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Abstract

Objective—To determine the benefits of combination treatment with mechanical support and 

targeted intra-arterial infusion of peripheral blood stem cells (PBSCs) mobilized by granulocyte-

colony stimulating factor (G-CSF) via the medial circumflex femoral artery on the progression of 

osteonecrosis of the femoral head (ONFH).

Methods—55 patients (89 hips) with early and intermediate stage ONFH were recruited and 

randomly assigned to combination treatment or mechanical support treatment (control group). All 
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hips received mechanical support treatment (porous tantalum rod implantation). Then, Hips in the 

combination treatment group were performed targeted intra-arterial infusion of PBSCs. At each 

follow-up, Harris hip score (HHS) and Association Research Circulation Osseous classification 

(ARCO) were used to evaluate the symptoms and progression of osteonecrosis. Total hip 

arthroplasty (THA) was assessed as an endpoint at each follow-up.

Results—At 36 months, 9 of the 41 hips (21.95%) in the control group progressed to clinical 

failure and underwent THA whereas only 3 of the 48 hips (6.25%) in the combination treatment 

group required THA(p=0.031). Kaplan-Meier survival analysis showed a significant difference in 

the survival time between the two groups (Log-rank test; p=0.025). Compared to the control 

group, combination treatment significantly improved the HHS at 36 months (p=0.003). At the 

final follow-up examination, radiological progression was noted in 13 of 41 hips (31.71%) for the 

control group, while only in 4 of 48 hips (8.33%) for the combination treatment group (p=0.005). 

The overall collapse rates were 15.15% (5 of 33 hips) and 8.11% (3 of 37 hips) in the control and 

combination treatment groups, respectively.

Conclusions—Targeted intra-arterial infusion of PBSCs is capable of enhancing the efficacy of 

biomechanical support in the treatment of ONFH. This clinical trial confirmed that the 

combination treatment might be a safe and feasible choice for the treatment of early or 

intermediate stages of ONFH.
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Introduction

Osteonecrosis of the femoral head (ONFH) is a progressive pathological process [1], which 

usually impairs hip joint function [2]. Since ONFH mainly affects young patients [3], and 

most frequently progresses to femoral head collapse and secondary symptomatic hip arthritis 

[2], any intervention for ONFH should be considered in order to preserve joint. Despite the 

variety of etiologies, the common final outcome for ONFH is the disruption of the blood 

supply to the femoral head [4–5]. Bone ischemia as a result of decreased blood flow to the 

femoral head will trigger the death of bone cells within the involved femoral head [6]. 

Although the reparative reaction can be observed around necrotic area, it is insufficient due 

to the lack of progenitor cells [7–9]. The insufficient repair process followed cell death can 

not attain the previous structural integrity of necrotic region of the femoral head, leading to 

biomechanical failure of the bone structure. Due to the impairment of the repair capacity and 

biomechanical properties of the necrotic femoral head, the optimal joint-preserving 

procedure for ONFH should provide cues for the biologic repair in the necrotic lesion site 

and sufficient biomechanical support to subchondral plate of the necrotic femoral head.

Transplantation of bone marrow-derived mesenchymal stromal cells (MSCs) has been 

introduced to augment the biologic repair process in the osteonecrosis [7, 9–15]. The 

satisfactory outcomes of MSCs transplantation in patients with ONFH have been reported 

[7, 9–15], whereas the invasiveness of bone marrow cells collection may leave pain or 
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complications at the removal site and subjective problems from the bone marrow aspiration. 

