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Abstract
Aim: We compared the long-term results of two treatment regimes in avascular femoral head necrosis.
Methods: We performed a retrospective clinical observational study on 19 hips that were operated on by core
decompression and autologous bone impaction enhanced with platelet-rich plasma (platelet-rich plasma+bone
autograft group). As a control, 13 hips were operated on by core decompression only (decompression group). Joint
replacement was evaluated as the primary endpoint of the study, functional results were evaluated according to the
Harris Hip Score and bone density measurements were performed.
Results: Prosthesis implantation was significantly less frequent in the platelet-rich plasma+bone autograft group
than in the decompression group (p<0.05). In the platelet-rich plasma+bone autograft group, operated hip function at
follow-up declined according to advancement of the preoperative Ficat stages. No specific pattern in the bone
density scoring was identified between the groups analyzed.
Conclusion: The combination of platelet-rich plasma with core decompression and autologous bone impaction
may be an effective method in lowering the need for hip prosthesis implantation in the treatment of femoral head
avascular necrosis.

Keywords: Platelet-rich plasma; Femoral head avascular necrosis;
Bone regeneration; Growth factor
Abbreviations AVN: Avascular Necrosis; MRI: Magnetic Resonance
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Introduction
The incidence rate of avascular necrosis (AVN) in the femoral head
is continuously increasing among the young adult population [1,2].
Without specific and efficient treatment, the disease progresses in 84%
of cases to the need for total hip replacement (THR) of the collapsed
femoral head [3]. Numerous treatment options have been suggested,
e.g. physiotherapy, core decompression, osteotomies, vascularized bone
grafting, free fibular transfer, etc., however, none of them have
represented a breakthrough [4-7]. The gold standard procedure in
most countries is core decompression, during which one or more holes
are drilled into the femoral head from a retrograde direction [8]. A
similar therapeutic protocol is applied in other types of osteonecrosis
or osteochondral lesions [9-13]. The exact mode of action is unknown
and even the terminology is misleading, since the bone oedema in the
affected area may not actually contribute to higher hydrostatic
pressure. However, drilling or microfracture likely causes a controlled
injury of the bone without affecting the overall structure or stability.
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The injury-induced bone remodelling process can lead to superior
tissue quality compared to the original material. According to studies
with long-term follow-up, the failure rate of this procedure is between
15-71% [14]. Theoretically, the regenerative process induced by the
limited injury of drilling can be further supported by the application of
bone autografts and growth factors [15].
Bone autografts from freshly harvested morsellized chips are
commonly used for bone substitution, with those from the iliac crest
believed to be the best available bone graft. However, since the bone
autograft is implanted into a tissue space that has impaired viability, it
is reasonable to induce bone remodelling by adding growth factors to
the graft. One line of research using bone extracts such as
demineralized bone matrix led to the development of injectable bone
morphogenic proteins [16-18]. Other investigations were based on the
principle of blood-derived factors such as platelet-rich plasma (PRP)
[19,20]. While cancellous bone augmentation with PRP in the maxillofacial area is supported by the majority of the earlier studies, its effect is
still somewhat controversial [21]. Moreover, the evidence for using
PRP in the treatment of AVN is limited. For instance, Pak et al. used
PRP together with adipose-derived stem cells in the case of two
patients and reported promising results [22,23]. In another study, the
technical details of the use of PRP alone and the mixture of PRP and
bone graft through an arthroscopic approach were also described with
promising outcomes in a short-term follow-up period [24]. Due to the
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small number of patients in each group, it is difficult to draw any
definitive conclusions from this study. There are more clinical data
using a treatment protocol by which PRP is applied as an adjuvant to
bone marrow derived cell implantation. Martin and colleagues
presented a case series of 77 hips treated with this technique which
resulted in a 79% hip retention rate in 1.5 years mean follow-up [20].
Similar short-term results were reported by Gangji et al. [25]; however,
there was a progression of the disease until the second, 5 years followup period [26]. This study highlighted that although short-term results
can be achieved with several methods, further therapeutic approaches
are needed that can promise meaningful regeneration of the femoral
head structure. In the current study, we investigated the 6 years
therapeutic effect of PRP mixed with bone autografts in a series of
clinical cases of avascular femoral head necrosis.

manufacturer's instructions. The PRP was activated by autologous
thrombin prepared with the SmartPreP® 2 system.
Control

PRP+autograft

Number of operated patients/
hips

13/13

18/19

Number of evaluated patients/
hips

12-Dec

16/17

Mean age (years)

46.3 ± 12.8

45.3 ± 12.6

Mean follow-up time (years)

