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Long-term survival and clinical outcomes of
non-vascularized autologous and allogeneic
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osteonecrosis of the femoral head
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Abstract

Background: Osteonecrosis of the femoral head (ONFH) is a disabling disease, which often involves young
patients. Recently, various hip-preserving surgeries were recommended to delay total hip arthroplasty (THA).

Questions/purposes: This study aimed to compare clinical outcomes and survival rate in the long-term follow-up
between core decompression combined with a non-vascularized autologous fibular graft (group A) and an
allogeneic fibular graft (group B) for the treatment of ONFH.

Patients and methods: We retrospectively evaluated 117 patients (153 hips) with ONFH (Association Research
Circulation Osseous [ARCO] stages IIa to IIIc) who underwent the abovementioned hip-preserving surgeries
between January 2003 and June 2012. The mean (range) follow-up times (years) were 12.9 (7–16) and 9.3 (6–16) in
groups A and B, respectively. Clinical outcomes were assessed using the Harris Hip Score (HHS), visual analog scale
(VAS) score, and forgotten joint score (FJS). A survival analysis was performed using the Kaplan-Meier method. The
end point was THA.

Results: Groups A and B showed postoperative improvements, respectively, in HHS from 65 ± 7.2 to 80.3 ± 14.5 and
from 66 ± 5.9 to 82.4 ± 13.6 (p < 0.05), and in VAS score from 6.3 ± 1.1 to 2.3 ± 1.6 and from 6.1 ± 1 to 2.2 ± 2.2 (p <
0.05). However, no significant differences in the HHS, VAS score, and hip FJS at the last follow-up (p > 0.05) and 15-
year survival rate (84.1% and 86%, respectively, p > 0.05) were found between groups A and B.

Conclusions: Autologous and allogeneic fibular grafts can attain equally good clinical outcomes and high survival
rates in long-term follow-up, and thus can greatly delay THA owing to good bone osseointegration and sufficient
mechanical support. Notably, the ratio of failure will increase when patients were more than 37 years old.

Level of evidence: Level III, therapeutic study

Keywords: Osteonecrosis of the femoral head, Hip-preserving surgery, Autologous fibular grafting, Allogeneic
fibular grafting
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Background
Osteonecrosis of the femoral head (ONFH) is a disab-
ling disease with the process of destruction of the
femoral head, bone cell degeneration and necrosis,
subchondral bone collapse, and final articular cartilage
degeneration and osteoarthritis [1]. The peak age of
onset of ONFH was reported in young patients, espe-
cially in men in their 40s and women in their 30s,
who have reached the pinnacle of their career and
physical development [2].
Total hip arthroplasty (THA) is a preferable surgical

option for the treatment of middle-to-late-stage ONFH
[3]. However, young and middle-aged patients will
undergo one or more revisions due to prosthesis wear
and loosening [4, 5]. Hip-preserving surgeries have been
proved in many studies to be effective for promoting
blood supply reconstruction, repairing bone tissue, pro-
viding mechanical support, and preventing femoral head
collapse [6–8]. Thus, they have a broad application
prospect in the treatment of young and middle-aged pa-
tients with ONFH, including core decompression (CD),
vascularized bone grafting, free vascularized bone graft-
ing, vascularized greater trochanter flap, porous tanta-
lum rod implant, transtrochanteric rotational osteotomy,
etc. [9–12].
CD alone is a minimally invasive procedure for the

treatment of early-stage ONFH, but the outcome is
unsatisfactory owing to the lack of structural support
for the subchondral plate [13, 14]. To prevent and
treat femoral head collapse, the porous tantalum rod
is implanted after CD to provide enough mechanical
support [9]. However, studies have shown that bone
osseointegration in the porous tantalum rod was in-
ferior [15], and the survival rates in the mid-term,
long-term, and even the early follow-up periods were
low [16, 17]. Transtrochanteric rotational osteotomy
is performed to transform a necrotic area into a non-
weight-bearing area, which can reduce the intraoss-
eous pressure and provide a good repair environment
[18]. Nevertheless, this procedure also has limitations.
The operation is complicated, traumatic, and easily
damages peripheral blood vessels such as the medial
circumflex femoral artery [19]. Therefore, its popular-
ity has gradually diminished. Vascularized autologous
fibular graft is an another method for the manage-
ment of ONFH [20]. Although it can not only in-
crease the blood supply in the femoral head but also
provide mechanical support, it is limited due to the
high surgical technique, separation of arteries, compli-
cations in donor area, and uncertain efficacy [21–23].
Compared with other hip-preserving surgeries, CD

