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SUMMARY
Background: Atraumatic necrosis of the femoral head is a 
common cause of hip arthrosis in middle age. In Germany, 
it affects 5000–7000 patients per year, corresponding to 
an incidence of 0.01%. Though rarer than primary hip 
arthrosis, it is still of major clinical and socio-economic 
significance. Patients with this problem should be 
 diagnosed early and given stage-appropriate treatment.

Method: This review is based on pertinent publications 
that were retrieved by a selective search in the PubMed, 
Embase, Medline, and Cochrane Library databases using 
the terms “osteonecrosis,” “femoral head necrosis,” “diag-
nosis,” “classification,” “conservative treatment,” “surgical 
treatment,” “joint preservation,” “osteotomy,” and “arthro-
plasty,” as well as a recent guideline on atraumatic necro-
sis of the femoral head in adults. 

Results: The etiology and pathogenesis of atraumatic 
 femoral head necrosis in adults are not yet fully clear. The 
main risk factor is prolonged corticosteroid treatment. 
Nonspecific complaints and an initially normal plain x-ray 
of the hip can delay the diagnosis. The diagnosis is estab-
lished by plain x-ray, computerized tomography, magnetic 
resonance tomography, and scintigraphy. Conservative 
treatment alone is not considered adequate. The range of 
surgical treatments includes joint-preserving and (for 
more severe necrosis) joint-resecting methods. 

Conclusion: Atraumatic femoral head necrosis in adults is 
a disease that progresses in stages; depending on its 
stage, it can either be cured or lead to hip arthrosis. A full 
cure is possible only in early stages. Current research 
 focuses on the effect of new drugs on the intermediate- 
and long-term outcome.
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N on-traumatic femoral head necrosis (FHN) in 
adults is an acquired ischemic disease of the 

 femoral head characterized by a multifactorial etiology. 
The initial manifestation is local, usually partial necro-
sis but the disease has the potential to progress to com-
plete destruction of the femoral head with development 
of end-stage coxarthrosis. Although confirmed 
 epidemiological data are lacking, FHN seems to be 
most common in men between the ages of 30 and 50 
years (1). Together with hip dysplasia and femoro -
acetabular impingement, FHN represents one of the 
leading causes of coxarthrosis in middle age. The 
 necrosis is bilateral in 30 to 70% of cases. If left 
 untreated, FHN leads to severe secondary joint destruc-
tion in a high proportion of patients. Extrapolation from 
the published data suggest an incidence of 0.01% in the 
German-speaking countries, with 5000 to 7000 persons 
affected each year (2). Despite the low incidence and 
prevalence compared with primary coxarthrosis, FHN 
has a significant economic impact because it largely 
 affects persons in the prime of life (peak age 35 years). 
For these reasons early diagnosis of FHN and appropri-
ate treatment according to disease stage assume special 
importance, with prevention of primary and secondary 
damage in the foreground.

In this article, based on a literature survey and the 
findings of our own studies, we provide a review of the 
current strategies for diagnosis and treatment of 
 atraumatic FHN in adults. The literature search was con-
ducted in the PubMed, Embase, Medline, and Cochrane 
Library databases and included the German-language 
guideline for atraumatic FHN in adults of the Associ-
ation of the Scientific Medical Societies in Germany (Ar-
beitsgemeinschaft der Wissenschaftlichen Medizinischen 
Fachgesellschaften e.V., AWMF). Relevant publications 
were selected following the criteria suggested by the 
German Agency for Quality in Medicine (Ärztliches 
Zentrum für Qualität in der Medizin, ÄZQ) (3). 

Etiology and pathophysiology
The reasons for and mechanisms of FHN are not yet 
 absolutely clear but the consensus in the literature is 
that a multifactorial process is involved (4). 

Long-term corticosteroid treatment is the most fre-
quent and most important risk factor. It is the  principal 
cause of FHN in 10 to 30% of cases (5–7). Treatment for LVR Hospital, Viersen: Dr. Arbab, Prof. König
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2 to 3 months with a daily dose of 2 g prednisolone 
equivalent or more is regarded as critical (6). Excessive 
alcohol consumption has also been demonstrated to in-
crease the incidence of non- traumatic FHN. In a pros-
pective study, Matsuo et al. showed a significant dose-
dependent increase in risk (8). Intake of up to 320 g etha-
nol (corresponding to about five bottles of wine) per 
week raises the risk of non-traumatic FHN by a factor of 
2.8. Smoking has also been established as a risk factor, 
although in contrast to alcohol abuse no dose–effect rela-
tionship has been established (8, 9, e1).

