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Abstract
BRONJ is an important complication in bisphosphonate therapy that dramatically influences the patient’s quality 

of life and requires immediate intervention. The situation is worsened by the fact that its management is still an 
open issue, with no definitive standard of care. The aim of this paper is to present the short, middle and long term (7 
years) results of surgical treatment of 32 BRONJ cases involving the use of PRGF®-ENDORET®. No intraoperative 
complications were observed; the short period freedom from light complications was 84.4%, with complete remittal 
in a few weeks; after 7 years the freedom from complications and need of re intervention is 100%. The freedom 
from onset of a new BRONJ on untreated sites was 100% up to 4 years after which decreased to 82%. The surgical 
procedure with the applications of platelet-enriched preparations can thus be considered favorably tested, having led 
to rapid osseous remodeling and to a satisfactory closure of the mucosa thus shielding the area from infection and 
reducing symptomatology.
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Introduction
Intravenous bisphosphonates (BPs) are the standard therapy in 

the management of patients with metabolic imbalance involving high 
bone turnover and increased bone restoration, such as malignant 
hypocalcaemia, bone metastasis associated with solid tumours and 
multiple myeloma. In the past years its potentially negative side effects 
have however caused growing concern; in particular the profound 
bone remodeling inhibition can cause Bisphosphonate Related Osteo 
Necrosis of the Jaw (BRONJ), defined as an avascular area of necrotic 
bone in the maxillofacial area, with or without exposed bone, unable to 
heal within 8 weeks after its identification by the health care provider 
[1] in a patient who is or was receiving BP therapy and does not have
a previous history of irradiation in the maxillofacial region. The onset
of BRONJ is not always easy to detect, and this may favor a progressive
involvement of a large part of the maxillary and mandibular bone with
increasing complications [2].

At the present time, the pathophysiological mechanisms 
underlying BRONJ are not yet elucidated, even if its spontaneous 
occurrence suggests a multifactorial pathogenesis. One hypothesis is 
that BPs dampens maxillary and mandibular bone turnover, reducing 
osteoblast proliferation and osteogenic properties and increasing the 
ability of the mucosa cells to induce osteoclast differentiation and 
inflammatory processes. On the contrary, in other bones, BPs shows 
an inhibitory effect on osteoclast cell function. A recent study reported 
that zoledronic acid, released from the bone, affects oral mucosa, 
inducing early apoptosis and subsequently reducing cell growth [3]. In 
2012 a study in vitro evidenced that when epithelial cells are exposed 
to zoledronic acid, the latter can affect the properties of epithelial cells 
themselves, of osteoblasts and osteoclasts, all of which contribute to the 
onset of BRONJ [4]. These results have been confirmed in a subsequent 
study in vivo [5]. Moreover, BPs also possesses anti-angiogenic effect, 
which probably compromise post-extraction healing [5,6]. 

Since the exact BRONJ pathogenesis has not yet been established 
and seems to involve several mechanisms, including both hard and 

soft tissue damage, no agreement on the most appropriate BRONJ 
management and no definitive standard of care have been reached 
[7-11]. Active search for surgical protocols that may favor both bone 
and mucosal healing processes, while concurrently limiting surgical 
damage, must go on to respond to the needs of patients who are treated 
with BPs.

In a previous paper we reported on a trial involving 32 patients 
affected by BRONJ who were treated surgically using an autologous 
platelet-enriched preparation. The results were satisfactory, proving on 
the short and middle term the effectiveness of such preparations as a 
supplementary source of stimulation to the physiological deficit, able 
to promote angiogenesis as well as bone and mucosal wound healing 
[12-14].

The aim of the present paper is to evaluate the PRGF®-ENDORET® 
effectiveness on the surgical treatment of BRONJ also on the long 
term, through a clinical and radiographic follow-up up to 7 years after 
surgery.

Materials and Methods
In a previous paper [15] we described the surgical protocol followed 

in the management of 32 oncologic patients affected by intravenous 
bisphosphonate related osteonecrosis of the jaw with lesions meeting 
Marx IIB classification and who had no other kind of treatment before 
surgical procedures [16].
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Using the new classification of Bedogni et al. [17], all 32 lesions 
were at stage 2: among them, 12 were asymptomatic (Stage 2a) and 20 
symptomatic (Stage 2b). In all cases, BRONJ was clinically diagnosed 
and confirmed radiographically by TC [18].

