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Abstract: Medication-related osteonecrosis of the jaw (MRONJ) is a debilitating adverse effect of
bisphosphates, antiresorptive therapy or antiangiogenic agents that can potentially increase oxidative
stress, leading to progressive osteonecrosis of the jaws. Despite the large number of published
systematic reviews, there is a lack of potential MRONJ treatment protocols utilising photobiomodula-
tion (PBM) as a single or adjunct therapy for preventive or therapeutic oncology or non-oncology
cohort. Hence, this systematic review aimed to evaluate PBM laser efficacy and its dosimetry as a
monotherapy or combined with the standard treatments for preventive or therapeutic approach in
MRONJ management. The objectives of the review were as follows: (1) to establish PBM dosimetry
and treatment protocols for preventive, therapeutic or combined approaches in MRONJ management;
(2) to highlight and bridge the literature gaps in MRONJ diagnostics and management; and (3) to
suggest rationalised consensus recommendations for future randomised controlled trials (RCTs)
through the available evidence-based literature. This review was conducted according to the PRISMA
guidelines, and the protocol was registered at PROSPERO under the ID CRD42021238175. A multi-
database search was performed to identify articles of clinical studies published from their earliest
records until 15 December 2023. The data were extracted from the relevant papers and analysed
according to the outcomes selected in this review. In total, 12 out of 126 studies met the eligibility
criteria. The striking inconsistent conclusions made by the various authors of the included studies
were due to the heterogeneity in the methodology, diagnostic criteria and assessment tools, as well
as in the reported outcomes, made it impossible to conduct a meta-analysis. PBM as a single or
adjunct treatment modality is effective for MRONJ preventive or therapeutic management, but it
was inconclusive to establish a standardised and replicable protocol due to the high risk of bias in
a majority of the studies, but it was possible to extrapolate the PBM dosimetry of two studies that
were close to the WALT recommended parameters. In conclusion, the authors established suggested
rationalised consensus recommendations for future well-designed robust RCTs, utilising PBM as a
monotherapy or an adjunct in preventive or therapeutic approach of MRONJ in an oncology and
non-oncology cohort. This would pave the path for standardised PBM dosimetry and treatment
protocols in MRONJ management.
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1. Introduction

Medication-related osteonecrosis of the jaw (MRONJ) is a rare but a debilitating com-
plication associated with antiresorptive (e.g., bisphosphonates (BPs) and denosumabs
(DNBs)) [1,2], as well as angiogenesis-inhibitor (e.g., bevacizumab and sunitinib) medi-
cations [3,4], triggering a severe impact on patients’ quality of life (QoL). This is due to
jawbone infection, chronic pain and compromised functionality, in which treatment can
be very challenging [5]. MRONJ aetiopathogenesis remains unclear, despite the fact that a
large number of patients suffer from this severe adverse event and great research effects
have been invested [6].

1.1. Antiresorptive Agent
1.1.1. Bisphosphonates

BPs and similarly acting bone antiresorptive agents, such as DNB, have become the
principle, if not the sole, therapeutic agents for osteoporosis and primary metastatic skeletal
malignancies, aiming to prevent bone fracture and minimise pain and metastatic spread [7].
BPs act as pyrophosphate analogues, which are a natural inhibitor of bone metabolism.
Their mechanism of action has not yet been fully understood, but they are inhibitors of
the osteoclast activity and inductors of their apoptosis, resulting in reduction of the bone
remodelling process.

The main localised side effect of BP therapy is osteonecrosis of the jaw (ONJ) [8], but it
can also be associated with systematic effects such as gastrointestinal disorders and atypical
femoral fractures [9–11]. BPs are excreted in the kidney after being accumulated at the sies
of active remodelling (both upper and lower jaws), due to their rapid deposition and long
retention in the bones [12].

Zoledronic acid (ZA) is a third-generation BP and considered the most potent drug
for clinical inhibition of bone resorption [13]. It accelerates osteogenesis of bone-marrow
mesenchymal stem cells by attenuating oxidative stress (OS) via the SIRT3/SOD2 pathway
and, hence, alleviates osteoporosis. Its half-shelf-life is 11.2 years when precipitated in the
bones [12].

Oral BPs, on the other hand, are the most commonly prescribed in the treatment of
osteoporosis and osteopenia. They are a medication of choice for bone diseases such as
Paget’s disease, osteogenesis imperfecta, chronic recurrent multifocal osteomyelitis and
for preventive heterotopic ossifications mostly of the spinal cord [14,15]. They are also
indicated in the treatment of chronic kidney disease and transplantation, rheumatoid
arthritis (RA) and spondylarthritis [16].

