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In 6 patients with familial thrombophilia (5 Factor V (FV) Leiden heterozygotes, 1 with resistance to activated protein C (RAPC)),
we prospectively assessed whether continuous longterm (4–16 years) anticoagulation would prevent progression of idiopathic
osteonecrosis (ON), ameliorate pain, and facilitate functional recovery. Fourmen and 2women (9 hips, 8 Ficat stage II, 1 stage I)were
anticoagulated with enoxaparin (60mg/day) for 3 months and subsequently with Coumadin, Xarelto, or Pradaxa, warranted by ≥2
prior thrombotic events. Anticoagulation was continued for 4, 4, 9, 13, 13, and 16 years, with serial clinical and X-ray follow-up. On
4–16-years anticoagulation, 9 hips in the 6 patients (8 originally Ficat II, 1 Ficat I) remained unchanged, contrasted to untreated ON
Ficat stage II, where 50%–80% of hips progress to collapse (Ficat stages III-IV) within 2 years after diagnosis. Within 3, 3, 3, 9, and
16 months after starting anticoagulation, 5 patients became pain-free and remained asymptomatic throughout follow-up; the 6th
patient required Percocet for pain.There were no significant bleeding episodes. Long term (4–16 years) anticoagulation initiated in
Ficat stages I-II of idiopathic hip ON in patients with FV-RAPC changes the natural history of ON, stopping progression, resolving
pain, and restoring function.

1. Introduction

The pathogenesis of osteonecrosis (ON) probably reflects a
“multiple etiology” [1] model. We [2] and then others [3]
have postulated a sequence for development of ON: venous
thrombosis due to thrombophilia-hypofibrinolysis [4] causes
osseous venous outflow obstruction, leading to increased
intraosseous venous pressure, reduced arterial flow, ischemia,
and bone death. Experimental models of ON [5] confirm
venous occlusion as a primary event.

Primary (idiopathic) ON of hips and knees [6] in
adults [7] and Legg-Calve-Perthes disease in children [8]
are commonly associated with heritable thrombophilia. Rela-
tionships have been described between ON and Factor V
Leiden heterozygosity [9], hypofibrinolysis [10], or reduction
of nitric oxide (NO) production by the T-786C mutation of

the endothelial nitric oxide synthase gene (eNOS) [10]. The
association of heritable thrombophilia-hypofibrinolysis with
ON is important because the diagnosis provides an opportu-
nity to decrease the frequency of total hip replacement (THR)
[2]. We speculate that enoxaparin can stop the progression
of Ficat stages I and II primary ON of the femoral head
by facilitating lysis of intraosseous thrombi, allowing bone
healing [11]. Moreover, thrombophilic patients recognized
before THR should be candidates for increased intensity and
duration of postoperative anticoagulation [12] because of
increased risk of postoperative thromboembolic disease.

Previously, in a prospective study, we hypothesized that
an FDA-limited 3-month course of enoxaparin (60mg/day)
[11] would prevent progression of Ficat stage I-II primary
ONof hip(s) associatedwith thrombophilia-hypofibrinolysis.
After 3 months on enoxaparin, 20 patients (30 hips) with
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thrombophilia-hypofibrinolysis and Ficat stage I-II primary
ON of ≥1 hip were followed for 4 to 7 years [2]. Maintenance
of Ficat stages I-II versus progression to stages III-IV or
THR over a follow-up period of 4 to 7 years was the study’s
endpoint. The first 16 patients (25 hips) received enoxaparin
(60mg/day) for 3months [2], mandated by an FDA approved
protocol [11].The next 4 patients (5 hips) received enoxaparin
1.5mg/kg/day for 3 months [2]. Based on intent to treat, at
4-year follow-up, 24 of the original 30 hips (80%) remained
unchanged (Ficat stage I or II), as did 18 of 30 hips (60%)
in 7 years [2]. Compared with untreated historical controls
(approximately 20%–50% 2-year hip survival) [13], 4-year
survival of 80% of hips, based on intent to treat, suggests
that the original 12-week enoxaparin treatment [11] produces
lasting benefit [2] in primary ON patients with heritable
thrombophilia-hypofibrinolysis. Recently, in a retrospective
study, Chotanaphuti et al. [14] studied 36 patients having at
least 1 precollapse hip (Ficat stages I-II) who were anticoagu-
lated for 12weekswith 6000 units of enoxaparin daily. After 12
weeks on enoxaparin, 15 hips (58%) in the enoxaparin group
and 5 hips of the control group (22%) remained of Ficat stage
I or II, 𝑃 = 0.042.