The possible causes of the diagnosed BRONJ were dental surgery, 
periodontal diseases and ill-fitting dentures. Subjects with recurrent 
BRONJ onsets and osteoporotic patients assuming zoledronic acids 
were excluded. Operations (24 in the mandible and 8 in the maxilla) 
were performed in 2006 at the Oral Surgery Department of the Dental 
School of the University of Torino, Italy. Dental extraction was the 
suspected cause of BRONJ in 17 cases. After the first period of close 
observation, from June 2006 to October 2010, the follow-up visits were 
scheduled every 6 months, up to December 2012. The patient baseline 
is detailed in tables 1 and 2.

The local ethics committee approved the clinical protocol used for 
the study, and all patients enrolled in the study gave written informed 
consent. 

The surgical protocol was described in details in our previous article 
[15]; in short, it consisted in root scaling and oral hygiene instructions 
one week before surgery. All patients were administered antibiotics 
amoxicillin and clavulanic acid at a dosage of 1 tablet every 8 hours 
for a total of 10 days, starting from the evening before the surgical 
appointment.

The PRGF was obtained following the protocol described by 
Anitua [12]. Before anesthesia, 10-20 mL of blood was drawn from 
the peripheral vein of each patient using 5 mL tubes containing 
3.8% trisodium citrate solution as an anticoagulant. The tubes were 
centrifuged at 1800 rpm for 8 min (PRGF®-ENDORET® System, BTI 
Biotechnology Institute, Milan, Italy) at room temperature to enhance 
separation of blood into its three basic components: red blood cells (at 
the bottom of the tube), PRGF (in the middle), and plasma poor in 
growth factors (PPGF) at the top. The PRGF was collected from each 
tube and transferred in sterile tubes with addition of Calcium chloride 
(50 lL) at 10% for each 1 mL fraction of PRGF. The formation of the 
PRGF gel took about 15 - 20 min, after which it was ready to be used for 
filling the bone defect [19]. 

Local anesthesia was done with 2% mepivacaine to reduce 
restriction of the blood supply. Surgery consisted in resecting all parts 
of BRONJ [20,21]. Resection margins were pre-surgically evaluated 
radio graphically by TC and determined by the clinical appearance of 
bleeding bone. The bone surfaces were covered by a PRGF fraction, and 
a membrane made up of a plasma fraction poor in growth factors was 
placed between the bone tissue and the mucosal flap to improve healing 
and prevent bleeding. The suture was characterized by the mobilization 
of a muco-periostal flap to permit healing by first intention. Simple 
detached stitching with Vycril 4/0 was performed to get a hermetic 
closure at the wound margins. Written instructions for postoperative 
course and oral hygiene aimed at a good maintenance of the surgical 
site were given to all patients.

Clinical controls were performed postoperatively at 3, 7, 14, 21, 
30, 60, and 90 days. Radiographic evaluations were carried out at six 
months, and then every year by an orthopantomography, a TC and 
clinical evaluation. The patients were always examined for possible 
clinical signs of BRONJ: pain, swelling, non-healing, exposed necrotic 
bone and/or fistulas with connection to the bone [22]. 

Statistical analysis: the freedom from adverse events was computed 
for the short period (a few weeks) as a simple percentage with 95% 

Confidence Interval; for the long term (seven years) we followed the 
standard procedure of computing the Kaplan Meyer probability curve 
which takes into account the actual period of observation for each 
patient.

Results
No patients had to interrupt the use of i.v BPs because of surgery 

need. The oncologist, when needed, determined drug holiday. After 
surgery, five patients had some minor discomforts with complete 
remittal of all complications in a few weeks: resolution of disease was 
defined as the maintenance of mucosal closure without clinical and 
radiographic signs of residual infection or exposed bone at the time of 
evaluation. The short time success rate of our surgery thus amounts to 
84.4% (95%confidence interval 68.7-94.0%).

During the follow up period (2006-2012) 7 patients died for 
oncologic reasons. During these seven years no complication was 
reported and no surgical re-intervention on the treated site was needed 
for any of the patients. We can thus claim a satisfactory 100% freedom 
from adverse events as well as from re-intervention. 

5 patients, 3 women and 2 men all with multiple myeloma, after 
being surgically treated with success, developed a new BRONJ in 
another site in the oral cavity. The new BRONJ were 4 in mandible 
and 1 in maxilla. Clinical signs were pain, swelling, no healing, exposed 

Study group (number)

Gender
Males 10

Females 22

Age (yrs)
44-60 7
60-70 16
70-83 9

Smoking habit
No 20

<15/day 9
>15/day 3

Other medications
Steroids 11

Chemotherapy 4

Primary disease

Prostatic carcinoma 6
Breast carcinoma 5
Multiple myeloma 14
Lung carcinoma 4

Ovarian carcinoma 3

Drug prescribed
Zoledronic acid 26
Pamidronate 6

Table 1: Some patients characteristics at the time of the diagnosis (Mozzati et al. 
2012).

