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Instructions
1. Review the stated learning objectives at the beginning
of the CME article and determine if these objectives match
your individual learning needs.
2. Read the article carefully. Do not neglect the tables
and other illustrative materials, as they have been selected to
enhance your knowledge and understanding.
3. The following quiz questions have been designed to
provide a useful link between the CME article in the issue
and your everyday practice. Read each question, choose
the correct answer, and record your answer on the CME
Registration Form at the end of the quiz.
4. Type or print your full name and address and your date
of birth in the space provided on the CME Registration Form.
5. Indicate the total time spent on the activity (reading
article and completing quiz). Forms and quizzes cannot be
processed if this section is incomplete. All participants are
required by the accreditation agency to attest to the time spent
completing the activity.
6. Complete the Evaluation portion of the CME Registration
Form. Forms and quizzes cannot be processed if the Evaluation
portion is incomplete. The Evaluation portion of the CME
Registration Form will be separated from the quiz upon receipt at
Orthopedics. Your evaluation of this activity will in no way affect
the scoring of your quiz.
7. Send the completed form, with your $15 payment (check
or money order in US dollars drawn on a US bank, or credit
card information) to: Orthopedics CME Quiz, PO Box 36,
Thorofare, NJ 08086, OR take the quiz online. Visit www.
Healio.com/EducationLab/Orthopedics for details.
8. Your answers will be graded, and you will be advised
whether you have passed or failed. Unanswered questions will be
considered incorrect. A score of at least 80% is required to pass.
If a passing score is achieved, Keck School of Medicine of USC
will issue an AMA PRA Category 1™ certificate within 4-6 weeks.
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Coagulation Abnormalities
in Osteonecrosis and Bone
Marrow Edema Syndrome
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educational objectives
As a result of reading this article, physicians should be able to:
1. Identify relevant coagulation laboratory parameters at the site of osteonecrosis and bone marrow edema syndrome.
2. Understand the mechanisms of fibrinolysis and its possible role in the
emergence of osteonecrosis and bone marrow edema syndrome.

9. Be sure to mail the CME Registration Form on or before
the deadline listed. After that date, the quiz will close. CME
Registration Forms received after the date listed will not be
processed.

3. Understand the mechanisms of thrombophilia and its possible role in the
emergence of osteonecrosis and bone marrow edema syndrome.

CME ACCREDITATION
This activity has been planned and implemented
in accordance with the Essential Areas and policies of the
Accreditation Council for Continuing Medical Education through
the joint sponsorship of Keck School of Medicine of USC and
Orthopedics. Keck School of Medicine of USC is accredited
by the ACCME to provide continuing medical education for
physicians.
Keck School of Medicine of USC designates this Journalbased CME activity for a maximum of 1 AMA PRA Category 1
Credit™. Physicians should claim only the credit commensurate
with the extent of their participation in the activity.
This CME activity is primarily targeted to orthopedic
surgeons, hand surgeons, head and neck surgeons, trauma
surgeons, physical medicine specialists, and rheumatologists.
There is no specific background requirement for participants
taking this activity.

4. Increase their knowledge about diagnostic and therapeutic measures at
the site of osteonecrosis and bone marrow edema syndrome when disturbed
coagulation laboratory parameters are present.

FULL DISCLOSURE POLICY
In accordance with the Accreditation Council for Continuing
Medical Education’s Standards for Commercial Support, all
CME providers are required to disclose to the activity audience
the relevant financial relationships of the planners, teachers,
and authors involved in the development of CME content. An
individual has a relevant financial relationship if he or she has
a financial relationship in any amount occurring in the last
12 months with a commercial interest whose products or
services are discussed in the CME activity content over which
the individual has control.
The authors have no relevant financial relationships to
disclose. Dr Aboulafia, CME Editor, has no relevant financial
relationships to disclose. Dr D’Ambrosia, Editor-in-Chief, has
no relevant financial relationships to disclose. The staff of
Orthopedics have no relevant financial relationships to disclose.
UNLABELED AND INVESTIGATIONAL USAGE
The audience is advised that this continuing medical
education activity may contain references to unlabeled uses
of FDA-approved products or to products not approved by the
FDA for use in the United States. The faculty members have
been made aware of their obligation to disclose such usage.
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Abstract
The aim of this review was to provide
information about the variety of thrombophilic and hypofibrinolytic markers
that are possible risk factors for the development of osteonecrosis and bone
marrow edema syndrome. A total of 48

parameters were identified in 45 studies
that included 2163 patients. The most frequently reported laboratory findings included altered serum concentrations of lipoproteins, decreased concentration and
function of fibrinolytic agents, increased
levels of thrombophilic markers, and sev-
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eral single nucleotide polymorphisms.
Despite inhomogeneities in reported
parameters, results, patients’ collectives,
and treatment strategies, these data suggest that coagulation abnormalities may
play an important role in the emergence
of osteonecrosis and bone marrow edema syndrome.

