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Cost-effectiveness Analysis of Core Decompression

Nelson Fong SooHoo, MD, Shail Vyas, MD, Jesse Manunga, BS,
Husham Sharifi, BS, MBA, Gerald Kominski, PhD, and Jay R. Lieberman, MD

Abstract: Core decompression is widely used to treat the early stages of
osteonecrosis of the hip. The purpose of this analysis is to assist orthopedic surgeons
in judging whether currently available data support the use of core decompression as
cost-effective. A decision model was created for the treatment of osteonecrosis of the
femoral head. Literature review was used to identify possible outcomes and their
probability after initial treatment with either observation or core decompression.
This model demonstrates core decompression must delay the need for total hip
arthroplasty for a minimum of 5 years to maintain an incremental cost-effectiveness
ratio lower than $50000 per quality-adjusted life year gained. Treatment options
with ratios higher than $50000 per quality-adjusted life year are generally
considered to have limited cost-effectiveness. This study demonstrates that core
decompression has the potential to be a highly cost-effective alternative if it is leads
to a delay in the need for total hip arthroplasty of 5 years or longer. Key words:

avascular necrosis, osteonecrosis, core decompression, cost-effectiveness.

© 2006 Elsevier Inc. All rights reserved.

Osteonecrosis of the hip is a disease of impaired
osseous blood supply that commonly affects
patients in the third, fourth, or fifth decade of life.
It can eventually lead to collapse of the femoral
head and painful arthritis of the hip joint. End-
stage osteonecrosis is treated with total hip arthro-
plasty (THA) and accounts for 5% to 12% of such
procedures. Despite the clinical success of primary
hip arthroplasty in this population, significant
concerns persist about the long-term outcomes of
younger patients undergoing prosthetic joint
arthroplasty. These concerns underlie the wide-
spread use of core decompression in the early stages
of osteonecrosis, with the goal of delaying or
preventing the need for hip arthroplasty [1,2].
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The indications for core decompression have not
been definitively established. There is significant
variation in the published data regarding the efficacy
of core decompression [3-11]. In addition, there is
uncertainty regarding the optimal surgical tech-
nique for performing this procedure. These discrep-
ancies have prevented the development of a clear
consensus on the clinical use of this procedure. The
goal of core decompression is to relieve pain and
delay the need for THA. In this era of limited health-
care resources, it is essential to determine if surgical
procedures are cost-effective. The purpose of this
analysis is to assist orthopedic surgeons in judging
whether currently available data support the cost-
effectiveness of core decompression in the treatment
of early-stage osteonecrosis of the hip.

Materials and Methods
General Framing and Design

This cost-effectiveness analysis follows the
methodological guidelines of the Panel on Cost-
effectiveness in Health and Medicine convened by
the US Public Health Service in 1993 [12]. The
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panel outlined an explicit set of recommendations
in a reference case analysis. These reference case
guidelines established a common set of standards
to improve the comparability of cost-effectiveness
analyses. Issues addressed in the reference case
analysis include standard practices for framing and
perspective of the study, identification of out-
comes, estimation of costs, and testing of uncer-
tainty [12]. This study was constructed adhering
to these standards.

Consistent with the reference case guidelines,
this analysis compares the cost-effectiveness of core
decompression to the commonly accepted treat-
ment alternative of observation in the early stages
of osteonecrosis. This analysis assumes a target
patient population seeking treatment of femoral
osteonecrosis at the age of 40 years. The time
horizon of this analysis encompasses the remaining
life expectancy for this target population.

The cost-effectiveness ratios for observation and
core decompression were analyzed from the soci-
etal perspective. The boundary of the analysis is
limited to the costs and health effects directly
impacting the target population. Estimates of costs,
effectiveness, and the probability of various out-
comes were obtained from literature review.

