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Abstract

Background Mid-head resection total hip resurfacing

arthroplasty was promoted as an alternative to traditional

total hip resurfacing for patients with poor femoral head

bone quality or abnormal femoral head morphology,

because those patients are at high risk of failure with tra-

ditional total hip resurfacing. It is a large-headed metal-on-

metal device that uses a short, bone-conserving stem. Good

performance of the implant has been reported at short-term

followup, but no information on the implant performance

in the mid- or long-term is available.

Questions/purposes In this study, we report (1) on the

mid-term implant survivorship and hip scores in a single

nondesigner surgeon series. Because of the occurrence of

femoral neck osteolysis and pseudotumor in a subgroup of

patients, we also investigated the following: (2) Were there any

preoperative parameters that are associated with osteolysis? (3)

Could we differentiate the osteolysis group from the others on

the basis of implant component sizes, positions, and radiologic

parameters? (4) Could we differentiate the osteolysis group

from the others on the basis of metal ion levels?

Methods Between 2006 and 2011, one surgeon performed

a total of 49 Birmingham Mid-head Resection total hip

resurfacing arthroplasties in 47 patients. The general indi-

cations for this procedure were young patients who were

considered suitable for hip resurfacing arthroplasty but had

avascular necrosis, large cysts, or severe deformity of the

femoral head. Clinical followup including Oxford Hip

Score (OHS) and UCLA hip scores were available preop-

eratively and at a mean of 6 years (range, 3–8 years) on all

patients (100%), radiographic followup on 45 of 47 (96%),

MRIs on 18 (38%), and metal ion levels on 37 (79%).

Mean age at surgery was 50 years. Spearman’s correlation

was used to test the association between femoral neck

osteolysis and preoperative parameters, implant component

sizes and positions, and blood metal ion levels.

Results We found 100% survival. Patients’ median OHS

was 46 of 48 (range, 35–48) and UCLA 8 of 10 (range,

4–10). However, 16% of the hips (seven of 45) demon-

strated osteolysis in the femoral neck. Of the preoperative

parameters, the osteolysis was associated with low weight

(r = �0.337, p = 0.031) and to a lesser degree with

female sex (r = 0.275, p = 0.067). Radiologically, the

osteolysis was strongly associated with the presence of a
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pseudotumor on MRI (r = 0.663, p = 0.004). We could

not differentiate the osteolysis group from the rest of the

cohort on the basis of the implant sizes or radiographic

implant component positions. The cohort’s median whole

blood cobalt was 1.77 ppb (range, 0.18–10.27 ppb) and

chromium 1.88 ppb (range 0.36–10.09 ppb). There was no

difference in the metal ion levels between the osteolysis

group and the rest of the cohort.

Conclusions The high rate of silently developing femoral

neck osteolysis associated with this implant is concerning and

is expected to cause a high rate of failure at longer followup.

We have instituted a program of annual clinical and radiologic

followup for this group of patients. We have stopped

implanting this device and recommend against its use.

Level of Evidence Level IV, therapeutic study.

Introduction

Mid-head resection (MHR) is a bone-conserving total hip

resurfacing arthroplasty procedure developed as an alter-

native to traditional total hip resurfacing implants in young

patients who have poor femoral head bone quality or

abnormal femoral head morphology [35, 36], because

patients with these conditions were found to be at higher

risk of failure of traditional hip resurfacing [1, 2, 4, 11, 12,

14, 40, 46]. The level of bone resection in MHR is distal to

that of hip resurfacing, thereby offering the opportunity to

resect poor quality bone (eg, avascular necrosis [AVN] or

large cysts). It differs from other neck-preserving pros-

theses in that its resection level runs through the middle of

the femoral head rather than the head-neck junction.

Allowing the load to go through the conically shaped head-

neck junction would theoretically prevent stress shielding

in the femoral neck [15, 35, 36], a complication reported in

other neck-preserving hip implants [7, 18, 23, 30, 38, 45].

