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Summary

The prevention of femoral head collapse and the mainte-

nance of hip function would represent a substantial

achievement in the treatment of osteonecrosis of the

femoral head; however it is difficult to identify appropri-

ate treatment protocols to manage patients with pre-col-

lapse avascular necrosis in order to obtain a successful

outcome in joint preserving procedures.

Conservative treatments, including pharmacological

management and biophysical modalities, are not sup-

ported by any evidence and require further investigation.

The appropriate therapeutic approach has not been

identified. The choice of surgical procedures is based on

patient clinical conditions and anatomopathological fea-

tures; preservation of the femoral head by core decom-

pression may be attempted in younger patients without

head collapse. Biological factors, such as bone morpho-

genetic proteins and bone marrow stem cells, would im-

prove the outcome of core decompression. 

Another surgical procedure proposed for the treatment of

avascular necrosis consists of large vascularized cortical

bone grafts, but its use is not yet common due to surgical

technical issues. Use of other surgical technique, such as

osteotomies, is controversial, since arthroplasty is consid-

ered as the first option in case of severe femoral head col-

lapse without previous intervention.

KEY WORDS: femur head necrosis; osteonecrosis; orthopedic procedures; bone

transplantation.

Introduction

Avascular Necrosis (AVN) or Osteonecrosis of the Femoral
Head (ONFH) is an increasing cause of musculoskeletal dis-
ability. It is an insidious and progressive disease that may
lead to the complete deterioration of the hip joint which most-
ly occurs in individuals aged between the third and fifth
decades of life. It was estimated that approximately 10% of
the Total Hip Arthroplasties (THA) was performed for os-
teonecrosis (1).
Although several hypotheses have been proposed, the path-
ogenic mechanisms that lead to impaired blood supply to the
bone resulting in death of osteocytes, progressive collapse
of the subchondral bone and secondary Osteoarthritis (OA),
are not well understood. However, both traumatic and non-
traumatic causes have been described for AVN, including
trauma, alcoholism, blood cell disorders, corticosteroid ad-
ministration, pregnancy, collagen diseases, adipogenesis of
bone marrow, immune deficiency conditions, but it can be id-
iopathic as well (2, 3).
Over the last 40 years different classification systems to de-
fine severity and progression of ONFH have been proposed.
Kerboul et al. (4) estimated the extent of AVN at early stages
measuring the combined necrotic angle of the femoral head
involved, defined as ‘Kerboul angle’, on anteroposterior and
lateral radiographs. This parameter can also be obtained
from MRI scans and a necrotic angle <200° predicts lower
risk of collapse in patients with femoral head necrosis (5).
The Ficat and Arlet staging system (6), based on radiological
findings, is still one of the most used classification method,
even if it does not consider the extent of the lesion. Indeed,
this parameter is helpful in predicting the collapse of the ar-
ticular surface (7). Steinberg et al. (8) added quantification of
femoral head involvement to the AVN classification, but this
staging method is not widely used due to application issues.
The Association Research Circulation Osseous (ARCO)
classification system provided a more detailed quantification
of the involvement of the femoral head, as well as MRI find-
ings (9). 
At an early-stage, osteonecrosis of the femoral head may be
asymptomatic, whereas in a later stage it becomes painful
and might cause a limitation of hip Range Of Motion (ROM).
In most cases natural evolution of AVN of femoral head
might lead to subsequent collapse of femoral surface and
secondary osteoarthritis with typical clinical signs.
Management of patients with AVN consists of conservative
and surgical approaches. The first one is not considered
completely effective in most of cases (10), especially when
used as single treatment, and is mostly prescribed in the
precollapsed or early collapsed stage (<2 mm). Several hip
preservation surgical treatments have been described to
avoid the most invasive Total Hip Arthroplasty (THA) which
is commonly indicated when there is a severe joint involve-
ment.
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Femoral head sparing procedures

The aim of surgical management of AVN is to preserve the
joint and to avoid or delay the hip replacement, in particular
in young patient. The following techniques have been pro-
posed.

