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ABSTRACT

Objective: This study aimed to evaluate clinical results, femoral head survival, and the need for total hip arthroplasty (THA) in patients 
with precollapse osteonecrosis of the femoral head (OFH) (Steinberg stage II and III) treated by free vascularized fibula graft (FVFG) 
application.

Methods: We retrospectively reviewed 54 hips of 47 patients (39 males, eight females; mean age 36 ± 14 years) who underwent FVFG 
due to OFH, with at least two years of follow-up. The patient data, including Harris Hip Score (HHS), Visual Analogue Scale (VAS), and 
conversion to THA, were documented. 

Results: The right hip of 26 patients and the left hip of 28 patients were involved. Bilateral FVFG surgery was performed on seven 
patients due to bilateral OFH. The mean follow-up time was 5.5 (range 2-14) years. Survival of the femoral head was observed in 
39 hips (72.2%), while the femoral head collapse was observed in 15 femoral heads (27.8%). The mean preoperative HHS increased 
from 46.5 (range = 12-85) to 86.5 (range = 33-100) postoperatively (P < 0.001). The mean preoperative VAS score improved from 8.2  
(range = 2-10) to 1.3 (range = 0-10) postoperatively (P < 0.001). THA was performed on seven hips at a mean follow-up time of 1.8 years 
(range = 0.7–3.3). There was no significant difference in the collapse rate between unilateral or bilateral OFH (P = 0.175). A higher survival 
rate was observed in the Steinberg stage II femoral head patients compared to the stage III femoral head (P = 0.021). 

Conclusion: This study has shown that FVFG surgery can be a good option for managing patients with Steinberg stage II and III precol-
lapse OFH to prevent femoral head collapse and joint function.

Level of Evidence: Level IV, Therapeutic Study

Introduction

Osteonecrosis of the femoral head (OFH) is often 
observed in the third to fifth decade of life.1 The natu-
ral course of untreated osteonecrosis is degenerative 
arthrosis, which causes progressive pain and loss of 
function in the hip.2 The goals of treatment are to stop 
the progression of osteonecrosis, prevent chondral 
collapse, and preserve the sphericity of the femoral 
head. Thus, survival of the hip joint can be achieved or 
at least total hip arthroplasty (THA) can be delayed.1,3

The first line of treatment for OFH is generally con-
servative treatment. However, conservative treatment 
sometimes fails to protect the femoral head even at 
the early stages of OFH.4 Surgeries that preserve the 
joint such as core decompression, non-vascularized 
autologous bone grafts, porous tantalum rod implanta-
tion, and osteotomies have been described; however, 
the results were described as unsatisfactory.1,2,5-7 Free 
vascularized fibular graft (FVFG) has shown good 
results in patients less than 50 years of age with 
symptomatic OFH without collapse of the femoral 
head.3,8 Free vascularized fibular graft is a biological 
reconstructive procedure that can enable the new 

bone formation and provide nutrition to the cartilage 
in the subchondral area of the femoral head.9-13 A sur-
vival rate of 59%-100% of the grafted femoral head has 
been reported.14-17

In the current study, we aimed to evaluate the effect of 
FVFG surgery on femoral head survival and the need 
for THA for Steinberg stage II and III OFH patients.

Materials and Methods

Patient selection
The current study was conducted in accordance with 
the Helsinki Declaration of Ethics, following its ethi-
cal appraisal and approval by the local ethical com-
mittee (Decision No: 1/July 17, 2017). Patients who 
underwent FVFG surgery for OFH between January 
2002 and December 2016 were retrospectively ana-
lyzed. Indications for FVFG surgery at our center 
include being age 50 years or younger, the presence of 
symptomatic OFH, Steinberg stage II-III OFH (no col-
lapse of the femoral head), the presence of intact fib-
ula in a well-perfused leg, and acceptance to not load 
the leg for 4-6 months. Contraindications are body 
mass index higher than 30 and a totally restricted hip 
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internal rotation. Inclusion criteria for the current study were the 
presence of a minimum 2-year postoperative follow-up and the avail-
ability of complete preoperative radiological evaluation, including 
hip anterior–posterior and lateral (frog leg position) x-ray and mag-
netic resonance imaging (MRI). 

