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m HIP
Hip resurfacing for osteonecrosis

TWO-TO 18-YEAR RESULTS OF THE CONSERVE PLUS DESIGN AND
TECHNIQUE

Aims

Hip resurfacing arthroplasty (HRA) is an alternative to conventional total hip arthroplasty for
patients with osteonecrosis (ON) of the femoral head. Our aim was to report the long-term
outcome of HRA, which is not currently known.

Patients and Methods

Long-term survivorship, clinical scores and radiographic results for 82 patients (99 hips)
treated with HRA for ON over a period of 18 years were reviewed retrospectively. The mean
age of the 67 men and 15 women at the time of surgery was 40.8 years (14 to 64). Patients
were resurfaced regardless of the size of the osteonecrotic lesion.

Results

The mean clinical follow-up was 10.8 years (2 to 18). The mean University of California, Los
Angeles hip scores at the last follow-up were 9.3, 9.4, 9.2 and 6.8 for pain, walking, function
and activity, respectively. A total of six hips underwent revision surgery, four for loosening
of the femoral component and two for loosening of the acetabular component. Using any
revision as an end point, the 15-year Kaplan-Meier survivorship was 90.3%. There were no
wear-related failures. There were no femoral failures among the hips reconstructed with a
cemented metaphyseal stem. A total of five hips showed narrowing of the femoral neck; all

stabilised and remain asymptomatic, 21 showed signs of femoral neck impingement.

Conclusion

To our knowledge, this is the first report of a series of HRA performed for ON with 15-year
survivorship. Our data confirm that patients with advanced stages of ON of the femoral

head are excellent candidates for HRA.
Cite this article: Bone Joint J 2016;98-B:901-9.

The treatment of disorders of the hip second-
ary to osteonecrosis (ON) of the femoral head
remains controversial. There is, however,
agreement about the need for prosthetic
replacement in the advanced stages of the dis-
ease (Ficat stages Il and IV).! Historically, the
survivorship and outcome of conventional
total hip arthroplasty (THA) have been poor in
comparison with those of other diagnoses,?®
in particular among younger patients.” How-
ever, recent authors have reported higher rates
of survivorship, owing to improvements made
in the fixation of the femoral component’!°
and the wear properties of the bearings.!!"!3
The typical candidates requiring THA for
advanced ON, are young and are likely to
require revision surgery during their lifetime,
suggesting a treatment strategy based on bone
conservation such as hip resurfacing arthro-
plasty (HRA). Modern designs of resurfacing
have been in use since the late 1990s and

several authors have reported encouraging
short- to mid-term results with HRA in
patients with ON of the femoral head,'*!3
while others found ON to be a poor indication
for HRA.'” No long-term reports of the out-
come following HRA for ON have been pub-
lished.

The purpose of this study was to investigate
the long-term clinical outcomes, survivorship
and radiographic results of a large consecutive
series of patients treated with metal-on-metal
(MoM) HRA for Ficat stage III or IV ON of
the femoral head.

Materials and Methods

Between 1996 and 2013, 82 patients (99 hips)
with advanced (Ficat stage IIl or IV) ON of the
hip underwent MoM HRA by the senior
author (HA), a designer of the device used in
this study. There were 67 men (82%) and 15
women (18%). Their mean age was 40.8 years
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Table I. Demographic characteristics of the patients

Whole group Men Women
Age at surgery (yrs) (range) 40.8 (14 to 64) 42.8 (14 to 64) 32.9 (14 to 51)
Weight (kg) 81.8 (46 to 116) 86.7 (57 to 116) 61.8 (46 to 91)
Height (m) 1.76 (1.48 to 1.98) 1.79 (1.65 to 1.98) 1.62 (1.48 to 1.75)

Body mass index
Femoral head size after HRA (mm)
Angle of Revell'? (°)

26.3 (17.6 to 41.1)
46.6 (36 to 54)
122.6 (75 to 202)

26.9 (19.2 to 41.1)
48.0 (42 to 54)
122.7 (75 to 202)

23.5 (17.6 to 35.5)
41.3 (36 to 50)
121.8 (85 to 164)

HRA, hip resurfacing arthroplasty

(14 to 64) (TableI) (a subset of this group was used in a pre-
vious publication; 70 patients, 85 hips).'*

Resurfacing was undertaken regardless of the size of the
necrotic lesion, if there was at least 1 cm of the height of the
femoral head remaining after debridement of all necrotic
bone. Our aim was to maximise the surface of the bone
which was available for fixation, especially when there
were large defects in the chamfered area. A few small
defects extending into the cylindrical area were also
accepted. The diameter of the femoral head and neck of
both the operated and the contralateral hip were measured
using a digital system (Image J version 1.41, National Insti-
tutes of Health), on the post-operative radiographs in 61
patients (122 hips), for whom this measurement may be. It
has been suggested that too much reduction of the head to
neck ratio at surgery may be associated with pseudotumor
formation and subsequent revision.?’ The bony outline of
the contralateral femoral head was measured and com-
pared with the outside diameter of the femoral component
which had been used. The mean diameter of the resurfaced
femoral heads was 1.5 mm smaller than the diameter of the
contralateral femoral head (46.6 mm (36.0 to 54.0) versus
48.1 mm (36.7 to 56.7), Student’s ¢-test, p = 0.0231). The
mean head to neck ratio was 1.34 (1.18 to 1.52) for the
resurfaced hips and 1.41(1.26 to 1.62) for the contralateral
hips. This difference was also statistically significant (Stu-
dent’s t-test, p = 0.0001).