Granulocyte-colony stimulating factor (G-CSF) is a well established mobilizer for 

mobilization of bone marrow MSC into peripheral circulation [16–18]. Mobilization of 

MSCs using G-CSF and subsequent implantation of collected peripheral blood stem cells 

(PBSCs) have been evaluated as an alternative, less invasive approach for the treatment of 

ONFH [19–20]. Favorable results have brought attention to the application of G-CSF based 

PBSCs transplantation into patients with ONFH. In most studies of PBSCs transplantation, 

CD34 has been served as a marker of MSCs for transplantation [17–26]. The efficacy and 

safety of G-CSF and CD34+ cell transplantation into patients with myocardial infarction and 

ischaemia have been demonstrated [17–26]. However, the feasibility and safety of G-CSF 

and transplantation of PBSCs mobilized with G-CSF in the patients with ONFH have not 

been assessed. In addition, the beneficial effect of sufficient biomechanical support to the 

subchondral bone has been confirmed [27–33]. However, no study has been done to 

compare clinical effectiveness of biomechanical support plus G-CSF based PBSC 

transplantation with that of PBSC transplantation or biomechanical support alone. 

Therefore, the present study was designed to test the feasibility and safety of G-CSF based 

PBSC transplantation in patients with ONFH, and to assess clinical benefits of combination 

treatment with biomechanical support and transplantation of PBSCs mobilized by G-CSF.

Subjects and Methods

Study design

The study is a single centre, parallel group, assessor blinded, and randomized controlled 

clinical trial, which was conducted at The First Affiliated Hospital of Zhejiang Chinese 

Medical University. The study protocol has been approved by the Ethics Committee of the 

hospital (approval code: 2013-X-063). Patients with ONFH were recruited and those eligible 

for the study were enrolled in the clinical trial. Before enrollment, written informed consent 

was obtained from each patient after disclosing the procedure and risks. The involved hips 

of patients were randomly allocated to either sufficient biomechanical support to the 

subchondral bone (control group) or to biomechanical support plus G-CSF based PBSCs 

transplantation (combination treatment group).

Vascularized or nonvascularized bone graft was applied to afford biomechanical support 

against collapse [34–39]. However, this procedure is associated with donor site morbidity, 

failure and other potential complications [31]. Alternatively, insertion of a porous tantalum 

rod has been developed recently [27, 29, 31–33]. The porous tantalum rod is deemed to be a 

reasonable mechanical substitute for a fibular graft [31]. Thus, nowadays, porous tantalum 

rod implantation, which is derived from the theory of free vascularized fibular grafting, 

represents an encouraging treatment to supply additional biomechanical support against 

collapse, and has achieved beneficial clinical outcomes for the treatment of early and 

intermediate stages of ONFH [27, 29, 31–33]. Targeted intra-arterial infusion via medial 

circumflex femoral artery has been described as a minimally invasive strategy of MSCs 

instillation into the osteonecrotic lesion area [13]. For these reasons, porous tantalum rod 

implantation was used as representative treatment of biomechanical support in this study and 

PBSCs mobilized by G-CSF were infused through medial circumflex femoral artery. All 
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hips underwent the operation of porous tantalum rod implantation. On day 7 after the 

operation, hips in the combination treatment group received targeted intra-arterial delivery 

of PBSCs. Hips in the control group were not given any placebo.

We detected the efficacy and safety of G-CSF-based PBSCs therapy on the basis of clinical 

symptoms, which were gauged with Harris hip score (HHS), radiological progression of 

osteonecrosis, conversion to total hip arthroplasty (THA), which was defined as clinical 

failure, development of G-CSF-related adverse effects and specific complications regarding 

MSCs transplantation. The outcomes were assessed by investigators who were blinded to the 

allocated treatment.

Study population

In this clinical trial, the inclusion criteria for participation were that patients were aged 18 to 

65 years and had ONFH stages I to III A in compliance with the Association Research 

Circulation Osseous (ARCO) classification [40]. If patients with any of the following 

circumstances would be excluded from the study: current or previous inflammatory arthritis 

or other disease of hip joint, skeletal immaturity, serious cardiovascular disease, hepatic or 

renal disease, a history of hip joint surgery, still on corticosteroid therapy, pregnant or 

lactating women, malignant disease, serious current infection or haematological disease, and 

mental health disorders.