Core decompression

Core Decompression (CD) is the most commonly used pro-
cedure for the treatment of the pre-collapse stage of ONFH.
The purpose of this treatment is to reduce the intraosseous
pressure in the femoral head and increase the blood flow to
the affected area in order to stimulate new bone formation. It
is considered a simple and cost-effective procedure (11), but
the success of the treatment is largely dependent on the
causes and the stage of the lesion (12-14), as suggested by
many Authors (15-20).
The standard CD technique is performed using 8-10 mm
trephine or cannula introduced in the subtrochanteric femoral
cortex. The necrotic lesion of the femoral head is then
reached passing through the femoral neck. A potential risk of
this technique is an excessive weakening of lateral femoral
cortex which can cause a subtrochanteric fracture (19).
However, technical issues of CD improved over time (18), as
confirmed by modifications of standard technique presented
in the annual ARCO meeting in 2004. Kim et al. (16) de-
scribed this modified technique with multiple small drillings
with a 3 mm Steinman pin to perform the CD which theoreti-
cally reduced proximal femur weakening compared to the
standard technique. The Authors compared 54 consecutive
patients in which Multiple Drillings (MD) and conventional CD
were performed; they observed both a longer time before
collapse and a lower rate of collapse in the group receiving
MD technique. Similar results were described by other Au-
thors (18-20) so that this approach is believed to be an easy
and simple procedure that can be safely performed percuta-
neously, under image intensifier guidance and with minimal
risk of subtrochanteric fracture.

Mesenchymal stem cells or growth factors and core de-

compression

Since 2002, biological agents, including both osteogenic
(Mesenchymal Stem Cells, MSCs) and/or osteoinductive fac-
tors (Bone Morphogenetic Proteins, BMPs), have been de-
veloped in order to improve surgical outcomes of CD tech-
nique (21-27). Hernigou et al. (21) hypothesized that there is
an insufficient supply of progenitor cells enhancing bone re-
modeling in areas of AVN in patients with ONFH. MSCs are
widely represented in different tissues, such as bone mar-
row, adipose tissue, muscle and tendon, synovial mem-
brane, and blood vessels (28-30). Once separated and ex-
tracted from those tissues, MSCs maintained their capacity
for multipotential differentiation and proliferation (31). They
can differentiate into various cell types of several tissues un-
der different conditions (32), and therefore MSCs have been
widely applied to treat bone and cartilage defects, ONFH,
osteoarthritis, and other diseases (33, 34). The combination
of MSCs transplantation and CD surgery can enhance
femoral head repair promoting reconstruction and creeping
substitution of new bone (35, 36) (Figure 1). Hernigou et al.
(22) performed for the first time a clinical study using core
decompression and autologous bone marrow transplantation
for the treatment of 189 hips in 116 ONFH cases. Only 9
cases of 145 hips, operated during Ficat stages I-II, required