The use of conventional long-stemmed large-headed

metal-on-metal (LHMoM) hip implants has been discon-

tinued in the United Kingdom as a result of poor results and

high failure rates [9, 31, 37, 47]. Recently, a European

multidisciplinary consensus study group, endorsed by the

European Federation of National Associations of Ortho-

paedics and Traumatology, the European Hip Society, and

the German Osteoarthritis Society, has expressed concerns

regarding the safety of metal-on-metal (MoM) hip implants

in general and advised close monitoring of both LHMoM

conventional hip replacement implants as well as hip

resurfacing implants [21]. The Medicines and Healthcare

products Regulatory Agency (MHRA) has issued a safety

alert and strict management protocols for stemmed

LHMoM implants, which are different from their protocols

for the management of traditional hip resurfacing implants

[37]. However, no followup protocols specifically exist for

short-stemmed MoM implants such as the Birmingham

Mid-head Resection (BMHR; Smith & Nephew Ortho-

paedics Ltd, Warwick, UK). BMHR is an LHMoM implant

and may be expected to perform similarly to the notorious

conventional long-stemmed LHMoM implants. It does,

however, use a different fixation (neck-fixed rather than

shaft-fixed) and load-bearing concept, and all the currently

available studies on BMHR (including those by the

authors) report promising short-term results [13, 35, 43,

44]. Little is known about its mid- to long-term perfor-

mance, and no information about its outcome was provided

in the latest report of the UK National Joint Registry [39].

In this study we aimed to better understand the perfor-

mance of a short-stemmed large-headed MoM bone-

conserving hip implant by assessing the mid-term perfor-

mance of the BMHR in our unit.

In this study, we report (1) on the mid-term implant

survivorship and hip scores in a single nondesigner surgeon

series. Because of the occurrence of femoral neck oste-

olysis and pseudotumor in a subgroup of patients, we also

investigated the following: (2) Were there any preoperative

parameters that are associated with osteolysis? (3) Could

we differentiate the osteolysis group from the others on the

basis of radiographic implant component positions (cup

inclination and stem-shaft angle)? (4) Could we differen-

tiate the osteolysis group from the others on the basis of

metal ion levels?

Materials and Methods

This is a retrospective analysis of a prospectively main-

tained clinical registry supplemented by analysis of

radiographs and metal ion levels, which were gathered in

the course of routine clinical care.

Between 2006 and 2011, one surgeon (SM-A) per-

formed a total of 49 BMHR total hip resurfacing

arthroplasties in 47 patients. The general indications for

this procedure were young, active patients who would

benefit from a bone-conserving total hip resurfacing

arthroplasty, but in whom traditional hip resurfacing was

contraindicated because they had AVN, large cysts, or

abnormal morphology of the femoral head or acetabulum.

The patients’ age in our cohort ranged from 24 to 69 years

(mean ± SD, 50 ± 9 years) and they included 20 females

(41%). Their mean (and SD) height was 171 ± 9.3 cm,

weight 74.4 ± 15.3 kg, and body mass index 25.2 ± 4 kg/

m2. The mean followup was 6 years (range, 3–8 years) and

in terms of implant survivorship, no patients were lost to

followup. The preoperative diagnoses in our cohort were:

femoral head AVN (19 cases), osteoarthritis with severe

cystic changes in the femoral head (13), severe slipped
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upper femoral epiphysis (three), severe hip dysplasia (two),

post-Perthes’ osteoarthritis (one), severe femoral head

deformity secondary to a previous septic arthritis (one),

osteoarthritis with a femoral head size that was considered

too small for a traditional resurfacing (two), and in eight

cases, the decision to perform this procedure was made

intraoperatively as a result of finding the femoral head bone

quality too poor for traditional resurfacing.

The implants we used were the V1 and visual stop tech-

nology (VST) versions of the BMHR. They feature an

uncemented titanium alloy stem with a proximal hydrox-

yapatite (HA)-coated porous surface. The distal part of the

stem is not HA-coated and has longitudinal antirotational

flutes [15, 35]. The V1 and VST versions of the BMHR are

different in that the VST is shorter and has a proximal lipped

edge to allow visual confirmation of the complete seating of

the stem in the proximal femur intraoperatively, thereby

avoiding the need for excessive stem impaction that may risk

creating log-splitting fractures [35]. The BMHR uses a MoM

bearing surface identical to that of the Birmingham Hip

Resurfacing (BHR) [13, 35] and consists of a modular large-

diameter cobalt-chrome alloy head articulating with an

uncemented cobalt-chrome acetabular component. The

modular cobalt-chrome head fits onto a 12/14 titanium alloy

stem taper junction [13]. The acetabular cup sizes that we

used ranged from 50 to 62, the femoral head sizes from 44 to

56, and stem sizes from 2 to 4 (Table 1).

