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In a prospective pilot study, we hypothesized that enoxaparin
(60 mg/day for 12 weeks) would prevent progression of
Stages I and II osteonecrosis of the hip associated with
thrombophilia or hypofibrinolysis or both over ≥ 108 weeks
of followup versus untreated historic controls, with different
treatment responses in primary versus corticosteroid-
associated secondary osteonecrosis. Patients with one or
more thrombophilic-hypofibrinolytic disorder and Ficat
Stages I or II osteonecrosis of at least one hip were included.
A blinded committee interpreted anteroposterior and frog-
leg lateral radiographs at entry in the study and every 36
weeks to ≥ 108 weeks. Maintenance of the disease at Stages I
and II versus progression of the osteonecrosis to Stages III
and IV requiring total hip replacement was the major end
point. Sixteen patients had primary osteonecrosis (25 hips;
13 Stage I, 12 Stage II), and 12 had secondary osteonecrosis
(15 hips; five Stage I, 10 Stage II). With no Enoxaparin-
related complications, 19 of 20 hips (95%) with primary os-
teonecrosis were unchanged from Stages I and II osteone-
crosis at ≥ 108 weeks; 12 of 15 hips (80%) with secondary
osteonecrosis progressed to Stages III and IV osteonecrosis.
In primary osteonecrosis at ≥ 108 weeks, survival of 95%
hips, or 76% (19/25 hips, based on intent to treat), compared
favorably with untreated historical controls (approximately
20% 2-year survival), comparable to 20% survival in second-
ary hip osteonecrosis. Enoxaparin may prevent progression
of primary hip osteonecrosis, decreasing the incidence of to-
tal hip replacement.

Level of Evidence: Therapeutic study, II-1 (prospective co-
hort study)

Thrombophilia or hypofibrinolysis or both have been
assoc ia t ed wi th deve lopment o f os t eonec ro -
sis.4,9–12,17,18,27,43 Osteonecrosis also secondary to corti-
costeroid use, alcoholism, and systemic lupus erythema-
tosus.17 Investigators have found a sequence of venous
thrombosis with outflow obstruction mediated by throm-
bophilia or hypofibrinolysis or both, leading to increased
intraosseous venous pressure, reduced arterial flow, and
hypoxia that seems to be important in the development of
ischemic osteonecrosis.5,10,12,17,18,20,22,24,29,30 If continued
venous thrombotic osseous events mediate progression of
osteonecrosis, anticoagulation10,12 with enoxaparin for the
same duration as used in deep venous thrombosis of leg
veins31 might slow, or even reverse, ischemic osteonecro-
sis. Even after radiographic diagnosis of osteonecrosis,
provided that doses of enoxaparin or warfarin sodium are
started during Ficat1 Stages I or II disease, we think that
osteonecrosis may be arrested or possibly reversed,10–12

therefore allowing the patient to avoid hip replacement.
Our pilot studies with warfarin sodium and stanozolol for
treatment of osteonecrosis of the hip10–12 showed that if
pain relief was not obtained after 12 weeks, it was not
realized by therapy continuing until 16–24 weeks. No ben-
efit was obtained by treating Ficat Stage III or Stage IV
osteonecrosis.10–12

The ultimate goal of treatment of osteonecrosis of the
hip is preservation of the femoral head, but, as recently
summarized by Lieberman “. . . development of successful
strategies to treat this disease has been difficult to do be-
cause osteonecrosis is associated with numerous different
diseases and neither the etiology nor the natural history
have been delineated clearly.”23 Also, as reported by As-
souline-Dayan et al “. . . management of osteonecrosis is
primarily palliative and does not necessarily halt or retard
the progression of the disease. Treatment options focus on
repairing the secondary changes that develop in the femo-
ral head and not on reversing the primary pathology.”2
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Given the limitations in the available armamentarium
for treatment of osteonecrosis,6,8,14,16,21,33,37–39,42 our hy-
pothesis was that enoxaparin would prevent progression of
Stages I and II osteonecrosis associated with thrombo-
philia or hypofibrinolysis or both compared with untreated
historic controls,14,21,38 and that treatment responses
would differ in primary osteonecrosis versus osteonecrosis
secondary to corticosteroid use.