In terms of intravenous (IV) BPs, they are most potent in causing osteonecrosis [17]
and are commonly utilised in various conditions associated with malignant diseases such
as hypercalcemia caused by cancer and in bone metastases (secondaryism) [18], which
release cytokines and growth factors to enhance osteoclasts activities. This can lead to
bone resorption, favouring tumour growth. Intravenous BPs stimulate antitumour immune
mechanisms, which inhibit growth, migration and secondary formation most commonly in
breast and prostate cancers, multiple myeloma (MM) and aggressive chemotherapy (CT).
Despite BPs initiate ONJ and have a great accumulative factor, they have positive effect on
patient’s QoL [19]. It is noteworthy that ZA and DNB have similar potency in inducing
osteonecrosis, but their times of accumulation in the body are shorter [20].

1.1.2. Denosumabs (DNBs)

DNBs can induce ONJ (antiresorptive therapy (ART)-related osteonecrosis (ARONJ)).
Patients who receive a high dose of ART are at slightly higher risk of developing ARONJ,
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and, hence, a multidisciplinary treatment approach in the prevention and therapeutic
treatment is crucial [21].

DNBs are humanised monoclonal antibodies directed to a receptor activator of nuclear
factor Kappa-B (RANK) ligand (modelling regulator), inhibiting osteoclasts and reducing
bone resorption [22]. Their potency to induce ONJ alone has shown to be approximately
similar to ZA potency [23], which is the most potent BP [24,25].

Additionally, the medication route of administration is an important factor in assessing
the risk ONJ development. Oral BPs were shown to be safer than those administered
IV [26,27], as their prevalence in developing ONJ (0–0.05%) is much lower than IV BPs and
DNB prevalence (2–10%). It is noteworthy that the prevalence is increased with invasive
dental surgical procedure and drug intake duration, as well as in patients with MM [28,29].

Another important factor in ONJ development is the duration of the ART. The literature
states that after each year of therapy, the risk of MRONJ doubles [30]. They can be prescribed
every day, once a week, once a month, once every three months or once every six months;
hence, the incidence of ONJ increases with a higher dose and duration [31–34]. DNBs are
administered subcutaneously and, unlike BPs, do not accumulate in the bone; therefore,
their effect on bone remodelling is reversible and can last approximately for six months [20].

1.2. Antiangiogenic Drugs

These medications are tyrosine-kinase inhibitors: sunitinib/sorafenib, monoclonal
antibodies targeting VEGF, preventing the formation of new blood vessels binding to vari-
ous signalling molecules and inhibiting angiogenesis. Moreover, they cause an imbalance
between bone deposition (osteoblastic activity) and resorption (osteoclastic activity) [5].

Bevacizumab is humanised monoclonal antibody binds selectively to a protein called
vascular endothelial growth factor (VEGF) in the blood and lymph vessels [5]. It is utilised
in the treatment of malignant diseases of the kidneys, gastrointestinal tract and lungs,
as well as glioblastoma [35,36], whereas Sunitinib is used in the treatment of metastatic
renal carcinoma and neuroendocrine tumours of the pancreas. It inhibits thyroxine kinase
function [37], and if it is prescribed in conjunction with CT or BPs, it induces a high risk of
ONJ development [38].

1.3. MRONJ Pathophysiology and Aetiopathogenesis

MRONJ aetiology and pathophysiology are complex and have been hypothesised
its involvement with inflammation or infection, impaired bone remodelling and lack
of angiogenesis due to the impact of bone-modifying agents, antiangiogenic drugs and
some targeted medications. In the American Association of Oral and Maxillofacial Sur-
geons (AAOMS) Position Paper published in 2014, medical management was discussed as
non-invasive therapy [27], and imaging investigation needs to be considered in MRONJ
management, along with the clinical examination and staging assessment.

The precise mechanism of ONJ development remains unclear and could be multifacto-
rial related to a combination of medication interactions, microbiological contamination of
the affected area and local tissue trauma [39].

1.3.1. Inhibition of Bone Resorption and Remodelling

ART inhibits osteoclast function and differentiation, leading to apoptosis and a re-
duction in the bone remodelling [40]. It also downregulates the activity of the osteoblasts,
keratinocytes and the fibroblasts [41,42]. Of all the bones of the human skeleton, the jaws
are the most susceptible bone for remodelling, and, hence, ONJ is triggered, whereas ART
inhibits angiogenesis in the bone secondary to ONJ [31].

