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A B S T R A C T

Free vascularized fibular grafting was reported a favorable method to prevent the collapse of the femoral head.
This study analyzed the mid- to long-term outcomes of avascular fibular grafting (AVFG) for osteonecrosis of the
femoral head (ONFH) with 6- to 8-year follow-up. From March 2009 to March 2012, 34 patients (48 hips) were
diagnosed with ONFH operated with AVFG in Jiangsu Province Hospital of traditional Chinese Medicine. We
retrospectively reviewed the clinic outcomes of these patients and evaluated the differences in outcomes by di-
verse stages [Association Research Circulation Osseous (ARCO)] and types [China–Japan Friendship Hospital
(CJFH) classification] annually. The hip survival rate, Harris hip score (HHS), activity level and imaging stability
were calculated. The average follow-up time was 6.7 years. At the last follow-up, 34 of 48 hips survived totally.
According to the ARCO stage, the overall clinical success rate for hip preserving were 76.0% (19/25) in II stage,
85.7% (12/14) in IIIA stage and 33.3% (3/9) in IIIB stage. Referring to the CJFH classification system, the hip
survival rate were 100% (2/2) in M type , 90.9% (10/11) in C type , 77.8% (14/18) in L1 type , 57.1% (8/14) in
L2 type and 0% (0/3) in L3 type. The mean visual analog scale (VAS) score, HHS and Western Ontario
McMaster Osteoarthritis index (WOMAC) were significantly improved at the final follow-up compared with pre-
operative values (P< 0.001). The AVFG operation can increase the hip function and improve patients’ lives qual-
ity. The mid- to long-term efficacy can satisfy fundamental life requirements, especially for those early-stage and
small-scale patients who suffer ONFH to avoid or put off the time of total hip arthroplasty surgery.

Osteonecrosis of the femoral head (ONFH) is often with a
progressive course, which primarily affects young adults
and finally necessitates total hip arthroplasty (THA) [1]. It
is estimated that there are �8.12 million people over the
age of 15 with ONFH in China [2]. Various treatment pro-
tocols for ONFH have been attempted with diverse thera-
pies and prognoses, such as medullary core
decompression, hip arthroscopy, tantalum rod implant-
ation, fibular support surgery, osteotomy, cell-based treat-
ments and some medicines for instance bisphosphonate
[3–6]. Nevertheless, it is no doubt that the preservation of
the femoral head for several years or more remains the
main goal of treatment for young patients.

In recent years, the free vascularized fibular grafting
(FVFG) has been shown as a valuable operation for deal-
ing with ONFH by providing revascularization, mechanical
support and dynamic cells to the femoral head [7]. The
traditional technique of this surgical management of
ONFH, in which the vascular pedicle is dissected prior to
osteotomy in the harvest of the vascularized fibular graft,
the process may have some disadvantages including in-
crease of surgery time, microvascular anastomosis and risk
of the proximal femoral fracture [8].

Avascular fibular grafting (AVFG) for ONFH was used
widely in the past two decades [9]. The advances of this
operation included smaller trauma(without vascular
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anastomosis and usually use the allograft), simple technol-
ogy, less complications and lower expense [10].
Researchers had reported the outcomes of a vascularized
fibular grafting but the outcomes were various. Tetik et al.
[11] found that the group treated by vascularized fibular
grafting had significantly higher Harris hip score (HHS)
and visual analog scale (VAS) score than the ones treated
by non-vascularized fibular grafting in the mean follow-up
of 12 months. Jie et al. [12] reported that autologous and
allogeneic fibular grafts can attain equally good clinical out-
comes and high survival rates in long-term follow-up.
Plenty of literature researches reported that with choosing
strictly indications the AVFG might have ideal clinic out-
comes as well as FVFG [13]. Chen et al. [13] conducted
research regarding a analysis of the necrosis of femoral
head with Ficat II that had underwent Non-vascularized
bone grafting operation for the treatment. At the final fol-
low-up, 44 patients showed 81.8% of 7-year survival rate
using conversion to THA as the end point. Another
scholar compared the autograft implantation to the bone
grafting through fenestration over femoral head and neck
with an 8–40 months’ follow-up. Stage II B–IIIA according
to the classification system of Association Research
Circulation Osseous (ARCO) were selected in this study.
At the last follow-up, the Harris hip aggregate score, pain
score and range of motion score of patients under auto-
graft implanting were all significantly superior to the bone
grafting group [14]. Just like the study above, our experien-
ces of clinical treatment showed that with thoroughly clear-
ing the sequestrums and tightly impacted bone grafting,
the AVFG operation can provide potent supporting for the
femoral head to avoid the femoral head collapse. Our study
aimed to assess the medium- to long-term clinical and
radiological outcomes for this sort of surgery in patients of
ARCO Stage II –IIIB and explore the optimum indications
of this operation.