Preoperatively, patients were assessed using plain AP

pelvis and lateral hip radiographs looking for AVN, large

cysts, or severe deformity of the femoral head, as advised by

the implant developers [13, 35, 36]. Patients with severe hip

dysplasia were further assessed and planned using preop-

erative CT, and where the plain radiographs were suspicious

of reduced bone density in the femoral neck, a preoperative

dual-energy x-ray absorptiometry scan was performed. In

patients in whom the aforementioned investigations were

equivocal in deciding the suitability or otherwise for tra-

ditional hip resurfacing, patients were consented for both

procedures and the assessment was made on the operating

table. Preoperative Oxford Hip Score (OHS) [16] and

UCLA hip score [51] were recorded in all patients. All

operations were performed using a posterior approach. The

details of the operative technique and postoperative care

have been described previously [43, 44].

Patients were routinely reviewed in the clinic at 1, 3, and

12 months after surgery, where they had a clinical examina-

tion, a standardized AP pelvis (including both hips) and a

crosstable lateral hip radiograph of the operated hip, and hip

scores. Thereafter, patients were advised to attend followup

every 1 to 2 years. For this study, all patients were contacted

and their revision status updated. Those who had not had a

clinical and radiographic assessment in the last 12 months

were invited for one, and patients living overseas or away

from London were contacted by telephone (eight patients)

and asked to complete posted hip questionnaires (OHS and

UCLA), and a letter was sent to their general practitioners

explaining the need for radiographic followup and measure-

ment of the blood metal ions. The digital radiographs and

blood metal ions test reports of those who complied with our

instructions were forwarded to us for assessment.

Radiographs from the most recent followup were ana-

lyzed by two reviewers (SM-A, AA). We have complete

radiographic followup on 45 patients (45 hips [96%]).

Femoral and acetabular component loosening was assessed

according to Amstutz et al. [4] and DeLee and Charnley

[17] criteria. Component angles, spot welding, and neck

narrowing were assessed using the method described by

McMinn et al. [35] and Hing et al. [26].

All patients attending followup after 2 years from sur-

gery were advised to have assessment of their whole blood

cobalt and chromium levels. The whole blood samples

were taken from the patients by a specialist nurse at The

Princess Grace Hospital (London, UK) and sent to HCA

Laboratories (London, UK), which, in turn, sent the sam-

ples to the Clinical Chemistry Department at Charing Cross

Hospital, Imperial Healthcare College NHS Trust, London,

UK (a participating laboratory of the Trace Element

External Quality Assessment Scheme) for inductively

coupled plasma-mass spectroscopy (ICP-MS) analysis of

chromium and cobalt concentrations. We have complete

metal ions followup on 37 of the 47 patients (79%). Four of

those patients had their metal ions tests arranged by their

general practitioners and sent to their local laboratories but

were also analyzed using ICP-MS analysis of whole blood.

Patients who reported symptoms in or around their

operated hip at more than 1 year after surgery, those found

to have high blood cobalt or chromium ([ 7 ppb), and

Table 1. A breakdown of the BMHR types and sizes used

Characteristic n = 49 hips

Type of BMHR (number)

V1 41

VST 8

Acetabular cup/femoral head/stem sizes (number [%])

62/56/4 2 (4.1)

58/52/4 8 (16.3)

58/52/3 1 (2)

56/50/4 2 (4.1)

56/50/3 2 (4.1)

54/48/3 14 (28.6)

54/48/2 2 (4.1)

52/46/2 1 (2)

50/44/2 17 (34.7)

BMHR = Birmingham Mid-Head Resection; VST = visual stop

technology.
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those with osteolysis on radiographs were further investi-

gated using MRI with metal-artifact reduction sequence

(MARS) technology. We have hip MRI followup on 18

patients (38%). All MRIs were analyzed by a consultant

musculoskeletal radiologist (MMYK). Pseudotumors were

classified using Hart et al.’s system [22], and periarticular

muscle atrophy was assessed using Pfirrmann et al.’s

grading [42] (Grade 0 = no intramuscular fat; Grade

1 = some intramuscular fat streaks; Grade 2 = evident fat,

but less than the muscle tissue; Grade 3 = equal amounts

of fat and muscle; Grade 4 = more fat than muscle tissue).