O

steonecrosis is an idiopathic, debilitating, and progressive disease
with various causes, including disruption of the blood supply or venous occlusion, that results in increased intraosseous
pressure. Etiologies include alcoholism,
blood disorders, trauma, radiation therapy,
corticosteroid administration, dysbaria,
and autoimmune diseases.1 Bone marrow
edema syndrome is an uncommon, selflimiting skeletal disease. Curtiss and Kincaid2 first reported the syndrome in 1959.
They referred to it as transient osteoporosis because of the osteopenic appearance
of the affected bone on plain radiographs.
Since then, this entity has been described
using other terms, such as transient marrow edema syndrome.3 The natural course
of this entity shows spontaneous remission after 6 to 12 months.4
The pathogenesis of osteonecrosis and
bone marrow edema syndrome remains
unknown, but several hypotheses have
been proposed. For osteonecrosis, vascular disturbances with a mismatch between
the arterial inflow and venous outflow,
reduced vessel density, or thrombembolisms of the terminal vessels may play a
role.1,5 Traumatic injuries with an initial
fracture of the subchondral bone that result in necrosis of the surrounding area
may also cause osteonecrosis.6 For bone
marrow edema syndrome, thrombembolism, obstruction of arteriolar inflow or
venous outflow, injury to the vessel wall
secondary to vasculitis, altered lipid metabolism, and reduced fibrinolysis have
been suggested as etiologic factors.7 Some
authors have postulated that bone marrow
edema syndrome might be a reversible or
a prestage form of osteonecrosis.8,9
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For both entities, several studies have
indicated that coagulation abnormalities
causing thrombophilia or hypofibrinolysis might contribute to the emergence of
these entities. However, inhomogeneities
in the patients’ collectives, the broad variety of determined parameters and differences in the diagnosis and therapy make
a literature evaluation and comparison of
data among these studies difficult. Hence,
the purpose of the current work was to
systemically review the literature reporting coagulation abnormalities at the site
of osteonecrosis and bone marrow edema
syndrome.

Materials and Methods
Inclusion Criteria
A PubMed search was conducted to
identify English-language articles published between 1968 and 2012. Search
terms were osteonecrosis, bone necrosis,
transient osteoporosis, and (transient)
bone marrow edema (syndrome) (alone
and in combination with hypofibrinolysis and/or thrombophilia). An additional
search was performed throughout the bibliography of the resulting studies to identify all possibly relevant articles. Only
orthopedic studies were included, except
for those originating from other facilities
but contributing essential information.
Reviews were excluded from the study.
Evaluation of Studies
All identified studies were evaluated
with respect to publication year, number
of patients, entity, etiology, diagnostic
measurements, treatment procedures, and
level of evidence.

Results
Study Identification and Level of
Evidence
A total of 45 studies with 2163 patients
were identified (Table 1).10-54 Of these, 13
were case reports and 32 were original
manuscripts (those with a large series of
patients). Eleven studies were published
before 2000 and 34 after. Fourteen stud-

ies were level IV, 22 were level III, and 9
were level II studies; no level I study was
identified (Table 1).
Etiology
The majority of studies focused on
findings at the site of idiopathic or secondary osteonecrosis (41 studies; 1911
patients),13-54 Three studies (60 patients)
reported bone marrow edema syndrome.10-12 One study reported a cohort of
145 patients with elevated lipoprotein(a)
(Lp[a]) plasma values,23 and another
study described a cohort of 96 patients
with Morbus Perthes46 (Table 1). Thirteen
etiologies were identified as possible factors for the emergence of secondary osteonecrosis, and 1 study describes cases of
osteonecrosis and M Perthes (Table 2).46
Localization of Osteonecrosis and Bone
Marrow Edema Syndrome
The hip joint was reported as the most
commonly affected joint in 40 studies,
followed by the knee and shoulder joint
in 8 and 4 studies, respectively (Table 1).
Investigated Parameters
A total of 48 parameters were investigated (Table 3). The most frequently investigated parameter was Lp(a) (n514),
followed by plasminogen activator inhibitor (PAI), protein S (n57) and C (n55),
tissue plasminogen activator (tPA) (n55),
factor VIII (n55), apolipoproteins ApoA1
(n55) and ApoB (n54), and various
genes or gene mutations.
The Lp(a) serum values were frequently elevated in cases of osteonecrosis and
bone marrow edema syndrome (Table 3).
However, some discrepancies are evident
among the osteonecrosis studies. Glueck
et al24,27 reported that elevated Lp(a) values were evident in primary but not secondary osteonecrosis. Moreover, these
findings only account for unifocal but not
multifocal osteonecrosis.27 Posan et al46
reported elevated values in primary and
secondary osteonecrosis. Jones et al36 reported no differences in the serum Lp(a)
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Table 1

