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Summary. Background: Osteonecrosis of the femoral head (ONFH) is a frequent orthopedic disease leading 
to destruction of the hip joint and disabling arthritis. Several procedures have been developed to treat the joint 
deterioration in case of osteonecrosis, trying to avoid or delay an intervention of total hip replacement, espe-
cially in young patients. The aim of this study was to analyze the use of autologous bone micrografts derived 
from cancellous bone in the management of avascular ONFH. The treatment described was implemented 
using the Rigenera® protocol to obtain autologous micrografts: small fragments of cancellous bone collected 
by femoral neck, disaggregated and injected in the necrotic area using an empty screw. Materials and methods: 
Twenty adult patients affected by avascular ONFH were enrolled in this study; all patients reported a preop-
erative intermittent coxo-arthrosis and limited function of intra and extra rotation of the hip. Inclusion criteria 
were an Oxford Hip Score between (OHS) 20 and 39, a Harris hip score (HHS) showing pre-operative poor 
results (lower than 70 points) and a stage II-IIIA and IIIB according with the classification proposed by the 
Association Research Circulation Osseous (ARCO). Results: Using an MRI evaluation, after six months, the 
authors observed a complete regression of necrotic area and the restoration of osseous structure. Clinical out-
come has been evaluated at 6-12 and 24 months follow-up. At the final F.U. the HHS rised from poor to good 
results (mean value at final F.U of 84) while the OHS improved significantly already after 21 days from micro-
grafts injection (mean 35.4 ± 7.5) with an increasing trend  until to two-year final FU (mean 37.4 ± 9.5). The 
full recovery of daily and mild sport activities was reached after 20 and 90 days from intervention, respectively. 
Conclusion: The results of this study are suggestive for a new approach in the treatment of avascular ONFH 
assuming a process of bone regeneration based on a dual mechanism of action, biological and mechanical, in-
duced by micrografts and injected using an empty screw as vehicle. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Aseptic, non-traumatic osteonecrosis of the fem-
oral head (ONFH) is a rare, but disabling orthopaedic 
desease that usually results in cellular necrosis of the 
femoral head leading to bone collapse and hip joint 
destruction (1). 

Etiology and pathogenesis of ONFH are still 
unclear. Several risk factors have been proposed in its 
development and progression such as trauma, chronic 
use of corticosteroids, alcohol consumption, coagula-
tion disorders and different pathogenic mechanisms 
are supposed to be related with ONFH, including is-
chemia due to vascular interruption, thrombosis, sickle 
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cell occlusion, or direct cellular toxicity due to pharma-
cological agents or oxidative stress (2-3). Furthermore, 
because of lack of specific symptoms, especially in its 
early stage, the diagnosis of ONFH can be extremely 
difficult.

Standard anteroposterior and lateral frog-leg ra-
diographs and magnetic resonance imaging (MRI) are 
effective diagnostic tools (4). Anteroposterior and lat-
eral frog-leg radiographs allow to identify both necro-
sis around sclerotic bone as well as segmental collapse, 
while MRI has a high sensitivity and specificity visu-
alizing necrotic areas also in absence of subchondral 
fractures (4). 

Two different approaches are usually adopted in 
the management of ONFH: a joint-preserving strat-
egy or a joint-replacing treatment. Conservative treat-
ments are usually based on pharmacological agents, 
biophysical therapy and multiple surgical approaches, 
classified as femoral head sparing procedures (FHSP) 
as core decompression (5), osteotomies, not vascular-
ized (6) and vascularized bone grafting (7). These are 
usually indicated to address a pre-collapse stage and 
they are also finalized to delay as much as possible the 
time of total hip arthroplasty (THA). Joint-replacing 
treatments are commonly applied managing a post-
collapse stage of ONFH. 

Several bone grafting procedures have been pro-
posed in the literature and performed using not vascu-
larized or vascularized bone grafts to fill the necrotic 
area (8). The objective of this study was to evaluate 
subjective patient satisfaction (PROMs) as well as ob-
jective clinical and radiological outcomes in a series of 
patients affected by ONFH and undergoing a novel 
FHSP procedure where a classic core decompression 
surgery was implemented using autologous bone mi-
crograft. A new system (Rigenera® technology ) has 
been used obtaining fast and easily viable bone micro-
grafts avoiding in vitro cells expansion or other bio-
chemical manipulations (9). The clinical effectiveness 
of micrografts has already been demonstrated in differ-
ent clinical areas including dentistry, dermatology or 
management of chronic wounds, showing the capacity 
to promote bone or dermal regeneration (10-11). The 
current authors hypothesized that autologous micro-
grafts could play a significant role in the treatment of 
avascular ONFH supporting the subchondral bone 

and articular cartilage in the immediate post-operative 
stage and secondarily they could improve the function 
of the hip stimulating a rapid bone regeneration. None 
of the authors have conflict of interest in connection 
with this study.

Materials and methods

The study protocol used in this report complied 
with the Declaration of Helsinki of 1975, the Euro-
pean regulations and the current authors proceeded to 
the data collection after concession of written consent 
for personal data collection and biological sampling by 
each patient.