MATERIALS AND METHODS

The prospective research study was approved by the Food and
Drug Administration (FDA) and the Institutional Review Board
at the Jewish Hospital; signed informed consent was obtained.

Patients with one or more thrombophilic-hypofibrinolytic dis-
order and Ficat Stages I or II osteonecrosis of at least one hip
were included in the study. Patients with one Ficat Stage I or
Stage II hip who had previous surgery on the other hip also were
included, with the study end point being assessed only in the
unoperated hip (Tables 1–3). Enoxaparin 60 mg/day was given
for the first 12 weeks of the study. A blinded committee inter-
preted anteroposterior (AP) and frog-leg lateral radiographs at
entry in the study and every 36 weeks to � 108 weeks. Main-
tenance of Ficat Stages I and II versus progression to Stages III
and IV or total hip replacement (THR) was the primary end
point.

After determining eligibility of the patients (as described be-
low), enoxaparin (60 mg/day in a preloaded syringe) was self-
administered subcutaneously for 12 weeks, with serial hip radio-
graphs taken every 36 weeks to � 108 weeks (Tables 1–3).
Adherence to the enoxaparin regimen was determined by syringe
count at weekly followups. The enoxaparin dose (60 mg/day)

and duration (3 months) were the maximums allowed by the
FDA. Enoxaparin (60 mg/day) has been used successfully for
thrombosis prophylaxis in hip surgery.41 Conventional prophy-
lactic and therapeutic doses of enoxaparin are 1.5 mg/kg/day and
1 mg/kg twice per day, respectively.25 In the context of venous
thrombosis, anticoagulation usually is given for 6 months,19,35,36

with a minimum of 3 months.31

All patients receiving enoxaparin had weekly followups for
12 weeks with physical examination, complete blood count, and
platelet count. Clinically significant bleeding, development of
anemia, thrombocytopenia, or allergy to enoxaparin were estab-
lished as criteria to stop treatment.

Exclusionary criteria included previous hip surgery including
core decompression, alcoholism, and enoxaparin contraindica-
tions (uncontrolled hypertension, gastrointestinal and/or urinary
tract bleeding, cerebral artery and/or venous malformations, in-
flammatory bowel disease, and platelet count < 140,000). Every
patient seen who met our inclusion and exclusion criteria was
entered in the study.

We characterized osteonecrosis as primary or secondary to long-
term high-dose corticosteroid use because this is currently the
predominant clinical and clinical research designation.10–12,17,18,27

Before entry in the study, AP and frog-leg lateral radiographs
and magnetic resonance imaging (MRI) scans of both hips were
taken to determine eligibility (Tables 1, 2). Magnetic resonance
imaging was used to help verify the clinical diagnosis of osteo-
necrosis, and no attempt was made to quantify the extent of
femoral head involvement by MRI.34 Consensus Ficat staging1

was done by our four-person orthopaedist-radiologist committee
blinded to patients’ clinical status, age, and hip pain symptoms
(Tables 1, 2). The committee developed a unanimous final judg-
ment on each Ficat stage with no concurrent attempt to quantitate
intraobserver or interobserver variation.

TABLE 1. Ficat Stages1 of Hips of 16 Patients with Primary Osteonecrosis

Patient
Number

FICAT Stage (right [R]) FICAT Stage (left [L]) FICAT Stage on Followup (weeks)

Entry 36 Weeks Change Entry 36 Weeks Change 72 108 144 180 216

1 RII RI NC LI LI NC RI, LI, NC
2 RII RII NC LII LII NC RII, LII, NC
3 RIII–IV RIII–IV NC LI LI NC LI, NC
4 RI RI NC LI LI NC RI, LI, NC
5 RIII RIII NC LI LI NC LI, NC
6 RI RI NC LI LI NC RI, LI, NC
7 RIII RIII NC LI LI NC LI, NC
8 RII RII NC LII LII NC RII, LII, NC
9 RI RI NC LI LI NC RI, LI, NC