Reports of Coagulation Abnormalities in Patients With Osteonecrosis and Bone Marrow Edema Syndrome
Study
Berger et al10
Berger et al11
Berger et al12
Björkman et al13
Cenni et al14
Chang et al15
Chotanaphuti et al16
Dai et al17
de Larranaga et al18
Ekmekci et al19
Elishkewich et al20
Glueck et al21
Glueck et al22
Glueck et al23
Glueck et al24
Glueck et al25
Glueck et al26
Glueck et al27
Glueck et al28
Glueck et al29
Glueck et al30
Glueck et al31
He and Li32
Hirata et al33
Hirata et al34
Jones35
Jones et al36
Kechli et al37
Kim et al38
Kubo et al39
Kutlar et al40
Mehsen et al41
Miyanishi et al42
Moore et al43
Oinuma et al44
Pierre-Jacques et al45
Posan et al46
Seguin et al47
Shahin48
Üreten et al49
Vairaktaris et al50
Wermes et al51
Zalavras et al52
Zalavras et al53
Zhang et al54

Level of
Evidence
IV
II
II
III
II
III
III
III
IV
III
IV
III
II
II
III
III
IV
III
III
II
II
IV
III
III
III
IV
III
III
III
IV
III
III
III
IV
II
IV
III

No. of
Patients
3
20
37
38
36
71
55
474
19
19
1
30
5
145
31
59
1
36
95
133
26
2
31
34
20
3
45
24
206
1
45
39
59
1
32
1
96

II
IV
IV
IV
IV
III
III
IV

49
1
1
1
1
68
66
3

Diagnosis
BMES
BMES
BMES
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
Elevated Lp(a)
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON Morbus
Perthes
ON
ON arthritis
ON
ON
ON
ON
ON
ON

Localization
Hip
Hip
Hip
Knee
Hip
Hip
Hip
Hip
Hip
Hip
Hip
Hip
Hip
NR
Hip, knee, shoulder
Hip
Hip
Hip
Hip
Hip
Multifocal
Hip
Hip
Hip
Hip
Hip
Hip, shoulder, knee, ankle
Hip, knee, shoulder, ankle, hand
Hip
Multifocal
Hip, shoulder
Hip, knee, ankle
Hip
Knee
Hip, knee
Multifocal
Hip

Etiology
Idiopathic
Idiopathic
Idiopathic
32 idiopathic, 6 secondary
18 idiopathic, 18 secondary
18 idiopathic, 53 secondary
40 idiopathic, 15 secondary
140 idiopathic, 334 secondary
Secondary
Secondary
Idiopathic
12 idiopathic, 18 secondary
Idiopathic
NR
18 idiopathic, 13 secondary
31 idiopathic, 28 secondary
idiopathic
20 idiopathic, 15 secondary
36 idiopathic, 59 secondary
71 idiopathic, 62 secondary
13 idiopathic, 13 secondary
Secondary
Secondary
Secondary
Secondary
1 idiopathic, 2 secondary
Secondary
Secondary
98 idiopathic, 108 secondary
Idiopathic
Secondary
11 idiopathic, 28 secondary
12 idiopathic, 47 secondary
Secondary
Secondary
Idiopathic
21 idiopathic ON, 28 secondary ON

Hip
Patella calcaneus
Hip
Mandible
Hip
Hip
Hip
Hip

5 idiopathic, 44 secondary
Idiopathic
Idiopathic
Secondary
Idiopathic
17 idiopathic, 51 secondary
23 idiopathic, 43 secondary
Idiopathic