FHN develops more frequently in HIV patients, 
with or without antiretroviral treatment (e2–e4). The 
causal role of antiretroviral treatment is controver-
sial and is not supported by robust data. Further risk 
factors are listed in the Box.

Although the pathophysiological mechanisms of 
atraumatic FHN have not been conclusively 
 clarified, femoral head ischemia is assumed to be the 
cause, independent of the etiology. Thrombotic oc-
clusions in the context of intravascular coagulopathy 
or extravascular compression impair the microcircu-
lation in the subchondral bone and favor the devel-
opment of necrosis (10).

Diagnosis
Careful diagnostic work-up is particularly important in 
the early stages of atraumatic FHN. Non-specific 
symptoms and an initial absence of abnormalities on 
plain radiographs may lead to a fateful delay in diag-
nosis and initiation of treatment. Together with the 
medical history and physical examination, diag-
nostic imaging plays an important part (1).

Medical history and clinical examination
The patients often report symptoms in the hip joint 
 independent of movement. The complaints are usually 
unspecific and may depend on disease stage (4). Radiation 

BOX

Risk factors for atraumatic femoral 
head necrosis*
● Cortisone treatment
● Alcohol consumption/abuse
● Smoking
● Hemoglobinopathy 
● Sickle-cell anemia
● Coagulopathy 
● Myeloproliferative diseases
●  Gaucher's disease
●  Leukemia
● Chemotherapy 
● Ionizing irradiation
● Pregnancy
● HIV infection 
● Genetic predisposition 
●  Collagen type II mutation 
●  Alcohol-metabolizing enzymes
● Caisson disease (decompression sickness) 

*Modified from (4)

TABLE 1

Differential diagnosis of hip pain

Intra-articular causes

Coxarthrosis

Hip dysplasia

Femoroacetabular impingement

Transient ischemic osteoporosis/bone bruise

Chondromatosis

Osteochondral lesion

Infection

Fracture

Lesion of round ligament

Rheumatoid arthritis

Pigmented villonodular synovialitis

Extra-articular causes

Bursitis

Snapping hip

Insertion tendinopathy

Para-articular soft-tissue tumor

Heterotopic ossification

Spinal canal stenosis

Spondylarthrosis/root compression syndrome

Iliosacral joint symptoms

Piriform muscle syndrome

—

—
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of pain into the groin and down the thigh as far as the 
knee joint is possible. Painstaking questioning with 
 regard to potential risk factors is crucial (Box). Intra-
 articular and extra-articular causes of the symptoms must 
be considered and excluded (Table 1).

Transient bone marrow edema, common in men in the 
fifth and sixth decades of life, may show the appearances 
of non-traumatic FHN but is a self-limiting process. The 
debate continues as to whether the changes that occur in 
the last trimester of pregnancy should be described as 
non-traumatic FHN or transient bone marrow edema 
(11).

On clinical examination attention must be paid to the 
possible presence of abnormal posture or a limp related 
to pain or limb shortening.

In advanced FHN the findings do not differ from those 
of primary coxarthrosis and may show a capsular pattern 
with restriction of internal rotation, flexion, and abduc-
tion.

Diagnostic imaging
Imaging modalities play an important part in establish-
ing the diagnosis of FHN and determining the stage of 
disease. Apart from plain radiography and computed 
tomography, magnetic resonance imaging and scintig -
raphy enable detection of early changes (12). The diag-
nostic algorithm in the case of suspected FHN is shown 
in Figure 1.

Radiography
Plain radiography in two planes (anteroposterior pelvic 
and hip joint according to Lauenstein) is the initial step in 
diagnostic imaging and serves to compare the two sides, 
exclude differential diagnoses, and determine the disease 
stage in advanced cases. The signs of non-traumatic FHN 
on plain radiography are sclerosis and cysts with a 

FIGURE 1

Diagnostic procedure in the event of suspected atraumatic femoral head necrosis (FHN). 
MRI, magnetic resonance imaging; FHN, femoral head necrosis; CT, computed tomography; 
ARCO, Association Research Circulation Osseous

Radiography of both hip joints in two planes

No FHN

MRI of both hip joints

I II III IV

No  
abnormality

MRI 
(after 6 to 8 weeks)

FHN

Treatment according to stage

CT 
(subchondral 

fracture?)