Literature Review

Literature review was used to construct the event
pathways following observation and core decom-
pression. A literature search identified 269 articles
between 1978 and 2004 using the keywords
osteonecrosis, decompression, hip, and outcome. Seven-
ty-eight articles were identified as relevant to the
treatment of osteonecrosis with either core decom-
pression or observation. Fifteen publications were
review articles and excluded from further analysis.
The remaining articles were assessed on their
quality. We excluded articles with fewer than 50
subjects. Additional criteria used to select articles

Total Hip Arthroplasty (THA)

included adequate reporting of magnetic resonance
imaging staging and standardized surgical tech-
nique. A total of 11 studies were identified and
selected for abstraction using these criteria. The
abstracted data are included as Appendix A and list
the study design, number of subjects, results, and
complications reported in each reference.

Decision Model

Decision tree software (TreeAge Pro; TreeAge
Software Inc, Williamston, Mass) was used to create
amodel for the treatment of femoral head osteonec-
rosis [13-19]. A simplified schematic of the decision
tree is shown in Fig. 1. The full decision model is
included as Appendix B. The model begins with the
decision for either observation or core decompres-
sion. Literature review was used to identify possible
outcomes and their probability after each of these
treatment alternatives. These event pathways were
incorporated as branches in the decision tree. This
model assumed a target population of patients
seeking treatment of osteonecrosis at the age of 40
years. This age is consistent with the typical age at
which core decompression is performed for osteo-
necrosis of the hip [1]. The time horizon of the
model follows events through the remaining life
expectancy of 39 years for this age group [20]. The
event pathway for observation follows the clinical
course of patients with early osteonecrosis and
assumes that they become symptomatic and require
THA after a 2-year period. This period is consistent
with the natural history of osteonecrosis [1,21,22].

The event pathways following core decompres-
sion were constructed following literature review.
There has been a wide range of results reported on
the efficacy of core decompression [3-11]. The
clinical results abstracted from the literature review
are summarized in Appendix A. A reference case
was created and assumed a period of 10 years
before the need for primary hip arthroplasty after
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Fig. 1. Simplified schematic of decision model for the treatment of femoral head osteonecrosis.
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Table 1. Complication Rates Used in Decision Model

After THA
Complication Probability (%)
Complication rate primary THA 4
Infection 1
Dislocation 2.5
Mortality 0.5
Complication rate revision THA 10
Complication rate second or 15

third revision THA

core decompression compared with 2 years with
observation. This assumption is consistent with the
more favorable reports of the results of core
decompression. The efficacy of core decompression
in delaying hip arthroplasty for this duration has
not been definitively established in the published
literature. Given this uncertainty, the effects on the
cost-effectiveness of core decompression of both
shorter and longer assumptions for its efficacy are
examined in the sensitivity analysis. The primary
complication included in the model following core
decompression is subtrochanteric hip fracture re-
quiring operative intervention. This complication
has been infrequently reported, but rates as high as
5% have been published [3-11]. An intermediate
value of 2% was selected for the reference case,
and sensitivity analysis was used to examine the
effect of rates in the range of 0% to 5%.
Subsequent events after observation and core
decompression are modeled to include the potential
need for hip arthroplasty and revisions over
the lifetimes of the target population. Complications
after hip arthroplasty include dislocation, infection,
and death [23]. The decision model incorporates the
need for subsequent hip revision surgery and the
possible complications that can arise. The incidence
of complications is assumed to increase with subse-
quent revision procedures, whereas the durability of
revision arthroplasty is assumed to decrease relative
to primary arthroplasty [24,26,27]. The probabilities
of infection, dislocation, and mortality used in this
model are shown in Table 1. The rates of these
complications were selected to fall in the midrange
of estimates reported in the literature. Most studies
have reported rates of infection leading to implant
failure near the value of 1% used in the reference
case of this study [25-28]. Mortality and dislocation
rates have not been as definitively established. The
reference case of 0.5% for mortality is consistent
with the low rates generally reported [29]. The
dislocation rate of 2.5% used in the reference case is
consistent with reports of large database studies
[23,27]. Sensitivity analysis was used to address the
uncertainty of these assumptions for complication

rates by examining the effect of higher and lower
rates on the results.