Abbreviations: BMES, bone marrow edema syndrome; Lp(a), lipoprotein(a); NR, not reported; ON, osteonecrosis.
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values in patients with osteonecrosis compared with a control group.
The PAI has been investigated at the
site of bone marrow edema syndrome and
osteonecrosis. Berger et al10 reported that
decreased PAI levels were seen in 1 patient with bone marrow edema syndrome,
whereas the levels were normal in 2 other
cases. Jones et al36 reported a significant
difference in PAI activity between patients with osteonecrosis and healthy controls. Most of the studies reporting PAI
involvement in the pathophysiology of osteonecrosis have been reported by Glueck
et al21,22,27: high serum levels of PAI combined with increased protein function and
antigen activity were found in unifocal
idiopathic but not unifocal secondary osteonecrosis. However, in multifocal osteonecrosis, an elevated PAI activity was
observed in cases of secondary osteonecrosis but not for idiopathic osteonecrosis.30 Regardless of the etiology, a higher
frequency of the 4G/4G polymorphism of
the PAI-1 gene has also been identified as
an osteonecrosis risk factor.25,27,38
Chotanaphuti et al16 reported a high
prevalence of protein S deficiency in
patients with idiopathic osteonecrosis.
Elishkewich et al20 made similar observations in a 36-year-old man. Familial
protein S deficiency, causing a low level
of free protein S, was also identified as
a risk factor for idiopathic osteonecrosis
by Glueck et al.26,27,30 Studies by PierreJacques et al45 and Üreten et al49 confirmed the contribution of low protein S
levels to the development of idiopathic
multifocal or unifocal osteonecrosis, respectively. Low protein C concentration
levels also reportedly contributed to the
emergence and maintenance of idiopathic
osteonecrosis by Glueck et al,24 Mehsen et
al,41 and Wermes et al.51
Consistent data were found regarding the tPA in osteonecrosis: Glueck et
al22 reported a decrease of stimulated tPA
function in 4 of 5 patients with idiopathic
osteonecrosis. They also confirmed these
findings for secondary osteonecrosis in
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larger patient cohorts.24,25 Jones et al36
also reported a significant decrease in tPA
function among 45 patients with secondary osteonecrosis. Glueck et al21 reported
a higher stimulated tPA function in secondary osteonecrosis compared with idiopathic osteonecrosis.
Blood coagulation factor VIII was reported to be significantly elevated in patients with osteonecrosis.47 Chotanaphuti
et al16 and Glueck et al29,30 identified this
parameter as a risk factor for idiopathic
osteonecrosis. Coagulation factor VIII
was also elevated in 1 patient with steroidinduced secondary bilateral femoral head
osteonecrosis.31
Controversial data have been reported for serum ApoA1 and ApoB levels.
In patients with idiopathic osteonecrosis, serum ApoA1 levels were elevated
in 5 patients and decreased in 1 patient,
whereas elevated serum ApoB levels
were observed in 2 patients.22 Hirata et
al34 reported that the serum ApoA1 and
ApoB levels were not associated with the
development of osteonecrosis. Glueck et
al21 reported higher serum ApoB levels in
idiopathic than in secondary osteonecrosis. Zalavras et al52 reported significantly
higher serum ApoB levels in patients with
idiopathic osteonecrosis compared with a
control group without osteonecrosis, but
this effect was not evident for the serum
ApoA1 levels. Miyanishi et al42 reported
that a high serum ApoB:ApoA1 ratio was
a risk factor for the development of nontraumatic osteonecrosis compared with
traumatic osteonecrosis; similar findings
were reported by Hirata et al.33
Ten genes or gene mutations were investigated in 18 studies (Table 3). Several studies
demonstrated a homozygosity or heterozygosity of methylenetetrahydrofolate reductase (MTHFR) polymorphisms,15,20,26,40,53
Factor V Leiden,13,19,29,30,46 and prothrombin 20210A mutation13,19,50 in association
with osteonecrosis; Kechli et al37 reported
no association of the aforementioned mutations with osteonecrosis during or after
treatment for malignancy in a pediatric

Table 2

Etiologic Factors for
Secondary Osteonecrosis
Etiologic Factors for Secondary
Osteonecrosis
Corticosteroids
Alcohol
Trauma
Sickle cell disease
Disseminated intravascular coagulation
Tobacco
Thrombotic thrombocytopenic purpura
Biphosphonates
Autoimmune diseases (eg, systemic
lupus erythematodes)
Chemotherapy
Acquired immune deficiency syndrome
Malignancy
Caisson disease

population. Dai et al17 reported that various haplotypes of the tissue factor pathway
inhibitor gene were associated with the
emergence of idiopathic or alcohol-induced
osteonecrosis. He and Li32 reported significant differences for the P-glycoprotein
gene ABCB1 in patients with steroid-induced osteonecrosis compared with a control group. Glueck et al28,30 described the
T786C polymorphism of eNOS in patients
with idiopathic osteonecrosis. Hirata et al33
reported a higher frequency of the T7623T
and CT alleles of the ApoB gene in 34 patients with osteonecrosis than in control patients, resulting in a statistically significant
elevated odds ratio. Zhang et al54 reported
an underexpression of the CHST2 and the
GPCR26 gene in 3 patients with femoral
head osteonecrosis.
In the majority of studies, coagulation
parameters were determined in the peripheral blood. One study compared the serum
laboratory findings with those locally determined in the affected bone and showed an
increase of those in the bone marrow.12 An-
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Table 3