During this period of time, the senior author also
implanted 30 MoM HRAs in 24 very young patients with
Ficat stage II or IIl ON, who had sufficiently good remain-
ing acetabular articular cartilage,?! and performed 16 con-
ventional THAs in 15 older patients with advanced ON
stages who either chose not to undergo resurfacing or could
not for technical reasons such as having nonunion of the
head-neck junction.

A total of 78 hips were Ficat stage IV and 21 were stage
II1. A total of 45 patients (55%) had unilateral ON and 37
(45%) had bilateral ON. In all, 31 patients had surgery to
the contralateral hip including 19 MoM HRAs, two THAs,
three hemi-resurfacings, and seven core decompressions. A
total of 35 hips (35%) had previous surgery before MoM
HRA, including core decompression (20), pinning (nine),
hemi-resurfacing (three), free vascularised fibular graft
(two) and a Judet graft (one).?? Risk factors for the

development of ON included steroids (34 hips), trauma
(22), alcohol (seven) and sickle-cell disease (two). The ON
was idiopathic in 34 hips.

The prosthesis used was the Conserve Plus hip resurfac-
ing system (Microport Inc., Arlington, Tennessee), a device
approved by the United States Food and Drugs Administra-
tion. This system features a one-piece acetabular compo-
nent made of cobalt and chromium, double heat-treated,
and solution annealed. Its outside dimension is 170°. The
cover of the head by the acetabular component ranges from
158.9° for a 36 mm diameter head to 163.3° for a 60 mm
diameter head. This cover is similar to that of the Birming-
ham Hip Resurfacing (BHR) (Smith & Nephew, London,
United Kingdom) in large sizes but greater in the small sizes
and substantially greater than that of the recalled ASR
device (Depuy Orthopaedics, Warsaw, Indiana) in all sizes.
The clearance between the femoral and acetabular compo-
nents ranges from 80 pm to 220 pm. Detailed descriptions
of the surgical technique used for implantation of the device
have been previously published.>»** Residual femoral
defects were photographed at the end of preparation of the
femoral head and their size was recorded. In all, five hips
had no defects and three of these were reamed so that the
length of the neck was shortened by 0.5 cm. A total of eight
had defects < 1 cm in size, 42 had defects between 1 cm and
2 cm in size and 44 had defects > 2 c¢m in size. Improve-
ments in the surgical technique were made over time and
have been previously described.?>*® These included a thor-
ough debridement of all necrotic bone, maximising the sur-
face area for fixation with drill holes, optimising bone
preparation with Jet lavage and Co2 blow dry (Carbojet,
Kinamed Inc., Camarillo, California) and maintaining a
dry surgical field with both dome and intertrochanteric suc-
tion. The metaphyseal stem was cemented in 56 hips
(57%),*” with the objective of increasing the area of the
bone-cement interface. The indications for cementing the
stem have also been previously described?® and evolved
over time, following four phases: initially, only hips with
large femoral defects had a cemented stem, then all stems
were cemented, then all stems were uncemented. Finally,
stems were cemented for patients receiving small femoral
components (< 48 mm) or having large femoral defects (or
both). As a consequence, the hips with a cemented stem had
slightly more femoral defects and larger angles of Revell,!”
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Table Il. Characteristics of the hips reconstructed with and without cementing of the metaphyseal stem

Characteristics Hips with uncemented stem (n = 43)

Hips with cemented stem (n = 56) p-value

Age at surgery (yrs) (range) 40.9 (16 to 58)

Patient Weight (kg) 84.4 (52 to 116)
Femoral head diameter (mm) 46.3 (36 to 54)

Head defects > 1 cm (%) 79

Angle of Revell (°) 119.7 (83 to 180)

40.7 (14 to 64) 0.9502 (Student'’s t-test)
79.3 (46 to 111) 0.1311 (Student’s t-test)
46.9 (36 to 54) 0.4759 (Student'’s t-test)
93 0.4657 (chi-square test)

124.9 (75 to 202) 0.2812 (Student'’s t-test)

Table lll. Mean clinical scores (range) of the whole cohort

Pre-operatively Last clinical review p-value
UCLA (Wilcoxon signed-rank tests) Pain 3.6 (110 8) 9.3 (3to 10) 0.0001
Walking 5.8 (2 to 10) 9.4 (4 to 10) 0.0001
Function 5.3 (1to10) 9.2 (4 to 10) 0.0001
Activity 4.2 (1to 8) 6.8 (3 to 10) 0.0001
SF-12 (Student’s paired t-tests) Physical 31.7 (18.9 to 56.8) 49.1 (22.2 to 61.4) 0.0001
Mental 43.3 (12.9 to 66.8) 50.0 (15.7 to 64.2) 0.0003