Based on our previous studies of short term anticoag-
ulation (3 months of treatment with enoxaparin) [11] in
patients with idiopathic ON and familial thrombophilia [2],
our specific aimwas to determinewhether and towhat degree
continuous, long term anticoagulation in patients with Factor
V Leiden heterozygosity or resistance to activated protein
C (RAPC) would stop the progression of Ficat stage I or II
idiopathic hip ON, ameliorate pain, and facilitate functional
recovery. In the current report, we describe 5 patients het-
erozygous for the FactorVLeidenmutation and 1withRAPC,
with preanticoagulation Ficat stage I-II idiopathic ON of the
hips (8: stage II, 1: stage I). All 6 patients received long term
continuous anticoagulation because of ≥2 prior thrombotic
events.Wedescribe the success of continuous anticoagulation
for 4 to 16 years, which stopped the progression of ON,
ameliorated pain, and allowed resumption of full physical
activities of daily living.

2. Methods

2.1. Study Design. The study followed a protocol approved by
our institutional review board with signed informed consent.

In the order of their referral for diagnosis and therapy
of ON, we assessed 535 patients for the Factor V Leiden
mutation [9] and measurement of RAPC to identify both the
common Gln506 mutation of the Factor V gene and the less
common Arg306 mutation where the PCR for the Gln506
mutation is negative but RAPC is present, caused by the
Arg306 mutation [15]. Both Factor V Leiden heterozygosity
and RAPC represent the same type of thrombophilia, arising
from different mutations of the Factor V gene.

Within ≤4 months after their initial diagnosis of ON, 5
patients with familial thrombophilia and ≥1 hip with Ficat
stage I-II [1] idiopathic ON first participated in our FDA-
limited 3-month treatment trial of enoxaparin (60mg/day)
in our outpatient clinical research center [11]. The 6th patient
had developed multifocal ON (both knees, both shoulders,

and right hip) 5 years earlier with bilateral total knee replace-
ment (TKR) and bilateral total shoulder replacement, leaving
her with a painful right hip, Ficat stage II. She was initially
treated with enoxaparin 1.5mg/kg/day in two divided doses
for 90 days and then continued on Pradaxa 150mg twice per
day.

With long term anticoagulation warranted by ≥2 unpro-
voked thrombotic events, the 6 patients were then prospec-
tively followed on chronic anticoagulation for 4, 4, 9, 13, 13,
and 16 years (Table 1). In 4 of the 5 patients Coumadin was
used in long term with the INR targeted between 2 and 3 and
one patient was given Pradaxa 150mg twice per day after 90
days of enoxaparin, while in 1 patient, Coumadin was later
supplanted by Xarelto, 20mg/day.

2.2. Participants in the Anticoagulant Study. The six patients,
2 women (1 African-American, 1 Caucasian) and 4 Caucasian
males, were studied in the order of their referral to us for
diagnosis and therapy of ON of the hips (Table 1). To enter
our initial study [11] and its subsequent extension [2], patients
were required to have idiopathic ON with ≥1 hip staged as
Ficat I or II [1] and familial thrombophilia-hypofibrinolysis,
assessed by previously published polymerase chain reaction
(PCR) [16, 17] and serologic [17–20] measures. Five patients
participated in our original enoxaparin trial of 20 patients
[11] and the 6th one participated in our extended enoxaparin
trial; all 6 were taken from a cohort of 535 patients with
ON of the hips serially evaluated in our center in the order
of their referral, all having measures of thrombophilia and
hypofibrinolysis.

PA and frog leg lateral X-rays were taken at study entry,
3 and 6 months after initial enoxaparin therapy (60mg/day)
[11], and yearly thereafter. Initial MRI scans were utilized to
verify the diagnosis of ON and were obtained at the end of
follow-up for 5 of the 6 patients. ON was initially diagnosed
and staged using the Ficat X-ray based classification [1]
by a group of orthopedists and radiologists as previously
described [11]. Assessment and staging [1] of X-rays in long
term follow-up were done without concurrent knowledge of
patients’ symptoms or treatments.