combined with fibular grafting not only provides suffi-
cient mechanical support but also possesses better bone
osseointegration [9, 22, 24]. The shape of the fibula is

straight and long, and its cylindrical structure can be in
maximum contact with the surrounding bone and match
the subchondral bone well. The fibular graft can be di-
vided into autologous and allogeneic sources. In theory,
the autologous fibula is considered superior to the allo-
geneic fibula for the following reasons: (1) As for the au-
tologous bone grafting, immunologic rejection can be
avoided. (2) Autologous bone grafting promotes a
stronger healing ability, which can better increase the
mechanical support of the subcartilage bone in the load-
bearing area of the femoral head and promote the repair
of necrotic bone. (3) It can also reduce patients’ surgical
expenses. However, the autofibular bone source is lim-
ited, and various donor site morbidities can occur [24,
25]. It was reported that CD combined with allogeneic
bone grafting can also achieve satisfactory results [26].
To our knowledge, a unified consensus still lacks on the
curative effect and survival rate of autologous and allo-
geneic fibular grafting for managing ONFH, especially in
the mid- and long-term follow-up.
We hypothesized that the clinical outcomes of non-

vascularized allogeneic fibular grafting were similar to
those of non-vascularized autologous fibular grafting.
Moreover, the treatment of early-to-middle-stage ONFH
with allogeneic fibular grafting can reduce not only the
injury but also the unnecessary discomfort in the donor
area. Therefore, the purpose of the present study was to
evaluate the therapeutic effects and survival rates of the
2 types of fibular grafting techniques, which can provide
clinical evidence for choosing the surgical plan for early-
to-middle-stage ONFH.

Methods
This study was approved by the Ethics Committee of the
First Affiliated Hospital of Guangzhou University of
Traditional Chinese Medicine and conducted in accord-
ance with the principles of the Declaration of Helsinki.
All patients undergoing core decompression with
addition of a fibular graft (allogeneic or autologous) for
ONFH by the same senior surgeon at the First Affiliated
Hospital of Guangzhou University of Traditional Chin-
ese Medicine between January 2003 and June 2012 with
a minimum 6-year follow-up were selected. The diagno-
sis of ONFH was based on history, symptoms, signs, and
radiography, computed tomography (CT), and magnetic
resonance (MR) findings. The indications for this pro-
cedure were as follows: (1) patients with symptomatic
ONFH of ARCO stage II or III, (2) those who could the
follow postoperative training programs, and (3) those
aged between 18 and 60 years. Patients were not consid-
ered candidates for the procedure if they are (1) those
with a previous history of hip surgery, (2) those with a
previous history of hip infection, (3) those with hip de-
formities, and (4) those who should continue to be
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treated with high-dose corticosteroid therapy after
operation.
After screening, 131 patients (173 hips) were included

in the present study. Among the patients, 14 were ex-
cluded for the following reasons: (1) 10 patients (16
hips) did not cooperate during follow-up; (2) 3 patients
(3 hips) needed further oral administration of large
amounts of glucocorticoids for systemic lupus erythema-
tosus; (3) 1 patient (1 hip) was considered as having
ARCO stage IV ONFH, who was eager for hip-
preserving surgery.
The remaining 117 patients (153 hips) were finally en-

