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Abstract

Background: Avascular necrosis of the femoral head typically occurs in the young population. Core decompression 
in the precollapse stage provides pain relief and preservation of the femoral head. The results of core decompression 
vary considerably despite the early diagnosis. Clinicians concur that primary treatment should focus on preserving the 
natural surface of the joint. This study investigated the predictive risk factors of failure in femoral head decompression.

Methods: We retrospectively reviewed 135 patients and 207 hips (77 male (127 hips) and 58 female (80 hips)) who 
underwent core decompression (mean age: 34.7 years [age range: 21-71]) from April 2010 to December 2017. All 
patients were followed by a mean of 57 months. All hips were in the precollapse stage (Ficat I, II).  

Results: A total of 207 hips were treated with core decompression surgery, and the overall success rate was 58%. 
The higher grade of Kerboul, Ficat, ARCO classifications, multifocal avascular necrosis of the femoral head, smoking, 
opium, and corticosteroids were significantly associated with a higher failure rate after core decompression in univariate 
analysis. In multivariate logistic regression analysis, the Kerboul and Ficat classifications, alcohol consumption, and 
multifocal avascular necrosis of the femoral head were significantly correlated with core decompression failure. The 
most common predictive factors in core decompression failure were Ficat II, Kerboul stage 3, multifocal avascular 
necrosis of the femoral head, and alcohol consumption.  
 
Conclusion: In conclusion, we had an overall 58 % success rate in core decompression of femoral head avascular 
necrosis. Based on the results of this study, imaging evaluation and imaging-based classifications are the most valuable 
predictor factors for the success of core decompression. Consistent with previous reports, corticosteroid was not a 
significant predictor of core decompression failure.

Level of evidence: III
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Introduction

Osteonecrosis/avascular necrosis of the femoral head 
is a pathologic condition arising from the disruption 
of blood circulation supplying the bone. Mainly 

young patients are involved with this disorder. 1-3 Multiple 
factors, including trauma, corticosteroids, smoking, 
alcohol, rheumatoid diseases, immunosuppressive drugs, 
and many other etiologic factors, have been considered risk 
factors for developing this pathology. Avascular necrosis is 

not associated with pain or motion limitation in the early 
stages, but as the condition progresses, painful hip motion 
establishes. 4 If the ischemia is not managed timely, the 
collapse of the femoral head will be inevitable, requiring 
total hip arthroplasty. 5-13 The goal of numerous treatments  
for osteonecrosis is to halt the progression of the damage to 
prevent the collapse of the femoral head. These treatments 
range from bisphosphonate therapy, hyperbaric oxygen, 
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A total of 5 patients were lost to follow-up, and 135 
patients (207 hips) entered the analysis.

The Institutional review board (IRB) of Tehran University of 
medical sciences reviewed and approved the study protocol 
and confirmed that there was no ethical concern with the 
study (Approval Code: IR.TUMS.IKHC.REC.1396.4076)

Variables
Medical records of patients were assessed for these 

variables: 
• Demographics (age, gender, weight, height, and Body 

mass index (BMI))
• Past medical history (systemic lupus erythematosus, 

rheumatoid arthritis, lymphoma, inflammatory bowel 
disease, transplantation, and trauma)

• Drug history (weight gain agents, weight loss agents,  
corticosteroids, radiotherapy, and chemotherapy)

• Habitual history (smoking, alcohol, and opium)
• Imaging results (Ficat, ARCO, Kerboul, and multiple- 

versus uni-focal)

