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ABSTRACT

Osteonecrosis of the femoral head is a disabling disease with necrosis of bone and bone marrow occurring
within the head that predictively leads to collapse of the subchondral infract if left untreated. Osteonecrosis
can be either traumatic or non-traumatic associated with an array of systemic diseases and risk factors and
frequently presents a multifocal distribution. Corticosteroids are considered a risk factor for osteonecrosis.
Patients treated for myelogenous diseases and COVID-19 are particularly in elevated risk for developing
osteonecrosis. At an early stage it is asymptomatic and undetectable in simple radiographs. MRI is the gold
standard for diagnosis and should be prescribed early after corticosteroid therapy. Therapy is, in most
cases, surgical and every attempt should be made to preserve the native joint in young patients. If articular
surface collapse is established, total hip arthroplasty is the treatment of choice to maintain the quality of
patients” life.
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Introduction

Osteonecrosis (ON), also known as avascular necro-
sis (AVN), is defined as a pathologic process that
results from a crucial disruption of blood supply to
a bone segment, which usually results in the struc-
tural collapse of the osteonecrotic lesion, leading to
osteoarthritis of the hip joint requiring total hip re-
placement [1, 2, 3]. Even though the aetiology and
pathogenesis of the non-traumatic osteonecrosis are
not fully understood it is associated with an array
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of systemic diseases and risk factors and frequently
presents a multifocal distribution. It is commonly
affecting the femoral head as a progressive patholo-
gy, usually in young adults in their third to the fifth
decade of life [4]. In the majority of the cases (> 80%)
it is bilateral and at late stages leads to collapse of
the articular surface and gradual hip joint degen-
eration [5](Fig. 1). In the United States, more than
10,000 new patients are affected with the disease
every year, and it accounts for up to 10% of total hip
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Figure 1. a & b: Bilateral FHOn: Patient claimed for a vague groin pain on his right hip (a), reflecting to the medial
aspect of the thigh and buttock. Careful clinical evaluation revealed restricted motion of the right hip joint and pain

mainly elicited in flexion and internal rotation of both hips. Radiographic evaluation revealed bilateral FHOn.

arthroplasties [4, 6, 7]. Early diagnosis and manage-
ment aim to suspend the process of joint destruc-
tion through enhancement of bone repair and bone
renewal.

A. Pathogenesis

Osteonecrosis of the FH may be related to:

i. Ischemia from a:

1) Direct blood vessel injury (after trauma such as
fracture of the femoral neck, hip dislocation, frac-
ture of the femoral head).

2)Intra-luminal obliteration of vascular supply
from embolic matter such as clots, lipids, immune
complexes, or sickle cells can also occlude the termi-
nal arterioles in the subchondral bone.

3) Extra-luminal obliteration of the small vessels
within the bone marrow. The common final mech-
anism is ischemia. The lack of collateral vessels at
the sub-chondral zone of the weight bearing area,
leads to the establishment of an infarct underneath
the articular surface [8, 9, 10].

ii. Cellular toxicity

1) Pharmacologic agents (Corticosteroid use,
non-steroidal chemotherapeutic agents for leu-
kemia and other myelogenous diseases including
tyrosine kinase inhibitors, monoclonal antibodies,
mammalian target of rapamycin inhibitors, radiop-

harmaceuticals, selective estrogen receptor modu-
lators and immunosuppressants)

2) Alcohol overuse

3) Irradiation

4)Oxidative stress [11, 12, 13, 14, 15, 16]

Overuse of glucocorticoids, and alcoholism are
implicated in >80% of the cases and it is well estab-
lished that the mechanism which causes blood ves-
sel functional impairment in these cases does not
have an embolic pattern and probably is character-
ized by genetic predisposition. A recent review ar-
ticle by Wang et al. listed five major theories about
the pathogenesis of steroid induced ONFH referred
to a. lipid metabolism disorders, b. decreased oste-
ogenesis potential, c. insufficient blood supply, d.
cell apoptosis, and e. gene polymorphism [17]. The
ARCO (Association Research Circulation Osseous)
has proposed classification criteria of corticoster-
oid-associated ONFH including: 1) history of corti-
costeroid use > 2 g of prednisolone or its equivalent
within a 3-month period, 2) osteonecrosis should be
diagnosed within 2 years after corticosteroid usage,
and 3) patients should not have other risk factor(s)
besides corticosteroids [18]. In this template as well,
alcohol-associated ONFH is defined by the follow-
ing conditions: 1) history of alcohol intake > 400
mL/week (320 g/week, any type of alcoholic bev-
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erage) of pure ethanol for more than 6 months, 2)
ONFH diagnosed within 1 year after alcohol intake
of this dose and 3) patients should not have other
risk factor(s) than alcohol abuse [19].

iii. Genetic and epigenetic aetiologies regulat-
ing blood vessel tone, collagen production and the
metabolism of steroids and alcohol such as muta-
tions in the COL2A1, VEGF, eNOS (endothelial NO
synthetase) and peroxisome proliferator activated
receptor gamma (PPARG) genes, have been asso-
ciated with the pathogenesis of osteonecrosis [20,
21, 22]. Moreover, significantly high prevalence of
common thrombophilic states with genetic basis
like the factor V Leiden mutation, the prothrom-
bin gene G20210A mutation, antithrombin III defi-
ciency, protein C and protein S deficiency and the
(MTHFR)
C677T gene polymorphism have been identified
in patients with primary ONFH [23, 24]. Molecu-
lar techniques like genome-wide association study

methylene-tetrahydrofolate reductase

(GWAS), which identifies single nucleotide poly-
morphisms (SNPs) in the genome and establishes
their relative association to a particular phenotype
are going to enlighten us significantly in the future
regarding the genetic basis of femoral head oste-
onecrosis pathology.