Effectiveness

This study is a special case of cost-effectiveness
analysis termed cost-utility analysis. Cost-utility
analyses are differentiated by the fact that effec-
tiveness is measured in units that incorporate a
subjective measure of utility such as quality-
adjusted life years (QALYs). The treatment of
osteonecrosis has limited effect on survival but
does result in significant changes in the quality of
life of patients. The use of QALYs to measure
effectiveness allows the survival of patients in
different health states to be corrected for health-
related quality of life using a utility factor.

Utility factors were assigned to all health states in
the model to adjust survival for quality of life. The
reference case guidelines define utility along a
continuum with a factor of 1.0 representing perfect
health and a factor of 0.0 representing death [12].
Specific utility values for each health state in this
study were assigned following a literature review.
Table 2 lists the health states included in the
decision model along with their corresponding
utility values. Large-scale studies have used ques-
tionnaires to establish utility values for a variety of
health states. Arthritis has consistently been shown
to have a utility value near 0.7 [30-33]. Knee and
hip arthroplasties have been shown to increase
quality of life weightings close to normal values.
Based on these studies, this analysis uses a utility
value of 0.9 for successful hip arthroplasty. Revi-
sion arthroplasty is given a lower utility value to
reflect the diminished clinical results compared
with primary arthroplasty. The utility values used
for resection arthroplasty and surgical complica-
tions were also identified in literature review.

The period after successful core decompression
was assigned a utility similar to that of successful
arthroplasty. This reflects the assumption that
successful core decompression results in a well-
functioning hip but does not completely restore

Table 2. Utility Values for Health States Occurring in
Decision Model

Health state Utility value

Primary THA 0.9
Treatment of dislocation 0.5
Treatment of infection 0.5
Surgery and postoperative recovery 0.5
Death 0.0
Successful core decompression 0.9
Revision THA 0.85
Resection hip arthroplasty 0.6
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normal utility. The ability of core decompression to
control symptoms and maintain a high level of
function has not been definitively documented in
the published literature. To address this uncertain-
ty, sensitivity analysis was used to examine the
impact of both higher and lower utility values after
core decompression on its cost-effectiveness.

Costs

Gross-costing methodology was used to estimate
the direct lifetime treatment costs after both
observation and core decompression [12]. This
methodology relies on global Medicare charge and
reimbursement data to approximate the direct costs
for various procedures. Indirect costs such as lost
productivity were not included in this analysis. The
surgical interventions occurring in the decision
model were assigned their appropriate International
Classification of Diseases, Ninth Revision; diagnosis
related groups (DRGs); and Current Procedural
Terminology (CPT) codes. Gross cost estimates were
then determined for short-term care hospitaliza-
tions and physician services based on charge and
reimbursement data for these codes. The cost
estimates are shown in Table 3.

Gross cost estimates for short-term care hospital-
izations were determined from mean hospital costs
for the DRG associated with each intervention.
Mean hospital costs were based on data from the
Centers for Medicare and Medicaid Services
reported for 1998 [34]. These costs are derived by
applying Medicare cost-to-charge ratios to the data
from the MedPAR data source [34]. The MedPAR
data source is released annually by Medicare and
provides cost estimates for each DRG. This study
used the MedPAR data for 1998 pertaining to all US
hospitals [34,35].

The gross costs for physician services were deter-
mined from mean Medicare reimbursement for the
CPT code associated with each surgical intervention.

Table 3. Costs for DRG and CPT Codes Occurring in
Decision Model Using 1998 Medicare Data

Procedure DRG (cost [$]) CPT (cost [$])

Core decompression 210 (8086) 27071 (825)

Primary THA 209 (9183) 27130 (1826)

Revision THA 209 (9183) 27134 (2572)

Resection arthroplasty 210 (8086) 27091 (1754)

Reduction of dislocated 210 (8086) 27266 (483)
hip prosthesis

Operative treatment of 210 (8086) 27030 (1021)
infected hip prosthesis

Open reduction and internal 210 (8086) 27244 (1362)

fixation of hip fracture

The mean reimbursement reported by the Centers
for Medicare and Medicaid Services in 1998 for the
Los Angeles, Calif, carrier was used. This global
reimbursement includes preoperative care, surgical
fees, and 90 days of postoperative care [36].

