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Purpose: There are no reports about bone graft and cell therapy for the osteone-
crosis of femoral head (ONFH). We prospectively evaluated the clinical results of 
auto-iliac cancellous bone grafts combined with implantation of autologous bone 
marrow cells for ONFH. Materials and Methods: Sixty-one hips in 52 patients 
with ONFH treated with bone graft and cell therapy were enrolled, and the aver-
age follow-up of the patients was 68 (60-88) months. Necrotic lesions were classi-
fied according to their size by the Steinberg method and location of necrosis. Re-
sults: At the last follow-up, the percentage of excellent or good results was 80% 
(12/15 hips) in the small lesion group, 65% (17/26 hips) in the medium size group, 
and 28% (6/20 hips) in the large size group. The procedures were a clinical suc-
cess in 4 of 5 hips (80%) of stage I, 23 of 35 hips (65.7%) of stage II, 7 of 18 hips 
(38.9%) of stage III, and 1 of 3 hips (33.3%) of stage IV grade, according to the 
Association Research Circulation Osseous grading system. Among the 20 cases 
with large sized necrotic lesions, 17 cases were laterally located and this group 
showed the worst outcomes, with 13 hips (76.5%) having bad or failed clinical re-
sults. Conclusion: The results of the present study suggested that patients who 
have a large sized lesion or medium sized laterally located lesion would not be 
good candidates for the head preserving procedure. However, for medium sized le-
sions, this procedure generated clinical results comparable to those of other head 
preserving procedures.
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INTRODUCTION

The natural history of osteonecrosis of the femoral head (ONFH) is not clearly un-
derstood, but large sized ONFH often progresses till the hip is destroyed, necessi-
tating total hip replacement arthroplasty.1-7 Although, numerous techniques have 
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Patient demographics and hospital data are summarized 
in Table 1. The average follow-up of the patients was 68 
(60-88) months. No patients were lost to follow-up. The pa-
tients were followed up every 3 months for 1 year and an-
nually thereafter. They were assessed both clinically and ra-
diographically. Clinical evaluation was performed with the 
scoring system of Merle d’Aubigne and Postel. The Merle 
d’Aubigne and Postel hip score includes the parameters of 
pain, mobility, and ability to walk, each rated from 0 points 
(worst condition) to 6 points (best condition). Total scores 
exceeding 12 points are classified as excellent, 9 to 12 as 
good and 6 to 9 as bad. Scores lower than 6 points are re-
garded as a failure. Sixteen patients (30%) had a history of 
excessive alcohol intake, 6 (12%) patients reported the use 
of corticosteroids, 6 patients (12%) had experienced trauma 
(6 patients, 12%), and 22 patients (43 %) exhibited no iden-
tifiable cause. The mean age of the patients at the time of 
the procedure was 44 years old (ranging from 19 to 66 
years), There were 38 males (73%) and 14 females.

The classification of the size of femoral head osteonecro-
sis was based on the Steinberg method.20 Twenty hips were 
classified as large lesions (necrotic lesion >30%), 26 cases 
as medium sized lesions (15% to 30%) and 15 as small le-
sions (<15%). The size of the necrotic lesion was calculated 
by multiplying the percentage of the lesion seen in the an-
tero-posterior view by that see in the lateral view using the 
magnified femoral head on picture archiving and communi-
cation system view on a section paper using hip AP, frog-
leg lateral and lateral plain radiographs. When the necrotic 
border was not clear on simple X-ray, additional magnetic 
resonance imaging findings were recruited to measure the 
size of the necrotic lesion. According to the Association Re-
search Circulation Osseous (ARCO) grading system, 5 hips 
were of stage I, 35 hips were of stage II, 18 hips were of 
stage III and 3 hips were of stage IV. 

Bone marrow aspiration & mononuclear cell harvest  
Bone marrow was aspirated from the anterior iliac crests 
with a 3 mm trocar and heparin coated 50 cc-syringes. 
Then, 110 mL of marrow was aspirated and diluted with 
the same amount of Hanks’ Balanced salt solution (HBSS: 

been introduced, there is no consensus regarding treatment 
algorithms. There are several conservative measures to pre-
serve the femoral head, but no single therapeutic method 
has proven to be effective for prevention of disease pro-
gression.8-12 Steinberg, et al.13 reported that central decom-
pression attained only a 64% success rate, and an autolo-
gous bone graft is advised to be performed simultaneously. 
The possibility has been raised that bone marrow contain-
ing osteogenic precursors implanted into a necrotic lesion 
of the femoral head may be of benefit in the treatment of 
this condition.13-19 Based on this theory, previous studies re-
ported a 94% short-term success rate after autologous bone 
marrow mononuclear cell transplantations. Currently, there 
are no mid-term or long-term follow-up results of cell ther-
apy for ONFH. As far as we know, there are no reports of 
bone graft and cell therapy for ONFH. Therefore, we per-
formed a prospective clinical and radiological evaluation of 
ONFH treated with core decompression combined with au-
toiliac bone graft and implantation of autologous bone mar-
row cells.