Classification
The first classification method used in our study was Ficat 

and Arlet system. In this classification system, stage 0 is 
defined as normal radiographs of the hip. Stage I is normal 
on radiographs but shows abnormalities on MRI. It may be 
accompanied by minor osteopenia changes. Stage II shows 
the development of sclerotic or cystic lesions categorized 
into two substages. Stage IIa reflects focal radiological 
changes, and stage IIb is associated with a crescent sign 
without femoral head flattening. Stage III is equivalent to 
flattening the femoral head or femoral head collapse while 
joint space is normal. Stage IV is femoral head collapse 
and osteoarthritis (joint space collapse and acetabular 
changes). 22 The ARCO classification system is also used to 
evaluate our cases which are demonstrated in [Table 1]. 32

electrical stimulation, extracorporeal shock wave therapy, 
bone marrow mononuclear cell implantation, core 
decompression, and eventually total hip arthroplasty. 14-21

Core decompression surgery is considered a safe and 
effective treatment for patients in precollapse stages. 
Core decompression is usually performed by drilling 
and eliminating a segment from a necrotic lesion. 22,23 
Modifications in technique have been suggested, such as 
multiple drillings, insertion of a porous tantalum implant, 
combined with bone grafting, or application of growth 
factors and bone-marrow cells. 24-30 This surgery relieves 
intraosseous pressure caused by venous congestion, 
allowing improved vascularity and possibly slowing the 
progression of the disease. 2,3,25,27,31 Despite the promising 
results of core decompression, some patients will require 
total hip replacement within 4 to 5 years. In this study, 
we aimed to investigate the risk factors associated with 
the failure/success of core decompression surgery in 
patients with femoral head avascular necrosis.

Materials and Methods
Study design

This study reviewed 140 patients (214 hips) with femoral 
head avascular necrosis who had core decompression 
surgery in our orthopedic department from April 2010 
to December 2017. The diagnosis of avascular necrosis 
was established based on radiologic evaluation and 
clinical assessment. Patients whose medical records or 
radiologic images were missing were excluded from the 
study. Radiographs such as anterior-posterior (AP) and 
lateral views and MRI scans of patients were obtained 
and re-evaluated by an expert radiologist to assess the 
required parameters of the study. The variables were 
then analyzed to determine the correlation of different 
risk factors with surgical failure. The mean duration of 
follow-up was 4.8 ± 1.2 years (range: 6 months - 8 years). 

Table 1. The ARCO international classification of osteonecrosis of the femoral head

Classification

0 biopsy results consistent with osteonecrosis; normal findings on all other tests

I Positive scintiscan or magnetic resonance image, or both

I-A < 15% involvement of femoral head

I-B 15 – 30% involvement of femoral head

I-C > 30% involvement of femoral head

II Radiographic abnormalities (mottled appearance of femoral head, osteosclerosis, cyst formation, and osteopenia); no 
crescent sign or evidence of collapse of femoral head on radiographs

II-A < 15% involvement of femoral head

II-B 15 – 30% involvement of femoral head

II-C > 30% involvement of femoral head

III Crescent sign

III-A < 15% involvement of femoral head or <2mm depression of femoral head

III-B 15 – 30% involvement of femoral head or 2 – 4 mm depression of femoral head

III-C > 30% involvement of femoral head or > 4 mm depression of femoral head

IV Osteoarthritis: Articular surface flattened radiographically and joint space shows narrowing; changes in acetabulum 
with evidence of osteosclerosis, cyst formation, and marginal osteophytes
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To assess the extent of necrosis in the femoral head, 
the Kerboul angle (combined necrotic angle) was used 
[Figure 1]. 33 To calculate this angle, the center of the 
femoral head is identified, and then two lines from this 
point to both borders of the necrotic area are drawn. The 
angle is measured on both AP and lateral radiographs. 
The sum of these two angles is the Kerboul angle, 
classified into three groups. Degrees of 160 and lower are 
considered small (Kerboul 1), degrees of 161 to 199 are 
medium (Kerboul 2), and degrees of 200 and higher are 
considered large involvements (Kerboul 3).  

The cases are also classified regarding multiple versus 
focal necrosis. Radiographs and MRIs are reevaluated for 
the detection of necrotic areas. 

