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Abstract One-stage hip arthroplasty and contralateral
core decompression with bone grafting were performed for
30 patients with bilateral femoral head osteonecrosis
between April 2002 and June 2005. The treatment course,
clinical and radiographic outcomes, and medical costs were
compared with another 30 age-, gender-, etiology-, and
disease extent-matched patients undergoing two-stage
treatment during the same period. The two groups had
similar clinical data and few complications. Total hospital
stay and associated costs were reduced for patients who
had one-stage treatment. These patients also returned to
work faster (6.0 versus 10.8 months). At an average fol-
lowup of 46 months, progression to greater than 2 mm of
collapse of the salvaged femoral head was observed in
seven patients (23%) who had one-stage treatment and 14
patients (47%) who had two-stage treatment. Conversion to
hip arthroplasty was performed in five patients (17%) in the
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one-stage group and 12 patients (40%) in the two-stage
group. A special group of patients with bilateral osteone-
crosis of the femoral head seemed to benefit from one-stage
hip arthroplasty and contralateral core decompression with
bone grafting and had better survival of the salvaged
femoral head. One-stage hip arthroplasty and core
decompression with bone grafting proved to be a cost-
effective method that did not increase perioperative mor-
bidity.

Level of Evidence: Level II, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Osteonecrosis of the femoral head (ONFH) often is diag-
nosed in young patients [14]. It is known to have a natural
history of progressive necrosis leading to subchondral
fracture and collapse of the femoral head, and subsequent
degenerative arthritis of the hip [10, 17]. The main goal in
treating ONFH is to preserve the femoral head. Unfortu-
nately, most patients with ONFH first present to an
orthopaedic surgeon after the disease already is advanced.
Once the femoral head has collapsed, hip arthroplasty (HA)
is the procedure with the highest likelihood of success
[9, 14]. Various procedures have been used to preserve the
femoral head, including core decompression [4, 24],
osteotomies [27], and various forms of free vascularized
[1, 28, 29] or nonvascularized bone grafting (BG) [2, 3, 15,
19-23]. Most treatment modalities have difficulty in
successfully preserving the femoral head.

Osteonecrosis of the femoral head often occurs bilater-
ally. Prevalence of bilateral involvement has been reported
to be as much as 78% [13, 26]. An unusual situation occurs
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when the patient presents with ONFH on one side that may
require HA (Stage IV according to Steinberg et al. [25]
with greater than 2 mm collapse), whereas the other less
symptomatic or asymptomatic side also has ONFH that
may be saved via a femoral head-preserving procedure
(< Stage II). Theoretically, treatment for the less symp-
tomatic or asymptomatic side (head-preserving procedure)
should be prioritized over the advanced side (HA), or at
least, bilateral surgery should be performed simulta-
neously. However, patients often query why the
orthopaedic surgeon does not perform surgery on the
symptomatic side first or are concerned by the surgical risk
of one-stage bilateral surgery, and some patients refuse
surgery on the asymptomatic side.

Despite interest in surgical outcomes for patients with
ONFH, we are not aware of any report in the English lit-
erature estimating surgical risks and outcomes of this group
of patients after one-stage HA and contralateral side fem-
oral head-preserving procedures (core decompression with
BG). We hypothesized bilateral hip surgery during one
anesthesia would benefit these patients. To determine the
effectiveness and safety of one-stage bilateral surgery, the
specific questions addressed in this investigation included
whether one-stage bilateral hip surgery decreased risk of
disease progression, increased surgical risk for the patient,
reduced medical costs and shortened rehabilitation time,
enhanced the healing process of the femoral head-pre-
serving procedure, and had better functional results
compared with those of patients undergoing two-stage
surgery.

