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Article 

Effectiveness of Surgical Marginal Resection with 
Piezoelectric Device on Bisphosphonate-Related 
Osteonecrosis of the Jaws: A Retrospective Study 
Martina Tessari Lee, Claudia Manera, Mariagrazia Boccuto and Christian Bacci * 

University of Padova, Department of Neurosciences, Section of Clinical Dentistry 
* Correspondence: christian.bacci@unipd.it 

Abstract: Objective: This study aims to investigate the efficacy of marginal resection using a 
piezoelectric device in patients with Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ). 
Methods: A retrospective study was conducted on subjects treated at the Dental Clinic University 
Hospital of Padua (Italy) from January 2017 to April 2024. Patients diagnosed with BRONJ (stages 1 
and 2) who underwent marginal resection of the maxillae using a piezoelectric instrument were 
included. Exclusion criteria included patients who had received radiotherapy to the head and neck, 
those with Medication-Related Osteonecrosis of the Jaw (MRONJ), and those with primary tumors 
of the maxillary bones. Marginal resection was considered an effective treatment when complete 
epithelialization of the surgical site was achieved, with no signs or symptoms of disease, and the 
condition remained stable one-year post-operation. Results: 21 patients (17 females and 4 males) were 
selected. A single resection was performed for each patient, resulting in a total of 21 surgeries: 14 in 
the mandible and 7 in the maxilla. At one-year post-surgery, 20 patients showed no signs or 
symptoms of the disease. 1 patient experienced two recurrences, both of which were subsequently 
treated. Conclusions: The study demonstrates that marginal resection using a piezoelectric device is 
an effective procedure for the treatment of BRONJ, although it remains a relatively invasive and 
destructive therapeutic approach. 

Keywords: Osteonecrosis; Bisphosphonates; BRONJ; Piezosurgery; Ultrasonic Bone Surgery 
 

1. Introduction 

In 2020, the definition of Bisphosphonate-Related Osteonecrosis of the Jaws (BRONJ) was 
revised and redefined as an adverse drug-related reaction, characterized by the progressive 
destruction and necrosis of the mandibular and/or maxillary bone in individuals exposed to 
bisphosphate treatment, for which an increased risk of disease has been established, in the absence 
of prior head and neck radiotherapy. Along with this new definition, the terms “major” and “minor” 
diagnostic criteria for BRONJ diagnosis have been eliminated. The Italian Society of Oral Pathology 
and Medicine and the Italian Society of Maxillofacial Surgery (SIMPO-SICMF) have provided a list 
of clinical and radiographic signs and symptoms for the presentation of BRONJ, without 
distinguishing between major and minor criteria. There have also been changes in the recommended 
treatments: the surgical approach, previously reserved for advanced stages of the disease, is now 
indicated and extended to less severe stages of BRONJ. In this new context, the surgical marginal 
resection intervention performed using piezoelectric instruments in BRONJ patients is introduced [1] 

Piezoelectric Devices in Medical-Dental Applications 
Modern piezoelectric devices used in medical-dental fields are based on the so-called 

piezoelectric effect. The discovery of the piezoelectric effect dates to the 19th century, specifically in 
1880, and is attributed to the insight of two physician brothers, Pierre and Jacques Curie. Following 
the Curie brothers’ discovery, physicist Gabriel Lippmann discovered the inverse piezoelectric effect. 
Since the early 2000s, the inverse piezoelectric effect has also found applications in the biomedical 
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and healthcare fields with the patenting and widespread use of the first piezoelectric devices, 
commonly used today in dental surgery and other surgical specialties. 

The piezoelectric effect occurs when mechanical deformation is applied to certain solid bodies 
with a crystalline structure. This force generates an electric charge, or more precisely, a potential 
difference called “piezoelectric current.” Conversely, the inverse piezoelectric effect is obtained by 
applying an electric field to a solid crystalline body, resulting in its mechanical deformation. The 
body, subjected to an electric current, expands and contracts, causing rapid dilation and contraction 
of the crystalline structure, which translates into vibration of the body itself. 