Failure of core decompression
A surgical failure is defined as the presence of the 

following conditions after six months of surgery: 
1. Undergoing total hip arthroplasty due to severe 
symptoms, 2. Pain intensity of > 3 on the visual analog 
scale (VAS), and 3. Evidence of the necrosis progressing 
on imaging and further collapse.

Statistics
Statistical analysis was conducted with IBM SPSS 

version 22.0 (Chicago, IL, USA). Data are presented 
as mean ± standard deviation (SD) or frequency (%) 
whenever necessary. The Student’s t-test was used to 
compare quantitative variables in the success and failure 
groups. Multivariate regression analysis was performed 
to determine independent predictors of surgical failure. 
A P-value of <0.05 was considered significant for all tests 
(two-sided).

Results
A total of 207 hips that have been treated with core 

decompression surgery were analyzed in our study. The 
overall failure rate in our study was 78/207 (42%)cases. 

Demographics of the patients 
75/135 (56%) were males, and 60/135 (44%) were 

females. The mean age of patients in our study was 
35±5.9 years (age range: 21-71). The patients’ mean 
weight was 75±13 kg (weight range: 50-119). The mean 
height of patients was 173±9.3 cm (range: 155-90). The 
mean BMI of patients was 26 ± 2.8 kg/m2 (BMI range: 
21-38). Analysis of demographic parameters revealed no 
significant difference between success and failure groups 
[Table 2].

Past medical history
There were some factors in the history of the patients 

in our study:  systemic lupus erythematosus (24 patients, 
12%), Rheumatoid arthritis  (18 patients, 8.7%), 
lymphoma (10 patients, 4.8%), irritable bowel disease 
(4 patients, 1.9%), transplantation (13 patients, 6.3%), 
and trauma (13 patients, 6.3%). Analysis showed no 
association between past medical conditions and failure 
of core decompression surgery [Table 3]. 

Drug history
Evaluation of drug/therapy history in patients revealed 

the following results: weight gain drugs (44 patients, 
21%), weight loss drugs (7 patients, 3.4%), corticosteroids 
(115 patients, 56%), radiotherapy (1 patient, 0.4%), 
and chemotherapy (9 patients, 4.3%). Further analysis 
indicated that drugs or therapies received by patients do 
not correlate with failure except for the consumption of 

Figure 1. Kerboul angle, Kerboul angle = A+B

Table 2. Demographic factors among patients with surgical 
success and failure

Factor
Mean

P-value
Success Failure

Age 33.7±4.9 34.9±4.6 0.48

Weight 75.2±8.3 75.4±8.0 0.53

Height 172.4±6.7 172.8±7.1 0.70

BMI 25.3±4.6 25.8±4.2 0.69
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corticosteroids. The details are shown in [Table 3]. 

Habitual history
Smoking was reported by 77 (37%) patients in our 

study. Alcohol consumption was positive in 41 patients 
(20%). Opium consumption was also observed in 20 
(9.7%) patients. All these components of habitual 
history were significantly more prevalent in the failure 
group compared to successful cases. The details of these 
comparisons enlists in [Table 3]. 

Classifications based on imaging results
  A total of 65 (31%) cases were categorized as Ficat stage 

I, while 142 (69%) cases were classified as Ficat stage II 
preoperatively. Kerboul angle calculations revealed that 
66 (32%) patients in stage 1, 126 (61%) cases in stage 
2, and 13 (6.28%) cases fall into stage 3. The results of 
ARCO classification for our cases were as follows: 1A (1 
case, 0.4%), 1B (24 cases, 12%), 1C (26 cases, 13%), 2A 
(27 cases, 13%), 2B (63 cases, 30%) and 2C (66 cases, 
32%). Evaluations showed that the lesion in 

A total of 36 (17%) cases were multifocal, and 171 
(83%) were unifocal. Analysis of the correlation between 
classifications and surgery outcomes has shown a 
significant positive association between the stage of 
avascular necrosis and the failure rate of surgery. Details 
are summarized in [Table 4]. 