Investigated Coagulation Parameters as Potential Etiologic Factors
Coagulation Parameter
Lp(a)
PAI (antigen and function)
Protein S
MTHFR mutation C677T
Factor V Leiden
tPA (antigen and function)
Prothrombine mutation 20210A
Protein C
Factor VIII
ApoA1
ApoB
homocysteine
RAPC
Triglycerides
AT III (antigen and function)
eNOS mutation T786C
beta-globulin
ApoB:ApoA1 ratio
Cholesterol
Plasminogen
ApoB gene, low molecular weight
ApoA isoforms
ALP, OC, procollagen type I
N-terminal propeptide, C-terminal
cross-linking telopeptide,
thrombocyte count
TFPI gene
CD4+ cells
P-glycoprotein gene ABCB1
Anticardiolipin antibody IgG
TTP
TAT, PIC
vWF antigen, vWF CoRistocetin
a1-globulin, a2-globulin
CHST2, GPCR26
Clot lysis speed
Fibrin degradation products
Iron deficiency
Platelet glycoprotein IIIa
Platelet factor 4, PDGF-BB, TGF- b1,
VEGF

Study
Berger et al,10 Berger et al,11 Glueck et al,21-24,26,27,29,30 Jones et al,36 Mehsen et al,41 Posan et al,46
Zalavras et al52
Berger et al,10 Cenni et al,14 Glueck et al,21,22,25,27,30 Jones et al,36 Kim et al38
Chotanaphuti et al,16 Elishkewich et al,20 Glueck et al,26,27,30 Pierre-Jacques et al,45 Üreten et al49
Chang et al,15 Elishkewich et al,20 Glueck et al,26,31 Kechli et al,37 Kutlar et al,40 Zalavras et al53
Björkman et al,13 Ekmekci et al,19 Glueck et al,29-31 Kechli et al,37 Posan et al46
Glueck et al,21,22,24,25 Jones et al36
13
Björkman et al, Cenni et al,14 Ekmekci et al,19 Kechli et al,37 Vairaktaris et al50
Cenni et al,14 Chotanaphuti et al,16 Glueck et al,24 Mehsen et al,41 Wermes et al51
Chotanaphuti et al,16 Glueck et al,29-31 Seguin et al47
Glueck et al,22 Hirata et al,33 Miyanishi et al42
Glueck et al,21,22 Miyanishi et al,42 Zalavras et al52
Elishkewich et al,20 Glueck et al,27,30,31
Glueck et al,23,28 Jones et al36
Berger et al,10 Glueck et al,21 Jones et al35
Cenni et al,14 Kubo et al,39 Mehsen et al41
Glueck et al,28,30
Posan et al,46 Zalavras et al52
Hirata et al,33 Miyanishi et al42
Berger et al,10 Jones et al35
Cenni et al,14 Posan et al46
Hirara et al33
Berger et al12

Dai et al17
de Larranaga et al18
He & Li32
Jones et al36
Moore et al43
Oinuma et al44
Seguin et al47
Zalavras et al52
Zhang et al54
Posan et al46
Kubo et al39
Üreten et al49
Glueck et al26
Cenni et al14

Abbreviations: ALP, bone-specific alkaline phosphatase; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; AT III, antithrombin III; CHST2,
carbohydrate sulfotransferase 2; eNOS, endothelial nitric oxide synthase; GPCR26, G protein coupled receptor; Lp(a), lipoprotein(a); MTHFR,
methylentetrahydrofolate reductase; OC, osteocalcin; PAI, plasminogen activator inhibitor; PIC, plasmin-alpha2-plasmin inhibitor complex;
PDGF-BB, platelet-derived growth factor-BB; RAPC, resistance to activated protein C; TAT, thrombin-antithrombin III-complex; TFPI, tissue
factor pathway inhibitor; TGF-b1, transforming growth factor-b 1; tPA, tissue plasminogen activator; TTP, thrombotic thrombocytopenic
purpura; vWF, von-Willebrand-Factor; VEGF, vascular endothelial growth factor.
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other study solely investigated the gene expression in osteonecrotic femoral heads.54
Treatment Procedures
Twenty-seven (60%) of
45 studies reported no data
on the treatment procedures
of osteonecrosis or bone
marrow edema syndrome.
In 9 (20%) studies, anticoagulation therapy was administered and various substances have been used (eg,
warfarin, phenprocoumon,
enoxaparine, fondaparinux,
heparin, ticlopidin, and acetylsalicylic acid) (Table 4).
A core decompression of the
affected region was reported
in 4 (9%) studies. Total hip
arthroplasty was performed
in 4 (9%) studies (Table 4).

