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Background: Appropriate treatment of osteonecrosis of femoral head (ONFH) remains challenging.
Objectives: Here, we report the results of treating these patients with auto-corticocancellous bone graft from iliac crest to overcome the 
need for early total hip arthroplasty (THA).
Patients and Methods: There were 132 hips (96 patients) with ONFH. Association Research Circulation Osseous (ARCO) type II and III 
underwent auto-corticocancellous bone grafting from the iliac crest in the current prospective study. Before the operation and in the final 
postoperative visit, the pain intensity using visual analogue scale (VAS), range of hip motions and Harris hip score (HHS) were determined 
and compared. Patients were followed for 48.5 ± 17.9 months.
Results: The shape of head and the joint space were preserved in 120 hips (90.9%). There were 12 hips in which the disease progressed to 
grade IV and resulted in THA in 10 of them. The pain intensity significantly decreased (6.3 ± 4.1 vs. 1.4 ± 2) and HHS (35.8 ± 15.3 vs. 79.5 ± 16.2) 
and range of motion (ROM) significantly improved after the operation (P < 0.001).
Conclusions: Necrotic bone removal and filling the femoral head cavity with auto-corticocancellous bone graft from iliac crest is an 
effective femoral head preserving method in treating patients with precollapse stages of ONFH and preventing the need for early THA, 
especially in young active populations.
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1. Background
Traumatic and atraumatic osteonecrosis of the femoral 

head (ONFH) has remained a challenging problem for or-
thopedic surgeons. In late stages of the disease, degener-
ative changes in the hip joint necessitate hip arthroplasty 
as the definite treatment. Although recent advances in 
arthroplasty technologies (design of implants, materi-
als, surgical equipment and techniques) have resulted 
in increased prosthesis survival, since ONFH usually 
involves the young active population, it is possible that 
patients require more than one THA. To avoid early hip 
arthroplasty, several head preserving procedures such as 
core decompression (CD), proximal femoral osteotomy, 
vascularized and nonvascularized bone grafting and 
bone substitutes have been introduced (1-17); but to our 
knowledge, the efficacies of these methods are controver-
sial and none of these treatment methods can effectively 
prevent the progression of the disease to femoral head 
collapse and subsequent degenerative changes of the hip 
joint (18). The light bulb technique was described by Ros-
enwasser et al. in 1994, in which dead and diseased bone 
was replaced by cancellous bone graft (19).

2. Objectives
In the current study, we investigated the midterm re-

sults of treating advanced ONFH Association Research 
Circulation Osseous (ARCO) type II and III using auto-cor-
ticocancellous bone graft from the iliac crest.

3. Patients and Methods
Between February 2003 and April 2008, we assessed 101 

patients with ONFH ARCO type II and III who contributed 
to the current prospective study in Akhtar Hospital of 
Tehran. During the follow up, three patients relocated to 
a new address and two others refused to return for the 
final examination. Therefore, the study was completed 
with 96 patients (132 hips). The demographic and un-
derlying data are presented in Table 1. Before the opera-
tion, the ethics committee approval was obtained and 
all the patients signed informed consents. Patients with 
previous histories of hip surgery, traumatic ONFH and 
infection were excluded. Diagnosis of ONFH was made 
based on the plain radiography anteroposterior (AP) and 
lateral frog leg views and magnetic resonance imaging 
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(MRI) (sagittal and coronal views). The grade of ONFH 
was determined based on the ARCO classification sys-
tem (20). In addition, the pain intensity was determined 
utilizing visual analogue scale (VAS). In this setting, zero 
was attributed to no pain, while 10 indicated the worst 
imaginable pain. Patients were followed up for 48.5 ± 17.9 
months (ranging from 22 to 76). Before the operation, the 
hip motions were measured and Harris hip score (HHS) 
was completed for all the patients to investigate the hip 
joint function.

Table 1 . Demographic and Underlying Information of the 
Patients a

132 Hips (n =96)

Age, mean ± SD, y 33.7 ± 5.3

Gender

Male 57

Female 39

Bilateral AVN patients, hip side

Right 36

Left 71

ARCO classification, hip

II A 61

II B 27

II C 24

III A 26

III B 23

III C 17

Etiology, patient

Corticosteroids 15

Trauma 48

Drug 12

Alcohol 19

Idiopathic 5
a Abbreviation: ARCO, Association Research Circulation Osseous; AVN, 
visual analogue scale.