Discounting

Cost-effectiveness analysis requires that all fu-
ture costs and health consequences be discounted
and stated in their present-day values. Discounting
is performed to correct for the fact that costs that
are deferred to the future are preferable to imme-
diate expenditures. Costs and health effects were
discounted in the reference case at a constant rate
of 3% annually. Sensitivity analyses were con-
ducted with discount rates of 0% and 5% [12,13].

Sensitivity Analysis

Sensitivity analysis was conducted to test the
uncertainty of the reference case results. Cost-
effectiveness analysis combines information from
several data sources to generate estimates of the
probability of different outcomes and assign values
to their utility and costs. Uncertainty about the
true values of these underlying parameters results
in uncertainty about the cost-effectiveness ratios
generated in the reference case. Sensitivity analysis
is used to determine the impact of varying the
assumed values for key variables on the conclu-
sions generated by the cost-effectiveness analysis.

Initially, cost-effectiveness ratios were calculated
using the reference case assumptions for both
observation and core decompression. Sensitivity
analysis was then performed using different assump-
tions for the values of the underlying variables [12].
Several key variables were selected for sensitivity
analysis. These variables included the delay in hip
arthroplasty resulting from core decompression, the
functional utility after successful core decompres-
sion, the incidence of complications after core
decompression, and the incidence of complications
after both primary and revision hip arthroplasty.

Results
Reference Case Results

A reference case was created that assumed that
core decompression delays the need for THA for
10 years. Given the uncertainty of this assumption,
the effects on the cost-effectiveness of core decom-
pression of both shorter and longer assumptions for
its efficacy are examined in the sensitivity analysis.

In the reference case, the pathway of core
decompression is assumed to delay hip arthroplasty
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for 10 years and resulted in 20.20 QALYs, whereas
observation resulted in 19.75 QALYs. This represents
an incremental gain of 0.45 QALYs when core
decompression was chosen over observation. Core
decompression generated total expected lifetime
treatment costs of $27498. This results in an
incremental increase in cost of $4298 when com-
pared with the lifetime treatment costs of $23 200 for
observation followed by arthroplasty. This led to an
incremental cost-effectiveness ratio of $9551 for
each QALY gained when core decompression was
chosen over observation.

Sensitivity Analysis

Effect of Changing the Assumed Length of
the Delay in the Need for THA After Core
Decompression. The reference case assumes that
core decompression delays hip arthroplasty for
10 years as compared with 2 years with observa-
tion in the early stages of osteonecrosis. Core
decompression has not been definitively demon-
strated to result in delays of this length. There are
conflicting reports in the literature, with some
authors showing delays of this length and others
reporting results below this threshold [1,2].

Sensitivity analysis was used to evaluate the
effects of varying the underlying assumption for
the success of core decompression on its cost-
effectiveness ratio (Fig. 2). The cost-effectiveness
of core decompression decreases as its assumed
ability to delay hip arthroplasty decreases. The cost-
effectiveness ratio rises to more than $25000 per
life year as the period of delay falls below 7 years.
The $50000 cost per life year gained threshold is
passed as this period falls below 5 years.

160000

Effect of Function After Core Decompres-
sion. The reference case assumes that successful
core decompression prevents painful symptoms
during the period it is delaying the need for
primary arthroplasty. This control of pain is
reflected in the high utility value of 0.9 assigned
to patients during this waiting period.

Sensitivity analysis was conducted to model clinical
situations in which core decompression does not
perform well in mitigating the functional limitations
caused by advancing osteonecrosis. The cost-effective-
ness ratio of core decompression rises to more than
$50000 per QALY gained when the utility during the
period after the procedure and before conversion to
THA is assumed to be lower than 0.86 (Fig. 3).