UCLA, University of California, Los Angeles; SF-12, Short-Form 12

although these differences were not significant (Table II).
The cement used was Simplex P (Stryker, Kalamazoo,
Michigan), which was refrigerated prior to surgery to
increase the setting time (10 minutes to 14 minutes) so that
it could be manually pressurised into all the defects. The
Conserve Plus technique recommends a 1 mm cement man-
tle which facilitates seating of the component before the
acrylic sets. This design and technique contrast with those
of the BHR for which a much thinner or non-existant
cement mantle and the use of cement in a more liquid state
are advocated in order to seat the femoral component.?’

The patients were followed up four months after surgery
and then annually for the first five years, then every two or
three years. Those who could not come to our main clinic
were asked to attend at satellite clinics held each year in
other cities within the United States. Some were reviewed
by a local orthopaedic surgeon, who sent us the most recent
radiographs and the patients were contacted for a tele-
phone interview. Those who did not participate in any of
these forms of follow-up were contacted by telephone to
establish that the implants had not been revised. All
patients completed a questionnaire and were evaluated
using the University of California, Los Angeles (UCLA) hip
scoring system,> quality of life surveys (Short-Form 12 (SF-
12))3! and plain radiographs. Pre-operative anteroposterior
radiographs were used to measure the angle of Revell.”
Post-operative anteroposterior radiographs were used to
measure the metaphyseal stem to shaft angle and the abduc-
tion and anteversion angles of the acetabular component
which were determined with Einzel-Bild-Roentgen-Analyse
(EBRA-Cup version 2003, University of Innsbruck, Aus-
tria).>? Contact patch to rim distance (CPR) was computed
as previously described.3%3

The latest follow-up radiographs were compared with
previous films by both investigators to detect periprosthetic
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radiolucencies, signs of impingement®® and narrowing of
the femoral neck.3¢*” The serum cobalt and chromium lev-
els were measured in 29 patients as part of several prospec-
tive studies, or because they had a CPR distance of < 10 mm
or, in one case, because there was radiographic evidence of
impingement. If revision was undertaken, the components
were sent to Dr. Patricia Campbell at the J. Vernon Luck
Orthopaedic Research Center, Los Angeles, for analysis of
the mode of failure.

Statistical analysis. Wilcoxon signed-rank tests were used
for the comparison of pre- and post-operative UCLA hip
scores and paired #-tests were used for comparison of pre-
and post-operative SF-12 scores. Kaplan-Meier survival
estimates were computed using the time to revision for any
reason as the end point. The log-rank test and the Cox pro-
portional hazard ratio were used to identify risk factors for
aseptic failure of the femoral component. Statistical signif-
icance was set at p = < 0.05. All statistical procedures were
performed with Intercooled Stata 6.0 (Stata Corp., College
Station, Texas).

Results

In all, three patients died of causes unrelated to the surgery
at four, six and ten years after surgery. One patient was lost
to follow-up and two did not have a formal follow-up visit
at 24 months or later but had not undergone further sur-
gery, yielding a loss to follow-up quotient of 0.5 (3/6). We
believe this confers ample reliability to the survivorship
analysis.*® The clinical and radiographic status of these two
patients was excellent at the time of their last visit. The
mean clinical follow-up was 10.8 years (2 to 18), with 27
hips (24 patients) followed for > 15 years. The mean radio-
graphic follow-up was 8.9 years (4 months to 17.3 years).
All clinical scores significantly improved from the pre-oper-
ative levels (Table III).
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Table IV. Details of the patients who underwent revision surgery
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Time to Femoral
Hip Age revision Cemented Ficat Previous Head size Reason for defects size Angle of = Component Component CPR distance
ID Gender (yrs) Aetiology (mths) stem stage  surgery (mm) revision (cm) Revell (°)  abd. angle (°) ant. angle (°) (mm)
6 M 53 Idiopathic. 23.4 No \% None 52 FL >2 109 42.8 76 19.9
25 F 49 Alcohol 61.7 No v None 40 FL 1to2 94 46.4 29 8.5
307 F 31 Steroids 178.6 No \% None 36 FL 1t02 129 48.1 16.5 1.5
455 M 16 Trauma 85.1 No 1] None 44 FL None 83 38 19 14.6
629 F 43 Idiopathic  56.4 Yes \% None 42 AL 1t02 124 33.2 16.2 15.7
856 M 24 Alcohol 108.9 Yes n Hemi- 50 AL 1t02 122 57.4 16.2 1.7

resurfacing

FL, femoral component loosening; AL, acetabular component loosening
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Fig. 1

Kaplan-Meier survivorship of hip resurfacing for osteonecrosis. The time to any
revision was used as the end point. Brackets represent the 95% confidence inter-
vals at five, ten and 15 years after surgery. The number of hips at risk is indi-

cated.

