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Abstract
Background Osteonecrosis of the femoral head (ONFH) is a disabling disease, which often involves
young patents. 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 �bular graft (group
A) and an allogeneic �bular 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 above-mentioned 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, 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 signi�cant 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 group A and B.

Conclusions Autologous and allogeneic �bular 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 su�cient mechanical support. Notably, the ratio of failure will increase when
patients were more than 37 years old.

Level of Evidence Level III, therapeutic study.

Background
Osteonecrosis of the femoral head (ONFH) is a disabling disease with the process of destruction of the
femoral head, bone cell degeneration and necrosis, subchondral bone collapse, and �nally, articular
cartilage degeneration and osteoarthritis[33]. The peak age of onset of ONFH was reported in young
patients, especially in men in their 40 s and women in their 30 s, who have reached the pinnacle of their
career and physical development[8].

Total hip arthroplasty (THA) is a major surgical option for the treatment of middle-to-late-stage ONFH
[30]. However, young and middle-aged patients will undergo one or more revisions due to prosthesis wear
and loosening [1, 25]. Hip-preserving surgeries have been proved in many studies to be effective for
promoting blood supply reconstruction, repairing bone tissue, providing mechanical support, and
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preventing femoral head collapse [18, 34, 41]. Thus, they have a broad application prospect in the
treatment of ONFH in young and middle-aged patients, including core decompression (CD), vascularized
bone grafting, free-vascularized bone grafting, vascularized greater trochanter �ap, porous tantalum rod
implant, transtrochanteric rotational osteotomy, etc[33, 36, 39].

CD alone is a minimally invasive procedure for the treatment of early-stage ONFH, but the mid- and long-
term follow-up outcome is unsatisfactory owing to the lack of structural support for the subchondral
plate[21]. To solve the problem of preventing or treating femoral head collapse, a porous tantalum rod is
implanted after CD to provide enough mechanical support[33]. However, studies have shown that bone
osseointegration with the porous tantalum rod was poor[6], and the survival rates in the mid-, long-term
and even the early follow-up periods were low[7, 17]. Transtrochanteric rotational osteotomy is performed
to transform a necrotic area into a non-weight-bearing area to reduce the intraosseous pressure and
provide a good repair environment[28]. Nevertheless, the procedure also has limitations. The operation is
complicated and traumatic, and easily damages peripheral blood vessels such as the medial circum�ex
femoral artery[29]. Therefore, its popularity among clinical surgeons has gradually diminished.
Vascularized autologous �bular graft is an another method for the management of ONFH[13]. Although it
can not only increase the blood supply in the femoral head but also provide mechanical support, it is
limited due to the high surgical technique, separation of arteries, complications in donor area and
uncertain e�cacy[2, 12, 24].

Compared with other hip-preserving surgeries, CD combined with �bular grafting not only provides
su�cient mechanical support but also possesses better bone osseointegration[4, 12, 33]. The shape of
the �bula is straight and long, and its cylindrical structure can be in maximum contact with the
surrounding bone and can match the subchondral bone well. The �bular graft can be divided into
autologous and allogeneic sources. At present, in theory, the autologous �bula is considered superior to
the allogeneic �bula for the following reasons: (1) With autologous 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 the repair and reconstruction of necrotic bone. (3) It can reduce patients’ surgical expenses more.
However, the auto�bular bone source is limited, and various donor-site morbidities can occur[4, 10]. It was
reported that CD combined with allogeneic bone grafting can also achieve satisfactory results[40]. To our
knowledge, a uni�ed consensus is still lacking on the curative effect of and survival rate with autologous
and allogeneic �bular grafting for the management of ONFH, especially in the mid-long-term follow-up.