Discussion

Table 4

Reported Treatment Proceduresa
Study

Treatment
10,11

Berger et al

Partial weight bearing for 6-8 wk; core decompression after treatment
failure

Berger et al12
Elishkewich et al

Core decompression
20

Glueck et al21

Warfarin, target INR 3.0-3.5; enoxaparin, 1 mg/kg/d; core decompression
after treatment failure
Stanozolol, 6 mg/d for 12 wk

Glueck et al22

Stanozolol, 6 mg/d

Glueck et al24

Stanozolol 6 mg/d for 68 wk warfarin, target INR 2.5 for 20 wk

Glueck et al26

Hip alloarthroplasty

Glueck et al27

Enoxaparin, 60 mg/d,

Glueck et al31

Enoxaparin, 120 mg/d; fondaparinux, 2.5 mg/d; warfarin, target INR 2.53.5; hip alloarthroplasty

Jones et al35

Hip alloarthoplasty

Kechli et al37

Bilateral hip alloarthroplasty hip fusion

Kubo et al39

Warfarin, 5 mg/d

43

Moore et al

Pierre-Jacques et al45

At initial symptoms: plasmapheresis, 150 mg/d acetylsalicylic acid, 40
mg/d prednisone, transfusion therapy; at ON onset: ticlodipine for 3 mo
physiotherapy; heparin; warfarin; core decompression