Pathogenesis: The underlying bone patholo-
gy is developed as the necrotic trabecular and the
sub-chondral bone plate denuded from the pro-
teins and the organic elements, upregulates tar-
trate-resistant acid phosphatase (TRAP)-positive
osteoclasts, attracted by the local cytokines from the
adjacent living bone, to gradually resorb the dead
bone of the infarct. This inflammatory “repair tis-
sue front” reaction is triggering osteoclastogenesis
and scavenging with lysis of the dead trabeculae.
This process is accompanied by new bone forma-
tion from the osteoblasts, but within the hypoxic
environment the osteoblastic healing reaction is
un-coupled early on, as the weakened trabeculae
are fractured under the contact forces on the ar-
ticular surface from weight bearing and repetitive
loading. After collapse of the articular surface, the
detached cartilage and the sub-chondral bone plate
are dehisced and appear on the x-rays as a “cres-
cent sign”. This process is progressively expanding,

TABLE 1,

conditions

Non-traumatic Osteonecrosis associated

Coagulation disorders

Hematologic diseases

Deficit of antithrombin III | Haemophilia
Deficit of protein C Hemoglobinopathies
Deficit of protein S Polycythaemia

Resistance to activated
protein C

Metabolic diseases

Deficit of plasminogen
activator

Hyperparathyroidism

Subplace of plasminogen
activator inhibitor (PAI)

Gout

PAI1 polymorphisms

Cushing disease

eNOS (endothelial NO
synthetase) polymorphisms

Gaucher disease

Factor V mutation

Exogenous risk factors

Secondary conditions of
hypercoagulation

Smoking

Intake of steroids,

Decompression disease

alcoholism (divers- caisson disease)
Malignancy Irradiation
Myelodysplastic syndromes | Haemodialysis
Pregnancy Chemotherapy

Contraceptive use

Hyperlipidaemia

Collagen diseases

Ehlers-Danlos syndrome

Raynaud’s disease

Diabetes mellitus

Antiphospholipidemic
antibodies (APLA)

Alimentary system diseases
(Pancreatitis)

Antiretroviral therapy for
HIV

and the collapsed infarct is sequestered and disin-
tegrates, leading to secondary joint destruction [2,

25, 26].

B. Risk factors

ONFH may be associated with trauma (traumatic
osteonecrosis) but in most cases it is non-traumatic.
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Figure 2. Radiographic image of a femoral head with
osteonecrosis depicting the sub-chondral fracture “Cres-
cent sign”.

Nontraumatic ONFH has traditionally been classi-
fied as idiopathic or secondary, depending on the
absence or presence of known causes. Non- trau-
matic osteonecrosis may be associated with the use
of high dose of corticosteroids in patients under
chemotherapy and in auto-immune diseases, co-
agulopathies, special conditions causing secondary
hyper-coagulate status, hematological and metabol-
ic diseases, alimentary system diseases, while cer-
tain other risk factors such as smoking, overuse of
alcohol, decompression disease, radiation and he-
modialysis have also been correlated to the disease
(Table 1). Not all patients exposed to a certain risk
factor develop osteonecrosis of the femoral head,
indicating that development of osteonecrosis is a
complex, multifactorial, and not fully understood
process involving both environmental influence
and genetic predisposition. Steroids seems to be the
major risk factor in acute lymphoblastic leukemia,
chronic myeloid leukemia and acute myeloid lym-
phoma in which there is an increased risk of oste-
onecrosis [16, 27]. Osteonecrosis (ON) has been
increasingly documented, particularly in pediatric
ALL and well-known risk factors for this compli-
cation in this group of patients are the age above

Figure 3. MRI for the diagnosis of FH ON

10 years, female sex, use of dexamethasone (DEX),
insufficient level of 25(OH)D, plasminogen activa-
tor inhibitor-1 (PAI- 1) and vitamin D receptor gene
(VDR) polymorphisms [28, 29].

Use of corticosteroid-based therapy to reduce
inflammatory-induced lung injury has been de-
scribed for patients with severe COVID-19 like the
use of corticosteroids to treat severe acute respira-
tory syndrome (SARS) during the SARS outbreak
in 2003. However, improper use of systemic corti-
costeroids can increase the risk of osteonecrosis of
the femoral head (ONFH) [30, 31, 32]. The other-
wise limited modern literature suggests that corti-
costeroids should be considered only for patients
undergoing septic shock, or in critical cases and in
general should be minimized in dose and duration,
and moreover the use of multiple types should be
avoided [30, 32, 33]. Early screening, at three to four
months after corticosteroids therapy, is suggested
for COVID-19 patients.