Every 4 to 6 months, patients were interviewed to assess
hip pain, restrictions on usual daily activity, and the need for
analgesia medications.

3. Results

3.1. Total Cohort of 535 Patients with ON. Of the total cohort
of 535 patients with ON, 63 were heterozygous for the V
Leiden mutation (12%), and 20 (4%) had RAPC (V Leiden
wild-type normal), altogether 83, 16% of the cohort, much
more common than in 98 healthy normal controls (4.1%),
𝑋
2
= 9.1, 𝑃 = 0.003.

3.2. Case Presentation: Six Idiopathic ON Patients with Long
Term Anticoagulation. ON in our 6 long term anticoag-
ulated patients was “idiopathic” that none had developed
ON secondary to long term, high dose steroids, alcoholism,
connective tissue disease, or antecedent traumatic fracture or
dislocation [2, 11]. By selection for our initial enoxaparin trial



Advances in Orthopedics 3

Table 1: Six patients, 9 hips (5 heterozygous for the V Leiden mutation, 1 with resistance to activated protein C). Anticoagulation for 4 to 16
years. Symptoms, nonprogression by X-ray, and Ficat stages at entry and on follow-up.

Patient Race
sex

Age at
entry

Follow-up
yrs

Symptom improvement on long term
anticoagulation Progression by X-ray Ficat stages at entry and on

follow-up

Number 1
(2 hips) WM 56 4

Symptom-free hips in 9 months
No restriction in activities
Full range of motion

None in both hips Ficat II, right hip, Ficat I,
left hip, unchanged

Number 2
(right hip) WF 29 4 Symptom-free right hip in 3 months

No restriction in activities None in right hip Ficat II, right hip,
unchanged

Number 3
(2 hips) WM 48 9

Symptoms persistent in both hips
requiring Percocet
No restriction in activities
Full range of motion

None in both hips Ficat II, both hips,
unchanged

Number 4
(right hip) BF 69 13

Symptom-free right hip in 16 months
No restriction in activities
Full range of motion

None in right hip Ficat II, right hip,
unchanged

Number 5
(2 hips) WM 49 13

Symptom-free hips in 3 months
No restriction in activities
Full range of motion including
rollerblading

None in both hips Ficat II, both hips,
unchanged

Number 6
(right hip) WM 32 16

Symptom-free right hip in 3 months
No restriction in activities
Full range of motion including
weight-lifting

None in right hip Ficat II, right hip,
unchanged

[11] and its extension [2], all 6 patients had ≥1 hip with Ficat
stage I and/or stage II osteonecrosis.

Five of the 6 patients (numbers 1, 2, 3, 5, and 6 (Table 1))
were found to be heterozygous for the Factor V Leiden
mutation, and one (number 4, Table 1) had RAPC but
wild-type normal V Leiden. None of these 6 patients had
determinations of their familial thrombophilia before our
initial [11] study. Because each patient had sustained 2 ormore
thrombotic events (including the ON) at entry to our initial
enoxaparin study [11] or its extension, anticoagulation was
continued with Coumadin (5 patients) or Pradaxa (1 patient)
after completion of 3 months on enoxaparin [11]. In one
patient (number 1), after 3 years on Coumadin, therapy was
switched to Xarelto, 20mg/day.

At follow-up of 4, 4, 9, 13, 13, and 16 years, respectively,
Ficat staging remained unchanged from preanticoagulation
study entry (Ficat stages I-II), with no hip collapse and no
progression to osteoarthritis (Table 1). At 4-year follow-up
in Cases numbers 1 and 2, preanticoagulation Ficat stages (I,
II) were unchanged (Table 1). Comparing preanticoagulation
entry and 9-year follow-up X-rays in Case number 3 revealed
no change in Ficat stage IION (Figures 1 and 2, Table 1). Com-
paring preanticoagulation entry and 5- and 13-year follow-
up X-rays in Case number 4 (Figures 3, 4, and 5) revealed
no change in Ficat stage II ON of the right hip in 5 and 13
years. The left hip, Ficat stage III at preanticoagulation entry
(Figure 3), was replaced before entry into the anticoagulant
trial (Figure 4).