ARCO stageFHN

Figure 2: Femoral head necrosis in a 41-year-old patient, ARCO stage III: a) on radiography; b) magnetic resonance imaging (MRI); c) after resection of the femoral 
head. Plain radiography with the patient standing shows no subchondral fractures or areas of joint surface collapse. The fat-suppressed MRI sequence reveals pro-
nounced bone marrow edema and the zone of necrosis. The resected and divided femoral head (1 month after imaging) displays an area of pronounced necrosis, 
cystic changes, and a subchondral fracture zone. 

a b c
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 sclerotic margin. Later in the disease process subchondral 
fractures and areas of joint collapse are found. Early 
FHN (ARCO stage I; ARCO = Association Research 
 Circulation Osseous) cannot be visualized by plain 
 radiography.

Computed tomography
Computed tomography (CT) has higher sensitivity and 
specificity than plain radiography, but is also incapable 
of visualizing early FHN (ARCO I) (13). The introduc-
tion of high-resolution CT with slice thickness of 1 to 2 
mm enables very good demonstration of the trabecular 
structures. Thus the prognostically important sub -
chondral fractures in the early phase of mechanical in-
stability are visualized better on CT than on magnetic 
resonance imaging (MRI) (13). Patients in ARCO stage 
II with suspected subchondral fractures on MRI should 
therefore be referred for CT.

Magnetic resonance imaging
Magnetic resonance imaging has sensitivity and 
 specificity of >95% and therefore represents the gold 
standard for non-invasive diagnostic investigation (14, 
15, e5, e6). It visualizes bone marrow changes and 
 enables confirmation of the diagnosis even in early 
stages of FHN when no abnormalities are detected by 
plain radiography (e7). In advanced disease MRI 

 enables good evaluation of the size and location of the 
osteonecrotic zone, the extent of involvement of 
 acetabular cartilage, and the depth of joint collapse. 
These serve as prognostic factors and help to determine 
the appropriate treatment (16).

Owing to the high proportion of cases in which the 
disease is bilateral, assessment of the contralateral hip 
joint with the aid of MRI is recommended even in the 
absence of clinical or radiographic signs of FHN (17). 
MRI distinguishes transient bone marrow edema from 
FHN on the basis of homogeneous edema extending into 
the intertrochanteric region without subchondral changes 
(Figure 2).

Skeletal scintigraphy 
Like MRI, skeletal scintigraphy visualizes early 
changes of bone and bone marrow. Despite high sensi-
tivity, however, the specificity of scintigraphy is low, so 
the location and extent of FHN cannot be adequately 
quantified (14, e5).

Single-photon emission computed  
tomography
Single-photon emission computed tomography 
(SPECT) is a scintigraphic modality with improved 
spatial resolution and tomographic image presentation. 
It has higher sensitivity than planar scintigraphy, but 
lower sensitivity and specificity than MRI (18).

Classification of femoral head necrosis
There are numerous classifications of the pathophysi-
ological progression of FHN (19). The ARCO classifi-
cation is the one most often used in Europe, particularly 
in the German-speaking countries (20) (Table 2).

Treatment
If left untreated, FHN leads to subchondral fractures of 
the femoral head within 2–3 years, and is then no long-
er amenable to joint-preserving treatment (21, e8). The 
disease stage and the extent and location of necrosis are 
crucial predictive factors with regard to joint collapse 
and treatment success (21, 22). Pain at the time of diag-
nosis, age <40 years, and the continued existence of 
risk factors are secondary criteria of disease progress. 
Restitutio ad integrum, i.e., complete healing, is a 
 realistic goal only in the early stages of FHN, but even 
then the spectrum of available treatments may not 
achieve success. In advanced cases the aim is to post-
pone mechanical failure of the hip and eventual implan-
tation of a prosthetic joint. The following sections 
 describe the conservative and surgical options for 
 treatment of FHN embodied in the current German-
 language guideline on atraumatic FHN in adults 
(Tables 3, 4).

Conservative treatment
The conservative treatment of atraumatic FHN is the 
subject of heated debate in the literature (23). The op-
tions include the following:

TABLE 2

ARCO classification*

* From (20)

Stage

0

I

II

III

IV

Clinical findings, pathology, imaging

– Normal findings on radiography, magnetic resonance imaging, and 
scintigraphy

– Signs of necrosis on histology

– Normal radiography/computed tomography
– Pathological findings on magnetic resonance imaging or scintigraphy 
– Subclassification according to part of femoral head affected 

(lateral, medial, or ventral) and proportion of femoral head circum -
ference involved (<15%, 15–30%, >30%) 

– Changes of bone structure without alteration of femoral head contour 
on radiography

– Normal joint space
– Magnetic resonance imaging findings specific for femoral head 

 necrosis 
– Subclassification according to part of femoral head affected 

(lateral, medial, or ventral) and proportion of femoral head circum -
ference involved (<15%, 15–30%, >30%)

– Changes of bone structure with subchondral fracture showing up as 
a brighter sickle-shaped zone (crescent sign) on radiography 