M A T E R I A L S A N D M E T H O D S
We retrospectively reviewed our database of Jiangsu
Province Hospital of Traditional Chinese Medicine during
March 2009 to March 2012 and identified 34 patients with
48 AVFG operations, whose stage were at ARCO Stage II
–IIIb of ONFH. Patients this study included were
<55 years. All patients treated with using the same stand-
ard instruments and all operations were performed by a
single, experienced surgeon. The patients included in the
study consisted of 29 males with 40 hips and 5 females
with 8 hips. Pathogenic factors included using glucocortic-
oid continuously, long-term alcohol consumption, trauma,
hypercoagulable state (such as anticardiolipin antibodies
syndrome) and idiopathic cases. Functional disorder of hip

and hip pain occurred in all patients. The diagnosis of
ONFH was based on symptoms, physical signs, previous
relative medical history and relevant risk factors. In add-
ition, anteroposterior (AP) and frog-leg lateral (FL) views
of bilateral hip, computed tomography (CT) and magnetic
resonance image were generally used in each patient to
confirm the diagnosis and to refine the type. Diagnostic
criteria are ‘Guidelines for the Clinical Diagnosis and
Treatment of adult femur head necrosis (2019 edition)’
[15]. The survivorship was equal to the total percentage of
the patients who remained in good condition and did not
need to undergo the THA. The patients’ background and
details are listed in Table I. The study was approved by the
Clinical Trials and Biomedical Ethics Committee of
Affiliated hospital of Nanjing University of Chinese
Medicine, and written informed consent was obtained
from all participants. All experiments were performed in
accordance with relevant guidelines and regulations.

Surgery was all performed under general anesthetic.
Each patient was positioned supine with a bolster under
the ipsilateral buttock. After skin preparation and sterile
draping, a 7- to 8-cm length of incision along the Watson–
Jones approach upper to the greater trochanter was per-
formed. Once the greater trochanter was exposed, we

Table I. Demographic characteristic of the patients

Parameters Average (range)

Total number 34 patients (48hips)

Age (years) 36. 97 (20–54)

Body mass index (kg/m2) 23.32 (18.8–27.5)