10 RII RII NC LII LII NC RII, LII, NC
11 RI RI NC LII LI NC
12 RII RII NC LIII LIII NC RII, NC
13 RI RI NC LII LTHR worse
14 normal normal NC LII LTHR worse
15 RIII RIII NC LII LII NC LTHR, RTHR
16 RI RI NC LTHR RI, NC

NC = no change; N = normal; R = right; L = left; THR = total hip replacement
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Before entry in the study, blood was obtained from the pa-
tients for polymerase chain reaction and serologic measurement
of thrombophilia and hypofibrinolysis.3,4,9,13 The blood samples
were obtained while the patients were seated and between 8:30–
9:30 AM after an overnight fast. For entry into the study, one or
more of the following indicators was required. For thrombophilic
disorders these included: heterozygosity or homozygosity for the
Factor V Leiden, prothrombin gene, or the platelet glycoprotein
IIIa A1/A2 mutations; homozygosity for the C677T MTHFR
mutation; anticardiolipin antibodies; lupus anticoagulant; defi-
ciency in proteins C, S, or antithrombin III; homocysteine > 13.5
umol/L (95th percentile of normal); and resistance to activated
protein C. For hypofibrinolytic disorders these included: homo-
zygosity for the 4G/4G mutation of the PAI-1 gene; plasminogen
activator inhibitor activity > 21.1 U/mL (95th percentile of nor-
mal); and Lp(a) > 35 mg/dL.

The major study outcome measure was progression from Fi-
cat Stages I or II osteonecrosis to Stages III or IV osteonecrosis
and/or THR over � 108 weeks (Tables 1–3). This is a firm
radiologic end point. If the study end point was reached, then
followup stopped; if osteonecrosis had not progressed from
Ficat Stages I or II at 108 weeks, then followup continued to
� 180–216 weeks (Tables 1–3). During 20–24-months, progres-

sion from Ficat Stages I or II to III or IV in untreated historic
controls14,21,38 was compared with progression in our patients
(Fig 1). Other outcome measures included comparison of pro-
gression at � 108 weeks for patients with primary versus secondary
osteonecrosis (Table 3), and any enoxaparin complications.

Using our outcome data and estimates of treatment effects,
power and sample size calculations for future blinded placebo-
controlled trials were done. Progression from Stages I and II to
Stages III and IV was compared in patients with primary versus
secondary osteonecrosis (Table 3) using chi square analysis or
Fisher’s exact test when cell size was < 5.

RESULTS

Eighteen men and 10 women with one or more familial or
acquired thrombophilic or hypofibrinolytic disorder or
both and Ficat Stages I or II osteonecrosis of at least one
hip were included (Tables 1, 2). There were another 14
patients referred for the study who did not fulfill these
criteria. Sixteen patients (age 45 ± 8 years; five women, 11
men; 13 Caucasians, three African-Americans) had pri-
mary osteonecrosis (25 hips; 13 Stage I, 12 Stage II)

TABLE 3. Changes in Ficat Stage during Followup in Patients with Primary and
Secondary Osteonecrosis

Osteonecrosis ≥ 108 Weeks ≥ 72 Weeks ≥ 36 Weeks
Intent to Treat
≥ 108 weeks

Primary
16 patients, 25 hips

13 patients, 20 hips
19 (95%) no change
1 (5%) worse

3 patients, 5 hips
3 (60%) no change
2 (40%) worse

19 (76%) no change
6 (24%) worse

p < .01
Secondary
12 patients, 15 hips

3 patients, 4 hips
3 (75%) no change
1 (25%) worse

5 patients, 6 hips

6 (100%) worse

4 patients, 5 hips

5 (100%) worse
3 (20%) no change

12 (80%) worse

TABLE 2. Ficat Stages1 of Hips of 12 Patients with Secondary Osteonecrosis

Patient
Number

FICAT Stage (right) FICAT Stage (left) FICAT Stage on Followup (weeks)