Statistical analysis was performed using IBM SPSS

Statistics software Version 21 for Mac (IBM Corp, New

York, NY, USA) [29]. The Kaplan-Meier method was used

to determine the cumulative survivorship of the implant,

considering revision surgery in the form of removal or

exchange of any of the BMHR components as the endpoint

for survival analysis. The Shapiro-Wilk test was used on

relevant data to test for normality. Normally distributed

variables were described using the mean and SD, and for

variables with skewed distribution, we used the median and

the range. The improvement in OHS and UCLA was

assessed using a paired t-test and the Mann-Whitney U test

was used to compare the postoperative OHS and UCLA

scores between males and females. Spearman’s correlation

was used to test the association between femoral neck

osteolysis and the preoperative parameters (patients’ age,

sex, height, weight, body mass index, and preoperative

scores), the association between osteolysis and the implant

sizes, positions and radiologic parameters (spot welding

and pseudotumors), and the association between osteolysis

and the blood metal ions. Spearman’s correlation was also

used to assess the relationship between blood metal ions,

hip scores, patients’ demographics, implant sizes, and

positioning. The level of significance was set at p\ 0.05.

Results

Survivorship and Hip Scores

The final outcome of BMHR was obtained for all patients

with no loss to followup. Survivorship at mean 6 years

(range, 3–8 years) was 100% for both implant revision and

reoperation for any reason as endpoints. There was one

patient who died of advanced bowel cancer at 5 years after

surgery. This patient did not undergo implant revision and

had an OHS of 48 at last followup.

Patients’ median OHS (using the 48-point OHS)

improved from 26 (range, 16–35) preoperatively to 46

(range, 35–48), and UCLA score improved from 5 (range,

2–8) to 8 (range, 4–10) at latest review (paired t-test

p\ 0.001 for both). There was no difference in median

OHS scores for males (47; range, 43–48) and females (46;

range, 35–48) or in the median postoperative UCLA scores

between males (8; range, 5–10) and females (8; range, 4–

10) (Mann-Whitney U p = 0.293 and p = 0.115,

respectively).

Radiological Analysis

The median acetabular component inclination for the co-

hort was 37� (range, 26�–49�) and mean stem shaft angle

was 141� (range, 127�–154�). Femoral neck thinning was

found in 12 cases (27%), spot welding in 16 (36%), and

femoral neck osteolysis in seven (16%) (Table 2). These

seven osteolysis cases in seven patients included two males

and five females. One of the seven patients did not undergo

metal ion testing; none of the other six had elevated metal

ions. Only one of the seven osteolysis cases had acetabular

osteolysis in DeLee Zone 1. Five were associated with spot

welding; and five had pseudotumors on MARS MRIs and

ultrasound scan (Tables 3, 4; Fig. 1A–D).

Preoperative Parameters and Osteolysis

The preoperative parameters that had a statistically sig-

nificant association with the development of osteolysis

were low patient’s weight (r = �0.337, p = 0.031), and

low body mass index (r = �0.356, p = 0.024). The female

sex showed moderate correlation with osteolysis but this

correlation did not reach statistical significance threshold

(r = 0.275, p = 0.067). No statistically significant corre-

lation was found between osteolysis and patients’ age,

height, or preoperative OHS and UCLA scores (Table 5).

Radiologic Parameters and Implant Component Sizes

and Osteolysis

No association was found between femoral neck osteolysis

and the radiographic parameters of cup inclination, stem-

shaft angle, or spot welding; and no association was found

between femoral neck osteolysis and the sizes of the implant

femoral head, cup, or stem (Table 6). However, osteolysis

was strongly associated with the presence of pseudotumors

on MARS MRI scans (r = 0.663, p = 0.004).

Metal Ion Levels and Osteolysis

With the numbers available, there was no correlation

between metal ion levels and the occurrence of femoral

neck osteolysis. No statistically significant correlation was
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found between osteolysis and the whole blood cobalt level

(r = 0.11, p = 0.535) or chromium level (r = 0.094,

p = 0.592). In the osteolysis group the median cobalt level

was 1.94 ppb (range, 1.36–3.13 ppb) and the median

chromium level was 2.42 ppb (range, 1.56–3.38 ppb),

whereas the patients with no osteolysis had median cobalt

of 1.76 ppb (range, 0.18–10.27 ppb) and median chromium

of 1.82 ppb (range, 0.36–10.09 ppb). Comparing the two

groups showed no statistically significant difference in the

levels of cobalt or chromium (Mann-Whitney U p = 0.551

and p = 0.593, respectively). The cohort’s median cobalt

was 1.77 ppb (range, 0.18–10.27 ppb) and chromium

1.88 ppb (range, 0.36–10.09 ppb). Only one patient in the

cohort had raised cobalt and chromium (10.27 and

Table 2. Radiographic findings

Radiographic

parameter

Acetabular/

femoral loosening

Femoral neck

thinning

Spot welding Femoral neck

osteolysis

Acetabular

osteolysis

Radiographic evidence

of impingement

Number of cases 0 12 16 7 1 3

Prevalence 0% 27% 36% 16% 2% 7%

Details and breakdown All in V1 V1: 15

VST: 1

V1: 6

VST: 1

In DeLee Zone 1 Anterior cortex: 1 (symptomatic);

lateral cortex: 2 (asymptomatic)