To control the confounding factors, multivariate 
regression analysis was performed for variables with 
significant effects in univariate analysis. The regression 

analysis results revealed that alcohol consumption, 
Kerboul class, Ficat 2A class, and multifocal cases are 

Table 3. Past medical history, drug history, and habitual history among patients in surgical success and failure groups

Risk factor Positive Negative
P-value

Failure Success Failure Success

Past medical history

 Systemic lupus erythematosus 9 (37.5%) 15 (62.5%) 78 (42.6%) 105 (57.4%) 0.63

 Rheumatoid arthritis 9 (50%) 9 (50%) 60 (38.2%) 97 (61.8%) 0.41

Lymphoma 3 (30%) 7 (70%) 66 (40.9%) 97 (59.1%) 0.52

Irritibale bowel disease 0 (0%) 4 (100%) 87 (42.9%) 116 (57.1%) 0.11

Transplantation 8 (61.5%) 5 (38.5%) 79 (40.7%) 115 (59.3%) 0.26

Trauma 6 (46.2%) 7 (53.8%) 81 (41.8%) 113 (58.2%) 0.71

Drug history

Weight gain drugs 26 (59.1%) 18 (40.9%) 61 (37.4%) 102 (62.6%) 0.15

Weight loss drugs 2 (28.6%) 5 (71.4%) 85 (42.5%) 115 (57.5%) 0.76

Corticosteroid 56 (48.7%) 59 (51.3%) 31 (33.7%) 61 (66.3%) 0.03

Radiotherapy 0 (0%) 1 (100%) 87 (42.2%) 119 (57.8%) 0.95

Chemotherapy 3 (33.3%) 6 (66.7%) 84 (42.4%) 114 (57.6%) 0.73

Habitual history

Smoking 47 (61.1%) 30 (39.0%) 40 (30.8%) 90 (69.2%) <0.0001

Alcohol consumption 30 (73.2%) 11 (26.8%) 57 (35.6%) 103 (64.4%) <0.0001

Opium consumption 17 (85%) 3 (15%) 70 (37.4%) 117 (62.6%) <0.0001

Table 4. Details of the results according to the classification of 
avascular necrosis, kerboul angle stage, and focality of the lesions

Classification Stage Failure Success P-value

Ficat
1 5 (7.7%) 60 (92.3%)

0.0001
2 82 (57.7%) 60 (42.3%)

Kerboul

1 6 (9.1%) 60 (90.9%)

0.00012 69 (54.8%) 57 (45.2%)

3 12 (92.3%) 1 (7.7%)

ARCO

1A 0 (0%) 1 (100%)

0.0001

1B 0 (0%) 24 (100%)

1C 2 (7.7%) 24 (92.3%)

2A 5 (18.5%) 22 (81.5%)

2B 29 (46.0%) 34 (54.0%)

2C 51 (77.3%) 15 (22.7%)

Multifocal
Positive 31 (86.1%) 5 (13.9%)

0.0001
Negative 56 (32.7%) 115 (67.3%)
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independently and significantly correlated with failure of 
core decompression surgery (all P-values< 0.001).

Discussion
Femoral head avascular necrosis is an insidious 

condition that results in femoral head collapse. 34 Hence, 
timely diagnosis and effective intervention to prevent 
femoral head collapse are key principles in preserving 
the joint. The type of treatment plays a critical role in the 
final outcome. One of the main factors in choosing the 
treatment choice is the success rate of the procedure and 
the risk factors affecting its outcome. Core decompression 
surgery has been considered an effective and safe choice 
among joint-preserving surgery methods. We evaluated 
the success rate of this method in our patients and the 
factors that determine the surgery outcomes. 