C. Diagnosis:

The multifactorial etiologic profile of the disease
requires a high degree of suspicion by the treating
physicians (oncologists, haematologists, rheuma-
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Figure 4. (a) Small lesion involving less than 30% of the femoral head, may last for years before collapse. (b) More
extended lesion involving >30% of the femoral head associated with higher collapse risk.

tologists etc) in all patients with the predisposing
risk factors, as the disease may remain quiescent for
an unpredictable period of months after the infarct
is established. It is advised to screen with an MRI of
the hips every patient at risk of developing osteone-
crosis, for the early detection of the disease which
might lead to early management and possible hip
joint-sparing.

ONFH presents an insidious onset with the pa-
tient complaining for a vague groin pain as the main
symptom. In many cases it may be reflecting to the
medial aspect of the thigh, the ipsilateral knee or but-
tock (Fig.1). The pain is relieved with rest. Careful
clinical evaluation will reveal limited or restricted
motion of the joint and pain mainly elicited in flex-
ion and internal rotation of the hip. As the disease
progresses so do the symptoms and in late stages,
when collapse of the femoral head occurs, the patient
is limping, and the hip joint deteriorates [34, 35].

D. Imaging:

Plain anteroposterior and frog-leg lateral radio-
graphs have little to offer in early beginning of the
disease, as they may appear completely normal. The
initial findings include sclerosis surrounding a lucent
area or segments with osteopenia within the femoral
head. Radiographs are highly specific for more ad-
vanced osteonecrosis (Ficat II or III) and painful stag-
es, the articular surface is fractured and a subchon-

dral demarcation line is identified as the “crescent
sign”, but not very sensitive for early changes (Ficat
I). In late stages gradual flattening of the articular
surface and associated degenerative changes of the
hip joint occur, which in large lesions, finally lead to
progressive joint degeneration (Fig. 2) [34].

MRI is the most sensitive and specific diagnostic
tool (99%), particularly helpful (for screening) in
the very early stages, distinguishing premature ne-
crotic lesions within the normal viable bone of the
femoral head (Fig. 3). T1 images on MRI typically
demonstrate a serpiginous “band-like” lesion with
low signal intensity in the anterosuperior femoral
head. A “double-line sign” can be seen on T2 se-
quences, which depicts a high signal intensity re-
parative interface of vascular reactive bone adja-
cent to necrotic subchondral bone. Bone marrow
oedema around the necrotic lesion, may be present,
mostly following a recent collapse and it is highly
correlated with more hip pain [36, 37].

*mTc-methylene diphosphonate (MDP) bone scin-
tigraphy, reflects osteoblastic activity and blood
flow which are absent in osteonecrosis -“cold with-
in hot” lesion at initial stages of asymptomatic dis-
ease. Its use is beneficial in detecting early stages
of the disease and in diagnosing multifocal oste-
onecrosis of the skeleton. Irradiation in addition to
poor specificity remain the main drawbacks of this
exam, but it can be used to detect inflammatory ac-
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tivity in the femoral head when MRI is contraindi-
cated. As more sensitive and specific, a whole-body
MRI is preferable [35].

Computed tomography (CT) may be superior to
MRI in detecting subchondral fractures and small
areas of collapse which are suspected but not seen
on plain films or MRI, but less sensitive than MRI in
detecting osteonecrosis. On the other hand, the ad-
ditional cost and radiation exposure are not justified
[34, 38]. Recently, it has been proposed that nuclear
medicine imaging technology such as SPECT/CT
bone scan and 18F-fluoride PET/CT could demon-
strate similar or better results in comparison to MRI
in AVN of the femoral head and serve a compli-
mentary role in equivocal cases [39].

E. Differential diagnosis:

FHON should be distinguished from Transient
Bone Marrow Oedema (TBMO), a self-limiting con-
dition presenting also with acute groin pain (occa-
sionally throbbing) which involves women in their
last months of pregnancy, or men on their 5th or 6th
decade of life. Bone marrow oedema is also com-
bined with transient osteoporosis, but subchon-
dral lesions rarely exist. On rare occasion, reports
have shown that bone marrow oedema syndrome
(BMOS) may coexist with osteonecrosis. This find-
ing has generated some controversy as to whether
the two conditions coexist or if BMOS is a precursor
to osteonecrosis. Other benign or malignant bone
pathology of cartilaginous origin (chondroblasto-
ma & clear cell chondrosarcomas) within the fem-
oral head have rarely been reported. The lack of a
serpentine line demarcating the infarct facilitates
diagnosis [34, 35, 40].