Surgical technique
All patients were operated on by 2 teams using the surgical technique 
described by Urbaniak with minor modifications.14 One of the modi-
fications was that the surgery was performed in the supine position. 
A sterile tourniquet was tied to the thigh and inflated. Fibula harvest-
ing was carried out by a lateral approach with 3.5× loupe magnifica-
tion. To maintain ankle stability, the distal 7 cm of the fibula was 
preserved and 15 cm of the fibula was harvested. Thus, a minimum of 
5 cm of pedicle length was obtained. The periosteum over the fibula 
was protected. After the fibula was harvested, a drain was placed and 
subcutaneous and cutaneous layers were repaired. The facial layers 

were left open in order to prevent the development of compartment 
syndrome. 

The hip was approached via a 20 cm long, curved anterolateral (apex 
anterior) skin incision. The tensor fasciae latae was incised in a cur-
vilinear fashion (convex posterior) to allow access to the greater tro-
chanter. The vastus intermedius and lateralis were reflected from its 
origin at the trochanter major; the rectus femoris was retracted ante-
riorly to access the lateral circumflex vessels and these vessels were 
dissected. A 3 mm guidewire was placed with C-arm fluoroscopy and 
gradual reaming from 10 mm to 22 mm was carried out on the basis 
of the diameter of the fibula. The subchondral necrotic bone area 
was debrided to form a mushroom head cavity with a mace-shaped 
reamer. Bone autografts obtained by reaming of the femoral head 
and curetting from the trochanter major were placed in the cavity. 
No grafts were taken from the subtrochanteric area and trochanter 
minor in order to prevent the development of subtrochanteric frac-
tures.12 The fibula was placed with its pedicle remaining at the ante-
rior and superior position. A 4.5 mm cannulated screw was placed 
(K-wires were used for 12 hips and 3.5 mm cortical screws for 2 hips 
in the initial surgeries performed) for fixation (Figure 1, 2). Different 
from Urbaniak’s technique in which the K-wire was placed through 
2 cortices of the fibula, we fixed only 1 cortex of the fibula to tro-
chanter minor with a cannulated screw. The peroneal artery with 
its accompanying 2 vein anastomoses were attached to the ascend-
ing branch of the lateral femoral circumflex artery and its two veins 
under a microscope. 

Postoperative care
Flexor hallucis longus stretching exercises were initiated imme-
diately after surgery. Hip, knee, and ankle range of motion and 

Figure 1. a-f.  Preoperative anteroposterior radiographs (a) and T1 (b), T2 (c) coronal magnetic resonance image of a patient with Steinberg stage II osteonecrosis of femoral 
head. Anteroposterior (d) and lateral (e) radiographs and T2 (f) coronal magnetic resonance image of the patient 14 years after free vascularized fibular graft surgery.

H I G H L I G H T S

•	 Surgeries such as core decompression, non-vascularized autologous bone 
grafts, porous tantalum rod implantation, and osteotomies generally do not 
provide satisfactory results in treatment of osteonecrosis of the femoral 
head(OFH). Free vascularized fibular graft (FVFG) has shown good results 
in selected patients. This method enables new bone formation and provides 
nutrition to the cartilage in the subchondral area.

•	 This study aimed to evaluate the effect of FVFG surgery on femoral head sur-
vival and the need for THA for Steinberg stage II and III OFH patients.

•	 In a mean follow up of 5.5 years, the survival of the femoral head was 
observed in 72.2% of the patients. There were significant improvement in both 
Harris Hip Scores and pain scores postoperatively. A higher survival rate was 
observed in the Steinberg stage II femoral head patients compared to the stage 
III. The results suggest that FVFG surgery should be considered as a possible 
option for managing patients with Steinberg stage II and III precollapse OFH.
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strengthening exercises were initiated at postoperative second day. 
Partial weight was given at the third month and full weight-bearing 
was allowed at 4-6 months, depending on the case. Clinical and radio-
logical follow-up was performed at the end of 6 weeks, 3, 6, 12, 18, 
and 24 months. Subsequent follow-ups were carried out once a year. 