Piezoelectric devices use materials with piezoelectric properties, specifically crystalline 
ceramics, which deform when exposed to an electric current. This deformation induces vibration, 
which is transferred via internal mechanisms to the working insert mounted on the piezoelectric 
device. Piezoelectric instruments and inserts operate at frequencies between 24 KHz and 40 KHz, 
hence they are also referred to as ultrasonic devices and inserts. 

Ultrasonic piezoelectric devices are increasingly used in dental surgery due to their advantages 
over oral surgery performed with rotary tools and drills. The greatest advantage of ultrasound 
surgery is its selective cutting action on hard tissues such as bone. The use of ultrasonic inserts allows 
for osteotomy cuts on bone, reducing the risk of damage or iatrogenic injuries to sensitive structures 
such as the inferior alveolar nerve or soft tissues like the gingiva and Schneiderian membrane, in case 
of accidental contact. It can be used in several clinical situations, such as the accidental displacement 
of foreign bodies into the maxillary sinus, to gain access to teeth or alveolar bone lesions and to 
perform osteotomy in maxilla and mandible, such as in cases of bone lid surgery in posterior 
mandible [2]. Another characteristic of piezosurgery is its ability to create precise and thin osteotomy 
lines at the micron level, thanks to the microscopic vibration of the inserts. This is achieved without 
overheating the bone tissue. Additionally, piezoelectric devices have been shown to promote faster 
and better healing in terms of bone repair. These aspects have led to piezoelectric surgery being 
defined as atraumatic and minimally invasive. Regarding post-operative pain, it is generally lower 
than that associated with traditional surgery performed with rotary instruments [3,4]. 

Another advantage of piezoelectric surgery is related to cavitation effects: when the vibrating 
insert comes into contact with the physiological irrigation solution, micro-bubbles or gas cavities 
containing high-pressure steam are formed. These bubbles have a hemostatic effect because they 
implode, compressing blood capillaries and reducing bleeding, which improves intraoperative 
visibility for the surgeon. Additionally, the micro-bubbles have bactericidal effects and help remove 
bone debris formed on the bone surface [4] 

Objective of the Study 
This paper aims to evaluate the effectiveness of marginal surgical resection with piezoelectric 

devices, as part of minimally invasive ultrasonic surgery, in the treatment of bisphosphonate-related 
osteonecrosis of the jaws (BRONJ). Specifically, the surgical procedure will be assessed in terms of 
healing and recurrence, in line with the prognostic indices present in the clinical-therapeutic 
recommendations of the SIPMO-SICMF.  
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2. Materials and Methods 

This retrospective study reviewed medical records and histological examinations of 274 
potentially eligible patients treated at the Dental Clinic of Padova from January 2017 to April 2024. 
The study focused on a series of BRONJ cases that were unresponsive to medical therapy and 
underwent marginal surgical resection using piezoelectric devices. 

Inclusion criteria – Inclusion criteria included adult patients with BRONJ stages 1 and 2, 
undergoing marginal resection with piezoelectric devices, patients followed by the same surgeon for 
both visits and surgery, availability of clinical documentation, and at least three follow-up visits at 1 
month (T1), 6 months (T2), and 12 months (T3) post-surgery. 

Exclusion criteria – Exclusion criteria included patients who had undergone head and neck 
radiotherapy, MRONJ patients, and those with primary or metastatic neoplasms of the maxillary 
bones. 

For each patient, the following data were collected: gender, age, smoking status, comorbidities, 
BRONJ triggers, osteonecrosis resection site, bisphosphonate treatment indication, bisphosphonate 
type, and the presence of actinomyces in histological examinations. 

In this study, we used the SIPMO SICMF staging, which differs in some details from the AAOMS 
staging system [5]. The corresponding stages are presented in Tables 1 and 2. Presurgical (T0) clinical-
radiographic signs and symptoms of BRONJ were recorded, as shown in Figure 1. From the 
Orthopantomography (OPG), Computed Tomography (CT) or Cone Beam Computed Tomography 
(CBCT), the dimensions in millimetres of the lesion to be excised were pre-defined. 