3.1. Surgical Technique
In the supine position, while a sandbag was placed be-

neath the affected hip, an 8-cm incision was made over 
the anterolateral aspect of the greater trochanter. After 
splitting the tensor fascia latae along the skin incision, 
we reached the articular capsule between the tensor fas-
cia latae and gluteus medius and incised the capsule in a 
T-shape manner. Capsulotomy was performed with a ver-
tical incision placed along the femoral neck and a trans-
verse one along the acetabular attachment of the cap-
sule. The anterior flap was retracted anteriorly to expose 
the anterior aspect of the proximal femoral. A small bone 
window (1.0-1.5 cm2) was made through the anterior as-
pect of femoral neck using drills and osteotomes. After re-

moving the window, the area of osteonecrosis, which was 
determined pre- and intra-operatively using fluoroscopy, 
was then evacuated from the necrotic bone to the sub-
chondral bone. The sclerotic bone was perforated with 
an electric drill until bleeding occurred. After measuring 
the volume of cavity, the cortico-cancellous matchstick-
like autograft which was harvested from the ilium (using 
minimal incision over the anterior part of the iliac bone) 
was packed into the femoral cavity in a layered manner 
to fill the void space and support the subchondral bone. 
The cortical window was replaced and packed in place 
(Figure 1). After the operation, the patients were followed 
clinically and radiologically. The progression of AVN and 
the articular cartilage status were assessed using plain ra-
diography and MRI. In the final visit, the range of hip mo-
tions was measured and HHS was completed for all the 
patients. In addition, the pain severity was determined 
using VAS. In our study, radiographic progression of AVN 
to ARCO grade IV or need for THA was defined as the fail-
ure end-point. Finally, all the parameters before and after 
the surgery were compared using SPSS version 16. The 
mean of hip ROM and HHS were compared using paired 
t-test. P < 0.05 was considered significant.

Figure 1. A) The outline of incision used in the current study; B) we made a 
window using drilling and osteotome in the anterior surface of the femo-
ral neck; C) anteroposterior fluoroscopic image showing the pin inserted 
into the necrotic bone; D) the necrotic bone was removed through the 
window and the femoral head was filled in with corticocancellous bone 
grafts.

4. Results
Interestingly, we found that after a mean of 48.5 

months, the shape of head and the joint space were pre-
served in 110 hips (90.9%) (Figure 2). Unfortunately, in 12 
hips, the disease progressed to more severe grade of AVN 
(grade IV) and the total hip arthroplasty was performed 
for 10 of these hips. The failure rate in the ARCO stages IIB, 
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IIC, IIIA, IIIB and IIIC were 8.7%, 4.5%, 5%, 12.5% and 40%, re-
spectively. The procedure was associated with successful 
outcomes in all the patients with ARCO stage IIA of ONFH. 
Table 2 compares pre- and postoperative pain, hip ROM, 
and HHS. The pain based on VAS significantly decreased 
and HHS and ROM significantly increased after the opera-
tion (P < 0.001).

Figure 2. A 27-Year-Old Female with Bilateral ONFH, Resulting From Corti-
costeroid Use. A) Preoperative anteroposterior X-ray, showing ONFH ARCO 
type II b in left and II in right sides; B and C) AP X-ray and MRI after 24 
months showing arrested progression of AVN. This patient was pain free 
at the last visit with nearly full range of hip motions.

Table 2.  Comparison of the ARCO Classification, Range of 
Motion, Visual Analogue Scale and Harris Hip Score Before and 
After the Operation a,b

Preoperation Postoperation P Value

Pain, VAS 6.3 ± 4.1 1.4 ± 2 < 0.001

[range] [4-9] [1-5]

ROM, degree

Flexion 53.2 ± 16.3 113 ± 22 < 0.001

Extension 6.5 ± 3 9.4 ± 2.1 < 0.001

Abduction 12.5 ± 5.7 37.3 ± 11 < 0.001

Adduction 11.2 ± 8.2 28.3 ± 8.1 < 0.001

External rotation 15.2 ± 5.1 38.6 ± 9 < 0.001

Internal rotation 12.3 ± 4 24.6 ± 7.3 < 0.001

HHS 35.8 ± 15.3 79.5 ± 16.2 < 0.001

[range] [28-51] [67-95]
a  Abbreviations: ARCO, Association Research Circulation Osseous; HHS, 
Harris hip score; ROM, range of motion; VAS, visual analogue scale. 
b  Data are presented as mean ± SD.