Clinical and radiological evaluation
Demographic data, medical history, history of alcoholism, and corti-
costeroid usage of the patients were noted. Preoperative and postop-
erative range of motions of both hips, Visual Analogue Scale (VAS) 
score, and Harris Hip Score (HHS) were noted. Pre- and post-surgery 
radiological evaluations, x-ray (anterior–posterior and frog leg posi-
tion), and MRI images were analyzed to determine Steinberg.18 and 
Ficat-Arlet1 classifications and percentage of OFH. Advancement to 
Steinberg stage IV and above was defined as collapse. Patients who 
underwent a conversion to THA after FVFG surgery were noted. 
Forty-seven patients (39 males and 8 females) met the inclusion cri-
teria of the study and 54 hips (26 right, 28 left and 7 bilateral) from 
these patients were evaluated.

At the first examination and postoperative follow-up, the contra-
lateral hip was evaluated for complaints with a plain radiograph 
and MRI. If OFH was detected at the contralateral hip, patients 
were followed-up for development of complaints and progres-
sion in radiological stage. Free vascularized fibula graft was not 

carried out in cases with Steinberg stage I osteonecrosis. Surgical 
treatment was decided according to the stage of OFH for the  
contralateral hip.

Statistical analyses
Mean, standard deviation, and ratio values were used for descriptive 
statistics of the data. The distribution of variables was determined 
using the Kolmogorov–Smirnov test. Independent sample t-tests and 
chi-square tests were used to analyze quantitative independent data. 
Fisher’s test was used when the conditions appropriate for the chi-
square test were not met. A P-value of <.05 was considered significant 
for all tests. Statistical Package for the Social Sciences software (ver-
sion 11.0, SPSS Inc., Chicago, Il, USA) was used for statistical analysis. 

Results

Free vascularized fibula graft was applied to 26 right hips and 28 
left hips. Bilateral FVFG surgery was performed on 7 patients. The 
mean age of the patients was 36 years (range: 22-50 years). There 
was a history of corticosteroid use in 30 cases, alcoholism in 3 
cases, and femoral neck fracture surgery in 1 case. Thirteen of the 
cases were idiopathic. According to Steinberg classification, out of 
54 hips, 39 (72.2%) were of stage II and 15 (27.8%) were of stage III 
OFH (Table 1). According to Ficat-Arlet classification, 39 (72.2%) hips 
were of stage IIa, while 15 hips were of (27.8%) stage IIb. According 

Figure 2. a-h.  Anteroposterior (a) and lateral (b) radiographs and T2 (c) coronal magnetic resonance image of a bilateral osteonecrosis of femoral head, right hip Steinberg 
stage II and left hip Steinberg stage III. Patient had free vascularized fibular graft (FVFG) surgery initially from right hip and 6 months later from left hip. Anteroposterior (d) 
and lateral (e) radiographs of the patient after right hip FVFG surgery. Anteroposterior (f) and lateral (g) radiographs and T2 (f) coronal magnetic resonance image of the 
patient after 3 years from FVFG surgeries.
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to the percentage of OFH, 15% and below percentage of the femo-
ral head was affected in 15 hips (27.8%), 15%-30% was affected in 
35 hips (64.8%), and 30% and above was affected in 4 hips (7.4%). 
There were no signs of osteonecrosis in the contralateral hip of 8 
patients. Osteonecrosis of femoral head was detected in both hips in 
39 patients; of these, 10 had collapsed due to OFH at the contralateral 
hip at the time of first admission. 

The mean follow-up period of 54 hips after FVFG was 5.5 years 
(2-14 years). The femoral head was preserved in 39 (72.2%) out of 
the 54 hips. Collapse was observed in the remaining 15 femoral 
heads (27.8%) over a mean period of 2.1 years (range: 0.5-7.5 years). 
Collapse was observed in 6 (15.4%) of the 39 Steinberg stage II and 9 
(60%) of the 15 Steinberg stage III femoral heads. There was no sig-
nificant difference in the rate of collapse between unilateral and bilat-
eral OFH (P = .175) (Table 2). A higher rate of survival was observed 
with Steinberg stage II compared to stage III (P = .021) (Table 3). 