A total of 51 patients (62%) returned to sporting activi-
ties and eight (10%) engage regularly in impact sports. The
post-operative SF-12 physical and mental scores were com-
parable to those of the general population of the United
States®® (Student’s z-tests, p = 0.3388 and p = 0.9628,
respectively).

There were no intra- or post-operative complications. A
total of six hips (six patients) underwent revision surgery
(Table TV). The indications for revision included aseptic
femoral loosening in four hips, at one, five, seven and 15
years post-operatively, respectively, and aseptic acetabular
loosening component in two hips, at five and nine years
after resurfacing. There were no wear-related revisions.
Using the time to revision for any reason as the end point,
Kaplan-Meier survival estimates were 97.7% (95% confi-
dence intervals (CI) 91.0 to 99.4) at five years, 93.5%
(95% CI 84.9 to 97.3) at ten years and 90.3% (95% CI
77.9 to 95.9) at 15 years (Fig. 1).

None of the hips resurfaced with a cemented metaphy-
seal stem had aseptic failure (log-rank test, p = 0.0719).
There was no association between the size of the femoral
defect and failure of the femoral component (Cox

proportional hazard ratio, p = 0.343) nor between the angle
of Revell and failure of the femoral component (Cox pro-
portional hazard ratio, p = 0.133).

A total of five hips (four patients), had narrowing of the
femoral neck by > 10%. In four of these hips, the metaphy-
seal stem was uncemented and one had a cemented stem.
All five patients remain asymptomatic. The narrowing sta-
bilised at a mean of 26 months (19 to 59) post-operatively.
A total of 21 hips (20 patients) showed radiographic signs of
femoral neck to component impingement. In 11 hips, these
signs were on the superior aspect of the neck, six were on the
posterior aspect, three on both the superior and posterior
aspects and one on the anterior aspect of the neck. All but
two of these patients were asymptomatic, one underwent
revision surgery for acetabular loosening and one has a
UCLA pain level of five, the cause for which has not been
identified, 12 years after resurfacing. The serum levels of
cobalt and chromium were normal and metal artifact reduc-
tion sequence (MARS) MRI scans were unremarkable.

One patient, with bilateral resurfacings, with a Conserve
Plus on the left side and an ASR prosthesis (Depuy, Warsaw,
Indiana) on the right side developed an adverse local tissue

THE BONE & JOINT JOURNAL
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Table V. Long-term survivorship of total hip arthroplasty (THA) for osteonecrosis in the literature

Author Year Journal Implant n Survivorship Comments
Kim et al* 2005 Acta Orthop HG1 65 70% at 15 yrs The component showed better
durability than the stem
Kim et al® 2011 JBJS Am Cementless and 148  83% cementless and 85% hybrid, Wear and osteolysis caused
hybrid THA 98% stem survival at 18 yrs most revisions
Solarino et al*® 2012 J Orthop Alumina bearing 68 > 95% at 15 yrs No femoral component aseptic
Traumatol loosening
Australian Orthopaedic 2014  Online All THA 9019 91.1% at 13 yrs
Association National Joint publication
Replacement Registry*®
Kim et al*’ 2013 J Arthroplasty S-ROM 64 93.8% femoral at 16 yrs 21% failure on the acetabular
side (polyethylene wear)
Bedard et al*® 2013  J Arthroplasty Mix of cementless 80 93% at 10 yrs Cementless stems better than
THA cemented-6 wear, 2 peripros-
thetic fractures, 3 other
Cheung et al' 2015 Hip Omnifit HA coated 117 97.1% at 19 yrs Aseptic loosening used as end

International

point — 6% with thigh pain

reaction (ALTR)*® on the right side, which was identified
on MARS MRI scanning. The left hip was asymptomatic.
No patient developed symptomatic ALTR associated with
the Conserve Plus device. The mean abduction angle of the
acetabular component was 42.9° (24° to 59°) and the mean
anteversion of the acetabular component was 16.1° (3° to
36°). The mean CPR distance was 15.0 mm (8.2 to 23.7).
This distance was < 10 mm in nine hips. Among the 29
patients (15 with unilateral and 14 with bilateral MoM
HRAs) in whom the serum levels of metal ions were meas-
ured, none had elevated cobalt or chromium ions, as
defined by the guidelines of the Medicines and Healthcare
Products Regulatory Agency of the United Kingdom*!
except the patient who had the contralateral ASR prosthe-
sis (Co 10.4 pg/L and Cr 7.5 pg/L). The median level of
cobalt was 1.5 pg/L (interquartile range (IQR) 1.1 to 2.3)
and the median level of chromium was 2.0 pg/L (IQR 1.4 to
3.8) for the patients with unilateral implants. The median
level of cobalt was 1.9 pg/L (IQR 1.1 to 7.0) and the
median level of chromium was 2.0 pg/L (IQR 1.5 to 5.2) for
those with bilateral HRAs.