Entry 36 Weeks Change Entry 36 Weeks Change 72 108 144 180

1 RIII RIII NC LI LI NC LI, NC
2 RII RII NC LII LII NC RII, LII, NC
3 RII RIII worse LII LIII worse
4 RIV RIV* — LI–II LTHR worse
5 RII RII NC LIII LTHR worse RTHR
6 RII RTHR worse LIII LTHR worse
7 RI–II RIII worse LI LIII worse LTHR, RTHR
8 RII RII NC normal normal NC RIII, worse
9 RI RIII worse LTHR RTHR

10 RIII RIII NC LII LIII worse LIII
11 RIII RIII NC LII LIII worse
12 RII RIII worse normal normal NC RIII

NC = no change; R = right; L = left; THR = total hip replacement; * = vascularized fibular graft on right hip
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(Table 1). Of the five women with primary osteonecrosis,
three took exogenous estrogens at first diagnosis, which
were stopped 3 weeks or more before blood sampling. The
mean ± standard deviation (SD) of the duration of time
from initial diagnosis to participation in the current study
was 6 ± 4 months. Twelve patients (age, 36 ± 9 years; five
women, seven men; 11 Caucasians, one African-
American) had osteonecrosis secondary to long-term,
high-dose corticosteroid use (15 hips; five Stage I, 10
Stage II) (Table 2). Six of these 12 patients continued
using corticosteroids during the study. Two patients with
secondary osteonecrosis had systemic lupus erythemato-
sus. No women with secondary osteonecrosis were taking
exogenous estrogens. The mean ± SD duration of time
from initial diagnosis to participation in the current study
was 6 ± 3 months.

Patients with primary osteonecrosis were older (p �
0.013) than those with secondary osteonecrosis, but did
not differ by gender or race. At entry in the study, the
distribution of patients with Ficat Stages I and II (13 and
12 respectively in primary osteonecrosis; five and 10 re-
spectively in secondary osteonecrosis) did not differ (p �
0.33).

Thirteen patients with primary osteonecrosis (20 hips)
had followup for � 108 weeks or more (mean, 161; range,
108–216 weeks), and three patients (five hips) had fol-
lowup for 36 weeks (Tables 1, 3). If osteonecrosis had not
progressed from Ficat Stages I and II at 108 weeks, then
longitudinal followup continued to � 180–216 weeks
(Tables 1, 3). Patient 11 (Table 1) was lost to followup at
36 weeks. Patient 13, on worsening of left hip osteonecro-
sis, stopped followup at 36 weeks despite no change in his
right hip (Table 1). Patient 14 progressed to Ficat Stages
III and IV osteonecrosis and THR at 36 weeks (Table 1).

Of the 12 patients with secondary osteonecrosis, three
patients (four hips) had followup for � 108 weeks, five
patients (six hips) had followup for � 72 weeks, and four
patients (five hips) had followup for � 36 weeks (Tables
2, 3). The much shorter followup in the patients with sec-
ondary osteonecrosis was attributable to progression from
Ficat Stages I and II to Stages III and IV osteonecrosis or
THR, when longitudinal followup stopped, because study
outcome had been realized.

At � 108 weeks or more of followup (mean, 161
weeks; range, 108–216 weeks) in 13 patients (20 hips)
with primary osteonecrosis, 19 hips (95%) had no change
from Ficat Stages I and II osteonecrosis (Tables 1, 3) (Fig
1). Based on intent to treat, even if one assumes that all
five hips in the three patients with primary osteonecrosis
with followup less than 108 weeks had progressed to Ficat
Stages III and IV osteonecrosis (Table 3), 19 of 25 hips
(76%) were preserved (Table 3) (Fig 1). At � 108 weeks
followup in patients with primary osteonecrosis, preserva-
tion of 95% of hips (76% based on intent to treat), com-
pares favorably with untreated historic controls of approxi-
mately 20% with 2 years hip preservation (Fig 1).

At � 108 weeks, in 12 patients with secondary osteo-
necrosis, only three of 15 hips (20%) had osteonecrosis
that remained at Ficat Stages I and II, whereas 12 (80%)
had osteonecrosis that had progressed to Ficat Stages III
and IV (Tables 2, 3) (Fig 1). This 20% 2-year hip pre-
servation is the same as untreated historic controls
(Fig 1).