5.9 ± 0.8

6.1 ± 1.1

Male: Female ratio

6:06

16:01

Preop. Ficat stage (I:II:III)

5:07:00

2:10:05

Materials and Methods

32 – no known etiology

Patients
All investigations were carried out under the guidelines of the
Ethical Committee of the Polyclinic of the Hospitaller Brothers of St.
John of God and Semmelweis University, Department of Orthopedics.
Written patient consent was obtained from all participants in the
investigational group. During the time frame of January 1, 2003 to
January 6, 2006, 32 hips in 31 patients were operated due to femoral
head necrosis (AVN) by either the classical core decompression
technique described by Ficat (decompression group) or by
decompression enhenced with bone+PRP autografting (PRP+bone
autograft group) [27]. The two treatment groups were based on the
patients of two main orthopaedic centers that were using different
treatment strategies in cases of femoral head AVN: one center used the
classical core decompression technique; the other center used core
decompression enhanced with bone+PRP autografting. In the
decompression group (n=13), the lateral trochanteric approach was
used, and core decompression was performed under fluoroscopic
guidance. In 9 of the cases, a 6.5 mm drill bit was used, and in 4 of the
cases, multiple small-diameter drilling was performed using a 3.2 mm
drill bit. The operations in the decompression drilling group were
carried out by 9 surgeons, all working under the same general
protocols, however, the choice of single or multiple drilling was
decided by surgeon's preference. In the PRP+bone autograft group
(n=19) all the operations were carried out by two of the authors (TL
and BM). The cortex at the border between the femoral head and neck
was exposed and trephinated through an antero-lateral approach
(Watson-Jones), and cancellous bone harvested from the iliac crest
through a second incision was manually mixed with the activated PRP
and impacted into the bone cavity. The majority of the patients had
idiopathic AVN with no known etiology, 3 patients had ulcerative
colitis and 1 had posttraumatic osteonecrosis. The male/female ratio of
the patients was significantly higher in the PRP+bone autograft group
versus the decompression group, however, neither of them was
different from the expected 3/1 to 8/1 ratio described in the AVN
epidemiology literature [28]. The key patient characteristics are
summarized in Table 1.

PRP preparation
Autologous blood (60 ml) was drawn through an iv. catheter before
starting the surgical procedure and before administration of any fluids.
PRP was prepared on the day of the operation using the SmartPreP® 2
system (Harvest Technologies, Plymouth, MA) according to the
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Etiology

3 – ulcerative colitis
1 – posttraumatic osteonecrosis

Table 1: The primary characteristics of patients. Only the male/female
ratios was significantly different between the two groups, however,
neither one was significantly different from the historical 3/1 to 8/1
male/female ratio.

Follow-up
Two patients in the PRP+bone autograft group died due to
unrelated causes, and one patient was lost to follow-up in the
decompression drilling group. One patient was operated on both sides
in the PRP+bone autograft group, so altogether there were 12 patients
in the decompression group and 17 hips in 16 patients in the PRP
+bone autograft group who were evaluated in the study. Joint
replacement of the affected hip was evaluated as a primary end point of
the study. The mean follow-up time was 6.07 ± 1.11 years in the PRP
+bone autograft group and 5.9 ± 0.76 years in the decompression
group. During the follow-up visits, x-ray, magnetic resonance imaging
(MRI) and bone density (DXA) scans were performed in order to
follow the progression/regression of the disease in cases without
prosthesis implantation. MRI scans were done in the same center preand post-operatively using identical settings. Pre- and post-operative
Ficat stages for both groups were blindly evaluated by 3 independent
orthopedic surgeons. Hip functions were blindly evaluated according
to the Harris Hip Score system by an independent investigator. Regions
of interest (ROIs) on the DXA images were selected as a large circle
area to cover the femoral head and 5 other small circles of equal size in
the four quadrants and the middle.

Statistical analysis
Results are reported as mean ± SEM or numerical values. Statistical
significance between two measurements was determined by two-way
ANOVA and Newman-Keuls post-hoc tests or Fisher's exact test for
postoperative FICAT observations and t-test for Harris Hip Score.
Probability values of p<0.05 were considered significant.

