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Abstract: Medication-related osteonecrosis of the jaw (MRON]) is a drug complication that can
occur in patients taking antiresorptive or antiangiogenic drugs. Although it is a well-documented
disease, there is no widely accepted treatment. However, several therapeutic approaches have been
proposed. The surgical approach in many advanced cases appears inevitable; however, the results are
not yet defined and predictable. This study aimed to propose a combined surgical approach with a
piezoelectric device and laser (Er:YAG for bone ablation and Nd:YAG laser for photobiomodulation)
in a young patient with breast cancer and bone metastasis under denosumab treatment, affected by
spontaneous stage 3 MRON] with maxillary sinus involvement. The patient under study reported
no post-operative discomfort, with painkiller intake limited to the day after surgery. Total mucosal
healing was observed without recurrences for more than 4 years after surgery. According to the
results of our preliminary study, a combined surgical approach using a piezoelectric device and laser
therapy is effective in managing patients affected by MRON], leveraging the clinical and biological
advantages of these different techniques.

Keywords: piezoelectric surgery; Er:YAG laser surgery; Nd:YAG laser photobiomodulation; MRON]

1. Introduction

In 2003 [1], the occurrence of osteonecrosis of the jaw bones (ONJ) was first associated
with treatment with a specific drug class, bisphosphonates (BFs). For this reason, the first
denomination was Bisphosphonate Osteo-Necrosis (BON). In 2014, there was a change in
nomenclature, as it was observed that there are several drug classes that may be associated
with the occurrence of this adverse event, such as Densoumab, Sunitibib, Bevacizumab,
and biological immunomodulators (e.g., Infliximab, Adalimumab, Rituximab, or mTOR
inhibitors). Therefore, the term medication-related osteonecrosis of the jaws (MRON]) is
used [2]. It is now known that the presence of different risk factors is closely related to the
evolution of MRONY], which can be distinguished into the categories “drug-dependent”
or “patient-dependent” [3,4] and includes dental procedures such as extractions, implant
placement, or local trauma. However, it was observed that the presence of concomitant
infections could be the key risk factor for the development of MRON]. In fact, a study carried
out by Nicolatou-Galitis O. et al. [5] suggested that osteonecrosis may already be present
at the time of extraction and be associated with local diseases, such as periodontitis or
periapical infection; these non-surgery-triggered forms should be considered by oncologists,
hematologists, and general physicians, who are advised to inform their patients regarding
the importance of preventive dental protocols, in order to control the possible causes of
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osteonecrosis not related to invasive dental procedures [6,7]. Although it is a well-known,
potentially painful and even debilitating condition, proper treatment remains a challenge
for dentists, maxillofacial surgeons, and oncologists, as it can drastically affect the quality
of life of patients [8]. Several therapeutic approaches have been proposed in the literature
over the years [9-16]; however, there are few long-term follow-up retrospective studies
available involving multiple patients. In addition, given the severity of the disease, there
are no randomized trials with different treatment approaches [17]. However, a surgical
approach that aims to selectively remove necrotic bone seems to guarantee better clinical
outcomes both in terms of improving symptoms and achieving complete healing [18-20],
even in early stages of the disease [21]. In this study, we evaluated the effectiveness of a
therapeutic treatment combining the benefits of piezoelectric surgery and laser therapy in
patients diagnosed with MRON]J according to the AAOMS classification [22]:

e DPatients at risk: No apparent necrotic bone in asymptomatic patients treated with IV
or oral antiresorptive therapy.

e  Stage 0 (non-exposed bone variant): Patients with no clinical evidence of necrotic bone
but who present with non-specific symptoms or clinical and radiographic findings.

e  Stage 1: Exposed and necrotic bone or fistula that probes the bone in asymptomatic
patients with no evidence of infection/inflammation.

e  Stage 2: Exposed and necrotic bone, or fistula that probes the bone, with evidence of
infection/inflammation. The patients were symptomatic.

e  Stage 3: Exposed and necrotic bone or fistulae that probe into the bone, with evidence
of infection, and one or more of the following:

Exposed necrotic bone extending beyond the region of alveolar bone
Pathologic fracture

Extraoral fistula

Oral-antral/oral-nasal communication

Osteolysis extending to the inferior border of the mandible or sinus floor

SRR

This combined technique makes it possible to exploit the benefits of piezosurgery,
such as high cutting precision and reduced trauma on soft tissue, combined with the
bio-stimulating effect of laser therapy.