F. Severity of ONFH

Aiming at the precise determination of the stage
of the disease and therefore at the possibility of el-
ementary prediction of its natural history and its
treatment, more than 16 different staging systems
have been proposed in the literature for evaluating
ONFH, mainly based on the MRI and X-ray find-
ings. The Arlet-Ficat (1960 and revised at 1985-com-
monly used), the ARCO (1991 and revised at 2019),
the Japanese Orthopaedic Association (1987), the

Pittsburgh classification (1984-Steinberg), the Ker-
boul (1974) staging systems combine findings both
on plain radiographs and on the MRI as well as the
proportion of the femoral head affected (Table 2).

Although all these classification systems lack high
intra-observer and inter-observer reliability and va-
lidity can adequately differentiate the pre-collapse
lesion which requires conservative treatment or
minimal surgical approach [34, 41, 42, 43, 44]. Gen-
erally, if more than 30% of the femoral head is in-
volved a greater risk (95%) for hip collapse within
two years exist (Fig.4a &b).

G. Prognosis:

It depends on the location in relation to the
weight bearing surfaces, the extent of the lesion,
the presence of subchondral fracture and differ-
ent morphologies of the necrotic-viable interface
in osteonecrosis of the femoral head. The grater
the extent of the infarct the worse the prognosis
as more unfavourable outcome occurs (Fig. 4). Le-
sions extending beyond the lip of the acetabulum
present the worst prognosis and major risk of fu-
ture collapse. Recent or continuing collapse of the
affected segment, together with aggravation of
pain and extensive bone marrow oedema of the
proximal femur are signs of rapid degenerative
changes and deterioration of the hip joint function.
Additionally, in a recent study by Kwon HM et al.
has been proposed that a high pelvic incidence
was associated with a greater likelihood of fem-
oral head collapse in patients with nontraumatic
ONFH. Clinical signs and symptoms correlated
with the radiographic evaluation are necessary for
the assessment of the severity and selection of the
appropriate treatment [34, 45, 46, 47, 48].

H. Treatment options
I. Non-operative with partial weight bearing and

activity modification, is indicated only in the early
stages for very small lesions (<10%) and requires
constant re-evaluation for the disease progression.
However, it has no role in treatment of late-stage
osteonecrosis and show limited success in prevent-
ing disease progression, even in early stages. Sever-
al additional measures to the nonsurgical treatment
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Figure 5. Surgical treatment of FH ON with the implantation of vascularised fibula graft. (a) Preoperative radiograph.

(b) and (c) Postoperative MRI and radiograph depicting the implanted fibula.

have been suggested, such as shock wave therapy,
pulsed electromagnetic fields, hyperbaric oxygen
and pharmacological agents (anticoagulants, li-
pid-lowering factors, bisphosphonates, growth fac-
tors, antioxidants, and vasoactive substances) but
there are not enough data in the literature to sup-
port their proven effect in preserving the hip joint.
Patients are encouraged to abstain from or decrease
alcohol consumption and smoking. [2, 9, 25]

II. Surgical management: except for the very

small lesions where the natural history of the dis-
ease may last for years without an operation, larger
lesions will eventually collapse and lead to joint re-
placement. In the early stages, prior to articular sur-
face collapse, a variety of surgical procedures have
been described for the preservation of the hip joint.

IL.a. Salvage procedures: include core decom-
pression after, various bone grafting technics and
rotational osteotomies. Core decompression is car-
ried out either with multiple drilling within the le-
sion with smooth pins (4-5 mm) drillings into the
lesion, relieving intra-osseous pressure and induc-
ing micro fractures to initiate a healing response. It
is indicated for small sclerotic lesions in the early
stages and its main drawback is the potential weak-
ening of the adjacent intact cancellous bone [49, 50].
Efficacy has improved over the past 20 years, and
this may be due to improved patient selection or
the use of new surgical techniques such as multiple
percutaneous drilling.

A variety of bone grafting techniques have been
introduced combined with core decompression,
to substitute the cored out necrotic bone, thus pro-
viding mechanical support and reconstituting the
subchondral area with new bone-callus formation
to prevent collapse. There are many studies since
2010 aimed to determine the effectiveness of bone
marrow aspirate concentrate (BMAC), platelet-rich
plasma (PRP), bone morphogenetic proteins (BMP)
or their combination with CD in early stages of AVN
hip, prior to collapse of femoral head [51, 52, 53, 54].

Implantation of one 11 mm or multiple 4 mm po-
rous Tantalum rods is an alternative option, to pro-
vide mechanical support of the affected subchondral
bone in carefully selected precollapse patients, but
the results of many studies have not been optimal.
Because of the increased complication rates in pa-
tients who undergo THA following tantalum rod
failure, this treatment modality has fallen out of fa-
vour [2, 55]. The most advantageous grafting proce-
dure is the implantation of a vascularised bone graft,
as it combines the benefits of necrotic bone excision
and core decompression with adequate mechanical
support of the subchondral bone, together with the
osteoinductive, osteoconductive and osteo-regener-
ative properties of an autologous bone graft, in ad-
dition to re-vascularisation of the affected area (Fig.
5). Autologous free vascularized fibula implantation
has been proven very successful for intermediate
size lesions prior to articular surface collapse [56, 57].
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In addition, the vascularized iliac bone flap grafting
technique yields significant improvement for resto-
ration of the biomechanical support of the collapsed
femoral head and reconstruction of the blood supply
to the osteonecrotic area [58].