MATERIALS AND METHODS
　　　

Patients & evaluation 
Sixty-one hips (52 patients) diagnosed as ONFH and treat-
ed with autoiliac cancellous bone grafts combined with im-
plantation of autologous bone marrow cells were enrolled 
in this study. A diagnosis of osteonecrosis was made on the 
basis of clinical history and the appearance of lesions on 
anterior-posterior, frog-leg lateral, and lateral plain radio-
graphs, as well as magnetic resonance images. Simple X-
rays were taken at follow-up every 3 months after the opera-
tion. Radiographs were also assessed for evidence of collapse 
of the head, measured by the distance between the superior 
subchondral border of the femoral head and the head-neck 
junction. For radiologic evaluation, we used several param-
eters, such as maintenance of the joint line, congruency of 
the femur head, and changes in bony trabeculae. This pro-
spective clinical study was approved by the Institutional 
Review Board of Inha University Hospital.

Table 1.  Demographic Characteristics of the Patients
Age (yrs) F/U (months) Hospital day Blood loss (mL) OP time (mins)

Mean 43.80 57.16 19.18   456.48 135.25
Min 19 48   6   100   65
Max 66 82 32 1500 265

F/U, follow-up; OP, operation.
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nuclear cells were injected through the needle. Only partial 
weight bearing was allowed for 6 weeks after operation, af-
ter which full weight bearing was progressively allowed for 
another 6 weeks. 

Statistical analysis
Data were assessed using Wilcoxon paired samples in order 
to compare the baseline data with the values obtained 
throughout the research. SPSS statistical software (version 
11.0; SPSS, Chicago, IL, USA) was used to conduct the 
analyses. The data were considered significant at p-values 
of less than 0.05.

 

RESULTS
 

Overall, 15 hips (24.6%) had excellent clinical results, 20 
hips (32.8%) demonstrated good clinical results and 26 hips 
(42.6%) showed bad or failed results. Through the proce-
dures performed in this study, clinical success was observed 
in 4 of 5 hips (80%) of stage I, 23 of 35 hips (65.7%) of 
stage II, 7 of 18 hips (38.9%) of stage III and 1 of 3 hips 
(33.3%) of stage IV grading, according to the ARCO grad-
ing system.

Among 20 cases with preoperative severe necrotic le-
sions, 14 hips (72%) revealed bad or failed clinical results 
and 6 hips (28%) showed excellent and good results. Among 
26 cases of moderate necrotic lesions, 17 cases (65%) pre-
sented excellent to good results, while the other 9 cases 
(35%) demonstrated bad or failed outcomes. Among 15 
hips of mild necrotic lesions, a total of 3 hips (20%) result-
ed in bad or failed results, whereas the other 12 cases (80%) 
exhibited excellent or good results (Table 2). The operation 
time on average was 145.5 minutes and blood loss was 556 
mL in severe necrotic lesions (Table 3). Among 4 hips out 
of 15 with mild necrotic lesions at a lateral location, 2 hips 
exhibited bad or failed outcomes (Table 4). Eighteen hips 
out of 26 presented with medium sized lesions at a lateral 
location, among which 9 hips (50%) showed bad or failed 
results (Table 4). Among the 20 cases with large sized ne-
crotic lesions, 17 cases were laterally located and this group 

GIBCO-BRL, Grand Island, NY, USA). Ficoll-Paque Plus 
(1077 g/L; Amersham Biosciences, Piscataway, NJ, USA) 
solution was added to the same ratio. A 30-minute centrifu-
gation at 1000 G separated the mononuclear cells from the 
remainder of the marrow. The mononuclear cells were then 
collected and washed with HBSS 3 times before another 
15-minute centrifugation at 900 G. Afterwards, the mono-
nucleocyte layer was collected and 1.8 mL of phosphate 
buffered saline (Gibco, Carlsbad, CA, USA) was added to 
suspend the cells. The average density of the autologous 
marrow monocytes ranged from 16 to 52 million/mL, with a 
mean of 38±6 million/mL. The mean number of fibroblast 
colony forming units per one million nucleated cells obtained 
from each patient ranged from 18 to 73. After concentration, 
an average of 2.7×107 progenitor cells was obtained. 

Core decompression & autologous cancellous bone 
grafting 
Patients were placed on the fracture table in the supine po-
sition. Healthy cancellous bone was obtained from the iliac 
crest and made into 10×5 mm sized bone chips for trans-
plantation. Then, the approach to the necrotic head was 
made through a 4 cm sized lateral longitudinal incision at 
the area of the trochanter. Preoperative magnetic resonance 
images were used to identify the accurate site of the lesion, 
and with the aid of intraoperative image intensifiers, a guide 
pin was inserted from just distal to the greater trochanter to 
the site of the lesion. Core decompression was done by in-
sertion of a 10 mm reamer along the guide pin, and the de-
bridement of necrotic bone tissue was done using a reamer, 
a curette and Midas Rex. During this process we removed 
the necrotic bone as thoroughly as possible. Through the 
hole made with the reamer, the autoiliac cancellous bone 
chips were inserted and packed into the space in the femo-
ral head for structural strength. Then, allogenous bone chips 
were packed into the tract of the femoral neck and the bone 
defect of the trochanteric area, which was made during core 
decompression. A new drill hole was made into the femoral 
head where the autologous cancellous bone graft was done, 
and a 20-gauge long spinal needle was inserted through the 
drill hole and the harvested autologous mesenchymal mono-