Effect of Complication Rate After Core
Decompression. Subtrochanteric hip fractures
complicating core decompression have been
reported infrequently, although some studies have
shown rates as high as 5%. Sensitivity analysis
demonstrated that the cost-effectiveness ratio rose
or fell only slightly over the range of values from
0% to 5%. Even at an assumed fracture rate of 5%,
the cost-effectiveness ratio of core decompression
remained lower than $12000 per QALY.

Effect of Complication Rates After Arthro-
plasty. The rates of complications after THA have
been reported by several authors [23-29]. The
assumed durability of hip arthroplasty and incidence
of complications including death, dislocation, and
infection were selected to be in the midrange of
accepted values. Sensitivity analysis was used to
examine the impact of using high- and low-range
values for these variables. As the assumed complica-
tion rates after hip arthroplasty decrease, core decom-
pression becomes a less cost-effective treatment
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option. This occurs because some of the cost-effec-
tiveness gains from core decompression result from
the delay or avoidance of the costs and negative
health impacts that result from these complications.
However, these effects were not large and did not alter
the conclusions of this study. Even under conditions
in which the complication rates of THA are assumed
to be negligible, core decompression remained highly
cost-effective with an incremental cost-effectiveness
ratio lower than $13 000 per QALY gained.

Effect of Discount Rate. Analyses assuming
discount rates of 0% and 5% in addition to the
baseline assumption of 3% were conducted. These
variations in the discount rate did not have a large
impact on the cost-effectiveness ratios. A discount
rate of 0% led to an incremental cost-effectiveness
ratio for core decompression of $12429 per QALY
gained. A discount rate of 5% resulted in a ratio of
$9620 per QALY gained. These ratios fall well
below the threshold of $50000 per QALY com-
monly used to judge procedures as moderately
cost-effective [12].

Discussion

The purpose of this analysis is to assist orthopedic
surgeons in judging whether currently available data
justify the use of core decompression of the hip as
cost-effective. This study found core decompression
to have the potential to be a highly cost-effective
choice when it is assumed to successfully delay
symptoms and the need for hip arthroplasty for 5
years or longer. This delay improves quality of life at
a small additional cost by delaying the expense and
risks for THA. However, these results depend on
clinical outcomes after core decompression not yet

160000

demonstrated definitively in well-designed studies.
Limited data exist in the literature documenting
successful results in controlled trials at 5- and
10-year follow-up on patients that have undergone
core decompression of the hip. Existing studies have
indicated promising results that meet or exceed these
goals after core decompression, but control groups
are often inadequate [1-11]. More rigorous evalua-
tion of core decompression is required to document
its true efficacy and resulting cost-effectiveness.

The conclusions of this cost-effectiveness analysis
are limited by the accuracy of the underlying
assumptions used to design the model and assign
values for effectiveness and costs. Sensitivity anal-
ysis demonstrated that the key variable that impacts
the results of this study was the assumed duration
that core decompression delays symptoms and the
need for primary hip arthroplasty. In the reference
case of our study, core decompression resulted in a
cost-effectiveness ratio of $9551 per QALY gained
when chosen over observation. This cost-effective-
ness ratio compares favorably to other medical and
surgical interventions. The cost-effectiveness ratio
rises and the level of cost-effectiveness diminishes
when the period of delay before hip arthroplasty is
assumed to be shorter than the reference case
assumption of 10 years. The cost-effectiveness ratio
of core decompression rises to more than $50000
per life year as this interval falls below 5 years.

Specific thresholds for determining favorable
cost-effectiveness ratios have not been established.
However, several authors have suggested that cost-
effectiveness ratios more than $50000 per life year
gained are indicative of interventions with limited
cost-effectiveness [12]. An examination of THA
demonstrated a cost-effectiveness ratio of $4600
(1991 US dollars) per QALY [37]. The authors

140000 \
120000 \

Effectiveness Ratio

of Core 80000

Decompression
{1998 U.S.
Dollars/QALY) 60000

$50,0004QALY Threshold

Incremental Cost- 100000 \\
\ |

Fig. 3. Sensitivity analysis examining
relationship between functional utility

v

after core decompression and its incre-

mental cost-effectiveness ratio.