The primary outcome of our study was to determine the 
success/failure rate of core decompression. In our study, 
an overall success rate of 58% was achieved. Lee et al.8 
and Song et al. 24 reported 56% and 68% success rates, 
respectively. It seems that the success rate in our study 
is comparable to those reported by previous studies. In 
the next step, we assessed the success rates in different 
stages of femoral head avascular necrosis classification 
systems. The most common staging method used in the 
literature is Ficat and Arlet classification. 22 In our study, 
the success rate in Ficat I and Ficat II stages was 93% 
and 46%, respectively, which are significantly different. 
Lavernia et al. 35 also reported that success rates in Ficat 
I, IIA, IIB, and III stages were 84%, 47%, 20%, and 0%, 
respectively. 

A recent systematic review 36 on core decompression 
surgery also reported that success rates in stages I, II, 
and III were 78%, 59%, and 27%, respectively. As in 
our study, both mentioned studies also reported that 
the success rates were significantly different between 
different stages of the Ficat classification. In contrast, 
some studies claim no significant difference between 
Ficat stages regarding the success rate of surgery. Lee 
et al. 19 reported that the success rate in Ficat I and II 
stages were 67%. Song et al. 24 also reported that success 
rates in Ficat I and Ficat II stages were 79% and 77%, 
respectively. Our findings indicate that the disease stage 
is significantly correlated with surgical outcomes. Other 
classification methods also confirm these findings. 
In our study, ARCO I and ARCO II had 96% and 46% 
success rates, respectively. Kerboul 1, 2, and 3 groups 
had success rates of 91%, 45%, and 7.7%, respectively. 
Multifocal lesions had a success rate of 14%, while the 
unifocal disease was associated with a 67% success 
rate. A systematic review 36 also reported that success 
rates in ARCO I, II, and III stages were 95%, 78%, and 
52%, respectively. Further analysis of the results also 
confirmed that higher Kerboul class, Ficat 2A class, and 
multifocal lesions are independent predictors of failure. 
Evaluation of other parameters in our study revealed 
that smoking, alcohol usage, opium, and corticosteroid 
consumption are risk factors for core decompression 
failure. However, multivariate regression analysis 

indicated that only alcohol consumption was an 
independent predictor of failure. The important point 
is that corticosteroid usage in our study was not a 
significant predictor of core decompression failure. 
Various studies have evaluated the risk factors and 
predictors of surgery failure. Unlike our study, Hyodo 
et al. 37 reported that age and BMI were predictors 
of core decompression failure. Tomaru et al. 38 also 
declared that gender and BMI>23.3 kg/m2 were risk 
factors for surgery failure, while in our study, there was 
no correlation between these parameters and surgery 
outcomes. Consistent with our findings, Lavernia et al. 35 
confirmed that alcohol consumption was a predictor of 
core decompression failure but denied the correlation 
of the femoral head necrotic area with the success of 
surgery, which was proved in contrast to our findings. 
Smith et al. 39 also reported that Ficat significantly 
predicted surgical outcomes, but ARCO could not show 
any significant association. Scully et al. 40 suggested that 
age>37 years and Ficat were risk factors for failure, 
but corticosteroids were not correlated with surgery 
results. Consistent with our study, Amanatullah et al. 41 
reported that the Kerboul angle was associated with the 
rate of failure/success of core decompression surgery. 

The retrospective design of this study can be regarded 
as its main limitation. The retrospective design would 
limit the control of various parameters, which can 
confound the results. Prospective design can provide the 
researchers’ management of the dosage and duration 
of drug consumption(particularly corticosteroids and 
alcohol)by patients and assessment of the underlying 
conditions and the status of habits.

We had an overall 58 % success rate in core 
decompression of femoral head avascular necrosis. 
Based on the results of this study, imaging studies and 
imaging-based classifications are the most valuable 
predictors of the success of core decompression. The 
higher grade of the Kerboul and Ficat classifications, 
alcohol consumption, and multifocal avascular necrosis 
of the femoral head were significantly correlated with 
core decompression failure. Consistent with previous 
reports, corticosteroid consumption was not a significant 
predictor of core decompression failure.
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