the anatomic femoral neck shaft angle. In this

series, 26 of 50 cases demonstrated notching of

the femoral neck on the postoperative radiograph and

42 of 50 cases had a varus-placed femoral prosthesis

[12,13].

When consenting the patient for a hip resurfacing

procedure, it is advisable to also consent for a total hip

arthroplasty. If problems are encountered with align-

ment, notching, or large geode formation, then con-

version to a conventional hip arthroplasty is an option.

This evidence is consistent with known biome-

chanical considerations as proposed by Freeman [13]

and knowledge gained from a recent retrospective

biomechanical and clinical analysis [14] of 94 hips

with a mean follow-up of 4.2 years. The resultant

force vectors borne by the femoral head during walk-

ing encounter the femoral head at an angle of ap-

proximately 20� to the vertical in the frontal plane.

The medial trabecular system lies in this axis. It has

been shown that the strongest bone in compression is

that of the medial trabecular system, whereas the

bone in the head medial to this system is weak.

Hence, in the varus position, (1) tensile stresses

appear in the bone of the lateral surface of the neck as

it enters the prosthesis, (2) the medial compressive

stresses rise considerably, and (3) sheer stresses

develop at the mouth of the prosthesis [11].



Fig. 2. (A) Postoperative radiograph of a femoral head prepared with a notch in the superior neck that may have contributed to

the propagation of a fracture as seen evolving 6 weeks post surgery (B) and 10 weeks post surgery (C).
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Postoperative factors

All patients in this national audit [12] were

instructed to mobilize fully weight bearing post-

operatively. Because the femoral neck undergoes a

considerable surgical insult from intramedullary in-

strumentation, cylindrical reaming, and chamfer cut-

ting, it may be reasonable to surmise that this treatment

results in a ‘‘stressed’’ femur. A period of protected

weight bearing postoperatively may reduce any ten-

dency to fracture, particularly if notching of the

femoral neck has occurred.
Avascular necrosis of the femoral head

In theory, preparation of the femoral head could

cause avascular necrosis, which could ultimately lead

to failure of the prosthesis due to loosening or peri-

prosthetic fracture. Freeman [13] believed that the

arthritic hip undergoes changes in the vascular sup-

ply of the femoral head, with the blood supply being

predominantly intraosseous in arthritic hips rather

than subsynovial vessels [11]. Current studies report

a low incidence of avascular necrosis as a cause of

implant failure at a mean of 3 years [1–3]. Studies

on isolated primary hemiresurfacing of the femoral

head report an absence of avascular necrosis on re-

trieval specimens [15]. These series appear to support

Freeman’s [13] theories.

The choice of surgical approach is theoretically an

issue in the development of avascular necrosis. Tra-

ditionally, the posterior approach has been the most
commonly used. This approach sacrifices the ascend-

ing branch of the medial femoral circumflex artery,

which is an important contributor to the subsynovial

supply of the normal femoral head. More recently,

some surgeons have adopted the direct lateral or the

surgical dislocation approach popularized by Ganz

et al [16,17].

Other possible reasons for the small incidence of

avascular necrosis with resurfacing procedures may

reflect that it is the neck rather than the head that is

being resurfaced. Considering that the technique in-

volves resecting a portion of the zenith of the head

and pressurizing cement for several millimeters into

the prepared surface, it may be that there is not much

remaining of the bone proximal to the fused epiphy-

seal plate. This allows us to conclude that it is the

intraosseous femoral neck blood supply that is of

paramount importance.
Metal ion levels

Hip resurfacing has the requirement to produce a

thin acetabular shell of between 3 and 5 mm. This

measurement limits the material of choice to metal-

on-metal bearings.

Metal-on-metal bearings have been used in or-

thopedic surgery for the hip for the past 40 years and

there have been no conclusive studies to suggest that

they cause any adverse long-term effects (ie, carcino-

genesis) [18–22]. It is known that metal-on-metal

bearings produce higher serum cobalt and chromium

levels than conventional metal-on-polyethylene bear-
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ings. Numerous articles have shown elevation of

metal ion levels in metal-on-metal articulations com-

pared with other articulations [23–26]; however, it

is difficult to compare series because they measure

different combinations of parameters (serum, blood,

erythrocyte, and urine) using different measurement

techniques. These different techniques have a wide

range of sensitivities and baseline measurements. In

addition, the significance of these elevated levels is

not known.

Recent prospective studies of the Birmingham Hip

Resurfacing have shown that serum cobalt levels rise

to a peak at 6 months post procedure and are still

declining at 3 years. The chromium levels peak at

9 months and then begin to decline. In these patients,

no clinical issues appear to relate to the serum ion

elevation in the short-term [27]; however, sporadic

cases of hypersensitivity are being seen. Whether this

is a true hypersensitivity response or a capsular re-

sponse to a toxic local concentration of metal ion is

unclear [28,29].

Hallab’s [30–33] metal sensitivity work suggests

that (1) the incidence of dermatologic sensitivities

to metals in arthroplasty patients is higher than in

the general population; (2) the risk of sensitivity to

orthopedic implants is minimal and it is unclear

whether metal sensitivity contributes to implant fail-

ure; and (3) preoperative dermatologic screening for

metal hypersensitivity (delayed-type) is unreliable for

predicting the response to a metallic prosthesis.

Currently, there is no reliable hematologic pre-

operative test to predict hypersensitivity, although

work is being done on the development of lympho-

cyte reactivity tests to the alloy used in these implants

[30–33].
Fig. 3. (A) Radiograph taken 12 months post implantation. The p

taken 18 months post implantation when the patient presented wit
The new generation of hip resurfacings are all

formed from cobalt/chrome alloys. Different implants

vary subtly in design and manufacturing processes.