1.1. Ultrasonic Bone Surgery

The piezoelectric device was developed by Italian oral surgeon Tommaso Vercelloti
in 1988. Its name is derived from the Greek word “piezein”, meaning pressure [23].
Piezosurgery (or ultrasonic bone surgery) has numerous advantages, including that it
achieves high cutting precision in bone tissue, does not damage soft and neurovascular
tissues, provides more conservative surgery, facilitates better healing, and reduces post-
operative complications [24-26]. The basic principle of piezosurgery is based on the
formation of ultrasonic micro-vibrations created by the piezoelectric effect, wherein certain
ceramics and crystals deform upon electric current passing through them, resulting in
oscillations in the ultrasonic frequency [27]. In our study, we used a piezosurgery ultrasonic
(Mectron®, Mectron Medical Technology, Genoa, Italy) device with a maximum power of
120 W and a working frequency that can vary from 24 KHz to 36 KHz. The piezoelectric
device is characterized by a power unit connected to an ergonomic piezoelectric hand
piece and titanium-nitride-coated tips of various shapes and designs [28]. Saws have been
used to remove necrotic bone and bony irregularities and can have different geometries
(e.g., vertical and orthogonal) that allow improved access based on the location of the
surgical site. In addition to the preceding clinical features, piezosurgery is characterized by
its pronounced bactericidal effect during the cavitation process, which provides a significant
improvement in terms of bone and mucosal healing, as it results in an alteration of the
bacterial biofilm on the surface of the bone and increases the anti-microbial efficacy further
than antibiotic release alone [29,30].
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1.2. Laser Nd:YAG

The effectiveness of different laser wavelengths in the management of MRON] pa-
tients is widely documented [21,31,32]. Nd:YAG laser photobiomodulation, also known as
Low-Level Laser Therapy (LLLT), improves and accelerates wound healing [33]. Photo-
biomodulation results in increased cellular ATP synthesis, reduced oxidative stress, and
increased production of growth factors at the molecular level [34]. The application of LLLT
has numerous beneficial effects for the patient, including anti-microbial, anti-inflammatory,
and analgesic effects [35]. The numerous therapeutic effects of photobiomodulation suggest
that the use of this technique as an adjunctive therapy can significantly improve therapeutic
outcomes in both medical and surgical management of MRON [36].

1.3. Laser Er:YAG

The Er:YAG laser (2940 nm) (Fidelis Plus, Fotona, Ljubljana, Slovenia) (parameters:
300 mJ, 30 Hz, fluence of 60 J/cm?) can be used for the treatment of hard and soft tissues
of the oral cavity [37]. Each spot of the laser induces vaporization of 0.1 mm of tissue that
allows for the gradual and safe ablation of necrotic areas until the bleeding bone is reached.
In addition, the formation of microspots enables the promotion of vascularization, healing,
and soft tissue adhesion to the bone with bactericidal and bio-stimulatory effects [16,38].

2. Materials and Methods

At the Centre of Oral Medicine and Laser Surgery, University of Parma, Italy, a 45-year-
old female patient was diagnosed with MRON] according to the American Association of
Oral and Maxillofacial Surgeons diagnostic criteria [2]:

Current or previous treatment with antiresorptive or antiangiogenic agents.
Exposed bone or bone that can be probed through an intra-oral or extraoral fistula in
the maxillofacial region that has persisted for more than 8 weeks.

e  No history of radiation therapy in the jaws or obvious metastatic disease in the jaws.

The patient with breast cancer with bone metastases under denosumab treatment was
affected by spontaneous Stage 3 MRON] with left maxillary sinus involvement, which
resulted in the spontaneous loss of tooth element 2.4. Clinical examination showed the
presence of a large area of exposed necrotic bone, with signs of infection and the involve-
ment of dental implants in zone 2.5 (Figure 1). Panoramic radiography was prescribed as a
first-level examination, followed by a three-dimensional diagnostic technique, such as cone
beam computed tomography (CBCT), to more accurately evaluate the actual extension of
the osteonecrotic process (Figures 2 and 3).

Figure 1. Clinical examination.
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Figure 2. Panoramic radiography.

Figure 3. CBCT radiography: maxillary sinus involvement and cortical erosion. The arrow indicates
the point at which bone resorption is appreciable.