Both hips in patient number 5, the right hip in patient
number 6, and the right hip in patient number 2 became
asymptomatic in 3 months (Table 1). Both hips in patient
number 1 became asymptomatic in 9 months. In patient

Figure 1: Anterior-posterior hip X-rays in patient number 3 at
preanticoagulation study entry: both hips are Ficat stage II.

number 4, one hip was asymptomatic in 16months (the other
hip was replaced before the current study). Patient number
3 had persistent pain during physical activity requiring
Percocet over 9-year follow-up (Table 1).

The 5 patients who became asymptomatic were able to
carry out their usual daily activities and exercise (Table 1).
At 4-year follow-up, patient number 1 plays golf 6 days per
week and exercises at least 1 hour per day on an exercise
bicycle. At 4-year follow-up, patient number 2 works full time
lifting animals at her veterinary research center. At 13-year
follow-up, patient number 4 does her housework, laundry,
and gardening and walks 1 mile per day. At 13-year follow-up,
patient number 5 actively rollerblades 1-2 hours per day or
more (Table 1). At 16-year follow-up, patient number 6 works
with heavy weight-lifting (up to 300 pounds) 1-2 hours per
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Figure 2: Anterior-posterior hip X-rays in patient number 3 after 9
years on Coumadin are unchanged, Ficat stage II.

Figure 3: Anterior-posterior hip X-rays in patient number 4 at
preanticoagulation study entry. The right hip is Ficat stage II and
the left hip is Ficat stage III.

Figure 4: Anterior-posterior hip X-rays in patient number 4 after
5 years on Coumadin. The right hip is unchanged, Ficat stage II.
The left hip, Ficat stage III at preanticoagulation study entry, was
replaced before study entry.

Figure 5: Anterior-posterior hip X-rays in patient number 4 after 13
years on Coumadin. The right hip is unchanged, Ficat stage II.

day, without symptoms (Table 1). Differing from the other 5
patients who required no analgesic agents after 3, 3, 3, 9, and
16 months (Table 1), at 9-year follow-up, patient number 3
often requires Percocet when physically active but has had no
restriction of activities and has full range of motion (Table 1).

As displayed in Table 2, in the 5 patients having entry and
end of follow-up MRIs, there were no changes in the MRIs,
paralleling the finding of no change in the X-rays.

None of the patients sustained clinically significant bleed-
ing during anticoagulation in the 4- to 16-year follow-up
period.

4. Discussion

We have previously reported that enoxaparin (60mg/day)
given for 3 months to patients with Ficat stage I-II ON and
thrombophilia-hypofibrinolysis can stop the progression of
ON of the femoral head by facilitating lysis of intraosseous
thrombi, allowing bone healing [2, 11]. After 2-month therapy
with 60mg enoxaparin, Chotanaphuti et al. [14] reported that
58% of patients with preanticoagulation ON (Ficat stages I-
II) remained unchanged, versus 22% of control ON patients
without enoxaparin,𝑃 = 0.042. Based on our previous studies
of short term anticoagulation [11], we have speculated that
continuous, long term anticoagulation in patients with Factor
V Leiden heterozygosity or RAPCwould stop the progression
of Ficat stage I or II idiopathic ON and ameliorate hip pain.

The most common familial thrombophilia associated
with ON [6, 7, 9] is the Factor V Leiden mutation and/or the
closely related RAPC [15], found in 15.5% of 535 ON cases
evaluated in our center.

Continuous anticoagulation for 4, 4, 9, 13, 13, and 16
years in 6 patients (9 hips), 5 heterozygous for the Factor V
Leiden mutation and 1 with RAPC, stopped the progression
of ON, documented by X-ray and MRI, and allowed 5 of
the 6 patients to have pain-free, full activities and range of
motion, while the 6th patient required Percocet for pain.This
outcome is very favorable, particularly when compared to the
natural history of untreated ON of the hips where untreated
historical controls have been reported to have approximately
20%–40% 2-year hip survival [13, 21–24]. Mont et al. [23]
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Table 2: Six patients, 9 hips (5 heterozygous for the V Leiden mutation, 1 with resistance to activated protein C). Anticoagulation for 4–16
years. Entry MRI and nonprogression by MRI.