rolled (follow-up rate, 89.3%), including 96 males and 21
females, with a mean age of 37.2 years (range, 18–59
years), and mean body mass index (BMI) of 24.2 ± 2.7
kg/m2. Patients who underwent CD with autologous and
allogeneic fibular grafting were assigned to groups A and
B, respectively. The autologous and allogeneic tech-
niques had been performed since 2003, and after 2007,
only allogeneic technique was performed. The mean
follow-up time was 12.9 ± 2.8 years (range, 7–16 years) in
group A and 9.3 ± 3 years (range for the patients who
did not undergo conversion surgery to THA, 6–16 years)
in group B. No significant differences in sex, BMI, etio-
logical composition, and ARCO stage were found be-
tween the 2 groups (p > 0.05). The patients in group A

were older (p < 0.05) and had longer follow-up periods
(p < 0.05) than those in group B. The operation dur-
ation, material cost, and intraoperative blood loss were
also recorded. More details are presented in Table 1. All
baseline data were preoperative.

Surgical technique
The original surgical technique was previously described
in detail [27] and partly modified by us. For group B, the
detailed steps were mainly divided into 3 parts as fol-
lows: localization, establishment of a bone canal, and
fibular grafting. First, the patient was placed in a supine
position, with a towel under the buttock to raise the
femoral head. A 5-cm-long longitudinal skin incision
was made downward along the greater trochanter for a
lateral approach to the hip. Under the C-arm monitor-
ing, a Kirschner wire was drilled into the femoral head
to reach the necrotic area of the femoral head. Then,
CD was performed up to 5 mm below the cartilage of
the femoral head to eliminate the necrotic bone effect-
ively. In the second step, 8 mm- to 12mm-sized “T”
shape hand drillers were used manually to expand the
bone tunnel. In the final step, hole was drilled in the fib-
ula with 3.0-mm Kirschner wire at the intervals of about
1 cm to increase bone growth, which was from the sur-
face of one side to the opposite side throughout the

Table 1 Comparison of baseline characteristics of group A and group B

Baseline characteristics Group A Group B p value

No. of patients (hips) 34(50) 83(103)

Age (years; mean ± SD, [range]) 41.6 ± 8 (23 to 58) 35.7 ± 10.6 (18 to 59) 0.0108

Sex (female/male) 30/4 66/17 0.303

Follow-up (years; mean ± SD, range) 12.9 ± 2.8 (7 to 16) 9.3 ± 3 (7 to 16) < 0.001

BMI (median, mean ± SD) 23.8 ± 2.9 24.4 ± 2.6 0.2755

Operation duration (min, mean ± SD) 102.3 ± 18.3 83 ± 19.5 < 0.0001

Material cost (renminbi, mean ± SD) 1080 ± 1587.1 13707.8 ± 3779.5 < 0.0001

Intraoperative blood loss (ml, mean ± SD) 169 ± 78 129.5 ± 67.2 0.0015

Etiologies (%) 0.09

Glucocorticoid 12 (35.3%) 31 (37.3%)

Alcoholic 19 (55.9%) 29 (34.9%)

Traumatic 2 (5.9%) 16 (19.3%)

Idiopathic 1 (2.9%) 7 (8.4%)

Pre-ARCO stage (n, %) 0.977

IIA 5 (10%) 9 (8.7%)

IIB 12 (24%) 21 (20.4%)

IIC 15 (30%) 37 (35.9%)

IIIA 8 (16%) 15 (14.6%)

IIIB 5 (10%) 9 (8.7%)

IIIC 5 (10%) 12 (11.7%)

Note: BMI body mass index, Pre-ARCO stage preoperative Association Research Circulation Osseous stage, SD standard deviation
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medullary cavity of fibula, and the top of fibula was
reshaped with an osteotribe to enhance matching. A
pressurizer was used for allogeneic bone granule grafting
to fill up the cavity tightly, followed by fibular grafting
along the bone canal. During the grafting, cancellous
bone was grafted layer by layer and tightly impacted in
all directions. As described by Penix et al [28], the fibula
was placed as close as possible in the lateral part of head.
For group A, the procedure used was the same as that
for group B, except for the non-vascularized autologous
fibular grafting. The osteotomy length was approxi-
mately 75% of the upper section of the fibula. Several
procedures are showed in Fig. 1.
After surgery, negative pressure drainage and intraven-

ous antibiotic prophylaxis were performed for 1 day.
Joint function exercise and muscle strength recovery was
started on the second postoperative day. All the patients
were hospitalized for around 1 week and maintained
non-weight bearing for the first 6 weeks postoperatively,
followed by partial weight bearing according to the bone
necrotic area repair in the outpatient review. The pa-
tients were asked to maintain lower extremity skin trac-
tion 12 h a day within half a year, gradually reducing it.
Total weight bearing was usually permitted in the sixth
postoperative month.