Treatment Protocol

After stopping Denosumab 6 months earlier, the patient was initially treated with drug
therapy. Medical therapy included oral amoxicillin (1 g x 2/day) and oral metronidazole
(250 mg x 2/day) for 3 weeks and mouthwashes with chlorhexidine and hydrogen peroxide
two or three times a day. Clinical examination of the MRON] site was performed 2 weeks
after antibiotic discontinuation. After discontinuation of the drug therapy for one month,
a second medical therapy was prescribed with the same pharmacological modalities. As
complete healing of the osteonecrotic site was not achieved, a decision was made for
surgical treatment. Informed consent was obtained for the surgical intervention. Finally, a
third cycle of drug therapy was prescribed seven days before surgery and continued for two
weeks. The patient was treated surgically under local anesthesia, during which 2.2, 2.3, 2.6
and a dental implant in position 2.5 were extracted. After performing a mucoperiosteal flap,
partial osteotomy was performed using a Piezoelectric device. Curettage of the maxillary
sinus was also performed, in addition to vaporization of necrotic bone areas until the
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bleeding bone was reached, and corticotomy of the surrounding clinically healthy bone
was performed with an Er:YAG laser (2940 nm) (Fidelis Plus, Fotona, Ljubljana, Slovenia,
300 m], 30 Hz, fluence: 60 ]/cm?). Bone fragments and spikes were eliminated to obtain a
smooth surface, avoid local trauma, and facilitate soft tissue healing (Figure 4). The surgical
site was irrigated with 10% iodopovidone solution, and tension-free wound closure was
achieved using continuous sutures (Figure 5). LLLT applications using a Nd:YAG laser
(1064 nm FidelisPlus, Fotona, Ljubljana, Slovenia, 1.25 W, 15 Hz) were performed, starting
on the day of surgery and continuing twice a week for four weeks. Each of the LLLT
applications was performed with the Nd:YAG laser used at 1.25 W power and 15 Hz
frequency and with 320 um of fibre diameter. Laser light was used in non-focused mode,
at 2 mm from the tissue, for 1 min (power density 268.57 W/m?), and repeated five times.
The removed necrotic bone was analyzed histologically, and the diagnosis of osteonecrosis
was confirmed, excluding the presence of metastasis (Figure 6). Use of chlorhexidine 1%
gel 4 times daily for two weeks and non-steroidal anti-inflammatory drugs (NSAIDs) (if
necessary) were prescribed as post-operative medical therapy. The sutures were removed
3 weeks later. The patient restarted antiresorptive therapy with Denosumab approximately
40 days after surgery.

Figure 4. Surgery procedure: (a,b) mucoperisotal flap elevation; (c,d) partial osteotomy performed
using a piezoelectric device; (e) necrotic bone removal; (f) surgical site evaluation; (g/h) infected
tissue removal and sinus evaluation.

Figure 5. Tension-free wound closure was achieved using continuous sutures.
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Figure 6. Removed necrotic bone.

3. Results

The patient was treated according to the clinical protocol of Parma’s School for the
management of MRON], which consists of two cycles of antibiotic therapy and laser
photobiomodulation applications first, and a surgical approach second, if complete healing
is not achieved. The patient reported no post-operative discomfort, and painkiller intake
was limited to the day after surgery (Figures 7 and 8). Complete mucosal healing without
signs of infection was achieved one month after surgical intervention. During the post-
operative follow-up, the patient visited weekly during the first month, twice a month for
the following two months, and once a month for the following six months. After 3 months,
there were no signs of disease recurrence, and a removable partial prosthesis was created
to restore masticatory and esthetic function (Figures 9-12). Total mucosal healing was
observed without recurrences for more than 4 years after surgery follow-up.

%
b
i
v
L

Figure 7. Image at 1-day follow-up.
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Figure 9. Complete mucosal healing: 3-month follow-up.

Figure 10. Removable partial prosthesis.
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Figure 11. Intra-oral photo.

Figure 12. Extra-oral photo.