hip replacement after a mean 7-year follow-up, whereas 25
of 44 hips treated during Ficat stages III-IV, needed joint
arthroplasty. Many studies confirmed the safety and efficacy
of MSCs in ONFH (37-40). Gangji et al. (41) in a prospective,
randomized, double blind trial, compared the surgical out-
come of 2 groups of patients treated with isolated CD or CD
and implantation of autologous bone marrow cells. In 24 cas-
es at ARCO Stage I and II, they observed a significant im-
provement of pain and lower rate of radiographic progression
in the group treated with the combined approach. However,
they did not report a significant difference in both the groups
in terms of subsequent THA. Cuervas-Mons et al. (42)
demonstrated that infusion of MSCs during CD procedure
improved hip function and avoided Total Hip Replacement
(THR) in 75.3% of patients with ONFH during the first 2
years of treatment.
Some of the growth factors produced by osteogenic cells,
platelets, and inflammatory cells are implicated in bone heal-
ing (25) and BMPs are most commonly used to enhance this
physiological process. The potential application of BMPs for
the treatment of ONFH was investigated in experimental
studies some years ago. Tang et al. (43) induced bilateral
early-stage ONFH in adult goats ligating the lateral and me-
dial circumflex arteries and delivering liquid nitrogen into the
femoral head. CD was performed and porous Beta-Tricalci-
um Phosphate (β-TCP) was loaded with BMP-2 gene-modi-
fied or beta-galactosidase (beta-gal)-gene-transduced Bone-
Marrow Mesenchymal Stem Cells (BMSCs) were implanted
into the left and right femoral heads, respectively. The maxi-
mum compressive strength and Young’s modulus of femoral
head treated with BMP-2 were similar to those of normal
bone and significantly higher than those in the beta-gal
group. Xiao et al. (44) induced early-stage ONFH in white
rabbits delivering liquid nitrogen into the femoral head. The
animals were divided in 3 groups according to the treatment
received: a first control group received no treatment, a sec-
ond group was treated with Bio-derived Bone Materials
(BBM) combined with recombinant human Bone Morpho-
genetic Protein-2 (rhBMP-2) and a third group was treated
with autologous BMSCs-seeded BBM combined with rhBMP-
2. Authors observed histological improvements in femoral
head in both groups treated with rhBMP-2. These positive
findings derived from animal studies encouraged the use of
BMPs in association with different scaffolds or bone substi-
tutes also in humans. Mont et al. (45) used a demineralized
bone matrix and a thermoplastic carrier plus the addition of
BMP-7 for ONFH in 21 patients. In this study, a Harris Hip
Score (HHS)>80 was observed in 86% of patients over a
mean 48-month follow-up. Lieberman et al. (26) treated 15
patients at Ficat stage II or III with CD and autolyzed fibula
allografts, combined with rhBMP-2 and Noncollagenous Pro-
teins (NCPs). Radiographic progression of AVN was avoided
in 14 of 17 hips at an average of 53 months. Only one pa-
tient, classified as Ficat stage IIA, developed collapse;
among the patients reporting radiographic progression, two
other hips already had collapse of the femoral head before
the procedure. Seyler et al. (46) used autologous, nonvascu-
larized bone-grafts combined with BMP-7 in 39 hips: 22 at
Ficat stage II and 17 at Ficat stage III. At a mean time of 36
months, only 4 of 22 Ficat stage II hips and 11 of 17 Ficat
stage III hips needed joint replacement.

Bone Grafting

Bone grafting has been used after removal of the necrotic le-
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sion to provide structural support to the femoral head, or to
act as a scaffold facilitating bone remodeling. The grafting
can be performed through the CD tract, the most common
and simple approach, but other techniques have been de-
scribed. Merle d’Aubigne et al. (47) firstly described the “trap
door technique”. After dislocating the femoral head, a flap
was created on the chondral surface and the necrotic seg-
ment was removed with curettes and burrs to allow the filling
of the lesion with the graft. Rosenwasser et al. (48) de-
scribed a similar procedure, the “light bulb procedure”, to
reach the subchondral bone of the femoral head through a
window created at the head-neck junction. 
Considering the use of bone grafts in the treatment of ONFH,
many options have been described but nonvascularized graft
has been more appealing because it is less technically de-
manding and reduce donor-site morbidity (49). 
Currently, bone grafting modalities are rarely used as isolat-
ed procedures; indeed many researchers performed these
techniques in combination with growth factors and various
bone-graft substitutes to enhance bone remodeling and to
avoid the collapse of the femoral head (50). In a long-term
study, Smith et al. (51) observed that 40 of 56 hips treated
with nonvascularized grafts had poor clinical results after a
mean 14-year follow-up. Another study, conducted by Keizer
et al. (52) described the long-term results of CD and place-
ment of a nonvascularized bone graft, from tibia or fibula, for
the management of AVN of the femoral head in 80 hips.