Table 1. Clinical and Radiographic stages of MRONJ based on SIPMO-SICMF staging criteria [1]. 

STAGE  CLINICAL SIGNS AND 

SYMPTOMS  

CT SIGNS 

Stage 1 - FOCAL MRONJ 

The presence of at least 1 clinical 

sign/symptom and increased bone 

density limited to the alveolar process 

at CT, with or without additional 

radiological signs. 

 Stage 1a: Asymptomatic (without 

pain) 

 Stage 1b: Symptomatic (the presence 

of pain and/or purulent discharge) 

 

 

Abscess, bone exposure, halitosis, 

intraoral fistula, jaw pain of bone 

origin, mucosal inflammation, 

non-healing post-extraction 

socket, soft tissue swelling, 

spontaneous loss of bone 

fragments, sudden dental/implant 

mobility, purulent discharge, 

toothache and trismus. 

 

 

Trabecular thickening and/or 

focal bone marrow sclerosis, 

with or without cortical 

erosion, osteolytic changes, 

thickening of the alveolar 

ridge, thickening of the 

lamina dura, persistent post-

extraction socket, periodontal 

space widening, thickening of 

the inferior alveolar nerve 

canal, sequester formation. 

Stage 2 - DIFFUSE MRONJ 

The presence of at least 1 clinical 

sign/symptom and increased bone 

density extending to the basal bone at 

CT, with or without additional 

radiological signs. 

 Stage 2a: asymptomatic (without 

pain) 

 Stage 2b: symptomatic (presence of 

pain and/or purulent discharge) 

 

Same as Stage 1, plus mandibular 

deformation and numbness of the 

lips. 

 

 

Diffuse bone marrow 

sclerosis, with or without 

cortical erosion, osteolytic 

changes, thickening of the 

alveolar ridge, thickening of 

the lamina dura, persistent 

post-extraction socket, 

periodontal space widening, 

thickening of the inferior 
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alveolar nerve canal, 

sequester formation, 

periosteal reaction and 

opacified maxillary sinus. 

Stage 3 - COMPLICATED MRONJ 

The presence of at least 1 clinical 

sign/symptom and increased bone 

density extended to the basal bone at 

CT, plus one or more of the following 

 Stage 3a: asymptomatic (without 

pain) 

 Stage 3b: symptomatic (presence of 

pain and/or purulent discharge) 

 

Cutaneous fistula, mandible 

fracture, fluid discharge from the 

nose. 

 

 

Osteosclerosis of adjacent 

bones (zygoma and hard 

palate), pathologic fracture, 

osteolysis extending to the 

maxillary sinus, sinus tract 

(oroantral, oronasal fistula, 

oro-cutaneous). 

 

Table 2. Clinical and Radiographic stages of MRONJ based on AAOMS staging criteria [2]. 

STAGE  SYMPOTMS  CLINICAL FINDINGS  RADIOGRAPHIC FINDINGS 

Stage 0  Odontalgia not explained 

by an odontogenic cause. 

 Dull, aching bone pain in 

the jaw, which may radiate 

to the temporomandibular 

joint region. 

 Sinus pain, which may be 

associated with 

inflammation and 

thickening of the maxillary 

sinus wall. 

 Altered neurosensory 

function. 

 Loosening of teeth not 

explained by chronic 

periodontal disease. 

 Intraoral or extraoral swelling. 

 Alveolar bone loss or 

resorption not aĴributable to 

chronic periodontal disease. 

 Changes to trabecular paĴern 

sclerotic bone and no new 

bone in extraction sockets. 

 Regions of osteosclerosis 

involving the alveolar bone 

and/or the surrounding basilar 

bone. 

 Thickening/obscuring of 

periodontal ligament 

(thickening of the lamina dura, 

sclerosis and decreased size of 

the periodontal ligament 

space) 

Stage I  Asymptomatic  Exposed and necrotic bone or 

fistula that probes to the bone. 