Outcome evaluation
The patients were reviewed at outpatient clinic and were
also regularly contacted by telephone and postal

questionnaire at 1, 3, 6, and 9 months within 1 year after
surgery and yearly thereafter. The Harris Hip Score
(HHS), visual analog scale (VAS) score, forgotten joint
score (FJS), and patient satisfaction level were used for
the clinical assessment. VAS was about the pain of hip
with the total scores of 10. 0 score means no pain and a
higher score means a higher level of pain. The clinical
outcomes obtained face-to-face.
The FJS was introduced by Behrend et al. in 2012 [29].

It has been proved effective, reliable, feasible, and re-
sponsive, with a small “ceiling effect,” which has signifi-
cant advantages in subjective feelings. A higher score
means a higher level of forgetting the surgical joint and
a lower level of feelings. The FJS was only recorded at
the last follow-up.
Patient satisfaction was divided into 4 levels as follows:

strongly satisfactory, moderately satisfactory, unsatisfac-
tory, and poor. Satisfaction was defined when the patient
answered “strongly satisfactory” and “moderately satis-
factory,” and dissatisfaction was defined when the pa-
tient answered “unsatisfactory” and “poor”. Postoperative
complications and patients who eventually underwent
THA or secondary hip-preserving surgery were also
recorded.

Statistical analyses
The SPSS version 23.0 statistical software was used for
all data statistics (IBM Cooperation, USA). For
intragroup analysis, a two-sided paired t test was used to

Fig. 1 a A photograph of straight and curved impaction rods in different sizes and a bone impaction instrument. b A surgical procedure of filling
cancellous bone layer by layer. c A radiograph of cancellous bone impaction grafting. d A photograph of the allogeneic fibula after drilling holes
for the purpose of enhancing bone ingrowth
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analyze the changes in normally distributed HHS and
VAS score from before to after surgery, while the Mann-
Whitney U test was used for intergroup analyses. The
survival rate was calculated using the Kaplan-Meier
method, and we defined the end point as revision to
THA. Survival subgroups were divided according to
ARCO stage and etiology. We calculated hazard ratios
(HRs) and 95% confidence interval (CI) using Cox haz-
ard proportional model to assess the HR of conversion
to THA for patients undergoing autologous or allogeneic
fibular grafts. Three multivariate models were used by
controlling categorical covariates, including age, BMI,
ARCR stage, and etiologies. Most of the abovementioned
indexes were presented as mean ± standard deviation
(SD) with or without range values. Patient satisfaction
was shown as a percentage. All statistical analyses were
considered significant when the p value was < 0.05.

Results
In the study, 117 patients (153 hips) were finally in-
cluded. The baseline characteristics of the patients are
shown in Table 1. The mean operation time was signifi-
cantly longer (102.3 ± 18.3 min vs 83 ± 19.5 min, p <
0.05) and the mean cost of surgical materials was signifi-
cantly lower (1080 ± 1587.1 renminbi vs 13707.8 ±
3779.5 renminbi, p < 0.05) in group A than in group B.
However, the mean amount of bleeding was significantly
greater in group A (169 ± 78ml vs 129.5 ± 67.2 ml, re-
spectively, p < 0.05).
The clinical outcomes are presented in Table 2. The

preoperative HHS in the 2 groups were both signifi-
cantly increased after surgery (p < 0.05) and preoperative
VAS were both significantly decreased after surgery (p <
0.05), but no significant differences in the HHS and VAS
score at the last follow-up were found between the 2
groups (p > 0.05). As for the FJS of the hips at the last
follow-up, no significant difference was found between
groups A and B (58.1 ± 24.8 vs 60.9 ± 23.3, respectively,
p > 0.05), which meant that the level of forgetting the
joint was similar. The patient satisfaction rates were 86%
in group A and 84.5% in group B.