Sample size

To detect a change of 7 points (standard deviation 9) in the Harris hip score with a two side 

5% significance level and 90% power, based on the result of preliminary clinical test, we 

needed 35 hips per group. The change of 7 points is the lower limit of the range (7 to 10 

points) suggested to show a minimum clinically important difference [61]. If we allowed for 

an anticipated dropout rate of 10%, the total sample size was 77 hips.

Enrollment and Randomization

Patients with ONFH were recruited at the First Affiliated Hospital of Zhejiang Chinese 

Medical University. We obtained written informed consent from each eligible patient. Hips 

were randomly divided into the control or combination treatment group.

Randomization assignments of hips were generated by using a computer generated, 

randomized number sequence. Treatment assignment of each hip was determined based on 

the random number sequence, and kept the assessor who collected and analyzed outcome 

data blinded.

Interventions

All patients were subjected to a uniform surgical procedure with epidural anesthesia. A 

porous tantalum rod was inserted into the necrotic area of femoral head to support the 

subchondral bone. Full details of the procedure can be found in the supplemental 

informations (Figure S1).
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On day 7 after the operation, hips in the combination treatment group received targeted 

intra-arterial delivery of PBSCs. Before cell infusion, PBSCs were harvested from the 

patients by apheresis technique using COBE spectra apheresis system (COBE BCT Inc, 

Lakewood, CO, USA) after subcutaneous injections of G-CSF at a dosage of 10 μg/kg for 4 

days to mobilize PBSCs (Figure S2). The collection process was carried out according to the 

mononuclear cell collection method which was recommended in the manual [41]. The 

number of CD34+ cells in the cell suspension was calculated. Then, the PBSCs were infused 

into the femoral head as previously described [13].

Result Assessments

Data were collected and assessed by two experienced orthopaedic surgeons who were 

blinded to the group assignment. Each hip of patients suffering from bilateral hip 

involvement was examined, respectively.

Primary Results—The close correlation between the clinical symptoms of ONFH and the 

activities of daily life of patients required us to record function of affected hip using 

standardized parameters. Harris hip scoring (HHS) system has been widely used to measure 

the hip function [9–10, 13]. The HHS ranges from 0 to 100, with lower scores indicating the 

more severe symptom [13]. In the present studies, clinical failure was defined as that 

deterioration on clinical symptoms was severe enough to demand THA, and conversion to 

THA was designed as the endpoint to evaluate the efficacy of the treatment. 

Correspondingly, the hips which did not require THA were regarded as survived hips.

Secondary Results—Radiographs and MRI were performed to determine ARCO stages 

of ONFH at the time of each assessment. Radiological progression was decided according to 

the development of the ARCO stage. The worsening of one or more grade on ARCO stages 

was considered to be radiological progression of ONFH. The progression of the ARCO 

stage I or II to ARCO stage III or IV on radiological appearance was defined as radiological 

collapse [42].

Any adverse reactions from G-CSF based PBSCs transplantation such as angina, bone pain, 

headache, fever, injection site tenderness, spleen thrombosis, dizziness and tumor induction, 

and any other complications were recorded during the course of the trial.

We collected data for these results at baseline (right before porous tantalum rod 

implantation), and in follow-up clinics at 3, 6, 12, 18, 24, 30 and 36 months after porous 

tantalum rod implantation.

Statistical Analysis

Continuous data are presented as mean ± SD. The chi-square test was used for comparison 

of categorical variables. The significance of differences between continuous variables was 

analyzed with the paired t test. The clinical survival was compared between the two groups 

with Kaplan-Meier survival analysis. The log rank test was used as a test of significance. 

Differences were considered significant when p<0.05 was obtained. All data were analyzed 

by SPSS statistical software (version 15.0; SPSS, Chicago, USA).
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Results

In present study, we enlisted seventy five patients (110 hips) who were accorded with 

inclusion criteria. The flow of these patients through the trial was showed in Figure 1. 20 

patients (21 hips) declined to participate in the trial with preference for alternative treatment. 