Study group number

Location of BRONJ
Mandible 24
Maxilla 8

Cause for BRONJ
Tooth extraction 17
Ill-fitting dentures 7

Periodontal disease 8

Pain
+ 20
- 12

Presence of pus
+ 15
- 17

Exposed/necrotic bone
+ 21
- 11

Oral fistulas
+ 15
- 17

Table 2: Some BRONJ characteristics at the time of the diagnosis (Mozzati et al. 
2012).
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necrotic bone and/or fistulas with connection to the bone. Also BRONJ 
was diagnosed and confirmed radio graphically with TC. 

The Kaplan-Meyer curve of freedom from a new BRONJ on 
untreated sites for patients who underwent a previous BRONJ surgery 
is shown in figure 1; it is 100% up to 4 years and afterwards decreases 
to 82% (95% CI 70-92%). Since the departure from 100% freedom falls 
around 4.5-5 years, we obtain an indication about the time at which 
patients should be most closely monitored for the arousal of possible 
new problems. All 5 second BRONJ patients were successfully managed 
with our surgical protocol using PRGF-ENDORET®, without any 
surgery complications or evidence for postoperative bisphosphonate-
associated osteonecrosis of the jaw at 8 months follow up. 

Discussion and Conclusion
In recent years many therapies have been suggested for BRONJ 

treatment, including conservative topical treatment, conservative 
surgical treatment or surgical resection, and hyperbaric or ozone 
therapy [23-27]. In 2007, Lee et al. have proposed and successfully 
managed 2 BRONJ using platelet- enriched preparations like platelet 
rich plasma (PRP®) [28]. 

In our surgical trial on 32 BRONJ patients, we proposed the use 
of Platelet Rich in Growth Factors (PRGF®-ENDORET®) [15]. The goal 
was to exploit their angiogenetic ability to promote rapid formation of 
the blood supply to the bone and enhance cell migration in patients 
affected by BRONJ, counterbalancing the antiangiogenic action which 
induces reduced capillary formation and inhibition of endothelial and 
vascular growth factors thus leading to avascular necrosis. This effect 
of BPs was also demonstrated by authors with “in vitro” experiments, 
animal models, and human studies on BP-treated patients with 
advanced solid cancer and bone metastasis [29]. 

The rational base for the employment of platelet-enriched 
preparations in patients affected by BRONJ rests on the assumption 
that the presence of growth factors, usually inhibited by BPs, represents 
substitute stimulation for a bone healing process similar to the 
physiological one. Particularly BPs seem to inhibit the action of vascular 
endothelial growth factor (VEGF) and the formation of new capillaries, 
other than to inhibit hydroxymethylglutaryl coenzyme A reductase 
(HMGR) involved in osteoblast proliferation [4,5]. The application of 
PRGF-ENDORET® provides hundreds of proteins and growth factors 
to the local milieu including angiogenic factors (VEGF and angiopoi-
etin), and factors that promote osteogenic differentiation, which 
can activate and accelerate the regeneration of the involved tissues 

[30]. In fact, PRGF increases TGFβ, a growth factor involved in the 
stimulation of osteoblast proliferation and differentiation, extracellular 
matrix production, and VEGF expression. Moreover, PRGF increases 
BMP-7, a growth factor involved in osteogenesis [19]. PRGF can 
contribute to a rapid osseous remodeling and to a complete primary 
closure of the mucosa that protects the area from infection and reduces 
symptomatology. 

The results of our trial are to be considered satisfactory: the 
freedom from light complications immediately after surgery was 
84.4%, whereas the freedom from adverse events and re-intervention 
in the 7-year follow-up period was 100%. The Kaplan-Meyer actuarial 
curve for freedom from a new BRONJ on untreated sites was 100% up 
to 4 years and afterwards decreased to 82%, where it remained constant 
up to 7 years. 

It is important to highlight that none of the present patients 
interrupted bisphosphonate therapy. The treating specialist, 
considering whether discontinuation of the drugs could increase the 
risk of skeletal complications, achieved this decision. This therapeutic 
choice did not interfere with the success of the surgery. Our results 
are similar to those obtained from Curi et al. in another study [30,31]: 
there is no reason to interrupt bisphosphonate therapy when surgical 
treatment is indicated.

Finally, this is one of the few studies describing a surgery protocol 
for BRONJ with very good results on a many years follow-up [27].
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