Results
Preoperative Ficat classification of the patients was comparable in
both groups, mostly Ficat stage II at the time of operation (58% of the
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PRP+bone autograft and 62% of the decompression group). The
primary endpoint of the study was hip prosthesis implantation during
the follow-up, which was performed in 4 cases (24%) in the PRP+bone
autograft group and 8 cases (67%) in the decompression group
(p<0.05). In cases where the joint was still preserved at the time of
follow-up, a general deterioration of the Ficat staging was observed
(Figure 1). Although the small number of patients living without hip
prosthesis after the core decompression does not allow any statistical
evaluation, the remaining joint functions were comparable between the
two groups (Harris Hip Score PRP+bone autograft vs. decompression:
81.3 ± 4.9 vs. 85.4 ± 10.1). This observation was further supported by
the MRI exams, which did not show any differences that would justify
changes in the Ficat scoring. Evaluating bone mineral density of the six
ROIs of the affected femoral heads showed a clear difference among
the left and the right side of the patients when both joints were
available (ROI 1-6 affected side vs. unaffected side: 1.88 vs. 1.59; 2.67
vs. 2.19, 1.73 vs. 1.37; 1.86 vs. 1.67; 1.41 vs. 1.22; 2.14 vs. 1.87 [g/cm2]) ,
however, there was no difference among the treatment groups (ROI
1-6 PRP+bone autograft group vs. decompression: 2.01 vs. 1.84; 2.68
vs. 2.68; 2.01 vs. 1.64; 1.94 vs. 1.83; 1.55 vs. 1.23; 2.3 vs. 1.92 [g/cm2]).
Again, due to the low number of surviving joints in the decompression
group, this data can only be treated as descriptive.

Figure 1: Patient number in Ficat stages or THR (%). Prosthesis
implantation was significantly less frequent in the platelet-rich
plasma+bone autograft group than in the decompression drilling
group (p<0.05).

Discussion
In the present study we found a significantly better outcome for
AVN in cases where the femoral head was impacted with a mixture of
autograft and PRP compared to the core decompression therapy. The
long-term follow-up of 6 years and the highly relevant endpoint of
joint survival in the present study add significant support to the pilot
findings that PRP-enhanced grafting can have a beneficial effect on the
progress of AVN. The general conclusion among orthopedic surgeons
is that treatment of AVN is successful in about 70-80% of the cases
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regardless of which method is applied. Due to the fact that the core
decompression technique is minimally invasive and easy to perform,
this became the gold standard of care. In a critical review of the
literature, Marker and colleagues compared the outcome data from
several clinical investigations, and concluded that pre-1992 studies
reported somewhat worse outcomes than those published between
1992 and 2007 [14]. In earlier studies performing additional surgery as
outcome criteria, with 5 year follow-up, the failure rate ranged between
19% and 71% with a median of 50%. Even in the later studies, using
presumably improved tools and better aftercare, the failure rate still
ranged between 3% and 58%, with a median of 35%. The data from our
current treatment groups fall within this range, close to the ends of the
spectrum. The very high variation in the reported success rate in some
studies is probably due to the high variation of follow-up times. For
example, it is difficult to interpret a data set for a 1-176 month followup period [29].
Therefore, in the present study, we aimed to obtain a uniform
follow-up time of 70 months, which allowed a more meaningful
comparison between the two treatment protocols: one was
decompression drilling performed in slightly different ways by a group
of surgeons, representing the 'standard of care', and the other was an
investigational protocol carried out by one separate team with a
promising, but more invasive and costly procedure. Although the
male/female ratio of the two treatment groups differed, these were
close to the expected ranges described in the literature [30]. As gender
is not a factor that affects the progression of the disease, we believe that
this difference did not introduce significant bias into our observations
[31]. One limitation of the current study is the lack of two treatment
groups, namely autograft only and PRP only. Although the inclusion of
these groups would be obvious in case of an animal experiment, it is
ethically challenging in the case of a human study even if it limits the
interpretation of the results. Patients who agreed to undergo a
procedure (even if since the minimal invasive method was developed
for the PRP+bone autograft method also), justifiably wanted the full
feature set (in our case bone autograft and PRP implantation) and not
just either PRP or allograft only. Although neither the PRP only nor
the autograft only procedure is unethical, in the case of a perceived
complete treatment option, it is only ethical to offer this to the patients.
Thus, it was not possible for us to evaluate the individual contributions
of PRP or autograft to the overall effect. Moreover, recent studies add a
further layer of complexity to the procedure by stem cell implantation
in AVN, which was not considered in the current study, but may be
introduced later in order to move towards a complete biological
regeneration of the femoral head [31,32].

Conclusion
We hereby conclude that the combination of PRP with core
decompression and autologous bone impactation may be an effective
method in the treatment of avascular necrosis of the femoral head.
Based on these encouraging results, the initiation of additional
prospective studies may support the overall long-term efficacy of such
treatment regimes.
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