Patient Follow-up (years) MRI finding at pretreatment entry Progression by follow-up
MRI at end of study

Number 1 (2 hips) 4
Osteonecrosis of right femoral head involving 25% of
the superior articular surface
Small subcentimeter focus of low T1 and T2 signal
intensity (sclerosis) in the left femoral head

None in both hips

Number 2 (right hip) 4 Subchondral osteonecrosis measures approximately
1 cm transversely by 2.2 cm in the AP dimension None in right hip

Number 3 (2 hips) 9 No subchondral collapse, serpiginous lesion with low
signal intensity, confirming Ficat stage II by X-ray No repeat MRI done

Number 4 (right hip) 13 Osteonecrosis of right femoral head involving 20% of
the superior articular surface None in right hip

Number 5 (2 hips) 13
Osteonecrosis of right femoral head involving 30% of
the superior articular surface
Osteonecrosis of left femoral head involving 30% of the
superior articular surface

None in both hips

Number 6 (right hip) 16 Osteonecrosis of right femoral head involving 30% of
superior articular surface None in right hip

have reported that “. . .untreated asymptomatic osteonecrosis
has a high prevalence of progression to symptomatic disease
and femoral head collapse.” Kang et al. [24] reported that
symptoms developed in 38 of 68 patients with ON (55.9%)
at a mean of 2.27 years after diagnosis and in 12 of 26 (46.2%)
originally asymptomatic patients with idiopathic ON.

Themajor limitation of the current study was that it had a
small number of subjects who had varying durations of treat-
ment (4 to 16 years); however, 4 of the 6 patients had follow-
up for 9 or more years. An optimal prospective study would
be multicenter with thrombophilic subjects randomized to
long term anticoagulation in one arm, anticoagulation plus
core decompression with added stem cells in a second arm
[25–28], and anticoagulation with core decompression [29]
alone in a third arm.

Since our primary goal was to determine whether long
term continuous anticoagulation would prevent collapse of
the head of the femur (transition from Ficat stage I or II to
stages III-IV)we usedX-rays for Ficat [1] staging, since radio-
graphs are highly specific for more advanced osteonecrosis
(Ficat stage III or IV) but less sensitive for early changes (Ficat
I) [30]. In the 5 of 6 patients in whom entry and follow-
up MRIs were done, there were no changes in the percent
of the femoral head affected with osteonecrosis, congruent
with the X-ray findings.

5. Conclusions

If, as we and others have proposed, familial thrombophilia-
hypofibrinolysis can cause ON [4, 6, 7, 10, 11, 31–37], then, as
in the current study, long term anticoagulation started before
segmental collapse of the head of the femur (Ficat stages I-
II) in patients with thrombophilic Factor V Leiden or RAPC
would be expected to stop the progression of idiopathic hip
ON and relieve symptoms, thus preventing the need for total
hip replacement.

Abbreviations

ON: Osteonecrosis
THR: Total hip replacement
TKR: Total knee replacement
NO: Nitric oxide
eNOS: Endothelial nitric oxide synthase gene
RAPC: Resistance to activated protein C.

Consent

The study followed a protocol approved by the IRB with
signed informed consent.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] P. Ficat, “Cortisone associated necrosis of bone,” in Ischemia and
Necrosis of Bone, D. Hungerford, Ed., pp. 171–176, Williams and
Wilkins, Baltimore, Md, USA, 1980.

[2] C. J. Glueck, R. A. Freiberg, and P. Wang, “Treatment
of osteonecrosis of the hip and knee with enoxaparin,” in
Osteonecrosis, K. H. Koh, Ed., pp. 241–247, Springer, Berlin,
Germany, 2014.

[3] P. Orth and K. Anagnostakos, “Coagulation abnormalities in
osteonecrosis and bonemarrow edema syndrome,”Orthopedics,
vol. 36, no. 4, pp. 290–300, 2013.

[4] C. J. Glueck, N. Goldenberg, S. Budhani et al., “Thrombotic
events after starting exogenous testosterone in men with
previously undiagnosed familial thrombophilia,” Translational
Research, vol. 158, no. 4, pp. 225–234, 2011.