Total hip arthroplasty was performed on 7 hips of 6 patients, one of 
whom had bilateral hip replacement at a mean of 1.8 years after FVFG sur-
gery (range: 0.7-3.3 years). Of the 7 patients who underwent THA, 4 had 
Steinberg stage II and 3 had stage III OFH (Table 1). 

The mean preoperative HHS was improved from 46.5 (range: 
12-85) to 86.5 (range: 33-100) postoperatively (P < .001). The mean 
preoperative VAS score was improved from 8.2 (range: 2-10) to 1.3 
(range: 0-10) postoperatively (P < .001) (Table 4).

Complications
Sensory loss was observed in 3 patients in the fibular nerve sensory 
area, which improved in 6-9 months without any intervention. Deep 
vein thrombosis occurred in 1 patient who was treated with medi-
cal therapy. Flexion contracture of the toe was seen in 2 patients 
that resolved in 2 months with passive stretching. Subtrochanteric 
fracture occurred in 1 patient on the 10th postoperative day during 
patient transport. This patient underwent open reduction and inter-
nal fixation. During the surgery of this patient, a thrombosis was 
found in the peroneal artery and vein between the fragments in the 
fracture line. Plate osteosynthesis was performed without removing 
the fibula graft and union was achieved. 

Discussion

The most important finding of this study was the 72.2% survival rate 
after 5.5 years of follow-up in patients undergoing FVFG surgery. 
Progressive collapse occurred in 15 femoral heads (27.8%) over a 
mean period of 2.1 years. Total hip arthroplasty was performed in 7 
hips (1 bilateral case) after an average of 1.8 years post-FVFG surgery. 
We observed that FVFG significantly prevented or delayed collapse 
in Steinberg stages II and III femoral heads. Femoral head survival 
after FVFG was found to be significantly higher in Steinberg stage II 
femoral heads compared to Steinberg stage III femoral heads. In this 
study, the Steinberg classification was used because it includes MRI 
findings and the size of the osteonecrotic lesion, as well as chondral 
and subchondral involvement. It also provides information about the 
location of the lesion.6

Comparing conservative treatment with core decompression, 
Stulberg et al5 showed that core decompression was more success-
ful in Ficat I, II, and III OFH patients. In the same study, femoral 
head survival in the conservative treatment group was determined 
as 20% in Ficat I, 0% in Ficat II, and 10% in Ficat III. On the other 
hand, Fairbank et  al19 reported that collapse after core decompres-
sion in OFH patients was seen after 3.3 years in Ficat III patients and 
4.8 years in Ficat stage II hips, whereas Ficat stage I showed collapse 
after an average of 9.8 years. Additionally, Steinberg et al6 performed 
total hip replacement after an average of 29 months on 113 (36%) out 
of 312 hips that underwent core decompression and cancellous grafts 
with a follow-up period of at least 2 years. Therefore, we performed 
core decompression only for Steinberg stage I (Ficat stage 1) patients.

Another treatment method is non-vascularized grafting of femo-
ral head before or just after collapse where the femoral head joint 
cartilage is relatively intact.1,20 Yildiz et  al20 obtained good/excel-
lent results in 14 of 21 hips that were treated with the lightbulb 
technique. Total hip arthroplasty was performed on 5 of the 7 hips 
with moderate/poor results. These authors recommended the appli-
cation of the light bulb technique in the early stages of OFH. Kim 
et  al21 achieved good results in 70% of a vascularized fibula graft 
group and 35% of a non-vascularized fibula graft group in a cohort of 
23 cases who were followed-up for a mean duration of 4 years. In the 
same study, 3 hips (13%) in the vascularized group and 5 hips (22%) 

Table 1.  Results of steinberg stages II and III hips managed with free vascularized 
fibular graft, incidence of collapse, and switch to total hip arthroplasty at follow-up

Steinberg Stage
Number of Hips

(%)
Collapse of the 

Hips Conversion to THA

Stage IIA 11 (20.4) 1 1

Stage IIB 25 (46.3) 3 2

Stage IIC 3 (5.6) 2 1

Stage IIIA 4 (7.4) 2 -

Stage IIIB 10 (18.5) 6 2

Stage IIIC 1 (1.8) 1 1
THA, total hip arthroplasty.