Discussion

Patients with ON of the hip are usually young and age itself
may justify the use of a bone-conserving prosthetic solution
for those with advanced stages of the disease. Clinical data
on the long-term benefits of HRA in these patients are still
scarce and we sought to report the long-term clinical results
of a large series of patients treated with MoM HRA for
Ficat stage III or IV ON of the femoral head.

The main limitation of this study comes from the
extended time period over which patients were treated
(more than 16 years), which could have affected the homo-
geneity of the clinical and radiographic data collected at the
last follow-up. However, our previous study (which
includes eight patients from this manuscript) has shown
that pain relief, mobility and quality of life are maintained
over time in patients treated with HRA,** and the

VOL. 98-B, No. 7, JULY 2016

radiographic features investigated in this study (femoral
neck narrowing and signs of impingement) are known to
develop within the first few years after surgery.>>>7* In
addition, the results reported in this study may be specific
to the Conserve Plus design, in particular when the meta-
physeal stem is cemented as this technique may not be suit-
able when the cement is applied in its liquid state because
cement in this state may not fill all of the defects to their
depth or could expand much further into the cancellous
bone surrounding the stem, possibly increasing the risk of
thermal necrosis. In addition the cement may take longer to
set, allowing more blood at the interface. A dry bone-
cement interface lessens the chances of a fibrous fixation,
which could lead to component loosening. The overall 15-
year survivorship was 90.3% in this series. This compares
favourably with most previously reported long-term out-
come studies of THA undertaken for ON (Table V).810:44-48

Historically, the long-term fixation of the femoral com-
ponent was the main cause of concern in THA for ON. The
more recent use of articulations with low rates of wear may
reduce the rate of failure due to osteolysis related to poly-
ethylene debris.'''3 Our series shows that, with proper
preparation of the femoral head and cementing of the met-
aphyseal stem (at least in patients with small components
and heads with large defects), HRA can achieve rates of
survival comparable with the best modern THAs (Fig. 2).
The hips that failed on the femoral side were resurfaced
during the development phase of the femoral preparation
and cementing technique. We did not find any association
between the extent of the necrotic lesion and the survivor-
ship of the femoral component even when there were large
defects including some in the chamfered area of the head
(Fig. 3). These findings are in agreement with those of
Nakasone et al.** However, the cementing of the metaphy-
seal stem specifically proved effective in preventing aseptic
loosening of the femoral component in this study. This con-
firms the value of this technique, as already reported for
other diagnoses.?’” It is important to stress that all the
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Fig. 2a

Fig. 2b

a) Anteroposterior radiograph of a 38-year-old woman with Ficat stage IV osteone-
crosis of the left hip. Femoral defects larger than 2 cm extended into the cylindri-
cally reamed portion of the femoral head (inset); b) the metaphyseal stem of the
38 mm femoral component was cemented and the patient is shown 15 years after
surgery. The inclination of the acetabular component was 37.5° and the antever-
sion was 25.5°, and the contact patch to rim distance is 10.3 mm. The University of
California, Los Angeles scores were 9, 10, 10, and 6 for pain, walking, function and

activity, respectively.

necrotic bone should be removed, the head should be
vigorously jet-lavaged and dried with both femoral and
intertrochanteric suction, prior to cementation with
doughy pressurised cement, to produce a cement mantle of
at least 1 mm. We recommend the use of CO2 blow dry
with the Carbojet (Kinamed, Camarillo, California). The
more recent failures in this series were caused by aseptic
loosening of the acetabular component in two patients with
fibrous fixation. A 43-year-old woman had a combination of
mild developmental dysplasia of the hip (Crowe Grade I)*°
and Ficat stage IV ON. The acetabular component was
positioned with a lateral opening of 33° and was uncovered
laterally by about 20%. The acetabulum was reamed to the
true floor and the 52 mm acetabular component, which
appeared to be osteointegrated on radiographic follow-up,
loosened 56 months post-operatively. This was possibly
secondary to acetabular over-reaming. A smaller compo-
nent may have been preferable, based on the analysis of the
sectioned femoral head which revealed a thick cement
mantle. The second patient was a 24-year-old man with

alcohol-induced bilateral Ficat stage IV ON. The side with
the most advanced damage was treated with total HRA
while the contralateral hip was treated with a hemi-
resurfacing, using the same size Conserve plus 50 mm fem-
oral component. This initial hemi-resurfacing component
was somewhat undersized for the acetabulum, the remain-
ing acetabular cartilage quickly thinned and the hip became
increasingly painful. The acetabular component was added
at revision one year post-operatively. The patient’s UCLA
pain score improved to ten but the acetabular component
loosened after a further eight years and required further
revision to a conventional THA. Today both hips would
have undergone full HRA initially. Our indications for
hemi-resurfacing have changed during the study period
from initially patients aged < 50 years, to 40, then 30 years
and now, following this study we no longer recommend
hemi-resurfacing at any age, but would suggest full HRA in
all younger patients. The clinical scores in this study
showed excellent pain relief and restoration of quality of
life. The UCLA hip scores which were achieved are