Gender (male/female) 29/5

Classification

ARCO

Stage II 25

Stage IIIA 14

Stage IIIB 9

CJFH

M 2

C 11

L1 18

L2 14

L3 3
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performed the core decompression of the femoral head.
Two centimeter down-ward to the tip of the greater tro-
chanter, we inserted a 2.5 mm Kirschner pin toward anter-
ior-lateral necrotic area of the femoral head till 0.5 cm
underneath the subchondral bone. When the Kirschner pin
positioned correctly under the C-arm X-ray machine, we
detected the length of Kirschner pin inserted in the fem-
oral neck and head, a matched self-designed hollow reamer
was used to broach the tunnel along the pin till 0.5 cm
below the subchondral bone. We applied different diam-
eter of ‘T’ shape hand driller to broach the tunnel to 10–
12 mm which was determined by the allograft non-vascu-
larized fibular bone maximal breadth. The necrotic bone
must be removed along the tunnel with a curet, especially
in the lateral loading area. Subsequently, we performed
tightly impaction bone grafting to the necrotic area with
allogeneic bone granule which was loaded into a self-
designed plugger. The crucial techniques of tightly impac-
tion bone grafting were layer-by-layer and 360�impaction
with differing sizes of straight and curved head impaction
rod. The standard criterion of complete impaction bone
grafting was that the density of the necrotic bone was
equally increased and restoration of the femoral head nor-
mal shape under C-arm. Before allogeneic fibular implant-
ation, we drilled bi-cortical crossed holes at 0.5 mm
interval vertical to the axial of the allograft fibular with
2 mm Kirschner pin which was considered to be beneficial
to the new formed repair bone creeping substitution
(Fig. 1). And the tip of the allograft fibular was blunt and
40� slope processed with bone file which can decrease the
mechanical stress through the increasing bony contact.
The predisposed allograft fibular was inserted tightly into
the well-prepared tunnel with the impaction rod till 0.5 cm
below the subchondral bone through fluoroscopy and the
protrude end was trimmed with bone rongeur. We closed
the incision after complete sterile saline solution wash
which prevent the heterotopic ossification in the surgical
site and keep the drainage tube for 2 days. Weight-bearing
was strictly prohibited after surgery and the quadriceps and
iliopsoas muscles were trained in bed. X-ray was taken after
3 months for reexamination. If the internal structure of
femoral head was stable, partial load can be carried out
with a walking aid. Six months after surgery, the full
weight-bearing was permitted.

Statistical analysis
The pre- and post-treatment data within the same group
were compared statistically using the Kruskal–Wallis test
and Kaplan–Meier method. The data are represented by
medians and CIs. All data were processed through

SPSS16.0 and P values < 0.01 were considered as statistic-
al significance.

R E S U L T S
A total of 34 hips performed well in all 48 hips followed
up, which arthroplasty surgery was not required in the
short term. Most of the femoral heads with successful hip
preservation showed stable repairing in the head. About
half (14/34) of the imaging showed slight collapse (�1
mm), but with no clinic symptoms. These femoral heads
were characterized by slight collapse, but the subchondral
bone is well bonded to the repair area and is therefore
structurally stable. All the hip joints with good efficacy had
significant high density repair bands in the compression
zone of bone graft. The restoration band edges were well
integrated with the surrounding bone trabeculae, and there
were no obvious bright lines around the restoration zone
(Fig. 2). The proportion of imaging stable repair was well
correlated with pre-operative China–Japan Friendship
Hospital (CJFH) classification and was also associated
with ARCO stage and necrotic area [16, 17].

During an average of 6.7 years follow-up, Kaplan–Meier
survival curve of the patients included in this study was
consistently associated with pre-operative ARCO stage
(Fig. 3). At 2 years follow-up, patients of ARCO stage
were without fail completely. But, the survival rate of hips
in this study was not exactly presenting positive correlation
with ACRO stage. At the last follow-up, depending on the
ARCO stage, the hip survival rate were 76.6% (19/25) in
II stage, 85.7% (12/14) in IIIA stage and 33.3% (3/9) in
IIIB stage (Table II). When compared with ARCO stage,
Kaplan–Meier survival curve of hip joint during follow-up
in this study had a better correlation with pre-operative
CJFH classification system (Fig. 4). Referring to the CJFH
classification system, the hip survival rate were 100% (2/2)
in M type, 90.9% (10/11) in C type , 77.8% (14/18) in L1
type , 57.1% (8/14) in L2 type and 0% (0/3) in L3 type at
the last follow-up (Table II).