At � 108 weeks of followup, the percent of hips re-
maining at Stages I and II in patients with primary osteo-
necrosis (95%) was much greater (p < 0.001) than in pa-
tients with secondary osteonecrosis (20%) (Table 3).
Based on intent to treat, at � 108 weeks followup,

Fig 1. The percent of hip survival is shown at 20–
24 months followup in untreated historic con-
trols14,21,38 with entry Ficat1 Stages I and II osteo-
necrosis, and at 24 months followup in the current
patients with pretreatment Ficat Stages I and II pri-
mary and secondary osteonecrosis.

Number 435
June 2005 Enoxaparin-Osteonecrosis 167



the percent of hips remaining at Stages I and II in patients
with primary osteonecrosis (76%) was much greater (p <
0.01) than in patients with secondary osteonecrosis (20%)
(Table 3).

There were no bleeding episodes, anemia, or thrombo-
cytopenia reported.

DISCUSSION

Current osteonecrosis treatments include core decompres-
sion,16,21,33,37,38 core decompression with bone grafting,37

electrical stimulation,37 osteotomy,42 vascularized fibular
grafting,6 and THR.8,14,32,39 Total hip replacement re-
lieves pain and restores hip function,2,8,14,23,32,39 but there
is a high revision rate in patients in younger age groups,
who most commonly have osteonecrosis.8,32

Successful strategies for treatment of osteonecrosis
are difficult to develop,23 do not reverse primary patho-
logic features of osteonecrosis,2 may not halt progression
to segmental collapse,2 and all have certain limita-
tions.6,8,14,21,32,33,37–39,42 In this frame of reference, our
hypothesis was that enoxaparin (60 mg/day for 12 weeks)
would prevent progression of Stages I and II osteonecrosis
associated with thrombophilia or hypofibrinolysis or both
during at least 108 weeks followup, compared with un-
treated historic controls,14,21,38 and that there would be
different treatment responses in patients with primary ver-
sus corticosteroid-associated secondary osteonecrosis. Our
goal was preservation of the femoral head23 by reversing
primary (coagulation) pathologic features of osteonecro-
sis.2

Our rationale was grounded on associations of throm-
bophilia or hypofibrinolysis or both with osteonecrosis of
the hip9–12,17,27,43 and with Legg-Calve-Perthes’ disease in
childhood described in some4,7,40 but not all15 studies.
Experimental models of osteonecrosis5,22,24,29,30 and of
Legg-Calve Perthes’ disease24 posit venous occlusion as a
primary event, followed by increased intraosseous pres-
sure, reduced arterial inflow, ischemia, and infarction.
Thrombophilia or hypofibrinolysis or both, by promoting
deep osseous venous thrombosis, may initiate this cas-
cade.10–12,17,18,27,43 Anticoagulation, by blocking contin-
ued venous and arterial thrombosis, and by promoting clot
lysis, might slow the progression, or even reverse, the
process of osteonecrosis by ameliorating ischemia and al-
lowing healthy reossification.

In our study, in patients with primary osteonecrosis at
108 weeks � followup, 95% of hips were preserved at
Ficat Stages I and II, and 76% were preserved based on the
intent to treat population. This compares very favorably
with untreated historic controls in which the 20–24-month
survival of the hips with Ficat Stages I and II os-

teonecrosis was approximately 20% (Fig 1).14,21,38 How-
ever, at � 108 weeks in our study, 20% preservation of
hips with Ficat Stages I and II secondary osteonecrosis
was the same as the 20% hip survival in historic con-
trols,14,21,38 (Fig 1) and was much less (p < 0.01) than in
hips with primary osteonecrosis (20% versus 76%).
Enoxaparin was well tolerated and was not associated with
any clinical or laboratory complications.