The survival rates of 117 patients (153 hips) were cal-
culated by using K-M method. The survival rate at 5
years was better in group A than in group B (100% VS
91.2%, p = 0.032), while the survival analysis results
showed no significant difference in 10-year and 15-year
survival rate between groups A and B (p = 0.35 and
0.355, respectively; Fig. 2). The 10- and 15-year survival
rates were respectively 91.7% and 84.1% in group A, and
88.3% and 86% in group B.
In group A, 6 hips with alcoholic ONFH (12%, 6/50)

were converted to THA at a mean follow-up of 11.2
years postoperatively, including 2 hips in ARCO stage
IIB, 2 in IIC, 1 in IIIB, and 1 in IIIC. In group B, 13 hips
(12.6%, 13/103) were treated with THA at a mean
follow-up of 4.1 years postoperatively, including 2 hips
in ARCO stage IIB, 6 in IIC, 1 in IIIA, and 4 in IIIC. In
addition, 2 hips with steroid-induced ONFH (1.9%, 2/
103), which were in the ARCO IIB and IIC stages, re-
spectively, undergone a acetabular rim and femoral
osteochondroplasty due to the limited joint movements
with only mild pain at 3 and 7 years postoperatively, and
they did not convert to THA at the last follow-up. De-
tails are shown in Table 3.
The HRs for risk factors of conversion to THA for pa-

tients in group A and group B are presented in Table 4.
There were no differences in the HRs of conversion to
THA for patients undergoing autologous or allogeneic
fibular grafts in univariate analysis as well as in multi-
variate analysis (p > 0.05). In the multivariate Cox
model, the HR of conversion to THA was significantly
increased in patients who were more than 37 years old
(HR = 6.931, 95%CI = 1.996–24.074), while no differences
were found in other categorical covariates.
In group A, 3 patients were found to have weakened

strength in hallux plantar flexion and dorsiflexion on the
operative side, which was considered as indicative of a
common peroneal nerve injury. Eventually, 3 months
after surgery, 2 patients recovered, but the other patient
had not. In group B, one incision sustained exudation
and delayed union until 3 weeks after operation. A total
of 31 patients had a postoperative fever due to

Table 2 Summary of clinical assessment

Parameters Group A Group B p value
for
intergroup

Mean ± SD p value for intragroup Mean ± SD p value for intragroup

Pre-HHS 65 ± 7.2 < 0.001 66 ± 5.9 < 0.001 0.3642

Post-HHS 80.3 ± 14.5 82.4 ± 13.6 0.3821

Pre-VAS 6.3 ± 1.1 < 0.001 6.1 ± 1 < 0.001 0.2633

Post-VAS (last follow-up) 2.3 ± 1.6 2.2 ± 2.2 0.7749

Post-hip FJS 58.1 ± 24.8 60.9 ± 23.3 0.4959

Patient satisfaction (%) 86% 84.5% 0.803

Note: HHS Harris Hip Score, VAS visual analog scale, FJS forgotten joint score, SD standard deviation, N/A not available
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immunologic rejection, with a mean duration of 2.6 days,
so we extended the use of antibiotics to prevent infec-
tion while using a low-dose methylprednisolone sodium
succinate to prevent inflammation in these cases. Pul-
monary embolism occurred in 1 patient, who recovered
after treatment. In the last follow-up, in group A, 5 pa-
tients had donor numbness without pain. The percent-
age of asymptomatic donor sites was 90%. Details are
shown in Table 5.