THE BONE & JOINT JOURNAL
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Fig. 3a

Fig. 3c

Fig. 3d

Photographic examples of femoral heads resurfaced in this series with large defects. The photographs were taken after reaming of the femoral head
was complete, before cementation of the femoral component: a) the right hip of a 52-year-old man with bilateral steroid-induced osteonecrosis (ON),
now 15 years post-operatively. University of California, Los Angeles (UCLA) scores were 8, 9, 8 and 6 for pain, walking, function and activity, respec-
tively; b) the right hip of a 45-year-old man with bilateral idiopathic osteonecrosis who had previously undergone core decompression. Note the large
femoral defect in the cylindrically reamed area of the head (arrow). At 14 years post-operatively, the UCLA hip scores were 9, 10, 10 and 8 for pain,
walking, function and activity; c) a 46-year-old man with post-traumatic ON who had previously undergone pinning. At 15 years post-operatively, the
UCLA scores were, 8, 10, 10 and 7 for pain, walking, function and activity, respectively; d) a 14-year-old woman with post-traumatic ON who had
previously undergone pinning and then a free vascularised fibular graft. Now ten years post-operatively the UCLA scores were 8, 9,10 and 6 for pain,

walking, function and activity.

comparable to those in patients with other aetiologies, with
the exception of the activity level, which is about 0.5 points
lower, as the youngest patients with large defects were
advised against impact activities.'*

Narrowing of the femoral neck of > 10% was observed
in five hips and this prevalence was lower than those
reported previously.>®*} It appears that the aetiology of ON
does not lead to modification of the transfer of stress
through the femoral head and neck that could be responsi-
ble for these radiographic changes. The prevalence of radi-
ographic signs of impingement was the same as has been
previously reported for patients with other aetiologies®>!
and does not seem to have any influence on pain relief or
survivorship.

VOL. 98-B, No. 7, JULY 2016

To our knowledge, this is the first long-term outcome
study of a series of HRAs performed for ON with survivor-
ship data at 15 years post-operatively. Our data confirm
that patients with advanced ON of the femoral head are
excellent candidates for HRA. There were no femoral frac-
tures or loosening, when the metaphyseal stem was
cemented. We are now encouraged with the prospect of
enduring durability, as the current mean age of these
patients at the time of writing is 54 years (17 to 71). One of
the most interesting findings is the durability of femoral fix-
ation despite large defects, a result we attribute to the
design and technique as well as the normalised compression
stresses inherent to the resurfacing concept. In addition, the
hips have excellent clinical results, which have not deterio-
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rated with time and have shown no evidence of sympto-
matic ALTR. Although nine hips have a CPR distance
between 8.2 mm and 10 mm, none have substantially ele-
vated serum levels of cobalt or chromium ions or any symp-
toms. The advantages of bone preservation, stability and
the ability to easily convert to THA coupled with the
absence of problems relating to the taper are the hallmarks
of success in HRA. Even if the acetabular component has to
be revised, the relatively smooth back side of the Conserve
Plus prosthesis with no prominent flanges, allows removal
with minimal loss of bone. We believe that the excellent
results achieved in this study of young patients presenting
with ON of the hip can be attributed essentially to the
cementing technique of the Conserve Plus design with man-
ual application of cement in its doughy stage, which per-
mits a cement mantle of > 1 mm and the cementing of the
metaphyseal stem in hips with small sizes and large defects.

Take home message:
Patients with ON of the femoral head are excellent candidates

P
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for long-term success of hip resurfacing arthroplasty.

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.

This article was primary edited by D. Johnstone and first proof edited by
J. Scott.

References

1. Ficat RP. [diopathic bone necrosis of the femoral head. Early diagnosis and treat-
ment. J Bone Joint Surg [Br] 1985;67-B:3-9.

Chandler HP, Reineck FT, Wixson RL, McCarthy JC. Total hip replacement in
patients younger than thirty years old. A five-year follow-up study. J Bone Joint Surg
[Am]1981,63-A:1426-1434.

Cornell CN, Salvati EA, Pellicci PM. Long-term follow-up of total hip replacement
in patients with osteonecrosis. Orthop Clin North Am 1985;16:757—769.

4. Brinker MR, Rosenberg AG, Kull L, Galante JO. Primary total hip arthroplasty
using noncemented porous-coated femoral components in patients with osteonecro-
sis of the femoral head. J Arthroplasty 1994;9:457-468.

Saito S, Saito M, Nishina T, Ohzono K, Ono K. Long-term results of total hip
arthroplasty for osteonecrosis of the femoral head. A comparison with osteoarthritis.
Clin Orthop Relat Res 1989;244:198-207.

Radl R, Hungerford M, Materna W, Rehak P, Windhager R. Higher failure rate
and stem migration of an uncemented femoral component in patients with femoral
head osteonecrosis than in patients with osteoarthrosis. Acta Orthop 2005;76:49-55.