 No evidence of 

infection/inflammation. 

 may present with radiographic 

findings mentioned for Stage 0 

that are localized to the 

alveolar bone region 

Stage II  Symptomatic  Exposed and necrotic bone, or 

fistula that probes to the bone. 

 Evidence of 

infection/inflammation. 

 may present with radiographic 

findings mentioned for Stage 0 

localized to the alveolar bone 

region. 

 

 

 

 

 Symptomatic   Exposed and necrotic bone or 

fistulae that probes to the bone. 

 Evidence of infection 

 One or more of the following: 

 May be present:  

 Pathologic fracture. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 March 2025 doi:10.20944/preprints202503.0312.v1

https://doi.org/10.20944/preprints202503.0312.v1


 5 of 15 

 

Stage III  Exposed necrotic bone 

extending beyond the region of 

alveolar bone (i.e., inferior 

border and ramus in the 

mandible, maxillary sinus and 

zygoma in the maxilla). 

 Extraoral fistula. 

 Oral antral/oral-nasal 

communication. 

 Osteolysis extending to the 

inferior border of the mandible 

or sinus floor 

 

Figure 1. (A) Clinical case BRONJ stage 1b with osteonecrosis in the right mandible. Preoperative radiograph 
(T0). (B) Intra-oral clinical picture (T0) with distal bone exposure at second lower right premolar. 

The surgical procedures were performed in a sterile environment, under conscious sedation, and 
by the same lead surgeon. After local anesthesia (Articaine Hydrochloride and Bupivacaine 
Hydrochloride), a mucoperiosteal flap was raised to expose the necrotic tissue. The osteotomy lines 
were made using a piezoelectric device and occasionally completed with a manual chisel. Finally, the 
tissue was excised. Intra-operatively, the surgical margins were adjusted, if necessary, based on the 
consistency, color, and bleeding of the bone tissue. The closure was achieved by first intention using 
resorbable sutures. Histological examination was requested for all cases. 

All surgical procedures are presented in Figure 2. 
Specifically, the marginal bone resection was performed using a piezoelectric device 

(PIEZOSURGERY® touch, Mectron, Carasco, Genoa, Italy) set to bone mode with a high-frequency 
vibration of up to 36 kHz. The ultrasonic vibration tips required for the procedures were OT7, OT8L, 
OT8R, and OT12 for osteotomies, and OP1 for osteoplasty. 

As shown in Figure 3, in the post-operative period, the clinical signs and symptoms of BRONJ 
were reassessed, while radiographic evaluation was performed only at T2 and T3 to minimize the 
patient’s exposure to X-rays. For 9 days (3 days before and 6 days after the procedure), dual antibiotic 
therapy was prescribed: Amoxicillin and Clavulanic Acid (3 g/day) and Metronidazole (750 mg/day). 
In the post-operative phase, analgesic therapy (Paracetamol 3 g/day and Ibuprofen 1800 mg/day) and 
antiseptic therapy (0.2% chlorhexidine spray) were recommended to reduce pain and the microbial 
load in the oral cavity. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 March 2025 doi:10.20944/preprints202503.0312.v1

https://doi.org/10.20944/preprints202503.0312.v1


 6 of 15 

 

 

Figure 2. (A) Full thickness surgical flap detachment; (B) Piezoelectric device osteotomy lines; (C) Completion 
of osteotomy; (D) Clinical picture after resection; (E) Tissue removed with second lower right premolar and 
implant seat in first lower right molar position; (F) Suture and closure by primary intention. 

 
Figure 3. (A) Clinical picture 12 months after surgery (T3); (B) Radiography 12 months after piezoelectric surgery 
(T3). 

Success Criteria 
The surgical marginal resection with a piezoelectric device was considered effective upon 

achieving the following criteria 1 year after surgery: absence of exposed bone in the oral cavity, 
complete epithelialization of the surgical site, and no clinical or radiographic signs or symptoms of 
BRONJ. 