[5] J. H. Boss and I.Misselevich, “Osteonecrosis of the femoral head
of laboratory animals: the lessons learned from a comparative



6 Advances in Orthopedics

study of osteonecrosis in man and experimental animals,”
Veterinary Pathology, vol. 40, no. 4, pp. 345–354, 2003.

[6] A. Björkman, I. M. Burtscher, P. J. Svensson, A. Hillarp, J.
Besjakov, andG. Benoni, “FactorVLeiden and the prothrombin
20210A gene mutation and osteonecrosis of the knee,” Archives
of Orthopaedic and Trauma Surgery, vol. 125, no. 1, pp. 51–55,
2005.

[7] A. Björkman, P. J. Svensson, A. Hillarp, I. M. Burtscher, A.
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[12] K. Wåhlander, G. Larson, T. L. Lindahl et al., “Factor V Leiden
(G1691A) and prothrombin gene G20210A mutations as poten-
tial risk factors for venous thromboembolism after total hip or
total knee replacement surgery,” Thrombosis and Haemostasis,
vol. 87, no. 4, pp. 580–585, 2002.

[13] S. Hofmann and B. Mazières, “Osteonecrosis: natural course
and conservative therapy,” Orthopade, vol. 29, no. 5, pp. 403–
410, 2000.

[14] T. Chotanaphuti, S.Thongprasert, and A. Laoruengthana, “Low
molecular weight heparin prevents the progression of precol-
lapse osteonecrosis of the hip,” Journal of theMedical Association
of Thailand, vol. 96, no. 10, pp. 1326–1330, 2013.

[15] D. Williamson, K. Brown, R. Luddington, C. Baglin, and T.
Baglin, “Factor V Cambridge: a new mutation (Arg306→Thr)
associated with resistance to activated protein C,” Blood, vol. 91,
no. 4, pp. 1140–1144, 1998.

[16] C. J. Glueck, H. I. Glueck, T. Tracy, J. Speirs, C. McCray,
and D. Stroop, “Relationships between lipoprotein(a), lipids,
apolipoproteins, basal and stimulated fibrinolytic regulators,
and D-dimer,”Metabolism, vol. 42, no. 2, pp. 236–246, 1993.

[17] V. V. Balasa, R. A. Gruppo, C. J. Glueck et al., “The relationship
of mutations in the MTHFR, prothrombin, and PAI-1 genes
to plasma levels of homocysteine, prothrombin, and PAI-1 in
children and adults,”Thrombosis and Haemostasis, vol. 81, no. 5,
pp. 739–744, 1999.

[18] C. J. Glueck, P. Wang, H. Bell, V. Rangaraj, and N. Goldenberg,
“Associations of thrombophilia, hypofibrinolysis, and retinal
vein occlusion,” Clinical and Applied Thrombosis/Hemostasis,
vol. 11, no. 4, pp. 375–389, 2005.

[19] C. J. Glueck, J. Pranikoff, D. Aregawi et al., “The factor V
Leiden mutation, high factor VIII, and high plasminogen
activator inhibitor activity: etiologies for sporadic miscarriage,”
Metabolism, vol. 54, no. 10, pp. 1345–1349, 2005.

[20] C. J. Glueck, R. A. Freiberg, R. N. Fontaine, T. Tracy, and P.
Wang, “Hypofibrinolysis, thrombophilia, osteonecrosis,” Clini-
cal Orthopaedics and Related Research, vol. 386, pp. 19–33, 2001.

[21] K.-H. Koo, R. Kim, G.-H. Ko, H.-R. Song, S.-T. Jeong, and S.-H.
Cho, “Preventing collapse in early osteonecrosis of the femoral
head. A randomised clinical trial of core decompression,” The
Journal of Bone & Joint Surgery B, vol. 77, no. 6, pp. 870–874,
1995.

[22] B. N. Stulberg, A. W. Davis, T. W. Bauer, M. Levine, and K.
Easley, “Osteonecrosis of the femoral head. A prospective ran-
domized treatment protocol,”Clinical Orthopaedics and Related
Research, no. 268, pp. 140–151, 1991.

[23] M. A. Mont, M. G. Zywiel, D. R. Marker, M. S. McGrath, and
R. E. Delanois, “The natural history of untreated asymptomatic
osteonecrosis of the femoral head: a systematic literature
review,”The Journal of Bone& Joint Surgery A, vol. 92, no. 12, pp.
2165–2170, 2010.