VST = visual stop technology.

Table 3. Demographic and clinical details of the seven osteolysis cases

Case number/sex/

age (years)

Height (cm)/weight

(kg)/BMI (kg/m2)

Followup

(years)

BMHR indication Cup/head/

stem size

Cobalt /

chromium (ppb)

OHS/

UCLA

1/M/55 179/84.0/26.2 6.7 Slipped upper femoral epiphysis 58/52/4 1.36/2.29 48/9

2/F/63 157/53.5/21.7 5.7 Poor bone at surgery 50/44/2 3.13/1.82 44/10

3/F/51 163/60.4/22.7 5.6 Severe dysplasia 54/48/3 1.95/2.55 48/8

4/F/55 167/53.0/19.0 5.6 Poor bone at surgery 54/48/3 1.95/1.56 48/8

5/F/64 160/60.0/23.4 5.6 Head too small� 50/44/2 Not available 39/4*

6/F/38 170/69.7/24.1 5.5 Large femoral cysts 50/44/2 2.83/3.38 46/8

7/M/40 181/64.0/19.5 2.9 Slipped upper femoral epiphysis 54/48/3 1.95/2.6 48/8

* Patient 5 related her low OHS and UCLA to the severe scoliosis for which she is awaiting corrective surgery, not to her asymptomatic hip;
�head too small for traditional resurfacing; BMI = body mass index; BMHR = Birmingham Mid-head Resection; OHS = Oxford Hip Score;

M = male; F = female.

Table 4. MRI findings in the osteolysis cases

Case

number

Muscle atrophy grade (0–4) [35] Any tendon

disruption?

Pseudotumor

Iliopsoas Gluteus

minimus

Gluteus

medius

Gluteus

maximus

Short

external

rotators

Type [18] Site Size (cm)

1 1 1 0 0 1 No 2B Anterior 1 9 1.5 9 3.5

2 0 2 0 0 3 No 2B Anterior, inferior,

and intrapelvic

4.4 9 4.4 9 12.7

3 0 1 1 0 1 No 1 Anterior 1.4 9 1.5 9 5.2

4 0 2 0 0 1 No No

pseudotumour

N/A N/A

5 Ultrasound scan (US) was used. No MRI No Cystic

pseudotumour

on US

6 0 2 0 0 1 No 2B Anterior 2.8 9 3.6 9 4.3

7 0 1 0 0 0 No No

pseudotumour

N/A N/A

N/A = not applicable.
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10.09 ppb, respectively) but was asymptomatic with OHS

48 and no adverse radiographic features. His MARS MRI

showed a 2-cm-diameter area of osteolysis in the superior

pubic ramus but no pseudotumor and no acetabular or

femoral neck osteolysis. A positive correlation was found

between patients’ activity level (postoperative UCLA

score) and the levels of cobalt (r = 0.447, p = 0.004) and

chromium (r = 0.346, p = 0.042) in the blood. No corre-

lation was found between the blood levels of cobalt and

chromium and the implant components sizes, positions,

and patients’ demographic characteristics.

Discussion

The BMHR device was introduced to provide a bone-

conserving alternative to THA in patients who would

otherwise be candidates for hip resurfacing. For example,

young patients who have poor femoral head bone quality or

abnormal femoral head morphology [35, 36] might be

considered, because patients with these conditions were

found to be at higher risk of failure of traditional hip

resurfacing [1, 2, 4, 11, 12, 14, 40, 46]. The level of bone

resection in mid-head resection is distal to that of hip

resurfacing, thereby offering the opportunity to resect poor

quality bone (eg, AVN or large cysts). It differs from other

neck-preserving prostheses in that its resection level runs

through the middle of the femoral head rather than the

head-neck junction. This design sought to overcome the

problems of other short-stemmed hip implants, especially

proximal femoral neck stress-shielding [7, 18, 23, 30, 35,

36, 38, 45]. In this study we set out to assess the perfor-

mance of BMHR at mid-term followup. We found a high

rate of femoral neck osteolysis, which was contrary to what

the implant design and intended load-bearing concept had

sought to achieve. We then investigated whether there were

any patient-related, implant size- or positioning-related, or

metal ion related factors associated with the development

of this osteolysis.