The study was conducted in accordance with the ethical principles outlined in the Helsinki 
Declaration and adhered to the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for reporting observational studies [6,7]. The project was 
registered with the local ethics committee. Informed consent was obtained from all patients. 

Statistical Analysis 
A descriptive statistical analysis was performed on the data. Qualitative variables were 

presented as absolute frequencies and percentages, while quantitative variables were analysed using 
the mean index. The data were analysed and recorded using Excel 18.0 - 2021. 

3. Results 
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Characteristics of all clinical cases are presented in Table 3. Table 4 and Table 5 summarize 
preoperative clinical and radiographic signs and symptoms, based on SIPMO-SICMF staging criteria. 

Table 3. Characteristics of clinical cases subjected to marginal surgical resection with piezoelectric device. 

N° 

Patie

nt  

S

e

x 

A

g

e 

Primary 

Disease 

Comorbidi

ties  

Smoki

ng 

status 

BiP 

Treatm

ent  

Triggering 

cause of 

BRONJ 

BRON

J Stage 

BRONJ 

Resection 

Site  

Presence of 

Actinomyce

s 

1 M 6

6 

Thyroid 

Cancer 

Hypertensi

on 

yes ZOL Implant 1b Mandible 

(right side) 

yes 

2 F 8

0 

Osteopo

rosis 

Diabetes, 

Familial 

hyperchole

sterolemia  

no IBA Unknown 2a Mandible 

(right side) 

no 

3 F 7

9 

Osteopo

rosis 

Hypertensi

on 

no IBA Unknown 2b Mandible 

(left side) 

no 

4 F 6

3 

Breast 

Cancer 

Hypertensi

on 

yes ZOL Periodontal 

Disease 

2b Mandible 

(right side) 

yes 

5 F 8

1 

Breast 

Cancer 

None no ZOL Extraction 2b Maxillary 

(left side) 

no 

6 F 7

9 

Osteopo

rosis 

 Familial 

hyperchole

sterolemia  

yes ALE Extraction 1a Mandible 

(left side) 

no 

7 F 7

7 

Breast 

Cancer 

Hypertensi

on 

yes ALE Prosthetic 

Decubitus 

1a Mandible 

(left side) 

yes 

8 M 7

2 

Multipl

e 

Myelom

a 

Hypertensi

on 

yes ZOL Prosthetic 

Decubitus 

2b Maxillary 

(left side) 

no 

9 M 7

7 

Thyroid 

Cancer 

Hypertensi

on,  

Familial 

hyperchole

sterolemia  

yes  ZOL Periodontal 

Disease 

2a Maxillary 

(left side) 

no 

10 F 6

8 

Multipl

e 

Myelom

a 

Hypertensi

on,Familial 

hyperchole

sterolemia  

no ZOL Periodontal 

Disease 

2a Mandible 

(left side) 

yes 
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11 F 6

8 

Breast 

Cancer 

None  no ZOL Unknown 1b Maxillary 

(right side) 

no 

12 F 7

5 

Multipl

e 

Myelom

a 

Hypertensi

on, 

Diabetes 

no ZOL Periodontal 

Disease 

1b Mandible 

(right side) 

yes 

13 F 6

7 

Breast 

Cancer 

Hypertensi

on 

no ZOL Extraction 2a Mandible 

(right side) 

yes 

14 F 8

5 

Breast 

Cancer 

Diabetes, 

Familial 

hyperchole

sterolemia  

no ZOL Periodontal 

Disease 

2a Maxillary 

(left side) 

yes 

15 F 7

3 

Osteopo

rosis 

None no ALE Prosthetic 

Decubitus 

1a Mandible 

(left side) 

no 

16 M 6

9 

Prostate 

Cancer 

Hypertensi

on 

yes ZOL Periodontal 

Disease 

1a Mandible 

(left side) 

no 

17 F 6

5 

Osteopo

rosis 

None  yes ZOL Implants 2a Maxillary 

(left side) 

yes 

18 F 8

3 

Osteopo

rosis 

None yes ALE Unknown 1a Mandible 

(left side) 

no 

19 F 8

6 

Thyroid 

Cancer 

Chronic 

kidney 

failure 

no ZOL Extraction 2a Mandible 

(left side) 

no 

20 F 6

3 

Osteopo

rosis 

Hypertensi

on 

no ZOL Unknown 1a Mandible 

(left side) 

no 

21 F 8

6 

Breast 

Cancer 

Hypertensi

on 

yes ZOL Periodontal 

Disease 

2b Maxillary 

(right side) 

yes 

Table 4. Distribution of patients based on clinical signs and symptoms of BRONJ recorded preoperatively (T0). 