Of these patients, 14 patients preferred to receive a porous tantalum rod implantation for 

concerns about side effects of PBSCs implantation and the other six patients chose the other 

conservative treatments. Finally, a total of 55 patients (89 hips), 30 males and 25 females, 

were enrolled and randomly assigned: 30 patients (including 48 hips) to combination 

treatment and 25 patients (including 41 hips) to porous tantalum rod implantation alone. 

Table 1 summarizes the demographic characteristics of participants, etiological factor, 

ARCO stage of ONFH, and Harris hip score at onset of treatment. Baseline parameters were 

well balanced among treatment groups. At the primary endpoint of 36 months, all patients 

stay within entire follow-up studies.

Treatment Details

The lead operating surgeon in all porous tantalum rod implantations was the same senior 

orthopaedic surgeon. The porous tantalum rod has a 10-mm-diameter cylindrical shape with 

length options of 70 to 130 mm (in 5-mm increments), and threads designed to engage 

lateral cortex of the femur (25 mm long and 14 mm diameter).

The numbers of monouclear cells and CD34+ cells in peripheral blood reached a peak after 

4-days subcutaneous injection of C-GSF. Concentration of peripheral blood monouclear 

cells and CD34+ cells in the circulation were 6.59±1.63×109/L and 4.57±1.56×107/L, 

respectively.

The targeted intra-arterial infusion of PBSCs in all patients was performed by the same 

senior interventional radiologist. The average original volume of cell suspension harvested 

from each patient was 60±15.74 mlduring apheresis. We have administered average of 

2.47±0.5×108 monouclear cells collected from peripheral blood to each hip with ONFH 

which contained 1.71±0.7×106 CD34+ cells.

Primary Outcomes

Intention to treat analysis showed the evidence of a difference in hip function and the rate of 

THA between treatment groups at 36 months of follow-up in favor of the combination 

treatment group (Table 2). At 36 months, the mean HHS of hips in the combination 

treatment group was statistically higher than that of hips in the control group (p=0.003) 

(Table 2). Temporal trends for HHS based on per protocol showed that HHS in the 

combination treatment group increased from baseline levels to the peak levels at 24 months 

and then declined at months of 30 and 36, whereas HHS increased in the control group from 

the baseline levels to the peak levels at 18 months and then declined at 24, 30 and 36 

months. Overall, the combination treatment group achieved greater improvement in the pain 

and joint symptoms of hips with respect to the HHS compared to the control group (p<0.05) 

(Figure 2).
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Over the 36-month follow-up period, qualitative difference to the conclusion was made in 

the numbers of hips that progressed to clinical failure between two groups (p=0.031) (Table 

2). At 36 months, 45 of 48 hips (93.75%) in the combination treatment group had a 

satisfactory clinical result, which was defined as no need of additional surgery compared to 

32 of 41 hips (78.05%) (no additional surgery is needed) in the control group (p=0.031) 

(Figure S3). After 36 months of follow-up, 3 of 48 hips (6.25%) in the combination 

treatment group were found to be clinical failure requiring THA, including 1 hip between 24 

and 30 months, and 2 hips between the 30 and 36 months follow-up (Table 2 and 3). In 

contrast, 9 of 41 hips (21.95%) in the control group underwent THA, including 1 case 

between 12 and 18 months, 2 cases between 18 and 24 months, 3 cases between 24 and 30 

months, and 3 cases between 30 and 36 months follow-up (Table 2 and 3). Over the entire 

follow-up period, combination treatment made more contributions in delaying THA than 

porous tantalum rod implantion treatment (Figure S4). Kaplan-Meier survival analysis 

demonstrated a significant difference in the survival time between two groups at 36 months 

(log rank test; p=0.025). The combination treatment group showed a significantly higher 

probability of survival versus the control group (Figure 3). The average survival times were 

35.88 months in the combination treatment group and 33.51 months for the control group 

(Table 3).