4. Discussion

MRON] is a drug complication that was initially exclusively associated with bis-
phosphonate (BF) treatment. However, an increase in osteonecrosis associated with non-
bisphosphonate drugs has been observed. In 2010, the first Denosumab-related osteonecro-
sis of the jaw (DRON]) was recorded [39]. Denosumab is an anti-absorbative drug used for
the treatment of oncological patients with bone metastases or osteometabolic pathologies
(e.g., osteoporosis, Paget’s disease, rheumatoid arthritis, or osteogenesis imperfecta) that
guarantee a significant increase in bone mineral density and a reduction in the risk of the
occurrence of skeletal-related events (SREs) [40]. It is a human monoclonal IgG2 antibody
that selectively binds to the receptor activator of nuclear factor-kB ligand (RANK-L), which
prevents RANKL from binding to its receptor RANK (Receptor activator of nuclear factor
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kappa-B) on the surface of osteoclasts, blocking their maturation, function and survival [41].
According to the most recent data, Denosumab is associated with a significantly higher risk
of developing MRON]J when compared to zoledronate at 1 and 3 years of treatment [42].
The main clinical difference between BRON]J and DRON] is the latency between the initia-
tion of therapy and the onset of the lesion; DRON]J occurs earlier [43]. Furthermore, the risk
would further increase in the event of a therapeutic switch from BPs to Denosumab [44].
Several therapeutic approaches have been proposed for the treatment of MRON] (Table 1).
Although it is a well-known condition, there is a lack of well-designed prospective clinical
trials evaluating the proper management of patients suffering from this drug complication,
and there is also a discordance in the parameters (e.g., patient QoL scales, mucosal healing,
improvement of symptoms, and complete healing) for evaluating the recovery of different
studies [45]. The surgical removal of necrotic bone provides better results than the pharma-
cological approach alone [20]. In addition, the surgical management of earlier stages of the
disease allows for the possibility of minimally invasive surgery under local anesthesia and
a reduction in post-operative complications [21,46]. The use of laser therapy ensures more
successful results than traditional surgery for the management of MRON] because of the
distinct bactericidal and photobiomodulatory effects that allow for the more rapid healing
of treated tissues [31].

Table 1. Comparison between different outcomes of MRON] treatments described in the literature.

Authors N° Patients  Follow-Up (Months)  Clinical Improvement  Complete Healing
J. Frelbergfer et al. (2007) [47] 16 875 12.5%
Hyperbaric oxygen therapy
C.I. Ripamonti et al. (2011) [48] o o
Ozone + antibiotic therapy 24 100% 25%
Migliorati CA et al. (2011) [49]
No surgery (120 sites) 24-48 17.6%
Surgery (debridement) (118 sites) 599 24-48 17.3%
Surgery (flap and/or resection) (316 sites) 24-48 46.3%
A. Agrl.llp e.t al. (2012) [50] 94 143 60%
Ozone + antibiotic therapy + surgery
Martins et al. (2012) [13]
CHX + antibiotic therapy 3 6 33.3%
Surgery + antibiotic therapy 5 6 60%
Antibiotic therapy + surgery + PRP + o
LLLT 14 6 85.7%
Rupel K et al. (2014) [51]
No surgery 77 23.4%
Surgery (debridement) 236 75.4%
Surgery (traditional techniques) 221 90%
Surgery (laser) 56 89.3%
P. Lopez-Jornet et al. (2016) [52] 123 86%
PRP + surgery
F: Goker et al. (2020) [53] 14 90% 64.2%
Ozone + antibiotic therapy + piezosurgery
Morlshlta et al. (2020) [54] 29 75.9% 65.5%
Teriparatide therapy
Yiice et al. (2021) [55]
Surgery + concentrated growth factor o
(CGE) 14 78.6%
Surgery without CGF 14 57.1%
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Table 1. Cont.

Authors N° Patients  Follow-Up (Months) Clinical Improvement  Complete Healing
Sahin et al. (2021) [56]
Piezosurgery + leukocyte and platelet-rich 21 100%

fibrin concentrate (L-PRF) +Nd:YAG laser

Otsuru et al. (2022) [57]
Marginal mandibulectomy 155 67.1%
Segmental mandibulectomy 13 92.3%

Parise et al. (2022) [58]
Surgery + fibrin-rich platelets and

leukocytes (L-PRF) + antibiotic therapy > 80%
Surgery + without L-PRF + antibiotic o
7 57%
therapy
P. Vescovi et al. (2012) [8]

G1 (28 sites): medical therapy; G1: 25% G1: 17.8%
G2 (32 sites): medical therapy and LLLT G2: 71.8% G2: 28.1%
G3 (17 sites): medical and conventional 151 G3: 64.7% G3: 6 4:7%
surgical therapy G4: 81.8% G4: 72.7%
G4 (33 sites): medical therapy;, G5: 96.5% G5: 89.6%

conventional surgical therapy, and LLLT
G5 (29 sites): medical therapy, Er:YAG
laser surgical therapy, and LLLT