Table 2. Clinical Results Classified According to the Size of the Necrotic Lesion  
Excellent and good Bad and failure Total

Large sized lesion   6 14 20
Medium sized lesion 17   9 26
Small sized lesion 12   3 15

p=0.007.
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femur head preservation. Thus, core decompression is usu-
ally combined with a variety of techniques (non-vascularized 
bone graft, vascularized fibular graft and electrical stimula-
tion) for enhancing osteogenesis  and bone repair.5,6,13,16 
Mont, et al.11 suggested that performing a trapdoor proce-
dure, which applies cancellous and cortical bone grafts to-
gether, after core decompression in ONFH patients is effec-
tive in preventing collapse of the femoral head by supporting 
the subchondral region structurally after removing osteone-
crotic lesions. 

Recently, a good amount of research is being published 
regarding the role of mesenchymal stem cells in ONFH. 
Hernigou, et al.17,18 reported that a decreased level of stem 
cell and stromal cell activity is found in femoral head osteo-
necrosis caused by alcohol and steroid consumption. Also, 
the activity of fibroblast colony forming units was decreased 
in ONFH with steroid use. This suggests that there is a de-
creased level of mesenchymal stem cell activity that leads 
to lower bone repair or redevelopment capability. Gangji, et 
al.15 reported that the proliferative rate of osteocytes sam-
pled in the trochanteric region of femoral head osteonecro-
sis was lower than that of osteoarthritis, but the proliferative 
rate of long bone was similar to osteoarthritis. Hernigou 
and Beaujean17 additionally reported that a femoral head 
conservation rate of 94% was attained at 5- to 10-year fol-
low-up by applying core decompression and autologous 
bone marrow transplantation in early femoral head osteone-
crosis. Based on the data from the present study, we con-
cluded that the most ideal method to treat the disease is by 
both removing as much necrotic bone as possible and ap-
plying bone graft with biological cellular treatment for 
structural support of the subchondral region. During stem 

showed the worst outcomes, with 13 hips (76.5%) having bad 
or failed clinical results (Table 4). Thirteen hips showed 
collapse of the femoral head more than 2 mm, after a mean 
postoperative period of 7.6 months (range 3 to 20 months). 
In cases of excellent or good clinical results, the mean Merle 
d’Aubigne and Postel score improved from 11.6 points pre-
operatively to 15.5 points at the time of the final follow-up. 
Additionally, the mean pain score improved from 3.8 to 5.3 
points. The mean mobility score improved from 3.8 to 5.1, 
and the mean walking ability score improved from 4.0 to 5.1. 

DISCUSSION

The natural history of ONFH is not clear, but 60% of cases 
of femoral head osteonecrosis without symptoms eventual-
ly become symptomatic and 70 to 80% require total hip ar-
throplasty.1-6,21 The pathogenesis of ONFH is not clearly un-
derstood. Decreased femoral head blood flow can occur via 
three mechanisms: vascular interruption, extravascular com-
pression and thrombotic occlusion. Intraosseous hyperten-
sion causes microvascular occlusion, resulting in nutrient 
artery occlusion, and finally accelerates the progression of 
osteonecrosis. Therefore, elevated pressure in the femoral 
head plays not only a critical role in early diagnosis of ONFN, 
but also in disease progression. Core decompression less-
ens pain by lowering the high pressure in the femoral head, 
and also regenerates the circulation compromised by such 
high pressure, thereby stimulating bone regeneration.22-26 
However, structural regeneration after core decompression 
is incomplete. Koo, et al.9 claimed that core decompression 
causes only symptomatic relief of pain, but has no effect on 

Table 3.  Classification of Demographic Characteristics According to Necrotic Lesion Size
Small Medium Large

Age (yrs)     37.60     42.10     46.83
Follow-up (months)   56.4   61.3   54.9
Hospital day   13.2   17.3   22.7
Blood loss (mL) 254.5 315.7 556.5
OP time (mins) 152.7 133.6 145.5

OP, operation.

Table 4.  Location of Necrosis According to Clinical Outcomes in Large, Medium and Small Sized Necrotic Lesions
Large,  p=0.003 Medium,  p=0.01 Small,  p=0.02

Excellent & Good Bad & Failed Excellent & Good Bad & Failed Excellent & Good Bad & Failed
Medial 0   0   1 0   4 0
Central 2   1   7 0   6 1
Lateral  4 13   9 9   2 2
Total    6 14 17 9 12 3
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preoperative lesions demonstrated unfavorable outcomes. 
However, for medium sized lesions, this procedure may 
provide clinical results comparable to those of other head 
preserving procedures (Figs. 1-4). 

A limitation to this study is that it was not a comparative 
study. Thus, we were unable to clarify the roles of each pro-
cedure (core decompression, bone graft and stem cell injec-
tion). Also, being unable to prove the mechanism of regen-
eration by stem cell implementation was another limitation.
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