Secondary Outcomes

The radiological progression as a secondary outcome measurement at 36 months is 

documented in Table 2. At the final follow-up examination, radiological progression was 

noted in 13 of 41 hips for the control group, while only observed in 4 of 48 hips for the 

combination treatment group (Table 2). The rate of radiological progression in the 

combination treatment group was statistically lower than that in the control group (Figure 

S5), demonstrating that combination treatment can better prevented hips from progressing to 

higher stages of osteonecrosis versus biomechanical support alone (Figure 4). The 

radiological status of the hips at follow-up is documented in Table 4. The number of hips 

that had the radiological progression was increased with time in two groups (Table 4). 

However, it was different in the time of progressing to higher osteonecrotic stages between 

the two groups (Table 4).

During this 36 month follow-up period, three hips in the combination treatment group 

progressed to the subchondral fracture stage of osteonecrosis at 24, 30 and 36 months of 

follow-up, respectively (Table 2 and 5). In contrast, we observed the presence of 

subchondral fracture in five hips of the control group, including 3 hips at 18, 24 and 36 

months, respectively and the other two hips at 36 months (Table 2 and 5). At a follow-up of 

three years, the overall collapse rate was 15.15% (5 of 33 hips) in the control group and 

8.11% (3 of 37 hips) in the combination treatment group (Table 2). The changes of the 

collapse rate for each group over the entire follow-up period are presented in Figure S6. 

Although no evidence indicating significant difference on the outcome measurements of 

radiological collapse between two groups (p=0.545), it was worse in hips of the control 

group than that in hips of the combination treatment group (Table 2 and 5). The mean time 

to collapse was 30 months for hips in the cell infusion group and 28.8 momths for hips in the 

control group (Table 5).
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Overall complications rates did not differ between treatment groups (Table 2). One patient 

in the control group experienced a postoperative infection. This patient was successfully 

treated with antibiotics. The porous tantalum rod was found to be displaced in one patient of 

the combination treatment group. This patient was given conservative treatment. No any 

adverse reactions from G-CSF based PBSCs transplantation were observed during or after 

the treatment.

Discussion

In this randomized clinical trial we observed the significant differences in hip function and 

the rate of THA between patients having combination treatment with porous tantalum rod 

implantation and targeted intra-arterial delivery of PBSCs versus porous tantalum rod 

implantation alone for ONFH. Compared to the control group, combination treatment is 

associated with increased HHS, suggesting that combination treatment may works more 

effectively in alleviating pain and ameliorating the function, activity and motion of the 

affected hip. The improvements in average HHS from baseline were observed in both 

groups at each follow-up visit, but this did not last throughout the entire follow-up period 

(Figure 2). The average HHS began to decline from 18 months for the control group and 30 

months for the combination treatment group (Figure 2), suggesting that there is a much more 

rapid deterioration of hips in the control group. In addition, this finding suggests that the 

disease progression may be controlled better if the infusion of PBSCs is repeated every 30 

months. The increase in HHS observed in the combination treatment group is associated 

with reduction in the risk of conversion to THA compared to the control group, revealing 

that combination treatment may play a more important role in avoiding THA than porous 

tantlalum rod implantation alone. A difference in the time to THA was also evident in this 

study. THA occurred sooner in hips of the control group than that in hips of the combination 

treatment group, suggesting that combination treatment has significant effect on delaying 

THA as compared to porous tantalum rod implantation alone. Overall, we have shown that 

combination treatment contributes more to decreasing hip pain and other joint symptoms, 

ameliorating the function of the affected hip and delaying or avoiding THA than porous 

tantalum rod implantation alone.

The radiological progression can also be used to gauge the efficacy of treatment for ONFH. 

Compared to porous tantalum rod implantation alone, the reduction in the rate of 

radiological progression seems to be closely related to combination treatment at 36 months. 