Discussion
At present, the treatment of ONFH in young and
middle-aged patients is still controversial. Early diagnosis
is of great importance [30], and early surgical interven-
tion is effective for delaying the progress of necrosis and
osteoarthritis [31, 32]. Many surgeons are willing to per-
form hip-preserving surgeries for young and middle-
aged patients with ONFH. However, no consensus has
been reached on the effectiveness of so many hip-
preserving surgeries [9, 33]. The fibular grafting method

used in this study is also one of the hot topics in this
field of study [20].
During the period of necrosis and repair (ARCO stages

II and III), stress could be concentrated between the
necrotic and newly formed bones under the load-bearing
condition, which would lead to a mild fracture of the
bone trabecula, and affect the mechanical properties of
the bone structure and repair of the necrotic area. Fi-
nally, the necrotic bone in the load-bearing area would
collapse when the subchondral bone breaks. In view of
the treatment of patients in these 2 stages, the following
4 problems must be solved to repair the necrotic area
[34]: (1) improvement of blood flow in the femoral head
and promotion of regeneration of blood vessels; (2) ef-
fective removal of the necrotic bone; (3) reconstruction
of the cartilage in the collapsed area of the femoral head
to restore its shape and improve the matching relation-
ship between the femoral head and the acetabulum; and
(4) finally, improvement of the mechanical properties of
the femoral head and prevention of its collapse.

Fig. 2 Kaplan-Meier survival curves at 15 years with conversion to THA as the end point between groups A and B (p = 0.355)

Table 3 Summary of survival rate

Parameters Group A Group B p value

Hips converting to THA 6(12%) 13(12.4%)

Hips converting to femoral head-acetabularplasty 0 2(1.9%)

Time converting to THA (years; mean) 11.2 4.1

Time without converting to THA (years; mean) 13.1 10

Survival rate at 5 years 100% 91.2% 0.032

Survival rate at 10 years 91.7% 88.3% 0.35

Survival rate at 15 years 84.1% 86% 0.355

Note: THA total hip arthroplasty
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CD combined with autologous or allogeneic fibular
grafting can meet the 4 conditions well. The columnar
supporting material, first proposed by Phemister in 1949
for the treatment of ONFH [27], was found to increase
the rate of transformation of the structure into living
bone and decrease the incidence of collapse. Some sur-
geons preferred autologous fibular grafting, while others
were willing to perform allogeneic fibular grafting [20,
25, 26, 35].
Recently, supporting materials mainly included 3

types, namely vascularized fibula, non-vascularized fib-
ula, and tantalum rod. Vascularized fibular grafting re-
quires a free peroneal artery and anastomosis with the
lateral femoral circumflex artery [7, 23]. This surgery
can increase the blood supply in the femoral head, but

the accompanying trauma is severe. Furthermore, the
technical requirements are also high, and vascular em-
bolism may even occur among a few patients in a short
period after operation, which may conversely have a
negative effect on creeping substitution [36]. The tanta-
lum rod is a porous tantalum metal with an elastic
modulus similar to the fibula. However, in recent years,
it was found that the host bone was unable to grow in
the implanted titanium rod, resulting in further collapse
of the femoral head [17, 37]. In addition, the subsequent
THA was more difficult. Ma et al. [17] reported that
only 55 hips (52.9%) survived after porous tantalum rod
implantation in the mean follow-up of 42 months. After
retrieving the tantalum rod and femoral head for patho-
logical and electron microscopic observation, Tanzer
et al. [37] found that the failure of the tantalum rod im-
plantation was related to minimal bone ingrowth. There-
fore, the use of tantalum rods was also gradually
reduced, and fibular grafting become the mainstream
treatment [20, 38]. Nevertheless, the choice between au-
togenous and allogeneic fibular grafting has been contro-
versial in academia.
In this study, we performed CD combination with au-

tologous or allogeneic fibular grafting. On the one hand,
CD can reduce the intraosseous pressure, stimulate the

Table 4 The hazard ratios for risk factors of conversion to THA for patients undergoing autologous or allogeneic fibular grafts

Variables Model 1 Model 2 Model 3 Model 4

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Surgical methods

Autologous fibular grafts 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Allogeneic fibular grafts 1.624 (0.583–4.526)† 1.77 (0.634–4.936)† 1.897 (0.69–5.218)† 1.716 (0.615–4.786)†

Age

≤ 37 years 1.00 (reference)