– Flattening of femoral head contour
– Normal width of joint space
– Subclassification according to part of femoral head affected 

(lateral, medial, or ventral), proportion of femoral head circumference 
involved (<15%, 15–30%, >30%), and magnitude of flattening 
(<2 mm, 2–4 mm, >4 mm)

– Development of rheumatoid arthritis 
– Flattening of femoral head
– Narrowing of joint space
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FHN (31). The aim is decompression of the femoral 
head with reduction of the intraosseous pressure, 
thus  alleviating pain, improving blood flow, and 
leading to regeneration of the necrotic zones. Core 
decompression is a promising treatment option par-
ticularly in the early stages ARCO I and II, pro-
vided the necrosis in stage II does not extend 
around more than 30% of the femoral head circum-
ference and—by definition—no subchondral frac-
tures are present (32).  Superiority of core decom-
pression to conservative treatment alone is de-
scribed by Mont et al. and  supported by two RCTs 
in their meta-analysis (33). Restitutio ad integrum 
cannot reliably be achieved with joint-preserving 
surgery in ARCO stage II, but decompression leads 
to alleviation of pain and can slow down the des-
tructive process (33). 
 In ARCO stage III core decompression may result in 
short-term pain relief, but is associated with much 
worse results in terms of progression and prognosis 
than in stage II.

Corrective osteotomy
Various two- and three-dimensional corrective oste -
otomies are available. Common to all techniques is 
 rotation of the necrotic segment of the femoral head out 
of the main loading zone and away from the action of 
axial forces. Corrective osteotomies are not routine 
 interventions: they are technically demanding and have 
a relatively high complication rate. One must also bear 
in mind that insertion of an implant is often harder to 
accomplish in patients with previous corrective osteot-
omy (34).

● Physical measures
●  Medication
●  Hyperbaric oxygen treatment
●  Electrical stimulation 
●  Extracorporeal shock-wave treatment

Restriction of weight bearing
The aim of mechanical load reduction is to support the 
body's own regeneration processes and to halt progres-
sion of the disease. In a meta-analysis, Mont et al. 
found that around 75% of patients treated by restriction 
of weight bearing showed worsening of symptoms and 
radiological progression at 34 months (21). Load 
 reduction does not seem suitable as sole treatment for 
FHN. 

Medication
Vasodilators
Prostaglandin analogs are thought to influence revascu-
larization. In the early stages of FHN (ARCO I–II) they 
can alleviate pain and lead to a reduction in bone 
 marrow edema (24). Off-label treatment with these va-
sodilators is recommended if operative treatment is 
contraindicated or the patient refuses surgery. 

Bisphosphonates
Alendronate may relieve the pain from early-stage 
FHN. A number of highly rated studies show this effect 
and point to postponement of radiological progression 
(25, 26, e9). In a randomized controlled trial (RCT), Lai 
et al. conclude that administration of 70 mg alendronate/
week seems to slow the progression of FHN (26). All of 
these studies had a short duration of follow-up, however, 
so no final conclusions can be drawn with regard to pro-
gression. 

In the studies published to date, anticoagulants 
and statins have achieved no relevant amelioration 
of pain or reliable prevention of disease progression 
(27, 28). In view of the sometimes substantial side 
effects, these substances should not be used to treat 
FHN.

The other substances used for the treatment of FHN 
have mostly been reported in studies with small case 
numbers and are therefore not described here.

Surgical treatment
Joint-preserving procedures
Joint-preserving operations are performed principally 
in ARCO stage I and II FHN, but can also be carried out 
in stage III disease, depending on the severity and site 
of necrosis (29). Liebermann et al. conducted a meta-
analysis to compare various joint-preserving operative 
procedures and investigate the influence of the magni-
tude of necrosis on disease progression. They found 
that none of the methods of joint-preserving surgical 
 intervention was superior to the others (30). 

Core decompression
Core decompression is the surgical treatment tech-
nique most frequently used in the early stages of 

TABLE 3

Treatment options for femoral head necrosis

* Based on ssessment of study quality according to the recommendations of the 
Scottish Intercollegiate Guidelines   Network (SIGN) (40). 

Conservative treatment

Restriction of weight bearing

Medication

  – Anticoagulants

  –  Prostaglandin analogs

  –  Bisphosphonates

Extracorporeal shock-wave treatment

Electromagnetic stimulation

Hyperbaric oxygen treatment

Surgical treatment

Decompression

Osteotomy

Bone transplantation

Joint replacement

Level of evidence* 

2+

2+

2+

2+

1–2+

2+

2+

2++

2++

2+

2++
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Vascularized and non-vascularized bone transplants
After removal of the necrotic material, bone, 
usually cortical (e.g., from the fibula), is implanted 
into the femoral head. Numerous articles reporting 
vascularized and non-vascularized bone transplants 
have been published, with widely varying results (35, 
36, e10). The use of growth factors (BMP) in combi-
nation with non-vascularized bone transplants has 
shown encouraging results in a small number of 
studies, but is not standard (e11, e12).