Nonvascularized fibular grafts, cortical strut grafts,
or cancellous bone chips are viable options for the
treatment of ONFH. Techniques for the implantation
of these grafts include the Phemister technique, the
trapdoor, and the lightbulb technique [2, 29]. Inter-
trochanteric or rotational osteotomies of the proximal
part of the femur for the transposition of the effect-
ed segment away from the weight bearing area, also
consist a hip salvage procedure. The long-term re-
sults, however, remain controversial [59, 60].

IL.b. Hip replacement procedures: although non
desirable in the younger ages, in late stages or in
elderly patients with established degenerative
changes of the hip, joint replacement surgery is the
treatment of choice (Fig. 6). Total hip arthroplasty
provides pain relief and early functional improve-
ment but durability of the prosthesis is the main
drawback as osteonecrosis affects mainly young
energetic patients in their productive life years. The
long-term survivorship of the THA is comparable to
that for osteoarthritis in general, except for the cases

40

3}!5:{‘, A
Figure 6. Progressive joint degeneration in late stages of FHOn. (a): Preoperative radiographic appearance of femoral
head advanced collapse due to On. (b): Pathologic appearance of the bisected, excised, femoral head.

with haemoglobinopathies, renal failure in dialysis
and autoimmune diseases, which may present high-
er rates of early failure, and infections. Hip resur-
facing arthroplasty is another option, but it has not
been proven equally successful to THA [61, 62, 63].

I. Take home message

Osteonecrosis is a pathology commonly seen
in younger adults, in which collapse of the fem-
oral head and early onset of joint degeneration
may eventually necessitate hip arthroplasty when
non-operative measures and joint-sparing proce-
dures fail. Patients on chemotherapy or with au-
to-immune diseases receiving high dose steroids
are considered at risk, for the functionally debil-
itating ONFH, and an MRI of the hips is recom-
mended for screening and early-stage detection.
The same is valid for those with two or more ae-
tiology associated risk factors. Higher age, higher
BMI, and higher stages with large lesions of oste-
onecrosis are determinants of likelihood of con-
version of joint-sparing procedures to THA. These
factors can be useful during patient selection for
joint-sparing procedures.

Conflict of interest disclosure:
The authors declared no conflicts of interest.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



10.

11.

Stefanou N, et al. Current trends and controversies in femoral head osteonecrosis

Guerado E, Caso E. The physiopathology of
avascular necrosis of the femoral head: an update.
Injury. 2016 Dec;47 Suppl 6:516-526. doi: 10.1016/
50020-1383(16)30835-X. PMID: 28040082.

Mont MA, Salem HS, Piuzzi NS, Goodman SB,
Jones LC. Nontraumatic osteonecrosis of the
femoral head: where do we stand today? A 5-Year
Update. ] Bone Joint Surg Am 2020; 102(12): 1084-
99. doi: 10.2106/]JBJS.19.01271.

Lieberman JR, Berry DJ], Mont MA, et al
Osteonecrosis of the hip: management in the 21st
century. Instr Course Lect 2003; 52: 337-55.
Zalavras C, Dailiana Z, Elisaf M, et al. Potential
aetiological factors concerning the development
of osteonecrosis of the femoral head. Eur ] Clin
Invest 2000; 30(3): 215-21. doi: 10.1046/j.1365-
2362.2000.00621.x.

Carli A, Albers A, Séguin C, et al. The medical
and surgical treatment of ARCO Stage-I and II
osteonecrosis of the femoral head: A Critical
Analysis Review. JBJS Rev 2014; 2(2): e2. doi:
10.2106/]JBJS.RVW.M.00066.

Seamon J, Keller T, Saleh J, et al. The pathogenesis
of nontraumatic osteonecrosis. Arthritis 2012;
2012:601763. doi: 10.1155/2012/601763

Mankin HJ. Nontraumatic necrosis of bone
(osteonecrosis). N Engl ] Med 1992; 326(22): 1473-
9. doi: 10.1056/ NEJM199205283262206

Anderson PA, Jeray KJ, Lane JM, et al. Bone
Health Optimization: Beyond Own the Bone:
AOA Critical Issues. ] Bone Joint Surg Am 2019;
101(15): 1413-19. doi: 10.2106/]BJS.18.01229.
Petek D, Hannouche D, Suva D. Osteonecrosis of
the femoral head: pathophysiology and current
concepts of treatment. EFORT Open Rev 2019;
4(3): 85-97. doi: 10.1302/2058-5241.4.180036.

Cui Q, Jo WL, Koo KH, et al. ARCO Consensus on
the pathogenesis of non-traumatic osteonecrosis
of the femoral head. ] Korean Med Sci 2021; 36(10):
e65. doi: 10.3346/jkms.2021.36.e65.

Tektonidou MG, Moutsopoulos HM. Immunologic
factors in the pathogenesis of osteonecrosis.
Orthop Clin North Am 2004; 35(3): 259-63. doi:

12.

13.

14.

15.

16.

17.

18.

19.

20.