This finding suggests that combination treatment is superior to porous tantalum rod 

implantation alone in delaying the progression of ONFH. The percentage of hips progressed 

to collapse in the combination treatment group was lower than that in the control group. 

However, we observed no evidence of a significant statistical difference in terms of collapse 

rate between two groups in this study, implying that combination treatment have no 

significant impact on reducing the probability of collapse compared to porous tantalum rod 

implantation alone. The explanation for this phenomenon may be related to the limited 

number of participants enrolled and short term follow-up in current trial.

Femoral head collapse and THA conversion rates after porous tantalum rod implantation 

have been well documented in the literature. In current study, the collapse rate in the control 
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group was 15.15%, which is consistent with previous reports[31, 43], in which the collapse 

rate was 13.63% and 16.3%, respectively. However, the collapse rate of the combination 

treatment group, which was 8.11%, is conspicuously lower than previous reports[31, 43]. 

This study was designed to assess THA as an endpoint. 64% of the untreated hips required 

THA at the end of 2-years [44], compared with our result of 6.25% in the combination 

treatment group and 21.95% in the control group at the end of 3-years. Liu [45] found that 

the rate of hips underwent THA after porous tantalum rod implantation were 22.34%. In 

present study, THA conversion rate of the control group is very close to the literature, yet 

the combination treatment group showed superior result compared to the literature.

The major purpose of the treatment for ONFH is to preserve the femoral head and prevent 

destruction of the hip joint. Early intervention is the key for the success of joint-preserving 

procedures [15]. To date, the therapy recommendations of ONFH remain controversial, and 

the exact indications have not yet been established [46]. In order to prevent the collapse of 

femoral head which is caused by biomechanical changes of subchondral bone, complex 

surgical techniques with subchondral biomechanical support following removal of 

structurally compromised necrotic bone have been performed, including non-vascularized or 

vascularized autologous bone grafting, and promising clinical data have been achieved [34–

39]. However, previous studies of the bone grafting have reported the disadvantages include 

donor site morbidity, long operative time, as well as blood loss [34, 43, 47]. Alternatively, 

the use of porous tantalum rods has been recommended to supply additional mechanical 

support against the fracture of subchondral bone [27, 29, 31–33]. The use of porous tantalum 

rod is a relatively easy, minimally invasive and reproducible procedure that can provide 

satisfactory functional improvement at both pre- and post-collapse stages of ONFH [33]. 

Thus, in present studies we applied porous tantalum rod to support the subchondral bone. 

Porous tantalum rod is characterized with excellent biocompatibility, similar elastic modulus 

to subchondral bone [48–49] and high volumetric porosity [31, 33]. Pores are fully 

interconnected that allows a relatively free flow of nutrients to the interior of the porous 

tantalum rod [33, 50]. Furthermore, the microtexture of the material (dodecahedron) permits 

uninhibited vascularization and rapid bony ingrowth [33]. Thus, porous tantalum rod was 

proposed as a reasonable mechanical substitute for a bone graft [31]. However, porous 

tantalum rod can only provide provisional structural support until the ingrowth of new bone 

[45], and the histological study has shown that the absence of new bone tissue growing into 

porous tantalum rod in necrotic lesions make this approach less desirable [51]. Decrease of 

osteogenic progenitors in femoral head is one of the common features of ONFH [7]. 

Reduction in the number and function of circulating endothelial progenitor cells has also 

been observed in patients with ONFH [52]. Hence, lack of osteogenesis and 

revascularization may contribute to the insufficient ingrowth of new bone into porous 

tantalum rod. Ttreatment modalities should stimulate and guide bone remodeling to 

sufficient creeping substitution to preserve the integrity of the femoral head [7]. Recent 

studies explored the potential of MSCs in the treatment of ONFH, and promising clinical 

data on the application of MSCs to treat ONFH have been reported [7, 9–15]. However, in 

these studies, the investigators chose to use the concentrated bone marrow cells or isolated 

bone marrow derived progenitor cells. PBSCs transplantation has advantages in terms of 

easy collect and enrich CD34+ cells, more cost-effective, and lower risk for contamination 
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with tumor cells in comparison to the conventional bone marrow cell transplantation [53–