Table 2.  Statistical evaluation of unilateral/bilateral free vascularized fibular graft 
and rate of collapse

Uni/Bilateral Without Collapse Collapse of the Hips P

Unilateral 31 9
0.0175Bilateral 8 6

Total 39 15
Fischer’s exact test.

Table 3.  Statistical evaluation of the relationship between Steinberg stage and rate 
of collapse

Stage Without Collapse Collapse of the Hips P

Stage II 33 6

Stage III 6 9 0.021

Total 39 15
Fischer’s exact test.

Table 4.  Comparison of the pre- and postoperative harris hip score and visual analog scale scores

Surviving FVFG (n = 39) Collapse of Hips (n = 8) THA (n = 7) P

Preoperative Harris Hip Score 50.7 (24-81) 33.7 (18-61) 30.8 (15-48)
< 0.001Postoperative Harris Hip Score 88.1 (70-100) 63.5 (33-78) 91.5(70-99)

Preoperative VAS 7.5 (4-10) 6.7 (2-10) 9.1 (8-109 < 0.001

Postoperative VAS 0.87 (0-3) 4.8 (2-9) 0.57 (0-2)
FVFG, free vascularized fibular graft; THA, total hip arthroplasty; VAS, Visual Analog Scale.
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in the non-vascularized group were converted to THA. Additionally, 
Plakseychuk et al22 reported the 7-year survival rate of stage I and II 
OFH cases as 30% with non-vascularized fibula graft and 86% with 
vascularized fibula graft. In the current study, we observed a femoral 
head survival rate of 72.2% after FVFG. 

Stem cell therapies have been conducted for the past 20 years for 
the treatment of OFH. Hernigou et al23 reported that in a cohort of 
189 OFH cases, THA was needed in 9 out of 145 hips that were oper-
ated with autologous bone marrow grafting before collapse, whereas 
THA was necessary in 25 of the 44 hips that were operated after col-
lapse.23 There are other studies suggesting that FVFG may be suit-
able for early-stage patients with no collapse when compared to core 
decompression.24 However, currently there are no studies comparing 
stem cell therapy with FVFG surgery. In addition, we think that the 
femoral head in OFH should be supported with a structural and bio-
logically active graft.

If applied before subchondral collapse, FVFG has been reported 
to have advantages over THA, such as increased range of motion 
of the healed femoral head and the viability of the femoral head 
over the patient’s lifetime.3 In a report of 103 hips treated with 
FVFG, Urbaniak et  al14 reported a 91% survival in Marcus stage 
II and 77% in stage III femoral heads after a 5-year follow-up. Yoo 
et  al15 achieved excellent results with a survival rate of 89% with 
at least 10 years of follow-up of 124 hips with Ficat stages II and 
III osteonecrosis.15 Asymmetric bone healing,non-union between 
the necrotic bone, and the graft under the cartilage in the load-
bearing area have been reported as some of the reasons for fail-
ure, enabling the requirement for early THA.11 Even if full graft 
union after FVFG surgery is maintained, it has been reported that 
arthrosis still may develop and requirement for THA may arise 
after 8-10 years.3,9,11 Soucacos et al9 reported that of 184 hips stud-
ied, 25 had stage progression within the first 5 years and 44 within 
6-10 years. Eward et al3 reported that after FVFG in 65 precollapsed 
hips, 49 hips (75%) survived for 10 years and 39 (60%) survived for 
14.9 years (range: 10.5-26.1 years), with the mean duration of hip 
protection of 8.3 years (range: 7 months to 17 years) before conver-
sion to THA. In the current study, the best results were obtained 
in Steinberg stage II cases without subchondral collapse. Collapse 
occurred in 15 femoral heads after an average of 2.1 years. Total hip 
arthroplasty was performed in 7 hips that were symptomatic due to 
collapse at the end of 1.8 years of follow-up.