They observed a survival rate of 59% five years after surgery.
They also found a significant difference in survivorship in fa-
vor of the tibial autograft. Seyler et al. (46) reported 83% sur-
vivorship in stage I and II ONFH and 78% survivorship at a
minimum 2-year follow-up in 39 hips using the light bulb pro-
cedure. Many Authors (26, 45, 53) described the effects of
autologous nonvascularized graft in combination with BMP-7
reporting good results and a lower rate of femoral head col-
lapse.
Vascularized bone-grafting is recommended for the treat-
ment of early ONFH (Ficat stage I to III) when the lesion in-
volves <50% of the femoral head and its collapse is <2 mm.
On the one hand, graft (usually vascularized iliac crest graft
or vascularized fibula graft) provides a viable structural sup-
port for the subchondral bone and articular cartilage; on the
other, as the vascularity is preserved and the graft has os-
teogenic potential, this approach may facilitate bone healing
of the necrotic area. However, patients with a history of
smoking, alcoholism, peripheral vascular disease or other
risk factors for AVN should not be considered for this inter-
vention (54). 
Baksi et al. (55, 56) investigated the effects of Muscle-Pedi-
cle Bone Graft (MPBG) alone, using Quadratus Femoris
(QF) or sartorius or gluteus medius or Tensor Fascia Lata
(TFL), in different stages of ONFH. These studies suggested
that, since the necrotic area is located mainly in the antero-
superior aspect of the femoral head, intralesional curettage
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Figure 1 - Male patient of 44 years old with osteonecrosis of the right femoral head. A) Preoperative X-ray and MRI of the right hip; B) mini-
invasive approach to the greater trochanter for the standard Core Decompression; C) burring the necrotic lesion in the femoral head through
the femoral neck; D) fluoroscopic control at the end of the surgical procedure: conventional CD and application of bone substitute and autol-
ogous MSCs from iliac crest; E) X-rays at 3 months after surgical procedure. 

Suppl.CCMBM 3 2015-3 bozza_-  10/03/16  18:08  Pagina 45



combined with the use of adjacent MPBG was the treatment
of choice. Meyers et al. (57) demonstrated that application of
MPBG for treatment of ONFH was effective in all patients
with stage I and II but only in 33% of patients in stage III and
IV. Lee and Rehmatullah reported a 70% success rate with
the same approach in idiopathic ONFH (58). In our opinion,
of the several available MPBG, the TFL for the anterior ap-
proach, and the QF for the posterior one, should be pre-
ferred.
The use of vascularized iliac crest graft is recommended for
treatment of Ficat stage II and early-stage III. The success
rate of this surgical technique is approximately of 74%. Iwato
et al. (59) suggested that patients with no femoral head col-
lapse preoperatively, progressed to radiographic collapse af-
ter a mean 3-year follow-up in >50% of cases. Similar find-
ings have been reported by Eisenschenk et al. (60) that not-
ed stable disease after 5-year follow-up only in 56% of pa-
tients treated with iliac crest graft perfused by the deep cir-
cumflex iliac artery. Better results are reported by Matsusaki
et al. (61) who combined the use of vascularized pedicle iliac
bone-graft with trans-trochanteric anterior rotational osteoto-
my; Authors demonstrated that there was no disease pro-
gression in 12 of 17 hips (71%) after a 50.7-month follow-up,
and suggested that this surgical approach might be promis-
ing for joint preservation in patients with ONFH.
When compared with other methods, such as CD, nonvascu-
larized bone graft, and osteotomies, free vascularized fibula
grafting provides the most consistently successful results. In
1997 Sotereanos et al. (62) investigated the effects of this
surgical approach for the treatment of ONFH, classified ac-
cording to Steinberg staging system, demonstrating that the
probability for conversion to THA within 5.5 years after inter-
ventions was 28% for stage II hips and 38% for stages III
and IV hips. A previous study performed by Malizos et al.
(63) demonstrated radiographic improvement, recovery of
hip function, and a significant pain relief in all patients treat-
ed with vascularized fibula grafting for ONFH at precollapse
stage. This surgical technique does not violate the capsula
articularis as the other bone grafting procedures (pedicle ili-
ac crest graft and QF pedicle graft) do (64). However, the
success of this procedure is related to multiple factors: 1) de-
compression of the femoral head; 2) excision of the necrotic

bone underneath the weight-bearing region that might inhibit
revascularization of the femoral head; 3) buttress of the artic-
ular surface with the vascularized fibular graft by primary cal-
lus formation augmented with additional cancellous bone
graft; and 4) a period of non-weight bearing to preserve bone
healing. 