10.1016/j.0c1.2004.02.003.

Winquist EW, Bauman GS, Balogh J. Nontraumatic
osteonecrosis after chemotherapy for testicular
cancer: a systematic review. Am J Clin Oncol 2001;
24(6): 603-6. doi: 10.1097/00000421-200112000-
00015.

Dzik-Jurasz AS, Brooker S, Husband JE, Tait
D. What is the prevalence of symptomatic or
asymptomatic femoral head osteonecrosis in
patients previously treated with chemoradiation?
A magnetic resonance study of anal cancer
patients. Clin Oncol (R Coll Radiol) 2001; 13(2):
130-4. doi: 10.1053/ clon.2001.9236.

Cui Q, Wang Y, Saleh K], et al. Alcohol-induced
adipogenesis in a cloned bone-marrow stem cell. |
Bone Joint Surg Am 2006; 88(Suppl 3): 148-54. doi:
10.2106/JBJS.F.00534.

Motomura G, Yamamoto T, Miyanishi K, et al.
Bone marrow fat-cell enlargement in early steroid-
induced osteonecrosis--a  histomorphometric
study of autopsy cases. Pathol Res Pract 2005;
200(11-12): 807-11. doi: 10.1016/j.prp.2004.10.003.
Lespasio MJ, Sodhi N, Mont MA. Osteonecrosis
of the Hip: A Primer. Perm ] 2019; 23:18-100. doi:
10.7812/TPP/18-100.

Wang A, Ren M, Wang J. The pathogenesis of
steroid-induced osteonecrosis of the femoral head:
A systematic review of the literature. Gene 2018;
671:103-109. doi: 10.1016/j.gene.2018.05.091.
Yoon BH, Jones LC, Chen CH, et al. Etiologic
classification criteria of ARCO on femoral head
osteonecrosis Part 1: Glucocorticoid-Associated
Osteonecrosis. ] Arthroplasty 2019; 34(1): 163-168.
doi: 10.1016/j.arth.2018.09.005.

Yoon BH, Jones LC, Chen CH, et al. Etiologic
classification criteria of ARCO on femoral
head osteonecrosis Part 2: Alcohol-associated
osteonecrosis. ] Arthroplasty 2019; 34(1): 169-174.
doi: 10.1016/j.arth.2018.09.006.

Kannu P, O'Rielly DD, Hyland JC, et al. Avascular
necrosis of the femoral head due to a novel C
propeptide mutation in COL2A1. Am ] Med
Genet A 2011; 155A(7): 1759-62. doi: 10.1002/

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Stefanou N, et al. Current trends and controversies in femoral head osteonecrosis

21.

22.

23.

24.

25.

26.

27.

28.

29.

ajmg.a.34056.

Wang Y, Xia CJ, Wang BJ, et al. The association
between VEGF -634C/G polymorphisms and
osteonecrosis of femoral head: a meta-analysis. Int
J Clin Exp Med 2015; 8(6): 9313-9.

Wyles CC, Paradise CR, Houdek MT, et al.
Disruption in peroxisome proliferator-activated
receptor-y (PPARG) increases osteonecrosis risk
through genetic variance and pharmacologic
modulation. Clin Orthop Relat Res 2019; 477(8):
1800-12. doi: 10.1097/CORR.0000000000000713.
E, Tamba BI, Badescu MC, et al.

Osteonecrosis of the femoral head in patients

Rezus

with hypercoagulability-from pathophysiology
to therapeutic implications. Int J Mol Sci 2021;
22(13): 6801. doi: 10.3390/1jms22136801.

Wang T, Azeddine B, Mah W, et al. Osteonecrosis
of the femoral head: genetic basis. Int Orthop 2019;
43(3): 519-530. doi: 10.1007/s00264-018-4172-8
Hines JT, Jo WL, Cui Q, et al. Osteonecrosis of
the femoral head: an updated review of ARCO
on pathogenesis, and
Korean Med Sci 2021; 36(24): e177. doi: 10.3346/
jkms.2021.36.e177.

Luo P, Gao F, Han ], et al. The role of autophagy

staging treatment. ]

in steroid necrosis of the femoral head: a
comprehensive research review. Int Orthop 2018;
42(7): 1747-53. doi: 10.1007/s00264-018-3994-8.

N, Shimomura Y, Watanabe A,

Assessment

Hyakuna
of corticosteroid-induced
children

acute

et al
osteonecrosis in undergoing
chemotherapy  for lymphoblastic
leukemia: a report from the Japanese Childhood
Cancer and Leukemia Study Group. ] Pediatr
Hematol Oncol 2014; 36(1): 22-9. doi: 10.1097/
MPH.0000000000000039.

Sherief LM, Beshir M, Raafat N, et al. Genetic
polymorphism  of

vitamin D  receptors

and plasminogen activator inhibitor-1

and osteonecrosis risk in childhood acute

lymphoblastic leukemia. Mol Genet Genomic
Med 2021; 9(7): €1700. doi: 10.1002/mgg3.1700.

Amin N, Kinsey S, Feltbower R, et al. British
Study (BONES)

OsteoNEcrosis protocol: a

30.