Clinical Signs and Symptoms of BRONJ (T0) N° of Patients % 

Exposed bone 21 100 

Halitosis 11 52.38 

Dental mobility 7 33.33 

Pain 6 28.57 

Trismus 5 23.81 
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Failure of post-extraction alveolar mucosa repair 4 19.05 

Soft tissue swelling 3 14.29 

Lip paresthesia/dysesthesia 3 14.29 

Implant mobility 2 9.52 

Suppuration 2 9.52 

Table 5. Distribution of patients based on radiographic signs of BRONJ recorded preoperatively (T0). 

Radiographic Signs of BRONJ (T0) N° of Patients % 

Diffuse Osteosclerosis 6 28.57 

Focal Medullary Osteosclerosis 5 23.81 

Widening of the Periodontal Space 5 23.81 

Persistence of Post-extraction Alveolus 4 19.05 

Sinusitis 4 19.05 

Thickening of the Alveolar Canal 2 9.52 

Oro-antral Fistulas 2 9.52 

Periosteal Reaction 2 9.52 

A total of 21 patients were selected: 17 women (80.95%) and 4 men (19.05%). The average age 
was 74.38 years (range 63-86). 9 patients (42.86%) were diagnosed with BRONJ stage 1, and 12 patients 
(57.14%) with BRONJ stage 2, based on the preoperative clinical and radiographic signs and 
symptoms and the SIPMO-SICMF staging criteria. Each stage was divided into asymptomatic (a) and 
symptomatic (b) cases. Regarding intra-oral triggers for osteonecrosis, the cause was not identified 
for 5 patients (23.81%). 7 patients (33.32%) were treated with bisphosphonates for osteometabolic 
reasons, mainly osteoporosis, and 14 patients (66.67%) for oncological reasons: 11 patients (52.38%) 
had bone metastases and 3 patients (14.29%) had Multiple Myeloma. Zoledronic acid (ZOL) had been 
prescribed for 15 patients (71.43%), Alendronate (ALE) for 4 patients (19.05%) and Ibandronate (IBA) 
for 2 patients (9.52%). 

The most common comorbidities were hypertension, presented in 12 patients (57.14%), familial 
hypercholesterolemia presented in 5 patients (23.81%) and type II diabetes mellitus presented in 3 
patients (14.29%). Other conditions, such as chronic kidney failure, were observed in less than 10% 
of the cases. 10 patients (47.62%) were smokers. 

Each patient underwent a single marginal resection, with a total of 21 surgeries performed: 14 
resections (66.67%) were carried out on the mandible, and 7 resections (33.33%) on the maxilla. All 
patients received histological confirmation of BRONJ, and in 9 samples (42.86%), actinomyces were 
found. 

Table 6 presents clinical cases and corresponding clinical-radiographic signs and symptoms of 
BRONJ observed after piezoelectric marginal resection at follow-up (T1 - T2 - T3). 

At the first follow-up (T1), 5 patients (23.81%) showed incomplete epithelialization of the 
surgical site, and other symptoms (trismus, lip dysesthesia) were present, although with reduced 
severity compared to the preoperative state. At 6 months post-resection (T2), in 1 patient (4.76%) 
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(N°1), clinical and radiographic signs such as incomplete epithelialization, dysesthesia, and 
thickening of the trabecular bone were noted. At T3, the last follow-up, the same patient (N°1) 
showed worsening of the clinical picture with exposed bone in the oral cavity, lip dysesthesia, pain, 
and focal osteosclerosis. Pain was measured using the Visual Analogue Scale (VAS) and recorded a 
score of 4. This patient underwent two additional marginal resections using the piezoelectric device. 
For the following 3 years after the last resection, the patient was followed up biannually, with no 
further clinical or radiographic signs of BRONJ being observed. 