Ortiguera CJ, Pulliam IT, Cabanela ME. Total hip arthroplasty for osteonecrosis:
matched-pair analysis of 188 hips with long-term follow-up. J Arthroplasty
1999;14:21-28.

Kim YH, Kim JS, Park JW, Joo JH. Contemporary total hip arthroplasty with and
without cement in patients with osteonecrosis of the femoral head: a concise follow-
up, at an average of seventeen years, of a previous report. J Bone Joint Surg [Am]
2011;93-A:1806-1810.

Min BW, Song KS, Bae KC, et al. Second-generation cementless total hip arthro-
plasty in patients with osteonecrosis of the femoral head. J Arthroplasty
2008;23:902-910.

10. Cheung K, Chiu K, Chung K. Long-term result of cementless femoral stem in avas-
cular necrosis of the hip. Hip Int 2015;25:72—75.

11. Seyler TM, Bonutti PM, Shen J, Naughton M, Kester M. Use of an alumina-on-
alumina bearing system in total hip arthroplasty for osteonecrosis of the hip. J Bone
Joint Surg [Am]2006;88-A:116-125.

12. Baek SH, Kim SY. Cementless total hip arthroplasty with alumina bearings in
patients younger than fifty with femoral head osteonecrosis. J Bone Joint Surg [Am]
2008;90-A:1314-1320.

N

w

o

o

~N

©

13. Dastane MR, Long WT, Wan Z, Chao L, Dorr LD. Metal-on-metal hip arthroplasty
does equally well in osteonecrosis and osteoarthritis. Clin Orthop Relat Res
2008;466:1148-1153.

14. Amstutz HC, Le Duff MJ. Hip resurfacing results for osteonecrosis are as good as
for other etiologies at 2 to 12 years. Clin Orthop Relat Res 2010;468:375-381.

15. Aulakh TS, Rao C, Kuiper JH, Richardson JB. Hip resurfacing and osteonecrosis:
results from an independent hip resurfacing register. Arch Orthop Trauma Surg
2010;130:841-845.

16. Sayeed SA, Johnson AJ, Stroh DA, Gross TP, Mont MA. Hip resurfacing in
patients who have osteonecrosis and are 25 years or under. Clin Orthop Relat Res
2011;469:1582-1588.

17. Revell MP, McBryde CW, Bhatnagar S, Pynsent PB, Treacy RB. Metal-on-
metal hip resurfacing in osteonecrosis of the femoral head. J Bone Joint Surg [Am]
2006;88-A:98-103.

18. Mont MA, Seyler TM, Marker DR, Marulanda GA, Delanois RE. Use of metal-
on-metal total hip resurfacing for the treatment of osteonecrosis of the femoral head.
J Bone Joint Surg [Am]2006,88-A:90-97.

19. Gross TP, Liu F. Comparative study between patients with osteonecrosis and oste-
oarthritis after hip resurfacing arthroplasty. Acta Orthop Belg 2012,78:735-744.

20. Grammatopoulos G, Pandit H, McLardy-Smith P, et al. The relationship between
head-neck ratio and pseudotumour formation in metal-on-metal resurfacing arthro-
plasty of the hip. J Bone Joint Surg [Br]2010,92-B:1527-1534.

21. Beaulé PE, Schmalzried TP, Campbell P, Dorey F, Amstutz HC. Duration of
symptoms and outcome of hemi-resurfacing for hip osteonecrosis. Clin Orthop Relat
Res 2001,385:104-117.

22. Judet R. Treatment of fractures of the femur neck by pedicled graft. Acta Orthop
Scand 1962;32:421-427.

23. Amstutz HC, Beaulé PE, Dorey FJ, et al. Metal-on-metal hybrid surface arthro-
plasty. Surgical Technique. J Bone Joint Surg [Am] 2006;88-A:234-249.

24. Amstutz HC. “Top 10" technical pearls for successfully performing hip resurfacing
arthroplasty. Tech Orthop 2010;25:73-79.

25. Amstutz HC, Le Duff MJ, Campbell PA, Dorey FJ. The effects of technique
changes on aseptic loosening of the femoral component in hip resurfacing. Results of
600 Conserve Plus with a 3 to 9 year follow-up. J Arthroplasty 2007;22:481-489.

26. Amstutz HC, Le Duff MJ. Eleven years of experience with metal-on-metal hybrid hip
resurfacing: a review of 1000 conserve plus. J Arthroplasty 2008;23:36-43.

27. Amstutz HC, Le DMJuff. Cementing the metaphyseal stem in metal-on-metal resur-
facing: when and why. Clin Orthop Relat Res 2009;467:79-83.

28. Amstutz HC, Le Duff MJ, Bhaurla SK. Are there long-term benefits to cementing
the metaphyseal stem in hip resurfacing? Clin Orthop Relat Res 2015;473:3197-3203.

29. Beaulé P, Matar W, Poitras P, et al. 2008 otto aufranc award: Component design
and technique affect cement penetration in hip resurfacing. Clin Orthop 2008;467:84—
93.