The probability of developing symptomatic avascular necrosis in 
the contralateral hip without signs of osteonecrosis is reported to 
be 7.8%. At admission, if abnormal MRI findings in the unaffected 
contralateral hip are consistent with stage I osteonecrosis, the prob-
ability of disease progression is 28%. If the unaffected contralateral 
hip has radiographic findings consistent with stages II and III osteo-
necrosis, there is an 82% possibility of radiographic or clinical pro-
gression.12 The presence of bilateral involvement negatively affects 
the results.8,15,25 A FVFG graft can be used when symptoms appear or 
when radiographic findings progress.12 For 18 bilateral OFH patients, 
Zeng et al26 applied core decompression or non-vascularized fibular 
graft to one of the hips that was at an early stage OFH and THA to the 
other hip that was at an advanced stage OFH. These authors stated 
that removal of the necrotic bone and giving the body weight to the 
side that underwent THA yielded good results. In the same study, col-
lapse was observed in both femoral heads in 2 cases and in 1 femoral 
head in 2 cases. Total hip arthroplasty was performed on 3 hips, one 
of which was bilateral. In the current study, we observed different 

levels of OFH in the contralateral hip of 39 patients (%82). Bilateral 
FVFG surgery was performed on 7 patients. Additionally, bilateral 
or unilateral application of FVFG surgery was not found to have an 
effect on collapse.

After FVFG, loss of sensation in the feet and toe flexion contracture 
has been reported as the most frequent donor site complications.27 In 
3 of the cases in the current study, the complaint of sensory loss 
due to fibular nerve traction was resolved during follow-up. The 
frequency of subtrochanteric femur fracture, which is attributed to 
excessive debridement of the trochanteric region to obtain the can-
cellous graft, was less than 1%.12,28 We observed femur fracture in one 
of our patients and treated it with open reduction internal fixation 
with plate fixation.

The main limitation of the current study is its retrospective design. 
Secondly, in our study, mean follow-up duration was less than 
10 years, which is relatively short. A prospective study with a longer 
follow-up period would be more beneficial. Additionally, the post-
operative follow-up times were heterogeneous and included both 
short and mid-term results. Finally, the current study included both 
Steinberg stage II and stage III patients, which may have affected the 
results. Application of FVFG surgery in Steinberg stage I cases may 
increase the rate of survival of the femoral head.

In conclusion, FVFG surgery was found to be a good option for 
Steinberg Stage II and III OFH patients for preventing femoral head 
collapse and preserving hip functions. 

Ethics Committee Approval: Ethics committee approval was obtained from the Local 
Ethical Committee of Metin Sabancı Baltalimanı Bone Diseases Training and 
Research Hospital (Decision No: 1/July 17, 2017).

Informed Consent: Written informed consent was obtained from all participants  
who participated in this study.

Author Contributions: Concept - K.Ö., A.Ş.; Design - K.Ö., A.Ş.; Supervision - O.O.; 
Materials - O.O.; Data Collection and/or Processing - M.B., Y.A., S.A.; Analysis and/or 
Interpretation - S.A.; Writing - K.Ö.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: The authors declared that this study has received no financial support.

References

1.	 Lieberman JR, Berry DJ, Mont MA, et al. Osteonecrosis of the hip: management 
in the twenty-first century. J Bone Joint Surg Am. 2002;84(5):834-853. 
[CrossRef]

2.	 Petrigliano  FA, Lieberman  JR. Osteonecrosis of the hip: novel approaches  
to evaluation and treatment. Clin Orthop Relat Res. 2007;465:53-62.  
[CrossRef]

3.	 Eward WC, Rineer CA, Urbaniak JR, Richard MJ, Ruch DS. The vascularized fibular 
graft in precollapse osteonecrosis. Is long-term hip preservation possible? Clin 
Orthop Relat Res. 2012;470(10):2819-2826. [CrossRef]

4.	 Mont MA, Salem HS, Piuzzi NS, Goodman SB, Jones LC. Nontraumatic osteonecrosis 
of the femoral head: where do we stand today? A 5-year update. J Bone Joint Surg 
Am. 2020;102(12):1084-1099. [CrossRef]

5.	 Stulberg BN, Davis AW, Bauer TW, Levine M, Easley K. Osteonecrosis of the femoral 
head. A prospective randomized treatment protocol. Clin Orthop Relat Res. 
1991;268(268):140-151.