Whether implant manufacturing issues (ie, cast versus

wrought cobalt/chromium, heat treating versus no

heat treating, or variations in radial clearance) will

influence the incidence of hypersensitivity/toxicity

responses will become apparent with more detailed

long-term follow-up of these implants [34].

The issues surrounding metal ion levels can be

removed as a concern when ceramic bearings can be

manufactured in the required dimensions.
Acetabular component fixation

In the absence of wear particles generating os-

teolysis, femoral component failure and loosening

may result from fracture or avascular necrosis. Issues

surrounding acetabular component aseptic loosening

are somewhat different.

Initial reports on a pilot study by McMinn et al [2]

that compared different forms of fixation in hip

resurfacing arthroplasty found that hydroxyapatite-

coated acetabular components gave the best clinical

and radiographic outcomes. More recent reports on

the results of the McMinn hybrid resurfacing and the

Birmingham Hip Resurfacing arthroplasty have a

mean follow-up of 3.3 years (range, 1.1–8.2 years)

[3]. There are 446 hips in this series, and so far, there

have been no reported acetabular-related failures.

Amstutz et al [1] also recently published a series of

400 Conserve Plus hips. This group has an average

follow-up of 3.5 years (range, 2.2–6.2 years). Only
atient was fully functional and very happy. (B) Radiograph

h acute onset of groin pain after rising from a chair.
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one hip (0.3%) has been revised for early failure of

the acetabular component; however, a 32% rate of

radiolucency (26% in one zone, 6% in two zones)

was also reported. The clinical significance of these

findings remains to be seen.

Good long-term success has been reported with

cementless acetabular fixation in total hip arthro-

plasty [35–37]. Aseptic failures of these cups have

largely been attributed to osteolysis from high

volumetric polyethylene wear debris, a problem theo-

retically reduced by removing polyethylene from re-

surfacing arthroplasty [5]. A number of differences

exist between the acetabular component of a total hip

arthroplasty and that of a resurfacing arthroplasty that

could lead to poorer results in the resurfacing group:

1. All modern hip resurfacing arthroplasties use a

solid cobalt/chromium cup of between 3 and

5 mm thickness. Theoretically, because titanium

is more biocompatible and has a modulus of

elasticity closer to bone than cobalt/chromium,

it should allow greater osseointegration. There-

fore, most cementless total hip replacement sys-

tems use titanium as the ingrowth surface for

the acetabular component [38–42]. Whether

concern about biologic fixation of cementless

cobalt/chromium cups is a theoretic rather than

practical problem will evolve with ongoing

long-term clinical review of large series (Fig. 3).

2. The inability to place screws behind the bearing

surface increases the requirement to attain a

secure initial press-fit fixation. To limit this po-

tential problem, some resurfacing acetabular

components provide supplementary fixation

in the form of fins, peripheral expansion, or

cups with peripheral screw holes such as the

Birmingham dysplasia cup.

Other complications

Due to the larger-sized femoral component and

because of restoring anatomic hip biomechanics, the

rate of dislocation of a hip resurfacing prosthesis

appears to be significantly less than that of a con-

ventional total hip arthroplasty [43]. Published

dislocation rates are 0.75% at a mean of 3 years’

follow-up. In an initial series of 231 cases, there were

no dislocations [1,3,44].

The reported rates of deep venous thrombosis,

pulmonary embolus, heterotopic bone, and intra-

operative nerve and vessel injury [44] are compa-

rable with traditional arthroplasty techniques.
Summary

Hip resurfacing surgery is an evolving field in

orthopedics. The complications discussed can be

summarized as having a combination of causes. Sur-

gical factors are undoubtedly important and involve

preoperative and intraoperative decision making and

surgical technique. Other, less controllable complica-

tions are due to biologic and material factors.

Periprosthetic fracture of the femoral neck is the

most common complication. Its cause is multifacto-

rial, including patient selection, surgical technique,

and postoperative management. Avascular necrosis

has occurred but is less frequent than might be ex-

pected when using the traditional posterior approach

for this procedure. It is thought that the osteoar-

thritic hip develops a more intraosseous blood sup-

ply throughout the course of this disease, placing it at

lower risk of developing avascular necrosis subse-

quent to any resurfacing procedure.

Elevated serum and blood metal ion levels and

local tissue toxicity or hypersensitivity are other po-

tential problems of this procedure, which currently

still requires the use of a metal-on-metal articulation.

Despite a long history of the use of metal-on-metal

articulations with no proven adverse clinical con-

sequences, concerns are still expressed with regard to

the long-term outcome of elevated serum metal ion

levels. There also are some sporadic cases of local

hypersensitivity/toxicity. Preoperative lymphocyte

reactivity tests may help to predict susceptible in-

dividuals in the future.

Aseptic loosening of the acetabular component

may occur at later follow-up because of the rigidity of

the implant and poorer bone ingrowth at the ace-

tabular interface. Newer designs have titanium sur-

face finishes to theoretically provide better osseous

integration of the acetabular component.

Dislocation rates after resurfacing are predictably

lower than for conventional 28-mm head total hip

replacements due to the larger head size and more

accurate restoration of hip biomechanics.

Currently, there are no survivorship figures to as-

sess the long-term prognosis of this procedure,

although initial results appear promising. Of the new

generation of hip resurfacings, there have been only

two short-term (3-year) reviews published, which

have come from the designers of the two prostheses

[1,3].

There is a need for independent prospective studies

to be published in the orthopedic literature to allow

better guidance on this procedure. More publications

will allow better assessment of complication rates and

the suitability of this prosthesis for long-term use.
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