31.

32.

&

34.

558

36.

37.

38.

prospective cohort study to examine the natural
children,
with

history of osteonecrosis in older

teenagers and young adults acute

lymphoblastic leukaemia and
lymphoma. BMJ Open 2019; 9(5): e027204. doi:
10.1136/ bmjopen-2018-027204.

Tang C, Wang Y, Lv H, et al. Caution against

lymphoblastic

corticosteroid-based COVID-19 treatment. Lancet
2020; 395(10239): 1759-1760. doi: 10.1016/S0140-
6736(20)30749-2

Guo KJ, Zhao FC, Guo Y, et al. The influence
of age, gender and treatment with steroids on
the incidence of osteonecrosis of the femoral
head during the

management of severe

acute respiratory
study. Bone Joint ] 2014; 96-B(2): 259-62. doi:
10.1302/0301-620X.96B2.31935.

Chen F, Hao L, Zhu S, et al. Potential adverse

effects of dexamethasone therapy on COVID-19

syndrome: a retrospective

patients: review and recommendations. Infect
Dis Ther 2021; 22: 1-25. doi: 10.1007/s40121-021-
00500-z.

Russell CD, Millar JE, Baillie JK. Clinical evidence
does not support corticosteroid treatment for
2019-nCoV lung injury. Lancet 2020; 395(10223):
473-75. doi: 10.1016/50140-6736(20)30317-2

Choi HR, Steinberg ME, Y Cheng E. Osteonecrosis
of the femoral head: diagnosis and classification
systems. Curr Rev Musculoskelet Med 2015; 8(3):
210-20. doi: 10.1007 /s12178-015-9278-7

Malizos KN, Karantanas AH, Varitimidis SE, et
al. Osteonecrosis of the femoral head: etiology,
imaging and treatment. Eur ] Radiol 2007; 63(1):
16-28. doi: 10.1016/j.ejrad.2007.03.019

Zhang YZ, Cao XY, Li XC, et al. Accuracy of MRI
diagnosis of early osteonecrosis of the femoral
head: a meta-analysis and systematic review. J
Orthop Surg Res 2018; 13(1): 167. doi: 10.1186/
s13018-018-0836-8.

Zibis AH, Karantanas AH, Roidis NT, et al. The
role of MR imaging in staging femoral head
osteonecrosis. Eur J Radiol 2007; 63(1): 3-9. doi:
10.1016/j.ejrad.2007.03.029.

Stevens K, Tao C, Lee SU, et al. Subchondral

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



39.

40.

41.

42.

43.

44,

45.

46.

47.

Stefanou N, et al. Current trends and controversies in femoral head osteonecrosis

fractures in osteonecrosis of the femoral head:
comparison of radiography, CT, and MR imaging.
AJR Am ] Roentgenol. 2003 Feb;180(2):363-8. doi:
10.2214/ajr.180.2.1800363. PMID: 12540435.

Ng FH, Lai TKB, Lam SY, et al. Hybrid magnetic
resonance imaging with single photon emission
computed tomography/computed tomography
bone scan for diagnosis of avascular necrosis of
femoral head. J Clin Imaging Sci 2021; 11: 2. doi:
10.25259/]JCIS_205_2020.

Korompilias AV, Karantanas AH, Lykissas MG,
et al. Transient osteoporosis. ] Am Acad Orthop
Surg 2008; 16(8): 480-9. doi: 10.5435/00124635-
200808000-00007

Yoon BH, Mont MA, Koo KH, et al. The 2019
revised version of association research circulation
osseous staging system of osteonecrosis of the
femoral head. J Arthroplasty 2020; 35(4): 933-40.
doi: 10.1016/j.arth.2019.11.029

Schmitt-Sody M, Kirchhoff C, Mayer W, et al.
Avascular necrosis of the femoral head: inter-
and intraobserver variations of Ficat and ARCO
classifications. Int Orthop 2008; 32(3): 283-7. doi:
10.1007/s00264-007-0320-2

Takashima K, Sakai T, Hamada H, et al. Which
classification system is most useful for classifying
osteonecrosis of the femoral head? Clin Orthop
Relat Res 2018; 476(6): 1240-49. doi: 10.1007/
$11999.0000000000000245

Cheng W, Xian H, Wang L, et al. Frog leg lateral
view is a reliable predictor of the prognosis in
osteonecrosis of the femoral head. ] Orthop Res
2021; 39(5): 950-958. doi: 10.1002/jor.24825.
Banerjee S, Kapadia BH, Jauregui JJ, Cherian JJ,
Mont MA. Natural history of osteonecrosis. In:
Koo KH, Mont MA, Jones LC. (ed). Osteonecrosis.
Springer- Heidelberg 2014, pp 161-164.

Lee GC, Steinberg ME. Are we evaluating
osteonecrosis adequately? Int Orthop 2012; 36(12):
2433-9. doi: 10.1007/s00264-012-1658-7

Wu W, He W, Wei QS, et al. Prognostic analysis
of different morphology of the necrotic-viable
interface in osteonecrosis of the femoral head. Int
Orthop 2018; 42(1): 133-9. doi: 10.1007/s00264-

48.