Currently, there is no clear treatment protocol for the management of MRON]. The
aim of our study was to combine the clinical and biological advantages of piezoelectric
surgery and laser therapy to ensure a less invasive surgery and reduce post-operative
complications. Piezosurgery is a technique that has been used extensively in oral surgery
and the dental field for many years [23]. The piezoelectric surgical device is characterized
by physical phenomena in which 26,000 to 38,000 oscillating micro-movements occur with
high cutting precision, which allows for very precise osteotomy while avoiding damage to
the surrounding soft tissues and maintaining an area of vital and highly reactive bone along
the cut [59]. In addition, the cavitation effect ensures higher visibility, removes debris from
the cutting area, and provides excellent hemostasis control [23]. However, the distinctive
feature for which we decided to use the piezoelectric device for the treatment of MRON] is
its pronounced bactericidal effect, which allows an alteration of the bacterial biofilm present
on the bone surface [27]. Studies by Blus et al. [24,60], showed how the cavitation effect
produced an antibacterial effect in treating diabetic feet by placing implants in infected sites
and decreasing the number of surviving colonies of Escherichia coli and Bacillus subtilis
in vitro. Thus, an enhancement in the effectiveness of antibiotic therapy could be due to the
alteration of the bacterial biofilm [24]. The most absolute contraindication for piezosurgery
is the use of pacemakers [23].

The clinical protocol of Parma’s School for MRON]J management consists firstly of a
conservative approach, and secondly, surgical treatment:

1.  Antiseptic therapy based on 0.2% clorexidine rinses and hydrogen peroxide 3 times a
day in association with antibiotic therapy (amoxicillin 1 g/twice a day + metronidazole
500 g/twice a day) and photobiomodulation laser once a week for five weeks;

2. Suspension for 1 month;

Second cycle of antiseptic therapy with antibiotics and photobiomodulation lasers;

4. If complete healing is not achieved, patients are treated with surgical laser assistance.

W

Initially, conservative treatment allows for clinical improvement, with the possibility
of performing less invasive surgery. Furthermore, not all patients can be treated surgically
due to the severity of the underlying disease; therefore, the treatment is palliative and not
curative, with the aim of improving the quality of life.
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The effectiveness of laser therapy in the management of patients with MRON] has been
widely documented [31]. The application of a low-intensity laser (LLLT) using Nd:YAG
laser (1064 nm FidelisPlus, Fotona-Slovenia 1.25 W, 15 Hz), to employ a technique also
known as photobiomodulation, has been successfully described as an auxiliary treatment in
the medical or surgical management of MRON] [35,61]. From a molecular point of view, we
see the absorption, at the mitochondrial level, of photodynamic energy by chromophores
(e.g., melanin, cytochrome-c oxidase, and hemoglobin), which are converted into metabolic
energy. This results in several beneficial outcomes for the patient, such as analgesic,
anti-inflammatory, anti-edema, neoangiogenetic, and anti-microbial effects, and finally, a
stimulation of the immune response [31,33,61]. The aim of surgical therapy is the complete
removal of the tissue macroscopically involved in the disease, and achievement of healthy
tissue that allows stable healing over time [20]. One of the techniques to increase the
predictability of surgery is auto-fluorescence, which allows us to distinguish necrotic bone,
which appears hypo-fluorescent, from healthy bone, which does not [62]. The Er:YAG laser
(2940 nm) can produce a gradual and safe ablation of necrotic areas with anti-microbial
properties and bio-stimulant effects [63]. In addition, microspot formation facilitates
vascularization and adhesion of soft tissues to the bone, resulting in better post-operative
pain management and faster healing [39]. Considering the clinical advantages of the
Er:YAG laser, its association with auto-fluorescence is very advantageous in the surgical
management of patients with MRON] [38]. The combined therapeutic approach proposed
in this study makes it possible to exploit the advantage of ultrasonic bone surgery, which
is that it is possible to perform the first surgical phase, in which large osteotomies can
be performed, with a faster cutting speed than the Er:YAG laser, while maintaining the
biological and physical advantages over conventional surgical systems (burrs and saws). A
second surgical phase allows the use of the Er:YAG laser to vaporize the necrotic bone until
the bleeding bone is reached, ensuring a bio-stimulating and minimally invasive effect.

5. Conclusions

In conclusion, our innovative approach utilizing a combination of piezoelectric surgery,
Er:YAG surgery, and Nd:YAG laser photobiomodulation in the treatment of medication-
related osteonecrosis of the jaws achieved an encouraging clinical result. The synergistic
effects of these modalities not only addressed the pathological aspects of this disease, but
may also minimize post-operative discomfort. Furthermore, the absence of recurrence
observed in our clinical case underscores the potential long-term efficacy and sustainability
of this treatment strategy. However, it is necessary to emphasize that this single case report
needs further confirmation, and that conducting a randomized controlled trial with a larger
cohort of patients would allow for further understanding of the long-term impacts.
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