Table 6. Clinical cases and corresponding clinical-radiographic signs and symptoms of BRONJ observed after 
piezoelectric marginal resection at follow-up (T1 - T2 - T3). 

N° 

Patient 

T1 Clinical Signs 

and Symptoms 

of BRONJ 

T1 

Radiographic 

Signs of 

BRONJ 

T2 Clinical Signs 

and Symptoms 

of BRONJ 

T2 

Radiographic 

Signs of 

BRONJ 

T3 Clinical 

Signs and 

Symptoms of 

BRONJ 

T3 

Radiographic 

Signs of 

BRONJ 

1 Incomplete 

epithelialization, 

Dysesthesia 

X-rays not 

performed 

Incomplete 

epithelialization, 

Dysesthesia 

Trabecular 

thickening 

Exposed 

bone, 

Dysesthesia, 

Pain 

Focal 

medullary 

osteosclerosis 

8 Incomplete 

epithelialization 

X-rays not 

performed 

Absent Absent Absent Absent 

13 Incomplete 

epithelialization, 

Trismus 

X-rays not 

performed 

Absent Absent Absent Absent 

14 Incomplete 

epithelialization 

X-rays not 

performed 

Absent Absent Absent Absent 

19 Incomplete 

epithelialization, 

Lip Dysesthesia 

X-rays not 

performed 

Absent Absent Absent Absent 

4. Discussion 

In this case series, the most frequent site of osteonecrosis was the mandible (66.67%). This result 
aligns with literature, where the mandible is reported to be more commonly affected by BRONJ 
compared to the maxilla. In one study, the mandible was affected in 70% of cases, and in another 
study, in 60% [8,9]. The most widely accepted hypothesis is that the mandible is more susceptible to 
osteonecrosis due to its terminal vascularization [10]. The average age of patients at the time of 
surgery was 74.38 years (range 63-86), indicating that BRONJ tends to manifest in the 60-80 age group. 
This finding is consistent with numerous other studies, where the mean age ranges from 60 to 77 
years [11,12]. One systematic review reports a mean age of 66.5 ± 4.7 years [13]. While the majority of 
patients fall within this age range, the onset of the primary condition and the initiation of 
bisphosphonate therapy may play a role in the age of BRONJ manifestation, as some studies report a 
mean age of 55.4 years [14]. 

Women represent most patients (80.95%), which is consistent with the higher incidence of 
BRONJ in women. Some studies suggest a gender ratio of approximately 3:1. This could be attributed 
to women’s longer life expectancy, the rising incidence of breast cancer and the menopausal 
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condition, which leads to a decrease in estrogen levels and consequently reduced bone mass. 
Regarding the primary condition for which bisphosphonates were prescribed, it can be said, in 
agreement with the international literature, that oncological patients develop BRONJ more frequently 
than osteometabolic patients [15]. The different potency of the drug, the route of administration, and 
the duration of bisphosphonate therapy all affect the outcomes. The role of periodontal disease as a 
risk factor for BRONJ, and more generally for inflammatory and infectious conditions in the oral 
cavity, has been extensively discussed [16]. Inflammation may induce bone necrosis both through the 
release of chemical mediators and via indirect action through edema, leading to reduced blood 
supply to the bone and subsequent necrosis [17]. 

Extraction surgery and implant therapy can connect the bone with the oral flora and induce 
trauma in tissues with altered metabolism and healing [18–21]. Poorly adjusted prosthetics also pose 
a local risk factor, as ill-fitting prostheses can exert excessive pressure, leading to thinning of soft 
tissues, ulceration, and bone exposure [22,23]. For 5 patients in this study (23.81%), no identifiable 
trigger for BRONJ was found. These cases may be due to anatomical predispositions or what is 
known as “spontaneous” drug-related ONJ, which may be associated with the patient’s 
pharmacogenetics, though there is insufficient evidence on this [24,25]. 