Joint resection
Joint resection and replacement can be considered in 
patients with advanced FHN (ARCO stages III and IV) 
and end-stage changes in the hip joint whose prognosis 
is unfavorable (risk factors, underlying disease, large 
defect, good mobility needed). The results of hip 
 arthroplasty in advanced FHN are good, with short- and 
long-term outcomes comparable with those for the 
treatment of primary coxarthrosis (37, 38, e13). A sys-
tematic review of national registers of total arthroplasty 
revealed 6-year survival rates of 95 to 97% for both 
 primary coxarthrosis and FHN (39). However, the 
 survival and revision rates appear to depend on the 
 patient's age and the etiology of the FHN. Younger pa-
tients should always be treated with procedures that 
preserve as much bone as possible because of the high 
likelihood that several revisions will be necessary. On 
the basis of the literature to date, the outcomes with the 

various implant designs do not differ. The long-term re-
sults after cemented and cementless arthroplasty are 
comparable with the outcomes for primary coxarthrosis 
(39). The currently available data do not permit any 
conclusions with regard to the use of short-stem 
 implants in FHN.

Conclusion
Atraumatic FHN in adults is a locally destructive 
disease of multifactorial origin. If left untreated, it 
may lead within a few years to severe joint destruc-
tion and development of coxarthrosis. Although the 
causes and mechanisms of atraumatic FHN have not 
yet been finally clarified, certain risk factors are 
known to be associated with increased incidence of 
osteonecrosis of the femoral head. Atraumatic FHN 
often affects relatively young people with active 
private and working lives. This underlines the im-
portance of early confirmation of the diagnosis and 
initiation of the corresponding treatment, with the 
aim of preserving as much joint function as 
 possible and minimizing later damage. In the early 
stages the patient's symptom's are frequently 
 unspecific and radiography often reveals no abnor-
mality, so careful evaluation of the risk factors and 
timely MRI are particularly important. The MRI 
examination should include the contralateral 
(asymptomatic) hip joint. The ARCO classification 
of atraumatic FHN has been widely adopted in the 
German-speaking countries, permitting assessment 
of the disease course, comparison of the efficacy of 
the different treatment methods, and providing 
 assistance in determining the best treatment. Com-
plete recovery can be attained in ARCO stage I, but 
in stage II joint-preserving procedures often do no 
more than slow the pace of progression. Stages III 
and IV of atraumatic FHN are an expression of 
mechanical failure of the hip joint. The efficacy of 
conservative treatment alone is a topic of heated 
debate in the literature. Joint-preserving procedures 
may be successful in the early stages (ARCO I and 
II) and are superior to conservative treatment 
alone. Joint replacement should be considered in 
late-stage atraumatic FHN and is in many cases the 
only feasible treatment option. The results of 
 arthroplasty for atraumatic FHN have improved 
greatly in recent years and are now equivalent to 
those for primary coxarthrosis.
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Erratum
In the article by Florian Debus and coauthors entitled “Numbers of Severely Injured Patients in Ger-
many—A Retrospective Analysis From the DGU (German Society for Trauma Surgery) Trauma Registry,” 
which appeared in issue 49/2015 of Deutsches Ärzteblatt International, the data from the publication of 
Kühne et al. (2006) were not correctly reported.

 The extrapolation of Kühne et al. was based on 35 300 polytrauma patients rather than, as erroneously 
 reported by Debus et al., severely injured patients (e.g. those with an Injury Severity Score [ISS] ≥ 16). 
When comparing the numbers from Kühne et al. with their own calculations, Debus et al. drew the following 
conclusions based on this error:

 1) The number of severely injured patients in Germany is smaller than previously believed. 

 2) The number of severely injured patients in Germany is declining.

Both statements are incorrect. The correct conclusions are:

 1) The annual number of severely injured patients in Germany, defined as those with an ISS ≥ 16, is 
 currently between 18 200 and 18 400, and this number has remained almost constant since 2006.

 2) The number of severely injured persons registered in the TraumaRegister DGU according to their admission 
criteria is approximately 31 000 (“base” collective from the TraumaRegister DGU 2015 annual  report), and 
this number has likewise not changed significantly as compared to the 2006 extrapolation. MWR
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