Study Limitations

This is a single-surgeon highly selected patient group.

Therefore, we may not be able to generalize our results to

other surgeons and other patients. In fact, a less selected

group may produce far worse results. The small size of the

osteolysis group prevented further statistical analysis (such

as logistic regression), which would have been helpful in

establishing a hazard model for developing osteolysis. We

did not have annual radiographic followup of the patients

with osteolysis before discovering it during the course of

this study. We could not, therefore, establish when the

osteolysis started and how fast it had progressed. A longer

followup would help in assessing the natural history and

fate of the osteolysis cases, but even with the current study

findings, we were able to set an early alarm and advise

surgeons using this implant on closely monitoring their

patients and perhaps using a different design with better

established results. Another limitation was that four of 37

patients had their metal ions checked at different labora-

tories. Although the same analysis technique had been

used, we accept that an interlaboratory observer error in

those four cases may have had a slight effect on our overall

metal ion results. As a result of the small number of cases

affected and the large p values of the correlation between

the metal ions and osteolysis, we do not think that this

limitation would have changed our findings.

At average followup of 6 years, our cohort showed good

functional outcome (mean OHS 46 and UCLA 8) and

100% implant survivorship. These functional results are

Fig. 1A–D Plain hip radiographs of two patients taken immediately

postoperatively (A and C) and at 3 years (B) and 6 years (D)

followup showing femoral neck osteolysis. The patient in A and B
had the VST version, and the patient in C and D had the V1 version of

the BMHR.
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comparable to the BMHR results of the implant developers

at 3.5 years followup [35]. They are also comparable to the

mid-term functional and survivorship results of various

currently used, traditional hip resurfacing systems [3, 8, 25,

41, 49] and far better than the mid-term survivorship and

functional results of conventional MoM THA [9, 31, 32,

47]. So, despite the fact that the BMHR is technically

considered a stemmed LHMoM implant, its design, fixation

(neck-fixed), and loading-bearing concepts [35, 36] appear

to produce a clinical performance that is better than the

notorious traditional stemmed LHMoM THAs and compa-

rable to traditional resurfacing arthroplasties at mid-term.

The radiological analysis, however, revealed a high rate

of femoral neck thinning (27%) and osteolysis (16%). The

only available BMHR study to which we can compare our

results is McMinn et al.’s [35], who reported no osteolysis

in their BMHR cohort and five hips (4%) with stress

shielding out of a total 115 V1 and VST hips. Their neck

thinning rate (6.1%) was much lower than ours too. This

may be because of the longer followup of our cohort

(mean, 6 versus 3.5 years). Neck thinning has been widely

reported in different types of resurfacing implants with

incidence rates of up to 77% [26] and 90% [48] and no

adverse effects on patients. Femoral neck osteolysis, on the

other hand, was the main concerning radiological feature.

Seven patients (16%) in our cohort had osteolysis affecting

50% to 75% of the length of their femoral necks (between

the center of the femoral head and the intertrochanteric

line), all of whom were asymptomatic. The etiology of this

osteolysis is uncertain and with the number of cases

available, we could only try to assess its association with

the various preoperative and postoperative parameters.

Of the preoperative parameters, only low patient weight

has shown a statistically significant association with oste-

olysis (r = �0.356, p = 0.024). The female sex was

moderately associated too but did not reach statistical

significance (r = 0.275, p = 0.067). We believe that a

larger cohort size may accentuate the association between

osteolysis and female sex. We could not explain the

association between low patient weight and the develop-

ment of osteolysis, but there have been several reports in

the literature associating female sex with adverse reaction

to metal debris (ARMD) [19, 34, 47], which may be the

etiology of osteolysis in BMHR too.