After AVFG, the majority of patients reported consider-
able relief of hip pain at night and better hip motion in
daily activity and work. We found that the VAS score,
HHS and Western Ontario McMaster Osteoarthritis index
(WOMAC) of the patients were significantly improved
compared with pre-operation (Table III). VAS scores were
improved from 2.9 to 1.45 on average. And the overall
HHS scores were improved from 51.5 to 85.5 on average
at the last follow-up. The patient obtained significant im-
provement in pain and good hip function in all directions
what the patient expects. In this study, pain was the main
factor leading to failure of hip preservation, followed by
decreased painless activity ability, especially the painless

P. Yuan et al.•276



walking distance <200 m, which was disastrous for rela-
tively young patients. During multiple post-operative fol-
low-up visits, we found that the average Harris score of
patients within 4 years decreased with the extension of fol-
low-up time, and all failed hip preservation (14/48) under-
went hip replacement within 4 years after surgery.
However, no more hip preservation failure occurred from

4-year follow-up to the last follow-up in our study, and dur-
ing this period the Harris score was basically stable
(Fig. 5). Since some of the patients in this study had bilat-
eral disease, any lesions on either side may affect pain and
motor function score, causing Harris score to be interfered,
so we conducted the intra-operative hip joint mobility sep-
arately, and evaluated the level of post-operative joint

Fig. 1. The density of compression implant should exceed the surrounding cancellous bone (arrow, a). The hole was drilled with
Kirschner’s needle (arrow, b), Fill the outside of the passage to make it jam (arrow, c).

Fig. 2. The patient’s pre-operative AP/FL film showed obvious sclerosing zone (A, B).6 years after surgery, no collapse was found,
and a high-density restoration zone was found (C, D).CT shows that the implant has formed good integration with the surrounding
bone (E).
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Fig. 3. Kaplan–Meier survival curve according to ARCO stage.

Table II. Difference of survivorship among the groups

Groups Surviver/total Survival rates Averagea SD 95% CI

ARCO

Stage II 19/25 76.0% 6.720 0.461 (5.816, 7.624)

Stage IIIA 12/14 85.7% 7.214 0.517 (6.201, 8.227)

Stage IIIB 3/9 33.3% 4.111 0.922 (2.304, 5.919)

Totality 34/48 70.8% 6.375 0.369 (5.652, 7.098)

CJFHb

M 2/2 100.0% – – –

C 10/11 90.9% 7.455 0.520 (6.435, 8.474)

L1 14/18 77.8% 6.778 0.542 (5.716, 7.840)

L2 8/14 57.1% 5.643 0.740 (4.193, 7.092)

L3 0/3 0.0% 2.333 0.333 (1.680, 2.987)

Totality 34/48 70.8% 6.304 0.381 (5.557, 7.052)

aIf the estimate is limited, the maximum survival time is limited.
bThe CJFH M group survival rate was 100% which could not be calculated and was excluded.

Fig. 4. Kaplan–Meier survival curve according to CJFH classification.
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activity by percentage method to reflect the degree of joint
matching. The results showed that the level of post-opera-
tive hip joint activity was significantly improved (Fig. 5).

D I S C U S S I O N S
Postponing or avoiding hip replacement has positive sig-
nificance in younger patients with femoral head necrosis.
At present, it is believed that the femoral head necrosis is
difficult to complete the self-repair by two main factors:
blood transport disorder and mechanical collapse [18].
Based on this pathophysiological understanding, it is obvi-
ous that the main objective of hip preservation surgery
should be to restore blood flow in the head and maintain
mechanical stability.

In hip preservation operation methods, free vascularized
fibular graft is considered to provide good arterial blood
supply in the head through anastomosis of vessels while
providing support. The clinical efficacy of this surgery had
been reported in many literatures, but its efficacy varies
greatly among different reports. The reason for this

difference may be that the surgical method has higher
requirements on the surgical technique and the surgeons’
different understanding of indications. At present, it is rela-
tively certain that the early- and middle-stage femoral head
necrosis before collapse may have higher intermediate and
long-term success rate [19]. William et al. used vascular-
ized fibular graft in a clinical study on long-term efficacy of
femoral head necrosis in the early and middle period be-
fore collapse. Among them, 49 of 65 hips (75%) had sur-
viving for at least 10 years. At last follow-up, 39 of 65 hips
(60%) had surviving FVFG, with a mean graft survival
time of 15 years (range, 10.5–26.1 years). In total, 26 of
the 65 hips with FVFG (40%) underwent conversion to
THA at a mean of 8 years post-operatively [20]. Another
large sample clinical study using a vascularized fibular graft
for early to mid-late femoral head necrosis, a total of 407
patients (518 hips) were included. The follow-up ranged
from 3 to 10 years with an average of 5.0 years. In compari-
son with the pre-operative data, the radiographic evalu-
ation showed no changes in 255 patients (331 hips,