Materials and Methods

During a preliminary study, only two of 10 patients who
had one-stage surgery had greater than 2 mm collapse at
followup. Our previous experience showed that greater
than 50% of patients having core decompression and al-
lografting had greater than 2 mm collapse at followup. A
power calculation was performed using a confidence level
of 95% and power (1 — ) of 90%. It was calculated that 52
subjects (26 patients in each group) were needed for this
study. We thus prospectively followed 30 patients with
simultaneous bilateral ONFH undergoing one-stage HA on
one side and core decompression with BG on the contra-
lateral hip between April 2002 and June 2005. The etiology
was alcohol-induced in 17 patients (57%), steroid-induced
in nine patients (30%), and idiopathic in four patients
(13%). Another 30 age-, gender-, etiology-, and disease
extent-matched patients undergoing two-stage surgery
during this period comprised the comparison group. The
intervals between each stage of surgery ranged from
6 weeks to 4 months (mean, 9 weeks) in the two-stage

group. Data collected included age, gender, body weight
and height, etiology, stage and extent of ONFH, American
Society of Anesthesiologists (ASA) classification [12],
dates and procedures for the index and subsequent sur-
geries, operating time, estimated blood loss, length of
hospital stay, total costs and their distribution, and com-
plications (Table 1). No statistical difference was found in
demographic variables. The patients were followed for a
minimum of 2 years, with no patients lost to followup. The
mean followup was 45 months (range, 26-64 months) for
the one-stage group and 46 months (range, 26—65 months)
for the two-stage group.

Preoperatively, anteroposterior and frog-leg lateral
radiographs of the pelvis were taken (Fig. 1A). In addition,
MRI was performed on each patient and used to accurately
stage each hip (Fig. 1B). The ONFH stage was classified
according to the University of Pennsylvania classification
and staging system (Table 2) [25]. The percentage of
femoral head involvement on MRI was calculated by
approximating the average areas of abnormality seen on
serial MRI cuts. All MR images were viewed by an indi-
vidual (YCW) who was blinded to the results. The extent of
femoral head involvement was classified as A (< 15%), B
(15%-30%), and C (> 30%). Indications for HA included
ONFH at Stage IV with greater than 2 mm collapse of the
femoral head or ONFH with degenerative changes in the
acetabulum. According to the regulations of the National
Health Bureau of Taiwan, bipolar HA was performed for
Stage IV ONFH, and THA was chosen for Stage V or VI

Table 1. Comparison of demographic data

Data One-stage Two-stage p value
surgery surgery
(n = 30) (n = 30)
Age (years) 40+ 9 40 £ 11 0.99
Gender (male:female) 23:7 23:7 1
Body weight (kg) 66 + 11 67 + 10 0.84
Body height (cm) 165 + 8 167 £ 9 0.80
Blood loss (mL) 450 + 130 500 £ 145 0.15
Operation time (minutes) 185 £+ 36 200 £ 22 0.07
Hospital stay (days) 6.9 + 0.8 129 £ 1.8 < 0.001
Complications 1/30 2/30 0.38
Costs (USD)
Total 3823 &£ 107 4392 £ 138 < 0.001
Pharmacy + ward 389 £ 79 710 £ 104 < 0.001
Laboratory + radiology 370 £ 15 537 £ 6 < 0.001
Anesthesia 354 £ 67 365 + 64 0.54
Operating room 2710 + 40 2780 £ 80 0.002
Return to work (months) 6.0 £ 1.6 10.8 £ 2.4 < 0.001
Followup (months) 45 + 11 46 + 11 0.93

Data are expressed as mean =+ standard deviation.
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Fig. 1A-D Radiographs are shown for a 32-year-old patient with left
hip pain. (A) A preoperative radiograph of the pelvis shows collapse
of the right femoral head, and MR images show (B) right and (C) left
femoral head involvement. (D) A radiograph taken 49 months after
one-stage HA and contralateral side core decompression with BG
shows a well-preserved right femoral head and preserved articular
space and a well-fixed bipolar prosthesis in the left hip.

ONFH. An uncemented technique was used in all HAs. The
indication for core decompression with BG was ONFH at
Stage III or less.

All surgery was performed by two surgeons (LYS,
HNS). For one-stage surgery, the HA was performed first.
Autogenous bone was harvested from the resected femoral
head, neck, and proximal femur after excising the necrotic
bone. Thirty milliliters of bone marrow was aspirated from
the ipsilateral iliac crest, mixed with the autograft, and
temporarily stored in a sterile culture tube at 4°C. The
patient then was placed in a supine position on a fracture
table. Core decompression with BG was performed using
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Table 2. Comparison of radiographic staging

Steinberg stage [25] Number of patients

Initial Followup

One-stage Two-stage One-stage Two-stage

IB 2 22" 2 2
IIA 3 32 3 2
IIB 6 6 (4) 6 3
IIC 10 10 (10) 7 2
11IC 9 9(12) 5 7
v 5 10
\% 2 4

* . . . .