6.	 Steinberg ME, Larcom PG, Strafford B, et al. Core decompression with bone 
grafting for osteonecrosis of the femoral head. Clin Orthop Relat Res. 
2001;386(386):71-78. [CrossRef]

7.	 Sugioka  Y, Hotokebuchi  T, Tsutsui  H. Transtrochanteric anterior rotational 
osteotomy for idiopathic and steroid-induced necrosis of the femoral head. 
Indications and long-term results. Clin Orthop Relat Res. 
1992;277(277):111-120.

8.	 Aldridge  JM 3rd, Berend  KR, Gunneson  EE, Urbaniak  JR. Free vascularized 
fibular grafting for the treatment of postcollapse osteonecrosis of the femoral 
head: surgical technique. J Bone Joint Surg Am. 2004;86-A(suppl 1):87-101. 
[CrossRef]

9.	 Soucacos PN, Beris AE, Malizos K, Koropilias A, Zalavras H, Dailiana Z. Treat-
ment of avascular necrosis of the femoral head with vascularized fibular trans-
plant. Clin Orthop Relat Res. 2001;386(386):120-130. [CrossRef]

https://doi.org/10.2106/00004623-200205000-00023
https://doi.org/10.1097/BLO.0b013e3181591c92
https://doi.org/10.1007/s11999-012-2429-x
https://doi.org/10.2106/JBJS.19.01271
https://doi.org/10.1097/00003086-200105000-00009
https://doi.org/10.2106/00004623-200403001-00012
https://doi.org/10.1097/00003086-200105000-00016


Öztürk et al. / Acta Orthop Traumatol Turc 2022; 56(2): 105-110

110

10.	 Judet H, Gilbert A. Long-term results of free vascularized fibular grafting for 
femoral head necrosis. Clin Orthop Relat Res. 2001;386(386):114-119. 
[CrossRef]

11.	 Malizos KN, Quarles LD, Dailiana ZH, Rizk WS, Seaber AV, Urbaniak JR. Analy-
sis of failures after vascularized fibular grafting in femoral head necrosis. 
Orthop Clin North Am. 2004;35(3):305-14, viii. [CrossRef]

12.	 Aldridge JM, Urbaniak JR. Avascular necrosis of the femoral head: role of vas-
cularized bone grafts. Orthop Clin North Am. 2007;38(1):13-22, v. [CrossRef]

13.	 Ünal MB, Cansu E, Parmaksızoğlu F, Cift H, Gürcan S. Treatment of osteone-
crosis of the femoral head with free vascularized fibular grafting: results of 
7.6-year follow-up. Acta Orthop Traumatol Turc. 2016;50(5):501-506. 
[CrossRef]

14.	 Urbaniak JR, Coogan PG, Gunneson EB, Nunley JA. Treatment of osteonecrosis 
of the femoral head with free vascularized fibular grafting. A long-term follow-
up study of one hundred and three hips. J Bone Joint Surg Am. 1995;77(5):681-
694. [CrossRef]

15.	 Yoo  MC, Kim  KI, Hahn  CS, Parvizi  J. Long-term follow-up of vascularized 
fibular grafting for femoral head necrosis. Clin Orthop Relat Res. 
2008;466(5):1133-1140. [CrossRef]

16.	 Yin S, Zhang C, Jin D, Chen S, Sun Y, Sheng J. Treatment of osteonecrosis of 
the femoral head in lymphoma patients by free vascularised fibular grafting. 
Int Orthop. 2011;35(8):1125-1130. [CrossRef]

17.	 Dailiana ZH, Toth AP, Gunneson E, Berend KR, Urbaniak JR. Free vascularized 
fibular grafting following failed core decompression for femoral head osteone-
crosis. J Arthroplasty. 2007;22(5):679-688. [CrossRef]

18.	 Steinberg ME, Hayken GD, Steinberg DR. A quantitativesystem for staging avas-
cular necrosis. J Bone Joint Surg Br. 1995;77(1):34-41.