Twenty consecutive male patients affected by idi-
opathic, aseptic and avascular ONFH were enrolled in 
this study. The mean age was 51.5 years (range from 40 
to 63 years). The inclusion criteria for the study were 
an Oxford Hip Score (OHS) between 20 and 39, a 
Harris hip score (HHS) showing a pre-operative poor 
(lower than 70 points) score and a stage II-IIIA and 
IIIB according to the classification proposed by the 
Association Research Circulation Osseous (ARCO) 
and documented by an MRI. The exclusion criteria 
were the following: chronic steroid therapy, previous 
serious traumatic hip injuries, previous surgical hip 
treatments, rheumatoid or other immunological ar-
thropathies.

 
Clinical and radiographic assessments

All patients were clinically assessed preopera-
tively and at 7-14 - 21 days, 2 months, 1 year and 2 
years follow-up (F.U) according to the Harris Hip 
Score (HHS) and the Oxford Hip Score questionnaire 
(OHS) (12) as patient reported outcomes measure-
ment systems (PROMs) and as overall validated meas-
urement instruments.

For radiographic assessment, standard antero-
posterior weight-bearing and lateral frog-leg radio-
graphs were performed in all patients preoperatively, 
at 6 months and final 2 years FU; all patients under-
went MRI evaluation pre-operatively and at 6 months 
FU. All radiographs were reviewed by an orthopedic 
surgeon not part of the surgical team (SR), blinded to 
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the clinical outcomes results: the radiological evalua-
tion was performed according to ARCO classification 
system (13) for disease staging, necrotic lesions size 
and position and healing process.

All surgical procedures were performed by a sin-
gle surgeon from January 2015 to December 2015 fol-
lowing spinal anesthesia with the patient in the lateral 
decubitus position. Following radiographic planning, a 
Kirschner wire (2,5 mm) was introduced in the femo-
ral neck (Fig. 1A-B) in order to drive the insertion of 
a 6-mm cannulated cutter. Subsequently, a small piece 
of cancellous bone from the lateral edge of femoral 
neck was collected (Fig. 1C) and mechanically disag-
gregated according to the Rigenera® protocol using a 
class-I medical device (Rigeneracons. Human Brain 
Wave, LLC, Turin, Italy) (14).

 The Rigeneracons is a biological disruptor of hu-
man tissues, composed by a grid made by 100 exagonal 

holes which are embraced by six micro-blades designed 
for efficient cutting of both hard and soft tissues, able 
to filter and select a specific cell population of 50-mi-
cron size enriched progenitor cells and expressing 
markers typical of mesenchymal stem cells (9). 

The fragments of cancellous bone were then 
mixed into the rigeneracons, adding 1.5 ml of sterile 
saline solution and then disrupted for 5 minutes by a 
pure mechanical rotation process. After this, the cell 
suspension was collected from a needle-free syringe for 
a total of 10 ml of micrograft disaggregating multiple 
bone fragments for each patient

The femoral head was then prepared with a 8 mm 
cutter (Fig. 1D); at this time, an cannulated screw was 
implanted and used as carrier to inject the micrografts 
directly in the necrotic camera (Fig. 1E). Finally, the 
screw head was obliterated with a pin to reinforce the 
fixation system and creating a closed camera.

Figure 1. Surgical procedure: a Kirschner wire (2,5 mm) was first introduced in the femoral neck (A-B) and a small fragment of 
cancellous bone from the lateral edge of femoral neck was collected (C); the femoral head was then prepared with a 8 mm cutter (D); 
finally, a cannulated screw was implanted and the micrografts injected in the necrotic camera using the screw as a carrier (E)
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All interventions were performed as outpatient 
and all patients were discharged few hours after in-
jection. Patients were maintained at toe-touch weight 
bearing with crutches for two days: after that, weight-
bearing as tolerated was allowed.

Results

A continuous improvement in the Harris hip 
score in 19/20 patients was noted after 7, 14, 21, 60 
days, and 1year and two years FU. HHS was calculat-
ed pre-operatively (mean value of 68) and post-oper-
atively (table 2) showing a significant improvement in 
function and pain relief: at the final F.U the HHS rise 
from poor to good results (mean, 84 points). Micro-
grafts application failed only in one patient: a 58 Years 
old gentleman who subsequently underwent THA one 
year after the index procedure. 

The average preoperative OHS was 28.1 ± 6.5, 
while the postoperative OHS improved significantly 
starting 21 days from micrografts injection (mean 35.4 

± 7.5), with an increasing trend to improvement af-
ter 60 days and all the way to one- and two-year FU 
(mean 37.4 ± 9.5). (table 1)

The full recovery allowing complete activities of 
daily activities was reached after 20 days from inter-
vention, while sports activities were not allowed before 
the 90 days landmark.