Data are presented as number of patients at diagnosis, with total
number of patients at the staged bone-grafting procedure in
parentheses.

the technique described by Phemister [19]. Briefly, a guide
pin was placed precisely into the osteonecrotic area from
the lateral cortex of the femur under fluoroscopic guidance
and a core (12-14 mm) was made. Biopsy specimens were
obtained to confirm the diagnosis. The necrotic bone was
removed thoroughly using an angled curette (Fig. 2A), and
the defect was packed tightly with bone marrow-soaked
fresh autografts. An allogenous cortical strut then was
inserted into the core tract to within 5 to 10 mm of the
subchondral area (Fig. 2B). For two-stage surgery, the
same procedure was performed except that the defect after
débridement was replaced with morselized frozen auto-
grafts (if HA was performed first) or allografts (if core
decompression with BG was performed first).
Postoperatively, the patient was restricted to non-
weightbearing on the BG side and partial weightbearing on
the HA side for 6 weeks. The patients used crutches with
nonweightbearing for another 6 weeks and began gradual
weightbearing after 3 to 6 months on the BG side,
depending on lesion stage and extent. Patients were eval-
uated preoperatively, at 6-week intervals for the first
3 months after surgery, at 3-month intervals for 2 years,
and annually thereafter. During followup, each patient was
examined for range of motion, gait, and pain using the
Harris hip scoring system [6], with 90 to 100 points indi-
cating an excellent outcome, 80 to 89 points a good
outcome, 70 to 79 points a fair outcome, and less than 70
points a poor outcome. Radiographs, including anteropos-
terior and frog-leg lateral views of the pelvis, were taken at
each visit and evaluated by a radiologist with no infor-
mation regarding the clinical data, treatment, and
outcomes. The degree of collapse was measured using a
plastic template with Mose concentric circles [16].
Statistical analysis was performed using the SPSS for
Windows statistical package (Version 10.0; SPSS Inc,
Chicago, IL). Operating time, estimated blood loss,
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Fig. 2A-B The technique used
for core decompression and bone
grafting is shown. (A) An intra-
operative fluoroscope shows the
angled curette used to remove
necrotic bone from the supero-
anterior femoral head. (B) A
postoperative radiograph shows
adequate debridement and bone
grafting at the superoanterior
femoral head and good position
of supportive cortical strut.

duration of hospital stay, complications, and outcomes
were compared. Hospital expenses, including costs for
surgery, anesthesia, laboratory (including radiology), and
ward (including pharmacy and nursing) also were calcu-
lated. Variables were analyzed using Student’s t test for
continuous data, Mann-Whitney U test for nonparametric
data, and Fisher’s exact test or chi square test for nominal
data. Kaplan-Meier analysis was used to compare radio-
graphic signs of progression to collapse of the femoral head
between one-stage and two-stage groups. Significance was
defined as p < 0.05.

Results

Two-stage surgery significantly increased (p = 0.026) the
risk of worsening the stage or extent of ONFH. Progression
of the stage and/or extent of the hips occurred in five
patients in the two-stage group owing to a time lag for the
femoral head-preserving procedure (HA was performed
first because patients initially refused the femoral head-
preserving procedure).

One-stage bilateral hip surgery did not increase surgical
risk compared with two-stage surgery. Operating time and
estimated blood loss did not differ between patients in the
two-stage and one-stage groups (Table 1). Overall, there
were few complications related to HA or core decom-
pression with BG. One patient in the one-stage group had
calcar splitting during insertion of a bipolar prosthesis and
was treated successfully using cable wiring. One patient in
the two-stage group had atelectasis of the lung, and another

patient in the two-stage group had dysuria. Administration
of appropriate medical care was successful in both cases.
No mortality occurred.

One-stage bilateral surgery significantly reduced medi-
cal costs and shortened rehabilitation time compared with
two-stage surgery. Patients receiving one-stage surgery had
shorter overall hospital stays (p < 0.001) than those
undergoing two-stage surgery. Treatment costs also were
less (p < 0.001) for patients who had one-stage surgery
(mean = standard deviation, $3823 + $107 [USD] versus
$4392 + $138 [USD]). Not only were costs related to bed
utilization reduced, as might be expected, but laboratory
(including radiology), pharmacy, and nursing costs also
were reduced (p < 0.001). Patients who had one-stage
surgery returned to work at an average of 6.0 months after
surgery, which was faster (p < 0.001) than patients who
had two-stage surgery (10.8 months).