We hypothesized that the clinical outcomes of non-vascularized allogeneic �bular grafting were similar to
those of non-vascularized autologous �bular grafting. Thus, the treatment of early-to-middle-stage ONFH
with allogeneic �bular grafting can reduce not only the injury but also, to a great extent, the unnecessary
discomfort in the donor area. Therefore, the purpose of the present study was to evaluate the therapeutic
effects and survival rate with the 2 types of �bular grafting techniques, which can provide clinical
evidence for the choice of surgical plan for early-to-middle-stage ONFH.
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Methods
This study was approved by the Ethics Committee of the First A�liated Hospital of Guangzhou University
of Traditional Chinese Medicine and conducted in accordance with the principles of the Declaration of
Helsinki. All patients undergoing core decompression with addition of a �bular graft (allogeneic or
autologous) for ONFH by the same senior surgeon at the First A�liated Hospital of Guangzhou University
of Traditional Chinese Medicine between January 2003 and June 2012 with a minimum 6-year follow-up
were selected. The diagnosis of ONFH was based on history, symptoms, signs, and radiography,
computed tomography (CT), and magnetic resonance (MR) �ndings. The indications for this procedure
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
considered candidates for the procedure if: (1) patients with a previous history of hip surgery, (2) those
with a previous history of hip infection, (3) those with hip deformities, and (4) those who should continue
to be 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
excluded 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 erythematosus; (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 �nally enrolled (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 �bular grafting were
assigned to groups A and B, respectively. The autologous and allogenic techniques had been performed
since 2003, and after 2007, only allogenic technique were 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 signi�cant differences in sex, BMI, etiological
composition, and ARCO stage were found between 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 duration,
material cost, intraoperative blood loss were also recoreded. More details are presented in Table 1. All
baseline data are preoperative.
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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 (minutes, 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; ml = milliliter; SD = standard deviation

 

Surgical Technique



Page 7/22

The original surgical technique was previously described in detail[23] and partly modi�ed by us. For
group B, the detailed steps were mainly divided into 3 parts as follows: localization, establishment of a
bone canal, and �bular 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 monitoring, 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 effectively. In the second
step, 8mm- to 12mm-sized“T” shape hand driller were used manually to expand the bone tunnel. In the
�nal step, hole was drilled in the �bula with 3.0-mm Kirschner wire at the intervals of about 1cm to
increase bone growth, which was from the surface of one side to the opposite side throughout the
medullary cavity of �bula, and the top of �bula was reshaped with an osteotribe to enhance matching. A
pressurizer was used for allogeneic bone granule grafting to �ll up the cavity tightly, followed by �bular
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[22], the �bula 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 �bular grafting. The osteotomy length was approximately 75% of the upper
section of the �bula. Several procedures were showed in Figure 1.

After surgery, negative pressure drainage and intravenous 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 �rst 6
weeks postoperatively, followed by partial weight bearing according to the bone necrotic area repair in the
outpatient review. The patients were asked to maintain lower extremity skin traction 12 hours 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 analogue 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 Henrik Behrend et al in 2012. It has been proved effective, reliable, feasible,
and responsive, with a small “ceiling effect," which has signi�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.

https://cn.bing.com/dict/search?q=Outpatient&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=Clinic&FORM=BDVSP6&mkt=zh-cn
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Patient satisfaction was divided into 4 levels as follows: strongly satisfactory, moderately satisfactory,
unsatisfactory, and poor. Satisfaction was de�ned when the patient answered “strongly satisfactory” and
“moderately satisfactory,” and dissatisfaction was de�ned when the patient 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 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 de�ned the end point
as revision to THA. Survival subgroups were grouped according to ARCO stage and etiology. We
calculated hazard ratios (HRs) and 95% con�dence interval (CI) using Cox hazard proportional model to
assess the hazard ratio of conversion to THA for patients undergoing autologous or allogeneic �bular
grafts. Three multivariate models were used by controlling categorical covariates, including age, BMI,
ARCR stage, etiologies. Most of the above-mentioned indexes are presented as mean ± standard
deviation (SD) with/without range values. Patient satisfaction is shown as a percentage. All statistical
analyses were considered signi�cant when the p value was <0.05.

Results
In the study, 117 patients (153 hips) were �nally included. The baseline characteristics of the patients are
shown in Table 1. The mean operation time was signi�cantly longer (102.3 ± 18.3 min vs 83 ± 19.5 min, p 
< 0.05) and the mean cost of surgical materials was signi�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 signi�cantly greater in group A (169 ± 78 ml vs 129.5 ± 67.2 ml, respectively, p < 0.05).

The clinical outcomes are presented in Table 2. The preoperative HHS in the 2 groups were both
signi�cantly increased after surgery (p  0.05) and preoperative VAS were both signi�cantly decreased
after surgery (p  0.05), but no signi�cant differences in the HHS and VAS score at the last follow-up were
found between the 2 groups (p > 0.05). For the FJS of the hips at the last follow-up, no signi�cant
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.

http://www.iciba.com/satisfaction
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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 Analogue Scale; FJS = Forgotten Joint Score; SD = 
standard deviation; N/A = not available

The survival rates of 117 patients (153 hips) were calculated by using K-M method. The survival rate at
5 years was better for autografts than allografts (100% VS 91.2%, P = 0.032), while the survival analysis
results showed no signi�cant 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, respectively, had a acetabular rim and femoral
osteochondroplasty to improve the limited joint movements at 3 and 7 years postoperatively, and they did
not convert to THA at the last follow-up. Details are shown in Table 3.
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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-year 100% 91.2% 0.032