It is well-established that smoking causes vasoconstriction of blood vessels, leading to reduced 
blood flow to the bone and necrosis [26]. It also impairs wound healing, delaying the entire process 
[27]. In this study and in a similar paper, however, smoking did not seem to influence the surgical 
outcome, which might be due to patients either abstaining from smoking or reducing their daily 
cigarette consumption during the postoperative period [28]. 

In addition to the primary condition, comorbidities were observed, including hypertension, 
diabetes, and chronic kidney failure. The latter is considered a systemic risk factor for BRONJ, as 
excessive calcium excretion and inadequate renal reabsorption can disrupt calcium metabolism, also 
affecting the maxillary bones [29]. Regarding hypertension, some studies have identified a correlation 
between high blood pressure and increased BRONJ risk, though the exact causal relationship remains 
unclear [30]. For diabetes, the literature does not yet provide a clear pathophysiological mechanism 
linking it to BRONJ onset. However, some studies suggest that the microvascular damage caused by 
diabetes may also impact the bone tissue [31,32]. 

The histological confirmation of BRONJ was obtained for all cases, and the presence of 
actinomycetes was detected in the biopsy sample of 9 patients (42.86%), indicating superinfection of 
the necrotic bone. 

The bacteria found in BRONJ are typically present in the oral cavity or are found in odontogenic 
and periodontal diseases. The most frequent pathogen in cases of bisphosphonate-induced 
osteonecrosis is, therefore, the actinomycete [33–35]. 

At T0, the clinical and radiographic manifestation of BRONJ in the selected cases aligns with 
what is reported in the literature: in no case were symptoms and/or signs found that differed from 
those already known. Pain, a frequent and debilitating component in BRONJ patients, was reported 
by approximately one-third of the patients (28.57%) [36] . The results indicate that, one year after 
surgery (T3), 95.24% of the treated cases meet the success criteria established by this study to evaluate 
the effectiveness of piezoelectric marginal resection in BRONJ patients: 20 patients, in fact, showed 
complete epithelialization of the surgical site and absence of clinical and radiographic signs and 
symptoms of the disease. 

Similar case series show results comparable to those of this research. In these two studies, a total 
of 29 piezoelectric marginal resections were performed in BRONJ patients, both oncological and 
osteometabolic. These studies suggest that ultrasonic resection provides positive clinical outcomes in 
the treatment of bisphosphonate-induced osteonecrosis of the jaws [37,38]. Another case series 
monitored 6 BRONJ patients who underwent a single piezoelectric marginal resection for a period of 
60 months, without observing signs or symptoms of the disease in the long term: 5 years after 
ultrasound surgery, no recurrences were reported [39]. 
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At T3, only one patient (4.76%) presented, in addition to the persistence of the symptoms and 
signs recorded at T2, a worsening of the clinical condition. This clinical case was successfully re-
treated with two additional piezoelectric marginal resections, and 4 years after the last surgery, no 
further signs or symptoms of BRONJ were observed. 

While this paper analyses and describes an effective resective technique, the most effective 
approach to ONJ remains preventive (40). 

A limitation of the research is represented by the sample size, which can be considered adequate 
in relation to study design but relatively small compared to larger cohorts of subjects. There are also 
limitations related to the evaluation of the study variables and the retrospective data collection. This 
case series was conducted in a single hospital facility, and the patients were selected only from those 
managed by a single medical team. Another limitation is the relatively short 12-month post-operative 
follow-up period. 

5. Conclusions 

This study demonstrates that piezoelectric marginal resection is effective in the treatment of 
BRONJ, although it remains an invasive procedure. Further studies are needed to include larger 
cohorts of patients. Additionally, there is hope for the future development of more efficient 
piezoelectric devices in order to establish this type of surgery as the “Gold Standard” for drug-related 
osteonecrosis. 
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