[24] J. S. Kang, K. H. Moon, D. G. Kwon, B. K. Shin, and M. S.
Woo, “The natural history of asymptomatic osteonecrosis of the
femoral head,” International orthopaedics, vol. 37, no. 3, pp. 379–
384, 2013.

[25] R. K. Sen, S. K. Tripathy, S. Aggarwal, N. Marwaha, R. R.
Sharma, and N. Khandelwal, “Early results of core decompres-
sion and autologous bone marrow mononuclear cells instilla-
tion in femoral head osteonecrosis: a randomized control study,”
The Journal of Arthroplasty, vol. 27, no. 5, pp. 679–686, 2012.

[26] S. Rastogi, S. R. Sankineani, H. L. Nag et al., “Intralesional autol-
ogous mesenchymal stem cells in management of osteonecrosis
of femur: a preliminary study,”Musculoskeletal Surgery, vol. 97,
no. 3, pp. 223–228, 2013.

[27] L. Rackwitz, L. Eden, S. Reppenhagen et al., “Stem cell-
and growth factor-based regenerative therapies for avascular
necrosis of the femoral head,” StemCell Research&Therapy, vol.
3, article 7, 2012.

[28] P. Hernigou and F. Beaujean, “Treatment of osteonecrosis with
autologous bone marrow grafting,” Clinical Orthopaedics and
Related Research, no. 405, pp. 14–23, 2002.

[29] D. R. Marker, T. M. Seyler, S. D. Ulrich, S. Srivastava, and M.
A. Mont, “Do modern techniques improve core decompression
outcomes for hip osteonecrosis?” Clinical Orthopaedics and
Related Research, vol. 466, no. 5, pp. 1093–1103, 2008.

[30] K. N. Malizos, A. H. Karantanas, S. E. Varitimidis, Z. H. Dail-
iana, K. Bargiotas, and T. Maris, “Osteonecrosis of the femoral
head: etiology, imaging and treatment,” European Journal of
Radiology, vol. 63, no. 1, pp. 16–28, 2007.

[31] H. Pierre-Jacques, C. J. Glueck, M. A. Mont, and D. S. Hunger-
ford, “Familial heterozygous protein-S deficiency in a patient
who had multifocal osteonecrosis. A case report,” Journal of
Bone and Joint Surgery, vol. 79, no. 7, pp. 1079–1084, 1997.

[32] C. J. Glueck, R. A. Freiberg, and P. Wang, “Detecting throm-
bophilia, hypofibrinolysis, and reduced nitric oxide production
in osteonecrosis,” Seminars in Arthroplasty, vol. 18, no. 3, pp.
184–191, 2007.

[33] C. Zalavras, Z. Dailiana, M. Elisaf et al., “Potential aetiological
factors concerning the development of osteonecrosis of the
femoral head,”European Journal of Clinical Investigation, vol. 30,
no. 3, pp. 215–221, 2000.

[34] L. C. Jones, M. A. Mont, T. B. Le et al., “Procoagulants and
osteonecrosis,” The Journal of Rheumatology, vol. 30, no. 4, pp.
783–791, 2003.

[35] K. H. Koo, R. Kim, S. H. Cho, H. R. Song, G. Lee, and G. H.
Ko, “Angiography, scintigraphy, intraosseous pressure, and his-
tologic findings in high-risk osteonecrotic femoral heads with
negativemagnetic resonance images,”Clinical Orthopaedics and
Related Research, no. 308, pp. 127–138, 1994.



Advances in Orthopedics 7

[36] A. V. Korompilias, T. L. Ortel, and J. R. Urbaniak, “Coagulation
abnormalities in patients with hip osteonecrosis,” Orthopedic
Clinics of North America, vol. 35, no. 3, pp. 265–271, 2004.

[37] I. M. Nilsson, H. Krook, N. H. Sternby, E. Soderberg, and N.
Soderstrom, “Severe thrombotic disease in a young man with
bonemarrow and skeletal changes andwith a high content of an
inhibitor in the fibrinolytic system,” Acta Medica Scandinavica,
vol. 169, pp. 323–337, 1961.