Porous tantalum implants

The porous tantalum rod in combination with CD has been
proposed to avoid the risk of autograft harvest or the infec-
tion of bone allograft (65). This method has the advantage of
providing a mechanical support to the weakened subchon-
dral bone of the femoral head and to fill the decompressed
site (Figure 2). The standard technique provides the identifi-
cation of core tract, the center of the necrotic lesion and a
point immediately superior to the lesser trochanter. Subse-
quently at the insertion of a guide pin, using cannulated
reamers, the core should be progressively ream from 8 mm
to 10 mm under fluoroscopy, approximately 5 mm from the
endosteal surface of the femoral head. Porous tantalum has
osteoconductive capacity and provides a structural scaffold
for bone ingrowth. It has been shaped in order to produce a
high-porosity biomaterial screw with fully interconnected
pores. This material is modeled in such way to reproduce the
trabecular structure of cancellous bone (66).
Vitreous Tantalum (98% tantalum, 2% vitreous carbon)
screw has a threaded lateral extremity that can be inserted
into the femoral neck to support the articular cartilage, stimu-
lating the repair process, and interrupting the interface be-
tween necrotic and healthy tissue, thus improving local vas-
cularization (67, 68). The use of this material, together with
biological agents, such as growth factors, or drugs, such as
bisphosphonates (BPs), can improve bone formation around
and within trabecular metal implants (69-73).
This procedure might be a useful alternative to conservative
treatment for young individuals with AVN at first or second
stage in order to reduce the period of non-weight-bearing.
This method was first proposed by Pedersen et al. (74) that
suggested porous tanta lum rods as reasonable mechanical
substi tute of a fibular graft. Since 2005, this material has
been used in a lot of clinical studies, following CD, for ONFH
treatment (75-81).
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Figure 2 - X-ray examination of a bilateral
ONFH treated with porous tantalum rod in
combination with core decompression: 7
years postoperative left hip and 3 month
postoperative right hip.
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However, the role of porous tantalum implant and the clinical
outcomes related to its use, including postoperative weight-
bear ing time, are still controversial and only few studies re-
ported the long-term survivorship of the implants (13-18).
Veillette et al. (82) investigating 54 patients with ONFH treat-
ed with CD and the insertion of a porous tantalum rod, re-
ported overall survival rates of 91.8% at 24 months, and
68.1% at 48 months. Aldegheri et al. (67) performed 15 im-
plants of tantalum screw, and assessed the clinical outcome
and AVN staging using the HHS and the Steinberg classifi-
cation, respectively. They reported in all cases extension of
osteonecrosis not exceed 30% of the joint surface and no
collapse of femoral head. After a mean 15.43 ± 5.41 month
follow-up, 10 implants (in 7 patients) were assessed and all
but one patient showed a marked improvement in HHS
(+127.9%), with no further progression of the disease. These
findings appeared promising, but there are some concerns
about the release of metal debris in the joint as well as tech-
nical issues during surgery. Moreover, histological studies
demonstrated poor bone ingrowth and insufficient mechani-
cal support of the subchondral bone, which are relevant limi-
tations when THR is required (83-85). Recently, Papapietro
et al. (86) suggested that the trabecular metal implants are
not always clinically satisfactory because of pain and func-
tional limitations that could require conversion to a THA in
some cases.