> 37 years 6.931 (1.996–24.074)*

BMI

≤ 24 1.00 (reference)

> 24 2.249 (0.841–6.015)†

ARCR stage

Stage II 1.00 (reference)

Stage III 0.823 (0.312–2.173)†

Etiologies

Glucocorticoid 0.881 (0.16–4.844)†

Alcoholic 2.817 (0.623–12.739)†

Traumatic 0.395 (0.052–3.003)†

Idiopathic 0.905 (0.119–6.891)†

Note:
Model 1: Cox hazard proportional analysis without adjustment
Model 2: Multivariate Cox hazard proportional analysis including age, BMI, and ARCR stage
Model 3: Multivariate Cox hazard proportional analysis including glucocorticoid and alcoholic
Model 4: Multivariate Cox hazard proportional analysis including traumatic and idiopathic
*p < 0.05, † > 0.05

Table 5 Summary of complications

Complications Group A Group B

Common peroneal nerve injury 3(6%) 0

Incision exudation and delayed union 0 1(1%)

Postoperative fever due to immunologic rejection 0 31(30.1%)

Pulmonary embolism 0 1(1%)

Numbness and pain in the donor sites 5(10%) N/A

N/A not available
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revascularization of the femoral head, and reconstruct
the intraosseous circulation [39, 40]. On the other
hand, non-vascularized autologous and allogeneic
fibular grafting can improve the mechanical properties
[21, 22, 27]. The elimination of necrotic bone should
be effective to decrease its distribution and accelerate
new bone growth [41].
Not only were the postoperative HHS greatly

improved when compared with the preoperative levels
between the 2 surgical methods (group A: from 65 ± 7.2
to 80.3 ± 14.5, p < 0.05, group B: from 66 ± 5.9 to 82.4 ±
13.6, p < 0.05), but also the survival rates of patients
without conversion surgery to THA were satisfactory at
a mean postoperative follow-up of 13.1 years in group A
and 10 years in group B (Tables 2 and 3). In addition,
the Kaplan-Meier analysis also revealed the high survival
rate in groups A and B, indicating their great effect on
the delaying the conversion to THA. Zeng et al. [26]
retrospectively reviewed 18 patients with non-traumatic
bilateral ONFH who underwent non-vascularized allo-
geneic fibular graft in one hip and, concurrently, one-
stage THA on the contralateral side. They found that
the overall survival rate of non-vascularized fibular allo-
grafting was 77.8% at a mean follow-up period of 53.3
months. Surprisingly, although the overall survival rates
were similar, the average time of conversion to THA in
group B was 4.1 years compared to 11.2 years in group
A, which may result from the immunologic rejection
and influence the repairing environment at an early
stage in group B [32]. The patients needed revision to
THA because of the collapse of femoral head and subse-
quent development of osteoarthritis. As for the autolo-
gous fibular graft, most studies focused on vascularized
grafts for their reliable curative effect. Kawate et al. [25]
reported that the overall survival rates (71 hips) could
reach 83% at a mean follow-up of 7 years after free vas-
cularized fibular grafting for the treatment of ONFH.
They recommended that the degree of osteonecrosis
should be less than 300° of the femoral head. Some stud-
ies reported that the survival rate with vascularized fibu-
lar grafting were higher than that with non-vascularized
autologous fibular grafting, while others reported no sig-
nificant difference between the two methods. Plaksey-
chuk et al. [21] reported 86% survivorship in stage I and
II ONFH after treatment with vascularized fibular graft-
ing and only 30% survivorship after non-vascularized
fibular grafting at the mean time of 7 years. However, in
a study on large osteonecrotic lesions of the femoral
head by Kim et al. [22], no significant difference was
found in the 3-year survival rate between vascularized
and non-vascularized fibular grafts (p > 0.05). Tetik et al.
[42] demonstrated that although the clinical outcomes
of vascularized fibular grafting were better than that of
non-vascularized fibular grafting during the 1-year