5. Discussion
Our study demonstrated that removing the necrotic 

bone and filling the femoral head space using auto-corti-
cocancellous bone grafts derived from iliac crest was an 
appropriate treatment method for precollapse stages of 
ONFH, associated with favorable results and improved 
function. We found that this method can effectively over-
come the pain and disability of ONFH by avoiding the 
progression of AVN and femoral head collapse and pre-
serving the joint space. Traumatic or atraumatic ONFH is 
a challenging and complicated problem for hip surgeons. 
It can involve young active populations as a consequence 
of traumatic hip dislocation or femoral neck fracture or 
atraumatic events. Although THA can effectively relieve 
symptoms, because of the probable need for more THAs, 
this technique seems to be unfavorable. Currently, in 
many countries such as Iran, anabolic steroids are greatly 
used by many athletes, especially in body building, which 
is associated with substantial increase of ONFH risk. For 
this reason, many surgeons try to delay THA as much as 
possible. Nonoperative treatments of ONFH such as ex-
tracorporeal shock wave therapy, electromagnetic pulsed 
fields, hyperbaric oxygen therapy, drugs, physical thera-
py, and regenerative medicine have had disappointing 
outcomes (21-24). In addition, some authors have sug-
gested cell therapy using autologous bone marrow graft-
ing (25, 26). Mao et al. treated 78 hips with ONFH using 
targeted intra-arterial delivery of concentrated autolo-
gous bone marrow containing mononuclear cells and af-
ter five years found satisfactory outcomes in 92.3% of the 
hips. However, 7.7% of the hips required THA and radio-
logical progression was observed in 43.6%. In addition, 
they demonstrated that this technique was useful for 
early precollapse stages of the disease (25). Therefore, to 
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delay THA, several femoral head preserving procedures 
were introduced with their own advantages and a disad-
vantages; however, the success of these procedures has 
been under question (1-17). Core decompression with and 
without inserting a tantalum implant is an old simple 
femoral-head preserving method which is currently used 
in some orthopedic centers. Veillette et al. investigated 
two years of survivorship and clinical and radiographic 
outcomes of core decompression and a porous tantalum 
implant in treatment of ONFH in 58 hips. Most of these 
hips (84%) were in stage II of the disease based on the 
Steinberg classification system. They found that nine 
hips (15.5%) required THA. In addition, the survival rates 
were 91.8% after one year, 81.7% after two years, and 68.1% 
after four years (7). As Veillette et al. demonstrated (7), the 
failure rate after core decompression and inserting a tan-
talum implant was high and after four years, about one 
third of hips needed THA. In addition, removing a tanta-
lum implant for hip arthroplasty is very devastating and 
difficult. Smith et al. treated 114 hips with ONFH with core 
decompression and found that after an average of three 
years and four months, 64 hips (56%) failed clinically and 
needed further surgery (6). Recently, some authors intro-
duced arthroscopic-assisted core decompression for 
treatment of ONFH and believed that the technique had 
several advantages such as evaluating the presence of ar-
ticular cartilage and subchondral collapse and possibili-
ty of treating other bony or soft tissue injuries (27, 28). 
However, to our knowledge, there is no study reporting 
the clinical or radiological outcomes of the technique 
and some studies in this field are required. Some sur-
geons suggested that using vascularized fibular grafts 
can be an appropriate treatment method for ONFH. In a 
retrospective study, Aldridge et al. assessed the outcomes 
of treatment of ONFH with free vascularized fibular graft-
ing in 224 hips after an average of 4.3 years. In these pa-
tients, osteonecrosis led to collapse of the femoral head, 
but not to arthrosis. They found that the survival rate was 
67.4% for the hips, which were followed for a minimum of 
two years, and 64.5% for those which were followed for a 
minimum of five years. The mean HHS increased from 
54.5 to 81 after the operation, in whom the surgery was 
successful (1). In a systematic review, Fang et al. evaluated 
the outcomes of treating ONFH with vascularized fibular 
graft. They found that vascularized fibular graft resulted 
in good to excellent clinical outcomes in 69% of patients. 
The conversion rate to THA, collapse rate and complica-
tion rates were 16.5%, 16.7% and 23.8%, respectively. They 
concluded that vascularized fibular graft was an effective 
method in prevention of ONFH progression and collapse 
and can retard or avoid hip replacement (4). Fang et al. 
(4) concluded that vascularized fibular grafting was an ef-
fective method for treatment of ONFH, but it was associ-
ated with high complication rate. Further, when the ne-
crotic bone is removed, a large space emerges which 
cannot be completely filled with fibular graft, especially 
in those with extensive lesion. Rosenwasser et al. de-