1
40000 \
20000

Reference Case Value = 0.9

\\%i/_;

<
]

S80
980
220
880
620
160
260
€60
¥6'0

G680
960
260
960
660

Utility Factor Following Core Decompression



676 The Journal of Arthroplasty Vol. 21 No. 5 August 2006

concluded that this ratio supported hip arthroplasty
as a highly cost-effective procedure. They cite
examples of other medical interventions widely
accepted as cost-effective, including coronary artery
bypass grafting ($8100 per QALY). This study
demonstrates the potential of core decompression
to result in a similar level of cost-effectiveness when
compared with observation if it delays the need for
hip arthroplasty for a minimum of 5 years [12].

Sensitivity analysis also highlighted the impor-
tance of the ability of core decompression to
preserve hip function and its impact on cost-
effectiveness. The reference case assumes that the
utility of patients after core decompression remains
high before the need for hip arthroplasty. The
published literature focuses on radiographic out-
comes and does not thoroughly document the
quality of life of patients after core decompression.
Patients may have a gradual deterioration in
function before they require THA. Sensitivity anal-
yses demonstrated that when hip function is
assumed to deteriorate during this period and result
in utilities lower than 0.86, the cost-effectiveness
ratio of core decompression rises to more than
$50000 per QALY gained and the cost-effectiveness
advantages of core decompression become minimal.

These sensitivity analyses suggest that the cost-
effectiveness of core decompression is limited when
it delays hip arthroplasty less than 5 years. The
literature has established that patients with post-
collapse osteonecrosis do not reliably achieve
results above this threshold after core decompres-
sion. As a result, core decompression is likely to
have poor cost-effectiveness in these cases of late-
stage disease. Patients with extensive femoral head
involvement or a history of long-term steroid use
are also likely to demonstrate clinical efficacy below
these levels [3-11]. The use of core decompression
in these subgroups is not supported in this analysis.

This study supports core decompression as a
potentially cost-effective choice over observation
in the early stages of osteonecrosis of the hip. This
conclusion relies on the assumption that core
decompression delays hip arthroplasty and prevents
painful symptoms for a minimum of 5 years.
Current data have not yet definitively shown in
well-designed trials that core decompression pre-
dictably results in these levels of clinical efficacy.
However, existing studies indicate promising results
that meet or exceed these goals after core decom-
pression in patients with small lesions who are not
being treated with steroids [1,2]. The cost-effective
indications for continued use of this procedure in
early-stage disease will be more clearly delineated
when results above this threshold are documented
in controlled long-term clinical trials.

Appendix A. Summary of Literature Search
and Abstracted Data

A.1. Summary of Literature Search

A.1.1. Search Strategy.

Keywords Osteonecrosis, decompression,
(in permutation) hip, outcome
Dates 1978-2004
Total articles 269
Articles not relevant 191
Relevant articles 78
analyzed
Excluded reviews 15
Excluded articles 30
<50 subjects
Excluded articles that 22
failed criteria
Articles remaining 11
from 78

A.1.2. Randomized Control Trial Used for
Core Decompression and Conservative Treat-
ment

A.1.2.1. Randomized control trial, more than 50 subjects
* Ref [3].

A.1.3. Articles Used for Core Decompression

A.1.3.1. Prospective, more than 50 subjects'
* Refs [4-9].

A.1.3.2. Retrospective, more than 50 subjects
e Refs [10,11].

A.l1.4. Articles Used for Conservative Treat-
ment.
* Refs [21,22].

A.2. Abstracted Data

A.2.1. Randomized Controlled Trial Data.
* Ref [3].