30. Amstutz HC, Thomas BJ, Jinnah R, et al. Treatment of primary osteoarthritis of the
hip. A comparison of total joint and surface replacement arthroplasty. J Bone Joint
Surg [Am] 1984,66-A:228-241.

31. Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construc-
tion of scales and preliminary tests of reliability and validity. Med Care 1996,34:220—
233.

32. Langton DJ, Sprowson AP, Mahadeva D, et al. Cup anteversion in hip resurfac-
ing: validation of EBRA and the presentation of a simple clinical grading system. J
Arthroplasty 2010;25:607-613.

33. Langton DJ, Sprowson AP, Joyce TJ, et al. Blood metal ion concentrations after
hip resurfacing arthroplasty: a comparative study of articular surface replacement and
Birmingham Hip Resurfacing arthroplasties. J Bone Joint Surg [Br] 2009;91-B:1287—
1295.

34. Yoon JP, Le Duff MJ, Johnson AJ, et al. Contact patch to rim distance predicts
metal ion levels in hip resurfacing. Clin Orthop Relat Res 2013;471:1615—-1621.

35. Gruen TA, Le Duff MJ, Wisk LE, Amstutz HC. Prevalence and clinical relevance of
radiographic signs of impingement in metal-on-metal hybrid hip resurfacing. J Bone
Joint Surg [Am]2011;93-A:1519-1526.

36. Hing CB, Young DA, Dalziel RE, et al. Narrowing of the neck in resurfacing arthro-
plasty of the hip: a radiological study. J Bone Joint Surg [Br] 2007,89-B:1019-1024.

37. Takamura KM, Yoon J, Ebramzadeh E, Campbell PA, Amstutz HC. Incidence and
significance of femoral neck narrowing in the first 500 Conserve® Plus series of hip
resurfacing cases: a clinical and histologic study. Orthop Clin North Am2011;42:181—
193, viii.

38. Murray DW, Britton AR, Bulstrode CJ. Loss to follow-up matters. J Bone Joint
Surg [Br] 1997,79-B:254-257.

39. Ware J, Kosinski MA, Keller SD. How to score the sf-12 physical and mental
health summary scales. Second Edition. Boston: The Health Institute, New England
Medical Center, 1995.

THE BONE & JOINT JOURNAL



HIP RESURFACING FOR OSTEONECROSIS 909

40. Schmalzried T. Metal-metal bearing surfaces in hip arthroplasty. Orthopedics
2009,32.

41. No authors listed. MHRA. Medical device alert: All metal-on-metal (mom) hip
replacements (mda/2012/008). http://webarchive.nationalarchives.gov.uk/
20141205150130/http://www.mhra.gov.uk/home/groups/dts-bs/documents/medi-
caldevicealert/con143787.pdf (date last accessed 22 April 2016).

42. Tan TL, Le Duff MJ, Takamura KM, Amstutz HC. Do clinical and quality of life
scores change over time after hip resurfacing? Hip Int 2015;25:146-151.

43. Spencer S, Carter R, Murray H, Meek RM. Femoral neck narrowing after metal-
on-metal hip resurfacing. J Arthroplasty 2008;23:1105—-1109.

44. Kim YG, Kim SY, Park BC, et al. Uncemented Harris-Galante total hip arthroplasty
in patients with osteonecrosis of the femoral head. A 10-16-year follow-up study.
Acta Orthop 2005;76:42—48.

45. Solarino G, Piazzolla A, Notarnicola A, et al. Long-term results of 32-mm alu-
mina-on-alumina THA for avascular necrosis of the femoral head. J Orthop Traumatol
2012;,13:21-27.

VOL. 98-B, No. 7, JULY 2016

46. No authors listed. The Australian Orthopaedic Association National Joint Replace-
ment Registry: Annual report 2014. https://acanjrr.sahmri.com/annual-reports-2014
(date last accessed 24 February 2016).

47. Kim SM, Lim SJ, Moon YW, et al. Cementless modular total hip arthroplasty in
patients younger than fifty with femoral head osteonecrosis: minimum fifteen-year
follow-up. J Arthroplasty 2013;28:504-509.

48. Bedard NA, Callaghan JJ, Liu SS, et al. Cementless THA for the treatment of
osteonecrosis at 10-year follow-up: have we improved compared to cemented THA?
J Arthroplasty 2013;28:1192-1199.

49. Nakasone S, Takao M, Sakai T, Nishii T, Sugano N. Does the extent of osteone-
crosis affect the survival of hip resurfacing? Clin Orthop Relat Res 2013;471:1926—
1934.

50. Crowe J, Mani V, Ranawat C. Total hip replacement in congenital dislocation and
dysplasia of the hip. J Bone and Joint Surgery [Am] 1979;61-A:15-23.

51. Lim SJ, Kim JH, Moon YW, Park YS. Femoro-acetabular cup impingement after
resurfacing arthroplasty of the hip. J Arthroplasty 2012;27:60-65.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