Survival rate at 10-year 91.7% 88.3% 0.35

Survival rate at 15-year 84.1% 86% 0.355

Note: THA = Total hip arthroplasty

The HRs for risk factors of conversion to THA for patients 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 �bular grafts in univariate analysis as well as in multivariate analysis (P > 0.05). In the
multivariate Cox model, the HR of conversion to THA was signi�cantly 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.
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Table 4
The Hazard ratios for risk factors of conversion to THA for patients undergoing autologous or allogeneic

�bular 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 �bular
grafts

1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Allogeneic �bular
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)†

 

Note:

Model 1: Cox hazard proportional analysis without adjustment.

Model 2: Multivariate Cox hazard proportional analysis including age, BMI, ARCR stage.

Model 3: Multivariate Cox hazard proportional analysis including glucocorticoid, alcoholic.

Model 4: Multivariate Cox hazard proportional analysis including traumatic, idiopathic.

*p < 0.05, †  0.05
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Variables Model 1 Model 2 Model 3 Model 4

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

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, ARCR stage.

Model 3: Multivariate Cox hazard proportional analysis including glucocorticoid, alcoholic.

Model 4: Multivariate Cox hazard proportional analysis including traumatic, idiopathic.

*p < 0.05, †  0.05

In group A, 3 patients were found to have weakened strength in hallux plantar �exion and dorsi�exion 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 wound sustained
exudation and delayed healing until 3 weeks after operation. Thirty-one patients had a postoperative
fever due to immunologic rejection, with a mean duration of 2.6 days, so we extended the use of
antibiotics to prevent infection while using a low-dose methylprednisolone sodium succinate to prevent
in�ammation in these cases. Pulmonary embolism occurred in 1 patient, who recovered after treatment.
In the last follow-up, in group A, 5 patients had numbness but none had pain. The percentage of
asymptomatic donor sites was 90%.

Discussion
At present, the treatment of ONFH in young and middle-aged patients is still controversial. Early diagnosis
are of great importance[15], and early surgical intervention is effective for delaying the progress of
necrosis and osteoarthritis[5, 11, 27]. Many surgeons are willing to perform hip-preserving surgeries for
young and middle-aged patients with ONFH. However, still no consensus has been reached on the
effectiveness of so many hip-preserving surgeries[33, 37, 39]. The �bular grafting method used in this
study is also one of the hot topics in this �eld of study [13].

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. Finally, 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
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repair the necrotic area[3]: (1) improvement of blood �ow in the femoral head and promotion of
regeneration of blood vessels; (2) effective 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
relationship between the femoral head and the acetabulum; and (4) �nally, improvement of the
mechanical properties of the femoral head and prevention of its collapse.

CD combined with autologous or allogeneic �bular grafting can meet the 4 conditions well. The columnar
supporting material, �rst proposed by Phemister in 1949 for the treatment of ONFH[23], was found to
increase the rate of transformation of the structure into living bone and decrease the incidence of
collapse. Some surgeons preferred autologous �bular grafting, while others were willing to perform
allogeneic �bular grafting[10, 13, 14, 40].

Recently, supporting materials are of 3 main types, namely vascularized �bula, nonvascularized �bula,
and tantalum rod. Vascularized �bular grafting requires a free peroneal artery and anastomosis with the
lateral femoral circum�ex artery[2, 34]. This surgery can increase the blood supply in the femoral head,
but the accompanying trauma is severe, the technical requirements are high, and vascular embolism may
even occur among a few patients in a short period after operation, which may conversely have an
negative effect on creeping substitution[20]. The tantalum rod is a porous tantalum metal with an elastic
modulus similar to the �bula. However, in recent years, it was found that the host bone was unable to
grow on or in the implanted titanium rod, resulting in further collapse of the femoral head[17, 31]. In
addition, the subsequent THA was more di�cult. 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. By retrieving the tantalum
rod and femoral head for pathological and electron microscopic observation, Tanzer et al[31] found that
the failure of the tantalum rod implantation was related to minimal bone ingrowth.

Therefore, the use of tantalum rods was gradually reduced, and �bular grafting become the mainstream
treatment[9, 13]. Nevertheless, the choice between autogenous and allogeneic �bular grafting has been
controversial in academic circles.