Shahin48

Warfarin, 5 mg/d, with target INR 1.5; acetylsalicylic acid for synovitis

Vairaktaris et al50

Bone resection and coverage of bony defect with platelet rich plasma

The current report sysWermes et al51
Since neonatal period: phenprocoumon, target INR 3.5-4.5; ON onset:
tematically reviewed the
enoxaparin 1 mg/kg/d; 431000 U protein C concentrate/d
literature for a possible inAbbreviations: d, day; INR, international normalized ratio; NR, not reported; ON, osteonecrosis; U, units.
a
volvement of thrombophilia
All studies not listed did not report the treatment procedures used.
and hypofibrinolysis in the
etiology of osteonecrosis
and bone marrow edema
syndrome. Forty-eight thrombophilic and results, patients’ collectives, and deter- protein synthesis machinery in the endohypofibrinolytic parameters were iden- mined parameters, these data strongly plasmic reticulum and the ApoA moiety
tified in 45 studies with a total of 2163 suggest that coagulation abnormalities is added on the surface of hepatocytes.56
patients. The most frequently reported may play an important role in the emer- Plasma concentrations of Lp(a) correlate
laboratory findings included altered se- gence of both diseases.
inversely with the size of ApoA isoprorum concentrations of Lp(a), ApoA1, and
Lp(a) was first reported in 1963 by teins.57 Lp(a) levels are higher in women
ApoB, decreased concentration and func- Berg.55 Lp(a) is a low-density lipoprotein- than in men; they do not appear to be
tion of fibrinolytic agents (tPA, protein like particle in which ApoB-100 is bound affected by physical exercise.56 ModerC, and protein S) and increased levels of with a disulfide bridge to ApoA.56 This ate alcohol consumption might lower
thrombophilic markers (PAI and coagu- unique structural feature accounts for the Lp(a) concentration.56 With regard to the
lation factor VIII). Furthermore, several potential atherogenic and thrombophilic pathogenesis of osteonecrosis and bone
single nucleotide polymorphisms (Factor activity of Lp(a).10 In plasma, Lp(a) exists marrow edema syndrome, Lp(a) reduces
V Leiden, methylene tetrahydrofolate re- as peaks in the low-density lipoprotein fibrinolytic activity by competing with
ductase C677T, and prothrombin 20210A range; a form of density intermediate be- plasminogen at the fibrin surface for the
mutations) were identified in the molecu- tween low- and high-density lipoproteins common lysine binding domains, causing
lar biological pathogenesis of osteonecro- and another ApoE-rich fraction closer to increased susceptibility to arterial and vesis and bone marrow edema syndrome. the density of high-density lipoproteins.56 nous thrombotic events.10 In accordance
Despite inhomogeneities in the reported Lp(a) is made by the low-density lipo- with this pathophysiological background,
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Berger et al10-12 identified elevated levels
of Lp(a) in patients with bone marrow
edema syndrome. Although data reported
in the literature are inconsistent regarding elevated Lp(a) levels in osteonecrosis, with some authors reporting a lack of
significance of this parameter,36,52 most
studies reported increased Lp(a) concentrations in this patient cohort.22,26,27,41,46
The majority of data for the increase of
Lp(a) levels in the course of idiopathic23,29
and secondary21,24 osteonecrosis were reported by Glueck et al.
ApoB, the structural protein for the
atherogenic lipoproteins (low and intermediate-density lipoprotein and large,
buoyant, low-density lipoprotein and
small, dense, low-density lipoprotein), is
responsible for transporting lipids from
the liver and gut to the peripheral tissues.58
Each lipoprotein particle contains 1 ApoB
molecule. Plasma ApoB levels increase
with age59,60 and are higher in men than
in women.59 In contrast, ApoA1 is the
major structural protein for high-density
lipoproteins and reflects the atheroprotective side of lipid metabolism.58 ApoA1 is
produced in the liver and intestine and is
responsible for initiating reverse cholesterol transport, whereby excess cholesterol in peripheral tissues is carried back
to the liver for excretion.58 ApoA1 levels are reportedly higher in women than
men.61 An association of elevated serum
low-density lipoprotein and ApoB, as
well as decreased serum high-density lipoproteins and ApoA1, has been reported
in coronary artery disease.62 Against this
background, ApoA1 may be regarded as
protective for vascular diseases, whereas
ApoB might have a deleterious effect. An
elevated ApoB:ApoA1 ratio was reported
to predispose individuals to the emergence of osteonecrosis and, therefore,
should be ruled out before steroid administration.33,42
Following the conversion of plasminogen into the active enzyme plasmin, fibrinolysis of blood clots is mediated by the
degradation of matrix components and
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activation of procollagenases.63 However,
plasminogen activation may be hampered
by PAI. In this respect, PAI-1 is the major
fibrinolysis inhibitor.64 Increased concentration of PAI-1, as well as enhanced PAI
function, may cause arterial occlusion
and ultimately lead to myocardial infarction.65,66 In addtion, upregulation of this
fast-acting inhibitor of fibrinolysis38 is
associated with an increased incidence
of thrombophilia.67 Furthermore, as early
as in 1961, elevated PAI levels have been
found to be involved in the pathogenesis
of osteonecrosis,68 possibly mediated by
an increased intraosseous venous pressure
that restricts blood flow to the subchondral
bone regions and may culminate in osteonecrosis.25,69 Over the past 3 decades, this
finding has been confirmed by Glueck et
al.21,22,27,30 Single nucleotide insertion or
deletion polymorphisms of the PAI-1 gene
with prevalence of the 4G allele seems to
be a risk factor for hypofibrinolysis and,
consequently, osteonecrosis.25,27,38
The tPA is another key player in the
plasminogen activation system; reciprocally to the plasminogen activator inhibitor, tPA is considered the major stimulator of fibrinolysis.24 This serine protease
catalyzes the conversion of plasminogen
to plasmin by cleavage of plasminogen at
its arginine-valine peptide bond.70 Clinically, recombinant tPA such as alteplase
is approved by the US Food and Drug
Administration for the treatment of myocardial infarction,71,72 ischemic stroke,73
or pulmonary embolism.74 For the field of
orthopedic research, decreased tPA function was found in idiopathic and secondary osteonecrosis.21,22,24,25
Blood coagulation factor VIII is a glycoprotein released by the vascular, glomerular, and tubular endothelium and the
sinusoidal cells of the liver.75 Defects in
its gene result in hemophilia A, a recessive
X-linked coagulation disorder.76 Patients
with elevated levels of factor VIII are at
increased risk for deep venous thrombosis
and thromboembolism.77 This thrombophilic potential has also been reported as