Table III. Baseline and outcomes of the last follow-up

Variable Pre-operation (range) Last follow-up (range) p values

VAS score 2.7 6 0.4 (2.0–3.5) 1.4 6 0.92 (0–2.8) p< 0.001

Hip Harris score 53.33 6 8.28 (41–73) 83.41 6 6.62 (73–93) p< 0.001

WOMAC

Pain 20.27 6 4.60 (12.6–27.5) 10.56 6 3.99 (5.5–18.4) p< 0.001

Stiffness 4.96 6 2.89 (0–10.0) 3.29 6 2.35 (0–8.0) P¼ 0.006

Function 110.97 6 19.50 (80.0–143.0) 74.95 6 19.45 (45.0–120.0) p< 0.001

Except stiffness *p = 0.006, other p<0.001.

Fig. 5. Relationship between Harris score and follow-up time (green-dotted line). Relationship between Harris activity level and fol-
low-up time (yellow-dotted line).
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57.3%), improvement in 116 patients (195 hips, 33.7%)
and progression in 36 patients (52 hips, 9.0%). Among the
patients with progression status, 20 patients (23 hips) had
THA [21]. In this study, we used the minimally invasive
AVFG treating the ARCO Stage II –IIIB patients, for an
average follow-up of 6.7 years, the total survival rate
reached 70% (34/48).6 of the 14 collapse cases were IIIB
stage, to eliminate which the success rate reached 79.5%
(31/39). According to the CJFH classification, in addition
to the full head necrosis of the L3 type all three cases con-
firmed failure (which three cases were all ARCO IIIB
stage), the overall hip preservation success rate of other
types reached 75.5% (34/45). These data above were not
inferior to those with vascularized fibula grafts. Therefore,
for the advanced femoral head necrosis with incomplete-
head type, the avascular allograft fibular transplantation
may achieve the same good long-term hip preservation ef-
fect as the vascular fibular transplantation, and has the
advantages of less trauma, shorter operative time and fewer
complications.

In this study, we found that in general, the mid- to
long-term success rate of hip preservation by using a vascu-
larized fibular was relatively ideal. The main factor affecting
clinical efficacy were choosing suitable indications.
According to this study, based on the ARCO stage, the
mid- to long-term success rate of hip preservation were
IIIA>II >IIIB. The cause of Stage IIIA had a better cura-
tive effect than that of II may due to dead bone cleaning
scope of this surgery was relatively small and the effectively
support area of fibula was limited. In addition, the granule
bone grafting may has an advantage for small-scale bone
repair. By radiographic follow-up, we found that although
the IIIa stage had been a slight collapse under the cartilage,
but by clearing the dead bone and pressing the bone graft
tightly, the collapse of the cartilage surface can be restored
to a certain extent, and long-term stability can be achieved
in imaging. Therefore, this surgery can still obtain ideal
curative effect for patients which had mild collapse but
with relatively small necrosis area. The success rate of hip
preservation based on CJFH classification was M>C >
L1> L2> L3. Necrosis of the lateral column and large
area of necrosis were main factors associated with poor
prognosis. Three patients of type L3 with extensive femoral
head necrosis all had hip replacement within 2 years. We
do not recommend this surgery for these patients.

C O N C L U S I O N S
The AVFG operation can increase the hip function and
delay the disease progression. For proper indications and
understanding key points, the operation has ideal mid- to
long-term clinical effect. At the same time, compared with

vascularized fibular graft, this operation is relatively simple
and the complications are seldom.
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