scribed a technique in which the necrotic bone curettage 
was performed through a window in the femoral head-
neck junction and the head was filled with cancellous 
bone grafts in patients with Ficat stages II and III. They fol-
lowed the patients for a mean of 12 years and found that 
87% remained essentially symptom-free with minimal 
progression of osteoarthritis (19). Wang et al. treated non-
traumatic ONFH (stage II and III-A based on the ARCO clas-
sification) with bone impaction grafting through a win-
dow made in femoral neck (light bulb procedures) in 138 
hips. The necrotic bone was replaced using demineral-
ized bone matrix and auto-iliac bone. Patients were fol-
lowed for 25.37 months. They found that mean HHS in-
creased significantly from 62 to 79. At the latest follow-up, 
the treatment was successful in 94 hips (68%). They found 
radiologic improvement in 100% of patients with stage 
IIA, 76.67% with stage IIB, and 50.96% with stage IIC and 
IIIA. HHSs showed that excellent and good results were 
obtained in 100%, 93.33% and 59.62% of cases with stages 
IIA, IIB, and IIC and IIIA, respectively. The survival rate was 
85% in stages IIA and IIB and 60% in stages IIC and IIIA. 
There were patients with ectopic ossification, infection 
and lateral femoral cutaneous injuries. Finally, Wang et 
al. concluded that this procedure can be effective in treat-
ing patients with early to mediate stages of ONFH (9). Fur-
thermore, Zhang et al. evaluated the indications for vas-
cularized iliac bone grafting for treating the osteonecrosis 
of femoral head and operative result of surgical treat-
ment in 23 hips with osteonecrosis of femoral head who 
underwent vascularized iliac bone grafting after 31.5 
months on average. They demonstrated that vascularized 
iliac bone grafting was efficient for treatment of ONFH in 
short and middle term. They recommended the proce-
dure for patients with ONFH in ARCO stages I, IIA, IIB me-
dial and central, and IIC medial (8). In another study, 
Chen et al. retrospectively analyzed the results of vascu-
larized iliac grafting on ONFH with segmental collapse in 
33 hips with ARCO stage IIIA or IIIB. Only 8 (24%) of the 33 
hips were preserved. The survival time for all the cases av-
eraged 74 months after the operation. Eighteen of the 26 
ARCO stage-IIIA hips required THA, and the survival time 
for the hips of stage IIIA averaged 85 months. THA was 
performed for all the seven ARCO stage-IIIB hips and the 
mean survival time for the stage-IIIB hips was 35 months. 
Finally, Chen et al. demonstrated that vascularized graft-
ing with the technique described in their study was not 
appropriate for treatment of ONFH with segmental col-
lapse (3). In spite of other techniques, in the light bulb 
technique the necrotic bone can be removed nearly com-
pletely with visualization of the interior volume of the 
femoral head using fluoroscopy. In addition, we can com-
pletely fill the space of the femoral head with auto-corti-
cocancellous bone graft from the iliac crest. In techniques 
using the grafts from the fibula, the volume of the graft is 
not suitable to completely fill the femoral head space. In 
addition, it is not necessary to perform surgical disloca-
tion of the femoral head which significantly decrease 
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AVN and the invasive nature of the surgery. However, we 
found that similar to previous studies using the light 
bulb technique, patients with more advanced stages of 
ONFH benefited less from the technique and a great per-
centage of them failed to response to the surgery (35.7%), 
while the procedure resulted in satisfactory outcomes in 
earlier stages of ONFH.

Similar to other studies, there were some limitations 
in our study. We did not compare the results of our 
technique with those of other techniques. Precollapse 
stages of ONFH can be successfully treated with remov-
ing the necrotic bone and corticocancellous bone graft-
ing through a window made in the anterior surface of 
femoral neck. This technique is a useful surgical method 
to overcome the need to early THA, especially in young ac-
tive populations.
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