Mean
Hips in follow-up  Follow-up
Study design  article (mo) range (mo)
Randomized 55 26.8 18-“not
control reported”
trial

'All articles have greater than 50 subjects, with the exception
of the study of Aigner et al [4], which was included based on
having 45 subjects and meeting all other quality criteria.
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Survival
Ficat stage I

Outcomes
Measured with Harris Hip Score

Month Month Month Month ARCO T ARCO II ARCO II
10 20 40 60 Variable (n = 30) (n=29) (n =6)
Survival, 0.90 0.65 0.65 0.65 Excellent 0.90 1.00
operative Good 0
Survival, 0.60 0.60 0.20 0.20 Fair 0.10 0
nonoperative Poor 0 0 1.00
Ficat stage I Complications
Month Month Month Month Complication Probability
10 20 40 60 Hip fracture 0
Survival, 1.00 070 070  0.70 Infection 0
operative DVT 0.02
Survival 0.55 015 0 0 Pulmonary embolism 0
nonoperative Hematoma 0

Ficat stage III

Month Month Month Month

10 20 40 60
Survival, 1.00 0.725 0.725 0.725
operative
Survival, 0.325 0.20 0.20 0.20
nonoperative
Outcomes

Success is measured as a Harris Hip Score of more
than 80.

Success rate Success rate

DVT indicates deep venous thrombosis.

« Ref [5].
In this study, the reported staging is a combina-
tion of Steinberg stages with Ficat and Arlet stages.

Hips in Mean Follow-up
Study design article follow-up (mo) range (mo)
Prospective 54 120 24-196

Survival
Clinical failure is defined as requiring subsequent
surgery.

Month Month Month Month Month

Ficat stages operated hips nonoperated hips 12 24 48 96 132
I 0.70 0.20 Stage I 1.00  0.925 0.925 0.925 0.925
I 0.71 0 Stagle II? 1.00 1.00 1.00 1.00 1.00
sclerotic
il 0.73 0.10 Stage I1IA 0.825 0.675 0.625 0.40 0.40
cystic/
Complications sclerocystic
Not reported. Stage IIB 0.60 040 040 040  0.40
Stage III 0.375 0.375 0.25 0 0
A.2.2. Prospective Core Decompression Data.
* Ref [4]. Outcomes
. Not reported.
. Hlp.S in Mean Follow-up Complications
Study design article follow-up (mo) range (mo)
Prospective 45 69 31-120 Complication Probability
] Hip fracture 0.019
Survival Infection 0
Failure is defined as deterioration to ARCO stage IV. DVT 0
ARCO stages Success rate Mean time (mo) Pulmonary embolism 0
1 0.93 69 Hematoma 0.019
11 0.44 69.2
11 0 72 « Ref [6].

ARCO indicates Association Internationale de
Recherchesur la Circulation Osseuse.

This study is unique in that it has survival data
according to 4 different staging systems: Ficat, U
Penn, ARCO, and Florida.
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Hips in Mean Follow-up Year Year  Year  Year Year
Study design article follow-up (mo) range (mo) 1 2 3 5 10
Prospective 67 40.7 1.5-48 Survival 0.93 0.83 0.79 0.75 0.73

Survival
Failure is defined as progression to THA.

Ficat U Penn ARCO Florida
1 0 0 0 0
1I 0.17 0.19 0.217 0.20
111 0.66 0.50 0.35 0.40
Outcomes

Mean Harris Hip Score postoperatively is 58.5 for
the whole cohort.

Complications
Complication Probability
Hip fracture 0
Infection 0
DVT 0.015
Pulmonary embolism 0
Hematoma 0

* Ref [7].

This covers data only for core decompression.

Hips in Mean Follow-up

Study design article  follow-up range

Prospective 94 Not reported Not reported

Survival
Failure is defined as any further surgery.

12 24 36 48 60 72
mo Imo mo mo mo mo

Survival, Steinberg 1.00 0.925 0.85 0.84 0.78 0.78
0,1 II (n = 32)

Survival, Steinberg 0.775 0.75 0.65 0.63 0.65 0.56
I, IV, V (n = 23)

Outcomes

Not reported.
Complications
Not reported.

* Ref [8].