In this study, we performed CD combination of autologous or allogeneic �bular grafting. On one hand, CD
can reduce the intraosseous pressure, stimulate the revascularization of the femoral head, and
reconstruct the intraosseous circulation[19, 26]. On the other hand, �bular grafting can improve the
mechanical properties[12, 23, 24]. The elimination of necrotic bone should be effective to decrease its
distribution and accelerate new bone growth[16].

Compared with the allogeneic �bular graft, the autogenous �bular graft can better avoid immunologic
rejection 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 �bular nerve. Although the allogeneic �bula was
derived from the allogeneic bone and may cause immunologic rejection, its immunogenicity could be
greatly reduced by bacterial inactivation, marrow removal, quick freezing, etc[38]. Postoperative immune
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rejection symptoms can disappear in a short term in conjunction with intravenous administration of a
low-dose glucocorticoid[35].

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 (Table 2
and Table 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, which can strengthen our con�dence
in the 2 methods. Zeng et al[40] retrospectively reviewed 18 patients with non-traumatic bilateral ONFH
who underwent non-vascularized �bular allografting in one hip and, concurrently, one-stage THA on the
contralateral side. They found that the overall survival rate with non-vascularized �bular allografting was
77.8% at a mean follow-up period of 53.3 months. As for the autologous �bular graft, most studies
focused on vascularized grafts for their reliable curative effect. Kawate et al[10] reported that the overall
survival rates (71 hips) could reach 83% at a mean follow-up of 7 years after free vascularized �bular
grafting for the treatment of ONFH. They recommended that the degree of osteonecrosis should be < 300°
of the femoral head. Some studies reported that the survival rate with vascularized �bular grafting were
higher than that with non-vascularized autologous �bular grafting, while others reported no signi�cant
difference between the two methods. Plakseychuk et al[24] reported 86% survivorship in stage I and II
ONFH after treatment with vascularized �bular grafting and only 30% survivorship after nonvascularized
�bular grafting at the mean time of 7 years. However, in a study on large osteonecrotic lesions of the
femoral head by Kim et al[12], no signi�cant difference was found in the 3-year survival rate between
vascularized and non-vascularized �bular grafts (p  0.05). Tetik et al[32] demonstrated that although the
clinical outcomes of vascularized �bular grafting were better than that of non-vascularized �bular
grafting during the 1-year follow-up, no signi�cant radiological difference were 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. Moreover, the survival rate in group B was slightly lower than that in
group A. This rate of success in the early and mid-term has rarely been reported in other studies, ranging
from 30–92.6%[9, 11, 12, 24, 40]. Keizer et al[11] performed a non-vascularized �bular allograft for 60
hips, showing a clinical survival rate of 49% at six years and 38% at ten years. In our opinion, the
explanation of the results of high survival rates might be the following 3 surgical techniques: (1) Enough
cancellous bone was grafted layer by layer and tightly impacted in all directions. (2) We supposed that
the main effect of �bular graft on was its mechanical support but not the vascular implant, which was
consistent with the results. (3) After surgery, all patients were demanded for non-weight bearing within the
�rst 6 weeks and total weight bearing until the sixth postoperative month so that there was enough time
for bone necrotic area to repair.

In summary, the autologous or allogeneic �bular grafting for young and middle-aged patients with ONFH
of ARCO stage II or III is still a challenge 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 to
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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, although prospective
studies are currently in demand, this was a retrospective comparative study. However, prospective data
for long-term follow-up are di�cult to collect in a short time. Second, the follow-up time in group A was
signi�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 signi�cant difference in age.
Although autologous and allogenic techniques had been performed since 2003, all the patients who met
the indication only underwent allogeneic �bular grafting after 2007 owing to its excellent outcome, less
invasiveness, and less complications. 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, larger samples, a longer follow-up period, and a randomized controlled trial are 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 combined with autologous or allogeneic �bular grafting
could achieve good clinical outcomes, which greatly delayed the time to the need for THA. The long-term
e�cacies and survival rates of the 2 operations were similar, proving them worthy of application and
promotion.
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Figures

Figure 1

(A) A photograph of straight and curved impaction rods in differ sizes and a bone impaction instrument.
(B) A surgical procedure of �lling cancellous bone layer by layer.(C) A radiograph of cancellous bone
impaction grafting. (D) A photograph of the allogeneic �bula after drilling holes for the purpose of
enhancing bone ingrowth.
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Figure 2

Kaplan-Meier survival curves at 15 years with conversion to THA as the end point between groups A and
B (p = 0.355).
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Figure 3

A photograph of important factors for considering autologous or allogenic �bular graft young and
middle-aged patients with ONFH in ARCO II or III stage.