In terms of radiologic parameters, we found strong

association between osteolysis and pseudotumors found on

MRI scans (r = 0.663, p = 0.004). This adds weight to the

theory that the osteolysis is a feature of ARMD. The metal

debris in BMHR may come from the wear of the bearing

surface or the corrosion of the BMHR taper junction. Cobalt,

chromium, and titanium have been shown to affect bone

turnover in animal studies by decreasing bone formation and

inducing resorption [20, 24], and all three metal ions can be

released from the BMHR device. However, all patients with

osteolysis in our series had normal blood metal ion levels;

and pseudotumors have been found common in well-func-

tioning low-wearing MoM hips with no osteolysis [22, 33].

In addition, in ARMD, one would expect the osteolysis to

affect both the acetabular and the femoral neck bone, a

finding noted in previous papers on osteolysis associated

with MoM hips [10, 28]. In our series the osteolysis only

affected the femoral neck, except in one case (the most

severe case) in which it did affect the acetabular bone

(Fig. 1D). This suggests an additional element of stress

shielding affecting the femoral neck or a design-related

mechanism concentrating the osteolysis in the femoral neck

bone. McMinn et al. [35], who reported five cases of stress

shielding in patients who received the V1 version of BMHR,

theorized that the stress shielding had happened because the

relatively long V1 stem had approached the femoral cortices

and caused spot welding and subsequent preferential load-

bearing passing through the metal stem directly to the spot

welding regions, grossly bypassing and stress-shielding the

proximal femoral neck. He found no stress shielding in the

cases that received the newer shorter VST version. In our

cohort, one of the osteolysis cases had a VST stem, and we

Table 5. Correlation between femoral neck osteolysis and preoperative parameters

Preoperative parameter Age Sex Height Weight BMI Preoperative OHS Preoperative UCLA

Osteolysis R 0.071 0.275 �0.160 �0.337 �0.356 0.130 0.087

p value 0.644 0.067 0.324 0.031 0.024 0.394 0.594

BMI = body mass index; OHS = Oxford Hip Score.

Table 6. Correlation between femoral neck osteolysis and implant sizes and radiographic parameters

Implant-related parameters Cup inclination Stem-shaft angle Cup size Femoral head size Stem size

Osteolysis R �0.137 �0.215 �0.12 �0.12 �0.66

p value 0.381 0.156 0.431 0.431 0.669
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found no statistically significant association between spot

welding and osteolysis. With regard to the implant design,

the HA coating in BMHR is restricted to the proximal part of

the short stem [13, 35, 36]; and there is no HA coating on the

inside of the femoral head component. Joint fluid (contain-

ing metal debris) may, therefore, ingress between the

femoral head component and the underlying exposed can-

cellous bone of the cut femoral head. This is less likely to

happen in the acetabular bed as a result of the HA coating of

the acetabular cup, which seals the implant-bone interface.

Zicat et al. [52] and Urban et al. [50] have noted an increased

risk of osteolysis in the periprosthetic bone of non-MoM

implants that had an incomplete or no osseointegration with

the uncemented implant as a result of deficient porous

coating. Aspenberg et al. [5, 6] proposed an increased fluid

pressure in the bone-implant interface that communicates

with the hip (eg, as a result of deficient osseointegration) as

an inducer of osteocyte death and bone resorption. The

cancellous bone of the femoral head and neck in BMHR is

subject to both mechanisms as a result of the absent HA

coating from the inside of the femoral head component, and

both mechanisms may contribute to the osteolysis that was

noted radiographically to preferentially affect the femoral

neck in BMHR.

With regard to metal ion levels, we found no association

between osteolysis and the whole blood levels of cobalt

and chromium and there was no difference in the median

cobalt and chromium levels between the osteolysis group

and the rest of the cohort. Only one case (3%) in our cohort

had metal ion levels higher than the MHRA’s cutoff level

of 7 ppb [37]. Given the small numbers in our cohort, and

comparing our 3% prevalence of exceeding the 7-ppb

threshold to the 5% prevalence reported in the BHR fol-

lowup study by Holland et al. [27], no remarkable

difference can be seen bearing in mind that the bearing

surfaces of both devices have identical characteristics [13,

35] and that the BMHR has an additional potential source

of metal ions: the modular head-stem junction.

Conclusion

At mid-term followup, we found excellent results in terms

of pain relief and restoration of function. However, despite

optimal patient selection of young, fit subjects, we found an

alarming rate of osteolysis of the femoral neck. We are

highly concerned about the prospect of impending failure

and other potential unknown sequelae in patients affected

by this as well as the remainder of our cohort. As such, we

have instituted a program of annual clinical and radiologic

followup for this group of patients. We have stopped

implanting this device and recommend against its use.
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