Hips in Mean Follow-up
Study design article follow-up (mo) range (mo)

Prospective 406 48 3-155

Survival

Steinberg stages  Success rate

0L 1II 0.163 29
I, Iv, vV 0.11 29

Mean time (mo)

Outcomes

Only the mean outcome is reported. Outcomes
by category (ie, excellent, good, fair, poor) are not
reported.

Complications
Complication Probability
Hip fracture 0.005
Infection 0
DVT 0.002
Pulmonary embolism 0.002
Hematoma 0

« Ref [9].

The following definitions apply:

Small lesion, less than 15% of femoral head
involvement;
Moderate lesion, 15% to 30% of femoral head
involvement;
Large lesion, greater than 30% of femoral head
involvement.

Hips in Mean Follow-up
Study design article follow-up (mo) range (mo)
Prospective 73 39 24-72
Survival
Small Moderate Large
lesion lesion lesion
Survival, U Penn stage I 0 0.25 0.50

Survival, U Penn stage II  0.09 0.33 0.31

U Penn indicates University of Pennsylvania
Staging System.

Outcomes
Absolute Harris Hip Score is not reported.
Postoperative change in Harris Hip Score is reported

Small Moderate  Large
lesion lesion lesion

—-12.0

Change in Harris Hip +14.3 +5.0
Score, U Penn stage I

Change in Harris Hip  +9.3 +2.6 -2.9
Score, U Penn stage 11

Complications
Not reported.
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A.2.3. Retrospective Core Decompression
Data.

* Ref [10].

The following definitions apply:

Small lesion, less than 15% of femoral head
involvement;
Moderate lesion, 15% to 30% of femoral head
involvement;
Large lesion, greater than 30% of femoral head
involvement.

Hips in Mean Follow-up
Study design article follow-up (mo) range (mo)
Retrospective 328 46 1-156
Survival
Small Moderate Large
lesion lesion lesion
Survival, 0.10 0.53 0.60
U Penn stage 1
Survival, 0.16 0.43 0.36
U Penn stage 11
UPenn UPenn UPenn U Penn
stage I  stage II  stage III  stage IV
Survival 0.70 0.66 0.71 0.52
Outcomes

Only the Harris Pain Score is reported. The total
Harris Hip Score is not reported.

Complications
Not reported.
* Ref [11].
Hips in Mean Follow-up
Study design article follow-up (mo) range (mo)
Retrospective 94 72 18-180
Survival

Hips that had risk factors such as heavy alcohol
use, corticosteroid use, and others are included in
these survival statistics.

24 mo 48 mo 72 mo
Survival, 0.825 0.55 0.50
Steinberg 0, I, II
Survival, 0.633 0.35 0.28

Steinberg III, IV, V

Outcomes
Merle d’Aubigne Scores were reported but not
for all levels (ie, poor, fair, good, excellent).

Complications
Complication Probability
Hip fracture 0.02
Infection 0.02
DVT 0
Pulmonary embolism 0.02
Hematoma 0

A.2.4. Conservative Treatment Data.
* Ref [21].

Hips in Mean Follow-up
Study design article follow-up (mo) range (mo)
Retrospective 50 16 1-43
Survival
Not reported comprehensively.
Outcomes

Group A, continued conservative treatment
Group B, indication for surgery

Mean Merle Change
No. of d’Aubigne in Merle
hips at end point d’Aubigne

Outcome, group A 9 11.9 —-2.8
Outcome, group B 41 10.1 —3.8
Outcome, A + B 50 10.3 —3.6

Complications

Not reported.

Ref [22].

Hips in Mean Follow-up

Study design article follow-up (mo) range (mo)
Retrospective 115 63 1-216

Survival

Type 1, characterized by the presence of a
demarcation line around the necrotic area in
femoral head

Type 2, early flattening of weight-bearing sur-
face but has no demarcation line

Type 3, cystic lesions present in femoral head

No. of No. of
hips collapse Incidence

Survival type 1 89 67 0.75
Survival type 2 4 4 1.00
Survival type 3 22 7 0.32

Outcomes

Not reported.

Complications

Not reported.
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