One-stage bilateral surgery enhanced the healing power
of the head preserving procedure and had fewer femoral
head collapses. At latest followup, radiographic evaluation
revealed no progression of ON after core decompression
with BG in 18 (60%) patients in the one-stage (Fig. 3A)
and nine (30%) patients in the two-stage groups; progres-
sion in stage and/or extent (< 2 mm collapse) with minimal
or mild symptoms in five (17%) patients in the one-stage
and seven (23%) patients in the two-stage groups; and
progression to collapse in seven (23%) patients in the one-
stage and 14 (47%) patients in the two-stage groups. The
rate of greater than 2 mm collapse of the femoral head was
higher (p = 0.04) in the two-stage group. Survival analysis
with radiographic signs of greater than 2 mm collapse as an
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Fig. 3A-B Survival curves for one-stage (solid line) and two-stage
surgery groups (dashed line) show better survival of the head
preserving procedure in the one-stage group. (A) Any progression of
stage was used as the end point in the survival curve. (B) When
greater than 2 mm collapse of the femoral head (Steinberg [25] Stage
IV) was used as the end point in the survival analysis, the one stage
group exhibited less collapse than the two stage group.

end point showed a difference (log-rank test, p = 0.07)

(Fig. 3B) between the two groups. The stage and extent of
ONFH at surgery were associated with (p < 0.001) the
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occurrence of radiographic progression to collapse. Over-
all, 17 (81%) of the 21 patients with Stage IIIC ONFH
showed progressive collapse of the femoral head.

One-stage bilateral surgery had better clinical results of
the head preserving procedure. Conversion of the femoral
head-preserving procedure to HA was performed in five
(17%) patients in the one-stage and 12 (40%) patients in
the two-stage groups. The rate of conversion to HA was
greater in the two-stage group (p = 0.03). Again, the stage
and extent of ONFH at surgery were associated
(p < 0.001) with the need for conversion to HA. Overall,
16 of 21 (76%) patients with Stage IIIC osteonecrotic hips
had conversion surgery to HA during the study. At most
recent followup, no loosening or revision of the hip pros-
theses in either groups was observed. The clinical outcome
showed 20 of 25 (80%) patients in the one-stage and 13 of
18 (72%) patients in the two-stage groups had good to
excellent results on the hip that had core decompression
with BG. Harris hip scores improved from a mean of 77
points (range, 64—100 points) to 90 points (range, 68—100
points) for the femoral head-preserving side and 51 points
(range, 35-62 points) to 94 points (range, 88-98 points) for
the HA side in patients in the one-stage group and
improved from 75 points (range, 60—100 points) to 88
points (range, 65-100 points) for the femoral head-pre-
serving side and 50 points (range, 37-64 points) to 95
points (range, 89-98 points) for the HA side in patients in
the two-stage group.

Discussion

We compared the courses, clinical and radiographic results,
complications, and treatment costs for patients treated for
bilateral ONFH with one-stage surgery versus two-stage
surgery. Our results suggest patients with bilateral ONFH
benefit from one-stage HA and contralateral side core
decompression with BG, with better survival of the sal-
vaged femoral head. One-stage surgery reduces total costs
and shortens the rehabilitation period compared with two-
stage surgery, without increasing perioperative morbidity.

Our study has some limitations. First, our study involved
a relatively small number of patients. Second, the described
techniques are applicable only to a very specific group of
patients. The effect of bone marrow implantation (dis-
cussed below) also needs to be studied further. The MRI
staging was made by a radiologist blinded to the results.
Although the reading showed excellent agreement (full
agreement, 56/60; 93%) with the clinical staging, no sta-
tistical test was done. A minimum followup of 2 years was
chosen in this study because collapse of the femoral head
generally occurs during this time span [13, 17]. However, a
longer followup is required to determine whether one-stage
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surgery ultimately improves outcomes of the femoral head-
preserving procedure.