57]. Therefore, we combined the PBSCs transplantation with mechanical support and 

designed this randomized clinical trial to sufficiently validate efficiency of the combination 

treatment in comparison with biomechanical support alone. Since PBSCs transplantation can 

promote new bone ingrowth into the tantalum rod and dead bone repaired by stimulating and 

guiding bone remodeling, the combination treatment obtained a better effect in the treatment 

of ONFH than biomechanical support alone.

The therapeutic efficiency of PBSCs may be closely related to the fate of PBSCs implanted 

into femoral head. We did not examine the fate of PBSCs after transplantation, but there 

have been reports demonstrating that MSCs can migrate into the target tissues and 

participate in repairing injured tissues via blood circulation after ischemia [58–59]. 60% of 

the MSCs remained in the femoral head 24 h after implantation as shown by the 

radionuclide labeling [10]. Li et al [60] found that the amounts of MSCs in the necrotic 

femoral head were higher than that in the normal femoral head, liver and lungs in the rabbit 

model of ONFH after intravenous transplantation. They then concluded that femoral head 

ischemia or necrosis is able to attract MSCs to migrate into and survive in injured femoral 

heads. Similarly, Yan et al[15] demonstrated that MSCs could survive, expand and 

differentiate into osteoblast in the osteonecrotic region of ONFH after the transplantation, 

and hypoxia can stimulate MSCs to secrete angiogenic factors resulting in increased 

angiogenesis. From these studies, we can deduce that these cells including PBSCs have the 

capacity to respond actively to their environment, migrate into injured tissues, survive and 

differentiate into osteoblast in the osteonecrotic region, and secrete angiogenic factors. The 

capacity may contribute to the bone healing process. Recently, many papers have been 

published using PBSCs to treat patients with myocardial infarction and peripheral limb 

ischemia [17–26]. For these diseases, the use of PBSCs in neovascularization is the same as 

that for ONFH. However, PBSCs also have the responsibility of myogenesis in myocardial 

infarction and peripheral limb ischemia, whereas PBSCs bear the task of osteogenesis in 

ONFH.

To our knowledge this is the first report of clinical outcome study of a combinational 

treatment for ONFH that utilizes tantalum rod implantation in combination with targeted 

intra-arterial infusion of PBSCs. The study is focusing on the feasibility and effectiveness of 

the treatment modality to alleviate hip pain, and on the progression of the disease.

This study was a parallel group, prospective randomized controlled clinical trial. 

Randomization was done by using a computer generated, randomised number sequence. 

This ensures that the distribution of confounders across treatment groups is well balanced. 

Even though recruitment of patients was accomplished only in one center, variety of patients 

with diverse age, sex, etiological factors, and osteonecrotic stages involved probably reflects 

the wider population of patients in China. We obtained complete follow-up data from each 

patient at the primary endpoint. Thus, the trial was adequately powered to declare that this 

combined therapy has better efficacy than treatment with porous tantalum rod implantation 

alone.
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The key limitation of this trial is that the patients themselves were not blinded to their 

treatment, but the researchers are blinded in terms of treatment allocation and measurement 

of the clinical outcomes. The outcome data of this trial have shown that combined therapy 

overmatched porous tantalum rod implantation alone in relieving symptoms of ONFH, 

ameliorating the function of the affected hip and delaying or avoiding THA, although it is 

associated with limitations, such as low power to detect if the combined therapy is superior 

in preventing the collapse of the femoral head than porous tantalum rod implantation alone. 

Other limitations include short-term follow-up and not being able to detect whether the 

combined therapy has better efficacy than the treatment of targeted intra-arterial infusion of 

PBSCs alone. Therefore, further observation and follow-up is necessary. We did not have 

enough data to fully examine the effects of the combined therapy among patients from 

different etiologies and osteonecrotic stages. We will continue to review the patient data in 

this trial over the coming years. In addition, we do not have evidence for survival of grafted 

PBSCs, and new bone ingrowth into porous tantalum rod at the present time. Further 

investigations are required.

Conclusions

In the present studies, benefits of porous tantalum rod implantation in combination with 

targeted intra-arterial infusion of PBSCs were compared with porous tantalum rod 

implantation alone. This work reveals that combination treatment is superior regarding 

clinical outcome compared to biomechanical support alone. Although we do not have 

histological evidence for better repair of bone tissue after infusion of PBSCs, we are 

optimistic that infusion of PBSCs is capable of enhancing the efficacy of biomechanical 

support in the treatment of ONFH. The favorable effects and the absence of adverse events 

suggest that combination treatment is a feasible intervention to slow and possibly reverse the 

effects of early and intermediate stages of ONFH. This study could not determine the long-

term effect of combination treatment. We will continue to review the patients enrolled in this 

study over the coming years, as well as expand study samples to examine the therapeutic 

effects of combination treatment in different stages of ONFH. In a word, the combination 

treatment has provided opportunities for combining mechanical and biological concepts to 

treat ONFH.
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Fig. 1. 
Patient flow chart.
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Fig. 2. 
Temporal trends in Harris hip score (A) and the percent increase of Harris hip score (B) in 

each treatment group over the entire follow-up period.

Mao et al. Page 17

J Bone Miner Res. Author manuscript; available in PMC 2015 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Survivorship curves for the hips in each treatment group, with the convertion to THA as the 

end point. Kaplan-Meier survivorship analysis showed a significant difference between the 

two groups in the distributions of the time to THA (Log-rank test; p=0.025).
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Fig. 4. 
The photographs were taken by digital substraction angiography at 36 months. (A) Blood 

vessel regeneration was not found in the hip of the control group (arrow), and the femoral 

head collapsed (in box); (B) Blood vessel regeneration was observed in the hip of the 

combination treatment group (arrow), new blood vessels were developing sufficiently to 

reach the femoral head region (arrow), and the femoral head remained intact and round (in 

box).

Mao et al. Page 19

J Bone Miner Res. Author manuscript; available in PMC 2015 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mao et al. Page 20

Table 1

Baseline characteristics of study participants and osteonecrosis.

Characteristics Combination treatment Controls P value

Characteristics of study participants

 Number of patients 30 25 N/A

 Age (years)* 34.60 (11.50) 36.12 (11.34) 0.732

 Male:female 17:13 13:12 0.729

Characteristics of osteonecrosis

 Number of hips 48 41 N/A

 Etiologic Factors – hips (%)

  Alcohol 18 (37.50) 14 (34.15)

  Steroids 16 (33.33) 15 (36.59) 0.986

  Idiopathic 14 (29.17) 12 (29.26)

 Harris hip score 62.70 (11.12) 64.56 (8.55) 0.461

 ARCO stage – hips (%)

  I 8 (16.67) 10 (24.39)

  II 29 (60.42) 23 (56.10) 0.420

  IIIA 11 (22.91) 8 (19.51)

Data are number of patients or affected hips unless indicated otherwise.

*
Mean (standard deviation).
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Table 2

Outcome data for 55 trial participants at 36 months after porous tantalum rod implantiaon

Outcome measure Combination treatment (n=48) Controls (n=41) P value

Primary outcome

 Harris hip score* 88.10 (3.25) 78.47 (8.68) 0.003

 Conversion to THA (%) 3 (6.25) 9 (21.95) 0.031

Secondary outcome

 Radiological progression (%) 4 (8.33) 13 (31.71) 0.005

 Radiological collapse (%) 3 (8.11) 5 (15.15) 0.545

 Complication (%) 1 (2.08) 1 (2.44) 1.00

Data are number of affected hips unless indicated otherwise.

*
Mean (standard deviation).
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