follow-up, no significant radiological difference was
found between two procedures. Surprisingly, in spite of
ARCO stage II or III, survival rate of 5-year follow-up
was 100% and 10-year follow-up was 91.7% in group A.
This rate of success in the early and mid-term has rarely
been reported in other studies, ranging from 30 to 92.6%
[21, 22, 26, 32, 38]. Keizer et al [32] performed the non-
vascularized fibular allografts for 60 hips, showing a clin-
ical survival rate of 49% at 6 years and 38% at 10 years.
In our opinion, the explanation of the results of high
survival rates might be the following 3 surgical tech-
niques: (1) Enough cancellous bone was grafted layer by
layer and tightly impacted in all directions. (2) We sup-
posed that the main effect of fibular graft on was its
mechanical support but not the vascular implant, which
was consistent with the results. (3) After surgery, all pa-
tients were demanded for non-weight bearing within the
first 6 weeks and total weight bearing until the sixth
postoperative month so that there was enough time for
bone necrotic area to repair.
Compared with the allogeneic fibular graft, the au-

togenous fibular graft can better avoid immunologic re-
jection and save more medical resources and reduce
surgical costs, but its use are constrained by the limited
materials, longer operation time, and potential donor
site complications. During operation, more attention
should be paid to preserving the common fibular nerve.
Although the allogeneic fibula was derived from the allo-
geneic bone and may cause immunologic rejection, its
immunogenicity could be greatly reduced by bacterial
inactivation, marrow removal, quick freezing, etc. [43].
Postoperative immune rejection symptoms can disappear
in a short term in conjunction with intravenous adminis-
tration of a low-dose glucocorticoid [44]. In group B, 2
patients needed additional acetabular rim and femoral
osteochondroplasty. This is a surgery for treating the
femoroacetabular impingement when the ONFH pro-
gressed [45]. During the surgery, we removed the abnor-
mal bony structure of the femoral head and acetabular
rim to improve the range of motion, which can delay
THA again. There were no relative reports comparing
this procedure in the two groups. According to the
multivariate Cox model, we found no differences be-
tween HR of conversion to THA and etiologies. Yoo
et al. [46] also found survival rates were associated with
the patient’s age but not etiology and stages of ONFH.
In summary, whether performing the autologous or

allogeneic fibular grafting for young and middle-aged pa-
tients with ONFH of ARCO stage II or III is still a chal-
lenge for orthopedic surgeons because these patients
present a highly heterogeneous group with extensively
different symptoms, complaints, and expectations.
Therefore, to achieve high postoperative satisfaction, a
differentiated approach should be considered according
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to survival rates, clinical outcomes, bearable range of
economic capability for patients, material cost, length of
operation, postoperative immune rejection symptoms,
and donor site complications (Fig. 3).

Limitations
Accompanied by evident strengths, several limitations
exist in this study. First, prospective studies were cur-
rently in demand, but this was a retrospective com-
parative study. However, prospective data for long-
term follow-up are difficult to collect in a short time.
Second, the follow-up time in group A was signifi-
cantly longer than that in group B, which might have
made a difference in the outcome, but error in the
calculation of survival rates could be avoided by using
the Kaplan-Meier method. Another limitation was the
small sample size, especially in group A, which may
result in significant difference in age. Although au-
tologous and allogeneic techniques had been per-
formed since 2003, all the patients who met the
indication only underwent allogeneic fibular grafting
after 2007 owing to its excellent outcome, less inva-
siveness, and less complications, which were our early
clinical experiences. Simultaneously, medical records
before 2002 were incomplete. Finally, we focused on
the clinical survival rates but not on the radiographic
survival rates because some patients did not undergo
radiography regularly in our outpatient clinic. To
draw a more reliable conclusion, a randomized con-
trolled trial with larger samples is needed in further
study.

Conclusions
In this study, we found that more than 37 years old
will increase the ratio of failure. During the long-term

follow-up periods, CD and impaction grafting com-
bined with autologous or allogeneic fibular grafting
could achieve good clinical outcomes, which greatly
delayed the time for converting to THA, and their
long-term therapeutic effects and survival rates were
similar, which were worthy of application and
promotion.
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