One-stage bilateral hip surgery is a reasonable alterna-
tive to two-stage unilateral surgery provided the benefits
are not jeopardized by increased perioperative morbidity.
The benefits of one-stage surgery include diminished
complication risk related to anesthesia, decreased hospi-
talization, and reduced costs [11]. However, one-stage
bilateral surgery can be expected to produce more blood
loss, longer operation time, and more complications com-
pared with a unilateral procedure. Our study confirmed
there are few complications related to HA or core
decompression with BG, and one-stage bilateral surgery
does not increase overall perioperative morbidity compared
with two-stage unilateral hip surgery.

Another key advantage of one-stage surgery is cost
efficiency. The rationale for one-stage surgery is to
improve postoperative rehabilitation and decrease overall
hospital stay and associated costs. It has been well estab-
lished that many patients do not experience functional
improvement until both hip problems have been resolved
[11]. Although rehabilitation was demanding and difficult,
the patients who had one-stage surgery in our study
returned to work faster than patients who had two-stage
surgery. There was a total cost reduction of $569 (USD)
per case. The absolute number is small because of gen-
eralized low medical costs in Taiwan. However, this figure
represents a 15% reduction of total costs, which is
undoubtedly significant. The cost reduction derives from
reductions in ward costs, nursing care, pharmacy, and
radiographic examination.

The main goals of treating ONFH with a femoral head-
preserving procedure are pain relief, maintaining a con-
gruent hip, and delaying the need for HA as long as
possible. When ONFH is diagnosed in young patients, it is
advisable to perform the most conservative possible sur-
gical procedure, with the knowledge that a future
intervention may be necessary [9, 14]. Surgery that
involves a high complication rate or morbidity or that
compromises subsequent THA should be avoided [9].
Nonvascularized BG through a core decompression tract
from the greater trochanter is more appealing than vascu-
larized or nonvascularized BG through the femoral neck or
the joint for this group of patients because this procedure is
less invasive and requires less technical expertise. This
procedure has very low morbidity, requires a mean surgical
time less than 1 hour with limited blood loss, and does not
increase perioperative morbidity of one-stage surgery.

Managing ON of the contralateral femoral head using
the currently reported procedure at one stage is based on
the following rationales: (1) decompression of the femoral
head, (2) removal of the necrotic bone, (3) replacement
with fresh autografts, (4) support of the subchondral bone

with a strong bone strut, and (5) enhancement of bone
healing and incorporation by use of autogenous bone and
marrow graft. The success of the procedure is attributed to
the following factors. First, the most symptomatic hip was
treated and the femoral head-preserving procedure was
performed at the earliest possible time in one stage. As
seen for some patients who had two-stage surgery, the
stage and/or extent of ONFH progressed during the time
between the two stages of surgery when the patient
underwent HA first, or there was deterioration of the
femoral head attributable to the patient bearing more
weight during recovery when the femoral head-preserving
procedure was done first. One-stage surgery avoided the
unnecessary delay of the head-preserving procedure. Sec-
ond, fresh cancellous autograft tightly packed into the
subchondral area provided support and living cells neces-
sary for bone healing in patients who had one-stage
surgery. One-stage surgery offered a distinct advantage
over two separate operations in that the femoral neck and
proximal femur obtained during the first procedure could
be used as fresh autografts. Using autografts instead of
allografts or frozen autografts is appealing as fresh can-
cellous autografts lead to rapid healing and subsequent
restoration of structural support for the subchondral plate
and overlying cartilage [18]. Finally, the efficacy of fresh
autografts might be augmented via the addition of bone
marrow. A decrease of osteogenic stem cells in the prox-
imal femur of patients with ONFH has been reported [8].
Bone marrow grafting may provide the osteoprogenitors
necessary for bone healing. Hernigou and Beaujean [7] and
Gangji et al. [5] reported good results of treating precol-
lapse ON with core decompression and autologous bone
marrow grafting. In our study, 30 mL of bone marrow
mixed with autologous bone was used to replace the bone
defect. Whether the addition of this small amount of bone
marrow enhanced bone healing in patients who had one-
stage surgery requires further examination. However, it
seems logical to add more osteogenic cells to the graft to
accelerate bone healing and incorporation.

Our study showed patients with bilateral ONFH
appeared to benefit from one-stage HA and contralateral
core decompression with BG and had better survival of the
salvaged femoral head. One-stage surgery proved to be a
cost-effective method that did not increase perioperative
morbidity.
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