a potential risk factor for the development
of osteonecrosis in 5 studies included in
the current article.16,29-31,47
The anticoagulative effect of protein
C was first reported by Mammen et al.78
The activated form of this serine protease
(activated protein C)79 is capable of inactivating the coagulation factors Va and
VIIIa, which are part of the prothrombinase complex, and, thus, are crucially involved in the generation of thrombin and
blood clotting.80 Protein S is an important
cofactor of protein C in the inactivation
of both coagulation factors.81 Patients
with protein C or S deficiency have a significantly higher risk of developing deep
venous thrombosis or thromboembolism
and disseminated intravascular coagulation,82,83 and a high prevalence of protein
S16,26,27,30,45,49 and protein C24,41,51 deficiency was detected in patients with osteonecrosis.
Besides a decreased concentration or
function of protein C, the heritable resistance to activated protein C was reported
by Dahlbäck et al84 and is associated
with familial thrombophilia. Most commonly, resistance to activated protein C
is caused by a genetic mutation (replacement of arginine with glutamine at nucleotide position 506), resulting in a loss of
the cleavage site of coagulation factor V
and producing Factor V Leiden, a severe
hypercoagulability disorder.84,85 This
disease is characterized by an elevated
risk for venous and arterial thromboembolism.86 However, several other genetic
traits affect the anticoagulant response to
activated protein C, but none cause the
same severe resistance to activated protein C phenotype as Factor V Leiden,
and their importance as risk factors for
thrombosis is unclear.79 A poor activated
protein C response may also result from
acquired conditions.79 In the current review, resistance to activated protein C
and the Factor V Leiden mutation were
identified as potential risk factors for the
development of osteonecrosis in numerous studies.13,19,29,30,46
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Another important gene mutation involved in the pathogenesis of osteonecrosis is the C677T polymorphism of the
MTHFR. Replacement of cytosine with
thymine at the nucleotide position 677 decreases the activity of this enzyme, interferes with the intracellular metabolism of
homocysteine, and thereby mildly elevates
the plasma homocysteine level.15 Because
hyperhomocysteinemia is an established
risk factor for thrombotic events,87 the increased incidence of osteonecrosis in patients with the C677T MTHFR mutation
is coherent in this regard.15,20,26,40,53
Mutation in the prothrombin gene
(substitution of guanine for arginine at
nucleotide position 20210) results in increased plasma prothrombin levels and is
associated with venous thrombosis.88 The
frequency of the prothrombin 20210A
gene mutation ranges from 6% to 12%
in patients with deep venous thrombosis
compared with a range of 1% to 4% in the
general population.89 The current authors
believe that this specific prothrombin mutation is associated with the emergence of
osteonecrosis.13,19,50
The treatment strategy for osteonecrosis and bone marrow edema syndrome has
been reported in 18 (40%) of 45 studies.
With regard to painful bone marrow edema syndrome, Berger et al10,11 reported
the ineffectiveness of partial weight bearing for 6 to 8 weeks with regard to pain
reduction and the necessity for surgical
core decompression. To minimize bone
loss during the acute episodes, calcitonin
has been used.90 Furthermore, the intravenous administration of the prostacyclin
analogue iloprost yielded clinical success
in patients with painful bone marrow edema syndrome of the knee.4 Sowers et al91
reported that the presence of subchondral
bone marrow edema does not satisfactorily correlate with the presence or absence
of knee pain. However, concomitant subchondral cortical bone defects in patients
with bone marrow edema seem to have
a stronger effect on the susceptibility to
knee pain.91 Therefore, the causes of pain
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in patients with bone marrow edema syndrome and a possible relation with laboratory or MRI findings will have to be elucidated in more detail.
For patients with osteonecrosis with
coexistent thrombophilic or hypofibrinolytic disorders, no standardized treatment
plan is available. Because the supposed
pathogenesis with venous occlusion of
the bone by fibrin clots, hypertension in
the affected cancellous bone, and cell
death by hypoxia24 is similar to LeggCalvé-Perthes disease,92-94 several pharmacological substances have been tested
to improve osseous perfusion and normalize laboratory disorders. Any conservative pharmacological treatment must
be applied before irreversible collapse
of the respective bone region (eg, Ficat
stages I and II at the femoral head).22 The
most commonly applied treatments included oral anticoagulants, such as warfarin20,21,31,39,45,48 and phenprocoumon,51
with target international normalized ratio
values ranging between 1.548 and 4.5.51
Enoxaparine,20,27,51 fondaparinux,31 heparin,45 ticlopidin,43 and acetylsalicylic
acid43,48 were also given for anticoagulative therapy. Stanozolol, an anabolic androgenic steroid, potentially normalizes
PAI- and tPA-function and Lp(a) levels22
and has been reported to inhibit the progress of osteonecrosis at different anatomical sites by Glueck et al.21,22,24 Surgical
treatment options include core decompression,20,45 bone resection and coverage
of the osteonecrotic defect with platelet
rich plasma,50 alloarthroplasty,26,31,35,37
and joint fusion.37
When a systematic literature review
is performed, some parameters have to
be critically reconsidered. For example,
besides its idiopathic form, bone marrow
edema can arise in young, healthy, athletic
patients after surgery or severe blunt injuries. However, this does not mean that all
of these patients have coagulopathies that
will cause the emergence of bone marrow
edema. To clarify this topic, a multicenter,
prospective, combined hematological-

orthopedic and clinical-genetical study is
strongly recommended.

Conclusion
The current review describes a broad variety of thrombophilic and hypofibrinolytic
parameters that contribute to the emergence
of osteonecrosis and bone marrow edema
syndrome. The data indicate that conditions
of coagulative disorders may play a key role
in the pathogenesis of both diseases. Determining lipoprotein concentrations and coagulation markers (PAI, tPA, protein C and
S, factor VIII) is recommended in patients
with idiopathic etiologies of osteonecrosis
and bone marrow edema syndrome and prior to prolonged corticosteroid use or chemotherapy. 
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