19.	 Fairbank AC, Bhatia D, Jinnah RH, Hungerford DS. Long-term results of core 
decompression for ischemic necrosis of the femoral head. J Bone Joint Surg Br. 
1995;77(1):42-49.

20.	 Yildiz C, Erdem Y, Koca K. Lightbulb technique for the treatment of osteone-
crosis of the femoral head. Hip Int. 2018;28(3):272-277. [CrossRef]

21.	 Kim SY, Kim YG, Kim PT, Ihn  JC, Cho BC, Koo KH. Vascularized compared 
with non-vascularized fibular grafts for large osteonecrotic lesions of the femo-
ral head. J Bone Joint Surg Am. 2005;87(9):2012-2018. [CrossRef]

22.	 Plakseychuk AY, Kim SY, Park BC, Varitimidis SE, Rubash HE, Sotereanos DG. 
Vascularized compared with nonvascularized fibular grafting for the treatment 
of osteonecrosis of the femoral head. J Bone Joint Surg Am. 2003;85(4):589-596. 
[CrossRef]

23.	 Hernigou  P, Beaujean  F. Treatment of osteonecrosis with autologous  
bone marrow grafting. Clin Orthop Relat Res. 2002;405(405):14-23. [CrossRef]

24.	 Li R, Lin QX, Liang XZ, et al. Stem cell therapy for treating osteonecrosis of 
the femoral head: from clinical applications to related basic research. Stem Cell 
Res Ther. 2018;9(1):291. [CrossRef]

25.	 Berend KR, Gunneson EE, Urbaniak JR. Free vascularized fibular grafting for 
the treatment of postcollapse osteonecrosis of the femoral head. J Bone Joint 
Surg Am. 2003;85(6):987-993. [CrossRef]

26.	 Zeng Y, Qi X, Feng W, et al. One-sided hip-preserving and concurrent contralat-
eral total hip arthroplasty for the treatment of bilateral osteonecrosis of the 
femoral head in different stages: short-medium term outcomes. BMC Musculo-
skelet Disord. 2015;16(16):133. [CrossRef]

27.	 Gaskill TR, Urbaniak JR, Aldridge III JM. Free vascularized fibular transfer for 
femoral head osteonecrosis: graft and donor-site morbidity. J Bone Joint Surg 
Am. 2009;91(8):1861-1867. [CrossRef]

28.	 Aluisio  FV, Urbaniak  JR. Proximal femur fractures after free vascularized  
fibular grafting to the hip. Clin Orthop Relat Res. 1998;356(356):192-201. 
[CrossRef]

https://doi.org/10.1097/00003086-200105000-00015
https://doi.org/10.1016/j.ocl.2004.02.002
https://doi.org/10.1016/j.ocl.2006.10.012
https://doi.org/10.1016/j.aott.2016.01.001
https://doi.org/10.2106/00004623-199505000-00004
https://doi.org/10.1007/s11999-008-0204-9
https://doi.org/10.1007/s00264-010-1031-7
https://doi.org/10.1016/j.arth.2006.12.042
https://doi.org/10.5301/hipint.5000576
https://doi.org/10.2106/JBJS.D.02593
https://doi.org/10.2106/00004623-200304000-00001
https://doi.org/10.1097/00003086-200212000-00003
https://doi.org/10.1186/s13287-018-1018-7
https://doi.org/10.2106/00004623-200306000-00001
https://doi.org/10.1186/s12891-015-0583-5
https://doi.org/10.2106/JBJS.H.01105
https://doi.org/10.1097/00003086-199811000-00026