49.

50.

51.

52.

58

54.

5B

56.

017-3679-8

Kwon HM, Yang IH, Park KK, et al. High pelvic
incidence is associated with disease progression
in nontraumatic osteonecrosis of the femoral
head. Clin Orthop Relat Res 2020; 478(8): 1870-
76. doi: 10.1097/CORR.0000000000001155.

Roth A, Beckmann J, Bohndorf K, et al. Arch
Orthop Trauma Surg 2016; 136(2): 165-74.

Hua KC, Yang XG, Feng JT, et al. The efficacy and
safety of core decompression for the treatment of
femoral head necrosis: a systematic review and
meta-analysis. ] Orthop Surg Res 2019; 14(1): 306.
doi: 10.1186/513018-019-1359-7.

Zhang Y, Wang Y, Chen ], et al. The top 100 cited
articles in osteonecrosis of the femoral head: A
bibliometric analysis. Biomed Res Int 2021; 2021:
1433684. doi: 10.1155/2021/1433684.

Zhu S, Zhang X, Chen X, et al. Comparison of
cell therapy and other novel adjunctive therapies
combined with core decompression for the
treatment of osteonecrosis of the femoral head:
a systematic review and meta-analysis of 20
studies. Bone Joint Res 2021; 10(7): 445-58. doi:
10.1302/2046-3758.107.BJR-2020-0418.R1.

Kumar P, Shetty VD, Dhillon MS. Efficacy of
orthobiologic adjuvants to core decompression
for hip preservation in avascular necrosis hip. |
Hip Preserv Surg 2020; 7(3): 423-38. doi: 10.1093/
jhps/hnaa051.

Hernigou P, Dubory A, Homma Y, et al. Cell
therapy versus simultaneous contralateral
decompression in symptomatic corticosteroid
osteonecrosis: a thirty year follow-up prospective
randomized study of one hundred and twenty
five adult patients. Int Orthop 2018; 42(7): 1639-
49. doi: 10.1007/500264-018-3941-8

Onggo JR, Nambiar M, Onggo JD, et al. Outcome
of tantalum rod insertion in the treatment of
osteonecrosis of the femoral head with minimum
follow-up of 1 year: a meta-analysis and systematic
review. | Hip Preserv Surg 2020; 7(2): 329-39. doi:
10.1093/jhps/hnaa020.

Urbaniak JR, Coogan PG, Gunneson EB, et al.

Treatment of osteonecrosis of the femoral head

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Stefanou N, et al. Current trends and controversies in femoral head osteonecrosis

VOLUME73 | ISSUE1 | JANUARY - MARCH 2022

57.

58.

59.

with free vascularized fibular grafting. A long-
term follow-up study of one hundred and three
hips. ] Bone Joint Surg Am 1995; 77(5): 681-94. doi:
10.2106/00004623-199505000-00004

Korompilias AV, Beris AE, Lykissas MG, et al.
Femoral head osteonecrosis: why choose free
vascularized fibula grafting. Microsurgery 2011;
31(3): 223-8. doi: 10.1002/micr.20837

Xie H, Wang B, Tian S, et al. Retrospective
long-term follow-up survival analysis of the
management of osteonecrosis of the femoral
head with pedicled vascularized iliac bone graft
transfer. ] Arthroplasty 2019; 34(8): 1585-92. doi:
10.1016/j.arth.2019.03.069
Hotokebuchi T,

Transtrochanteric anterior rotational osteotomy

Sugioka Y, Tsutsui H.
for idiopathic and steroid-induced necrosis of the
femoral head. Indications and long-term results.
Clin Orthop Relat Res 1992; 277: 111-20.

READY - MADE
CITATION

44

60.

61.

62.

63.

Leibold CS, Schmaranzer F, Siebenrock KA, et
al. Femoral osteotomies for the treatment of
avascular necrosis of the femoral head. Oper
Orthop Traumatol 2020; 32(2): 116-26. doi:
10.1007/s00064-019-00642-x

Swarup I, Shields M, Mayer EN, et al. Outcomes
after total hip arthroplasty in young patients with
osteonecrosis of the hip. Hip Int 2017; 27(3): 286-
92. doi: 10.5301/ hipint.5000457

Pierce TP, Elmallah RK, Jauregui JJ, et al
Outcomes of total hip arthroplasty in patients
with osteonecrosis of the femoral head-a current
review. Curr Rev Musculoskelet Med 2015; 8(3):
246-51. doi: 10.1007/s12178-015-9283-x

Park CW, Lim SJ, Kim JH, et al. Hip resurfacing
arthroplasty for osteonecrosis of the femoral
head: Implant-specific outcomes and risk factors
for failure. ] Orthop Translat 2020; 21: 41-8. doi:
10.1016/j.jot.2019.12.005

Stefanou N, Koutalos AA, Papanagiotou M, Malizos KN. Current trends and
controversies in femoral head osteonecrosis. Acta Orthop Trauma Hell 2022; 73(1): 33-44.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA




