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Abstract
Background: The objective of this study was to investigate the potency of platelet-rich plasma (PRP) combined 
with core decompression and allogeneic fibula rod support for the treatment of osteonecrosis of the femoral 
head (ONFH, Ficat stage II). 
Methods: This was a retrospective study of clinical data of patients who were admitted to our hospital for 
treatment of ONFH from July 2014 to June 2015. In PRP group, patients (9 cases) were treated with platelet-
rich plasma combined with core decompression and allogeneic fibula rod support. In control group, patients 
(7 cases) were treated with core decompression and allogeneic fibula rod support only. The time from onset 
of symptoms to surgery was 3–6 months (mean: 4.5 months). Harris hip scores before and after surgery were 
recorded (> 90, excellent; 75–90, good; 60–74, poor; and < 60, bad). An imaging study was performed 1 and 3 
months after surgery. 
Results: In the PRP group, the Harris scores increased from 67.82 ± 9.61 to 88.45 ± 6.02. In the control group, 
the Harris scores increased from 69.74 ± 8.26 to 87.36 ± 6.17. There were statistically significant differences 
in pretherapy and post-treatment scores (P < 0.05). Three months postsurgery, the shapes of the femoral 
heads in both groups were good, with no deformation or collapse. The location of the top of the allograft fibula 
was perfect (no fibula out). Additionally, the fibula rods began to combine with the surrounding bone after 3 
months postsurgery, without infection. 
Conclusion: PRP can ease hip pain and improve joint function
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INTRODUCTION

Osteonecrosis of the femoral head (ONFH) is a painful 
disorder of the hip that affects patients with various 
risk factors, such as glucocorticoid use, alcohol abuse, 
trauma, and autoimmune diseases (1-3). The progress 
of joint destruction in ONFH can lead to hip arthritis, 
which seriously affects the patient’s health. In the 
absence of appropriate surgical treatment, the femoral 
head will collapse within 2–3 years in the vast majority 
of patients (4). Steinberg (5) reported that collapse of the 
femoral head occurred in 92% of nonsurgical cases (48 
hips) within 3 years after a definite diagnosis of ONFH. 

As ONFH occurs mostly in young and middle-aged 
patients, Garrigues et al. (6) believe that all possible 
treatment measures should be taken to protect the 
femoral head. At present, the main methods to protect 
the femoral head in ONFH are core decompression, 
with or without a bone graft, in addition to bone flap 
transplantation with blood vessels and blood vessel 
bundle transplantation. However, these treatments 
have not achieved satisfactory clinical results.
Platelet-rich plasma (PRP), an autologous enriched 
source of various growth factors, is widely used during 
trauma and orthopedic surgery. PRP contains a variety 
of cytokines, such as platelet-derived growth factor 
(PDGF), vascular endothelial growth factor, platelet-
derived angiogenesis factor, transforming growth 
factor (TGF), insulin-like growth factor, and platelet-
derived epidermal growth factor. PRP can accelerate 
the healing of hard and soft tissues after maxillofacial, 
plastic, dermatologic, dental, and orthopedic surgery 
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(7-9). However, evidence from preclinical and clinical 
research suggests that PRP has no significant 
therapeutic effects on ONFH. The aim of the present 
study was to investigate whether PRP promoted 
healing of ONFH in a clinical setting.

MATERIAL AND METHODS

Patients

This was a retrospective study of clinical data of patients 
who were admitted to our hospital for treatment of 
ONFH from July 2014 to June 2015. The patients were 
assigned to a PRP group or a control group. In the PRP 
group, there were seven males and two females aged 
28–45 years (mean: 36.5 years). The group included 
six cases of alcoholic avascular necrosis and three 
cases of glucocorticoid-induced avascular necrosis. 
The Harris score was 60–86 points (mean: 73 points) 
prior to surgery. Patients were treated with platelet-
rich plasma combined with core decompression and 
allogeneic fibula rod support. In the control group, 
there were five males and two females aged 26–44 
years (mean: 35 years). The group contained four 
cases of alcoholic avascular necrosis, two cases of 
glucocorticoid-induced avascular necrosis, and one 
case of traumatic ONFH. The Harris score was 62–86 
points (mean: 74 points) prior to surgery. Patients  were 
treated with core decompression and allogeneic fibula 
rod support only. In all patients, ONFH was confirmed 
by symptoms, a physical examination, patient history, 
and results of imaging studies, including X-ray and 
magnetic resonance (MR) examinations. The time from 
onset of symptoms to surgery was 3–6 months (mean: 
4.5 months). There were no statistically significant 
differences in the common data between the two groups 
(P > 0.05). The clinical experiments were approved by 
the ethics committee of Linyi People’s Hospital. All the 

patients volunteered to take part in the study, and all 
signed informed consent forms.

Preparation of PRP

After successful induction of general anesthesia, whole 
blood (30 mL) was collected from the marginal auricular 
vein using an 18-gauge catheter. The blood was then 
injected into a sterile centrifuge tube containing 1.5 
mL of sodium citrate. The mixture was centrifuged at 
1500×g for 20 min to separate the plasma from red 
blood cells. A straw was then used to suck out the 
supernatant. The plasma was centrifuged again at 
1500×g for 10 min (4 °C), and the precipitated platelets 
(i.e., PRP) were collected (10).

Surgical procedure

A longitudinal incision (4–6 cm) was made in the big 
tuberosity distal along the lateral femoral hip to expose 
the far side of the greater trochanter of the femur, 
which was used as the entry point. Using C-arm X-ray 
machine monitoring, a bone tunnel (diameter of 12 
mm) was drilled in the central necrosis area (5–7 mm 
under the articular cartilage). All dead bone tissue was 
then removed along the bone tunnel, and autologous 
PRP was implanted. Selecting suitable length allogeneic 
fibula rod support and fixed. After confirming the depth 
and location of allogeneic fibula rod, the incision was 
sutured. The surgical protocol is shown in Figure 1. 

Postoperative management

All the patients were treated with anti-inflammatory 
agents after the surgery. After awakening from 
anesthesia, active flex and outreach of joint function 
rehabilitation exercise was carried out. Postsurgery, 
the patients were supported by crutches for 3 months 
to avoid femur neck fracture caused by falling. Each 

Figure 1. Surgical procedure. (A) Step 1: Identifying the location of ONFH. (B) Step 2: Construction of a bone tunnel and removal 
of dead bone tissue. (C) Step 3: Implantation of autologous PRP. (D) Step 4: Selection of an allogeneic fibula rod support of a suitable 
length and fixation. The anesthesia method, incision approach, and operative procedure in the control group were the same as those 
in the PRP group, except PRP was not implanted in the control group.
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patient was advised to avoid excessive body weight and 
intense activity for 1 year.

Postoperative follow-up and evaluation of the curative 
effect 

As an indicator of the curative effect, the Harris hip score 
was used (> 90, excellent; 75–90, good; 60–74, poor; 
and < 60, bad) (11). Imaging studies were performed 1 
and 3 months after the surgery to evaluate changes in 
bone morphology.

Statistical analysis

All data are expressed as means ± standard deviation 
(SD). The statistical analysis was performed using SPSS 
16.0 software (SPSS Inc., Chicago, IL, USA). Differences 
between groups were detected using a one-way analysis 
of variance, followed by Scheffe’s multiple comparison 
test. P < 0.05 was considered statistically significant.

RESULTS

Comparison of Harris hip scores in the two groups

In the PRP group, the Harris scores increased from 
67.82 ± 9.61 to 88.45 ± 6.02 (P < 0.05, Table 1). Seven 
(77.8%) hips were classed as excellent, and one (22.2%) 
hip was classed as good. No hips were classed as poor 
or bad. In the control group, the Harris scores increased 
from 69.74 ± 8.26 to 87.36 ± 6.17 (P < 0.05, Table 1). Six 
(85.7%) hips were classed as excellent, and 1 (14.2%) 
hip was classed as good. No hips were classed as poor 
or bad. There were statistically significant differences 
in pretreatment and post-treatment scores (P < 
0.05, Table 1). There were no statistically significant 
differences in the postoperative scores of the two 
groups (P > 0.05, Table 1).

Imaging findings

Three months after the operation, the shapes of the 
femoral heads in the two groups were good, with no 
deformation and collapse. The location of the top of 
the allograft fibula was perfect (no fibula out), and it 
was located in the weight-bearing area and 5–7 mm 

(mean 6 mm) under the articular cartilage. The fibula 
rods began to combine with the surrounding bone after 
3 months postsurgery, without infection. There were 
no statistically significant differences in the imaging 
findings of the two groups (Fig. 2).

DISCUSSION

The purpose of this study was to evaluate the 
therapeutic effect of PRP in ONFH (Ficat stage II). In 
the initial stage of ONFH, core decompression, together 
with allogeneic fibula rod support, is considered an 
effective surgical intervention. However, However, this 
treatment retains the femoral head in only 60–80% of 
cases in the short and medium term (12). Femoral head 
core decompression involves drilling a tunnel to reduce 
the pressure on the femoral head, thereby alleviating 
pain. A combination of core decompression with other 
treatments, such as a bone graft and implants, with 
growth factors, can promote local osteogenesis and 
avoid channel collapse. The ultimate aim is to reduce 
pressure in the necrotic area, remove necrotic tissue, 
and provide effective mechanical support. The clinical 
application of PRP in the treatment of early-stage ONFH 
offers a new strategy to combat disease progression.
The platelet (PLT) concentration in PRP is several 
times higher than that in whole blood, although 
findings differ on this issue. Marx et al. (13) reported 
that the concentration of PLT in PRP was four times 
higher than that in whole blood. In contrast, Okuda et 
al. (14) concluded that the concentration of PLT in PRP 
was 2.83 times higher than that in whole blood. Others 
reported that the concentration of PLT in PRP was 2.05 
(15), 5.05 (artificial count) (15), 5.29 (automated account) 
(16), and even 9–11 times higher as compared with that 
in whole blood (17).
PRP-induced bone regeneration is mainly due to growth 
factors, which are released in response to activation of 
PRP (18-20). Growth factors, especially PDGF and TGF-β 
play a vital role in the process of bone regeneration 
and repair (21). In addition to growth factors in PLTs, 
macrophages and endothelial cells, which synthesize 
and secrete PDGF, promote wound healing (22). PDGF 
promotes mitosis and related angiogenesis (23) and 

          Table 1 Comparison of Harris hip scores in the two groups before and after treatment

Group n Before treatment Final follow-up P

PRP group 9 67.82±9.61 88.45±6.02 <0.05

Control group 7 69.74±8.26 87.36±6.17 <0.05

P >0.05 >0.05
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improves the activity of macrophages and other 
growth factors. TGF-β induce mitosis, osteoblast 
differentiation, osteoid formation, and bone 
regeneration (24) . nsulin-like growth factor (IGF) 
accelerates bone formation by increasing the number 
of osteoblasts (25). To shed light on the therapeutic 
effect of growth factors, Lynch et al. (26) used different 
concentrations of PDGF, IGF, epidermal growth factor 
(EGF), and Fibroblast growth factor (FGF) mixtures 
to repair wounds and found that a 2:1 ratio of PDGF 
and IGF was the best combination. They suggested 
that a variety of growth factors constitute a growth 
factor net and have a synergistic effect. For example, 
combined PDGF and TGF-β had a strong biological 
chemotactic effect on human osteoblasts (27). TGF-β not 
only regulated growth and differentiation of bone cells 
and cartilage cells but also regulated the expression of 
other growth factors in bone and cartilage tissue (28). 
PDGF and TGF-β promoted the expression of vascular 
endothelial growth factor (29). In combination with 
other growth factors, IGF promoted differentiation 
and maturation of a variety of cells (30). Okuda et al. (14) 

reported that PRP stimulated osteoblast DNA synthesis 
and cell division. We contend that the combined effect 
of a variety of the high concentration of growth factors 
in PRP can stimulate osteogenesis and accelerate bone 
repair.
In the current study, we analyzed retrospectively 
the clinical efficacy of 16 recent cases (16 hips) of 
ONFH. According to the postoperative 3-month 
follow-up, none of the cases in either group showed 
disease progression, such as femoral head collapse, 
osteoarthritis requiring a total hip replacement, 

infections, or femoral neck fracture. In all patients, hip 
pain was significantly reduced or had disappeared.
There is no consensus in the literature on the potential 
role of PRP in promoting bone regeneration and repair. 
Whitman et al. (31) were the first to successfully use 
used PRP and bone transplantation to treat a bone 
defect in the field of maxillofacial surgery. Marx et al. (13) 
used PRP and a bone graft to treat a bone defect. They 
reported that the callus growth rate in the combined 
transplantation group was 1.62–2.16 times higher than 
that in a pure bone transplantation group. However, 
in a rabbit skull defect model Ahgaloo et al. (32) found 
that PRP did not promote bone regeneration after an 
autologous bone graft. Choi et al. (33) reported that PRP 
did not promote healing of bone defects 6 weeks later. 
Furthermore, in a study of PRP with an autologous 
bone composite, biological materials, and organic bone 
matrix, Kim et al. (34) used and reported that PRP did not 
promote bone regeneration effectively.
The present study has several limitations. First, the 
follow-up time was relatively short. The study was 
performed only in the first 3 months after the surgery 
during the initial stage of rehabilitation. Second, the 
number of cases in the study was relatively small. 
Finally, the study was a retrospective case series.

CONCLUSIONS

In this comparison of a PRP group and controls in 
a clinical setting, the use of PRP was not associated 
with any obvious advantages. PRP eased hip pain and 
improved joint function. Long-term follow-up studies 

Figure 2. Imaging findings. (A1 and B1) AP X-ray films before surgery. (B1 and B2) Coronal T1 magnetic resonance (MR) images 
before surgery. (A3&B3) AP X-ray films after surgery. (A4 and B4) AP X-ray films 3 months after surgery.
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are needed to clarify the potential role of PRP in 
promoting repairing of ONFH.
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