All hips underwent MRI evaluation at the six 
months FU, using an artefacts suppression technique: 
the authors observed the complete regression of the 
necrotic area accomplished by restoring of osseous 
structure suggesting an autologous micrografts-in-
duced bone regeneration in 19 out of 20 patients (Fig. 
2). 

Discussion

Osteonecrosis of the femoral head is a disabling 
orthopedic disease which represents an important 
economic burden on the public health care system 
affecting young and middle-aged subjects. It can be 

Table 1. Oxford Hip Score evaluation before and after 7, 14, 21, 60 days and 1, 2 years of follow up. The results are expressed as 
average of all patients
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asymptomatic until the progression to a symptomatic 
osteonecrotic phase, leading to femoral collapse. For 
these reasons, new approaches to manage this patho-
logical condition become mandatory in order to pre-
serve the joint and delay as much as possible the THA 
intervention.

In this study, we reported the positive role of 
autologous micrografts on the treatment of ONFH, 
confirming the hypothesis of the study. We observed 
a clinical improvement according to the HHS and 
OHS; regression of the necrotic area and new bone 
regeneration were both observed following MRI after 
six months from application.

The goal of the treatment of ONFH is to pre-
vent rapid joint degeneration. The ideal approach 
should consider patients age, stage and location of the 
disease and the amount of bone affected and even if 
several options have been previously described, unfor-
tunately there is not consensus regarding the ideal ap-
proach (15). The current authors assume that a pure 
and isolated mechanical action of core decompression 
(16) might be a limitated approach to start the healing 

process: a combined mechanism of action, biological 
and mechanical, induced respectively by the use of mi-
crografts and a cannulated screw as a delivery method 
could be adopted to increase the success rate.

To support the role of micrografts in the treat-
ment of ONFH, previous studies have reported their 
application in the management of chronic and com-
plex wounds such as ulcers of different etiology (17-
19), wound dehiscence (14, 20) and pathological scars 
(11). More recent studies have demonstrated the ef-
ficacy of micrografts also for cartilage (21-22) and car-
diac regeneration (23). To date, the efficacy of autolo-
gous micrografts in bone regeneration is more evident 
in the dentistry applications including periodontal re-
generation (24), sinus lift augmentation (10, 25) and 
alveolar socket preservation (26).

The use of autologous bone grafts in the treat-
ment of osteonecrosis has been already reported but 
more clinical studies are mandatory to evaluate the real 
advantages of this approach. A recent study showed 
that the outcomes of autologous concentrated bone 
marrow grafting for advanced osteonecrosis of the hu-

Table 2. Harris Hip Score evaluation before surgery and after 7, 14, 21, 60 days and 1, 2 years of follow up. Pre-operative evaluation 
showed poor results indicating a moderate to severe hip arthritis and disability. The improvement at the final F.U. was from poor to 
good results (mean of 84 points)
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meral head are variable, concluding that further inves-
tigations are needed to determine their effectiveness 
(27). Other authors, analyzing the factors related to 
the clinical failure of bone grafting in the treatment of 
avascular ONFH, suggested that the advanced stage of 
the disease increases the risk of failure after bone graft 
surgery (28). According to our results, only patients 
belonging to ARCO stage II and IIIA showed a posi-
tive response to this treatment. 

With the increasing interest for stem cell research 
and regenerative medicine, several authors consider 

the ONFH as a result of an imbalance between os-
teocytes formation and apoptosis suggesting that cyto-
therapy could represent a new approach (29-30). Pre-
clinical studies in animal models have confirmed the 
positive effects of stem cells injection in the treatment 
of ONFH (31-32) and promising results were also ob-
tained in few clinical reports showing as bone marrow 
cells (BMCs) transplantation reduces volume of ne-
crosis in patients in the pre-collapse stage (33-34-35). 
These evidences are in line with the results described 
in our study: in fact, micrografts are able to maintain 

Figure 2. Magnetic resonance imaging (MRI) before and after micrografts treatment. The femoral head MRI was performed using a 
standard technique for artefact suppression. A complete regression of the necrotic area accomplished by restoring of osseous structure 
suggesting an autologous micrografts-induced bone regeneration 
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great regenerative properties similar to MSCs (36), 
leading to expression of several markers of mesenchy-
mal stem cells, such as CD73, CD90 and CD105 (9, 
37). Conversely, the current literature is heterogeneous 
in terms of the choice of cells, method of cell process-
ing, cell characterization, quantitative and qualitative 
assessment of the cells used, and finally surgical meth-
ods of cell delivery (38-39). Despite cellular therapies 
are certainly a promising tool for restoring local cell 
populations after an injury or disease and encouraging 
data are reported also in the current study, more clini-
cal trials, including a control group when possible, are 
required for a better understanding about the role of 
micrografts in the treatment of ONFH.

Conclusions

The results of this study confirm the authors hy-
pothesis on the clinical efficacy of micrografts in the 
treatment of aseptic, avascular and non-traumatic 
ONFH: this technology appears to improve the qual-
ity of life of patients at least at a short F.U. and offers a 
valid alternative tool among those already used in the 
clinical practice. 
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