Proximal femoral osteotomies

Proximal femoral osteotomies, for the treatment of ONFH,
consist of rotating the necrotic area of femoral head away
from the load-bearing area and then replacing it with the un-
involved healthy portion of the head. This approach also re-
duces the intraosseous venous pressure improving local
vascularity.
Two main types of osteotomies are used: transtrochanteric
rotational and intertrochanteric varus or valgus osteotomy
(combined with flexion or extension). The success rates of
these surgical techniques for the treatment of ONFH have
been reported between 70% and 93% (87-90). Jacobs et al.
(91) had 73% success rate at 5.3-year follow-up after in-
tertrochanteric osteotomy. Maistrelli et al. (92) reported sat-
isfactory surgical outcome in 71% of AVN after 2 years of in-
tertrochanteric varus or valgus osteotomy and it dropped to
58% at 8.2 years.
The main reason for these results is the technical complexity
of this approach. Proximal femur osteotomies have never
been compared to any other surgical technique and it is diffi-
cult to define the superiority of this approach to other meth-
ods described. This method of treatment is suitable for pa-
tients not being treated with long-term steroids, with minimal
osteoarthritic changes, without acetabular involvement, and
with a Kerboul angle <200° (93, 94).
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 Clinical Study 

 

No. Surgical technique Disease Stage Results 

Kim et al. (16) 65 hips 
(54 patients) 

Conventional CD 
vs MD 

NA Lower rate of collapse 55% vs 
85.7%  
(3-year follow-up) 

Hernigou et al. (22) 189 hips (116 
patients) 

CD + bone marrow from iliac 
crest 

Ficat-Arlet 
stage I and II = 145 
stage III and IV = 44 

Survival rate 13.05% (7-year 
follow-up) 

Keizer et al. (52) 80 hips  
(78 evaluated) 

CD + NVBGs 
 

Ficat-Arlet 
stage 0 = 6 
stage I = 3  
stage IIA = 31 
stage IIB = 16 
stage III = 13  
stage IV = 9 

Survival rate 59%  
(5-year follow-up) 

Rehmatullah et al. (58) 10 patients MPBGs NA Survival rate 70%  
(2-year follow-up) 

Eisenschenk et al. (60) 8 patients Iliac crest  
vasculari ed graft 

ARCO 
stage I, II and III 

Survival rate 50%  
(5-year follow-up) 

Sotereanos et al. (62) 88 hips  
(65 patients) 

Free vascularized  
fibula grafting 

Steinberg 
stage II, III and IV 

Survival rate 100% stages IC 
and IIA, 94% for stage IIB, 50% 
for stage IIC, 80% for stage 
IIIB, 58% for stage IIIC, 72% 
for stage IVA, 58% for stage 
IVB 
(5.5-year follow-up) 

Maistrelli et al.(92) 106 hips Intertrochanteric osteotomy 
(varus or valgus) 

NA Survival rate 71%  
(2-year follow-up) 
Survival rate 58%  
(8.2-year follow-up) 

 
 
 

              
          

        
 

Table 1 - Data about conservative surgery for ONFH. NA= not available, CD= Core Decompression, MD= Multiple Drilling, NVBG= Non-
Vascularized Bone Grafts, MPBG= Muscle Pedicle Bone Graft, ARCO= Association Research Circulation Osseous.

Suppl.CCMBM 3 2015-3 bozza_-  10/03/16  18:08  Pagina 47



Conclusions

Symptomatic AVN of the hip is a disabling condition for
which has not yet been identified the exact pathophysiologi-
cal mechanisms; several treatment options have been de-
scribed including nonoperative modalities, joint preservation
procedures, and THR. Joint preservation treatment may im-
prove the clinical outcomes for small lesions at the pre-col-
lapse stage. The finding of crescent sign, femoral head flat-
tening, and acetabular involvement suggest an advanced
stage of AVN in which joint preservation options are less ef-
fective than THA (Table1). Pharmacological treatments and
biological agents, including growth and differentiation fac-
tors, may influence the surgical management of patients with
ONFH, but further studies with long-term follow-up are need-
ed in order to support the available data. However, the suc-
cessful outcome of joint saving procedures depends on ac-
curate diagnosis and prompt intervention before the collapse
of the femoral head.
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