Hoffman and Mazieres14 reported that 80% of hips with
Ficat Stage II osteonecrosis collapse within 2 years of
diagnosis. Stulberg et al38 studied 55 hips in 36 patients, 1⁄2
having core decompression, and 1⁄2 having conservative,
nonsurgical treatment. By 20 months in the nonoperative
group, 40% of hips with Stage I osteonecrosis had sur-
vived, 20% of hips with Stage II osteonecrosis had sur-
vived, and 20% of hips with Stage III osteonecrosis had
survived (Fig 1).38 Koo et al21 assessed outcomes of os-
teonecrosis in 37 hips (33 patients). At 24 months, of 22
hips with Ficat Stage I osteonecrosis, there was 33% sur-
vival; of 11 hips with Stage II osteonecrosis, there was 0%
survival; and of four hips with Stage III osteonecrosis,
there was 0% survival (Fig 1).21 The percentage of patients
in these studies with primary and secondary osteonecro-
sis14,21,38 is not known, and it is possible that our com-
parison of outcomes of patients with primary osteonecrosis
versus these historic controls14,21,38 represents compari-
sons of primary versus secondary osteonecrosis.

Results of our study suggest that enoxaparin has prom-
ise for treatment of primary osteonecrosis when initiated at
Ficat Stages I or II, before segmental collapse of the femo-
ral head. However, in osteonecrosis secondary to cortico-
steroid use, enoxaparin did not alter progression14,21,38 to
Ficat Stages III or IV. We think that synergistic effects of
thrombophilia or hypofibrinolysis or both4,9–12,17,18,43 and
corticosteroid use renders osteonecrosis unresponsive to
enoxaparin therapy. We did not address whether or when
a second anticoagulation treatment course is appropriate.
Given the apparent benefit with a subprophylactic dose of
enoxaparin (mandated by the FDA), we think that benefit
might be augmented using the standard prophylactic dose
(1.5 mg/kg/once per day), the therapeutic dose (1
mg/kg/twice per day), or warfarin titrated to an interna-
tional normalized ratio of 2.0–2.5. Duration of therapy
also needs to be examined, because anticoagulation of
thrombophilia-associated thrombosis is often 6–12 months
or greater.

In the absence10–12 of any 2-year followup data regard-
ing enoxaparin efficacy and safety in patients with Ficat
Stages I and II osteonecrosis, we chose to do an unblinded
pilot study. If 20% of hips are preserved at 2 years fol-
lowup in untreated osteonecrosis,14,21,38 and estimating
that 40%, 60%, and 76% hip preservation (as in our study)
represent significant treatment outcomes, at alpha � .05
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and power � 80%, 91, 28, and 15 hips respectively would
be required in treatment and placebo groups in a blinded
study.

An optimal study of anticoagulation in patients with
thrombophilia or hypofibrinolysis or both and Ficat Stages
I and II primary osteonecrosis would be double blind, with
placebo and enoxaparin injections. Questions which need
to be examined include the following: should the enoxa-
parin dose be greater, as much as a full anticoagulant dose
of 1 mg/kg every 12 hours; how long should the enoxa-
parin be given; and what is the role of retreatment? If
osteonecrosis can be stopped short of segmental collapse,
we think that it takes years for revascularization and reos-
sification to occur. Therefore, much longer followup is
important to permit better understanding of the role of
enoxaparin in primary osteonecrosis caused by thrombo-
philia or hypofibrinolysis or both.

A second limitation of our study involves consensus
judgment regarding progression of osteonecrosis from Fi-
cat Stages I and II to Stages III and IV by a four-person
committee that read the radiographs, despite their being
blinded to the clinical information and therapy of the pa-
tients. Reliability of classifying Ficat stages by radio-
graphs is not very good (low kappa values),26 and staging
by MRI probably is less effective.28

In primary osteonecrosis associated with thrombophilia
or hypofibrinolysis or both, if enoxaparin is started during
Ficat Stages I and II osteonecrosis, we postulate that os-
teonecrosis may be safely arrested or possibly reversed,
potentially avoiding surgical intervention for the patient.
Anticoagulation seems appealing in patients with primary
osteonecrosis, but must be shown to be superior to the
risks of osteoporosis and the rare heparin-induced throm-
bocytopenia. Future studies also might examine warfarin,
which has a well-known long-term risk profile.
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