1.3.2. Inflammation or Infection

Inflammation plays a significant role in ONJ development, and, also, OS is another
contributing risk factor in this disease [43].
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A pathohistological analysis of the necrotic bone revealed the presence of several
types of bacteria, especially Actinomyces species in 70–100% of the cases [44]. Bacterial
decontamination at the affected site with BPs has a synergistic effect in increasing the
possibility of bacterial adhesion to hydroxyapatite of the jawbone [45,46], resulting in
invasion of the microorganisms into the bone itself, due to a lack of angiogenesis [45].

1.3.3. Mitochondrial Homeostasis and Oxidative Stress

A disturbance in the mitochondrial homeostasis due to pathological stress can lead to
reactive oxygen species (ROS) production and energetic insufficiency [43]. On this note,
OS was detected in patients with MRONJ, where the GSSG/GSH ratio was significantly
reduced; hence, they are a significant biomarker in predicting ONJ development [47].

One of MRONJ pathogenesis theories is that drugs affect the fibroblasts directly, pro-
ducing toxicity of the oral mucosa. Exposed bone and impaired oral mucosal healing play
an important role in ONJ development [48]. Also, an increase in ONJ severity was observed
in patients with ART together with other immunosuppressants such as corticosteroids or
methotrexate [27].

1.4. Epidemiology of MRONJ Development

The incidence of MRONJ is multifactorial, and the factors are listed below.

1.4.1. Local and Anatomical

Invasive dental procedures such as dentoalveolar surgery can increase the risk of
MRONJ up to seven-fold [3], at a prevalence between 60 and 65% [47,49]. Also, dental
diseases that patients have already overcome, such as periodontitis, periimplantitis, various
inflammatory conditions of the jaw and poor oral hygiene, are among the additional risk
factors contributing to ONJ development [49–51].

Mandible is the common site for ONJ (73%), whereas the incidence in the maxilla is
about 22.5%, and it is very rare in both jaws simultaneously (4.5%) [27]. Interestingly, ONJ
develops at sites of thinnest oral mucosa, such as the lingual aspect of the mandible, and
at various exostoses sites [27,49]. On this note, patients who wear dental prostheses are
subjected to a double-fold risk of developing ONJ [50].

1.4.2. Systemic

The basic diseases that are fundamental in increasing the risk of ONJ development
are as follows [52]: CT (40%), corticosteroid intake (25%) and diabetes mellitus (DM)
(10%) [53,54]. Also, there are other diseases contributing to ONJ development, such as
anaemia, systemic lupus erythematous, hypothyroidism, renal failure, RA, hypertension
and smoking [55,56].

1.4.3. Genetic

The risk of developing osteonecrosis is also associated with gene predisposition. There
is an association between farnesyl diphosphate synthase gene (FDPS), encoding a key
enzyme of the mevalonate pathway and ONJ development; hence, rs2297480 (a SNP region
on the FDPS gene) is tested as a predicted biomarker [57].

1.5. Diagnostic Criteria

The AAOMS staging for MRONJ was published in 2014 [27]. Then, this was updated,
and a Position Paper by AAOMS was published in 2022 [58]. Table 1 illustrates the details
of the MRONJ staging.
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Table 1. AAOMS staging for MRONJ, 2022 [58].

Category Description

Stage 0

No apparent necrotic bone in asymptomatic patients who have been treated with
IV or oral ART.

Patients with no clinical evidence of necrotic bone but who present with
non-specific symptoms or clinical and radiographic findings, such as the

following:
Symptoms

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.

Clinical findings
Loosening of teeth not explained by chronic periodontal disease.

Intraoral or extraoral swelling—radiographic findings.
Alveolar bone loss or resorption not attributable to chronic periodontal disease.

Changes to trabecular pattern sclerotic bone and no new bone in extraction
sockets.

Regions of osteosclerosis involving 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

Exposed and necrotic bone or fistula that probes to the bone in patients who are
asymptomatic and have no evidence of infection/inflammation. these patients

also may present with radiographic findings mentioned for Stage 0 that are
localised to the alveolar bone region.

Stage II

Exposed and necrotic bone or fistula that probes to the bone, with evidence of
infection/inflammation. These patients are symptomatic and may present with

radiographic findings mentioned for Stage 0 localised to the alveolar bone
region.

Stage III

Exposed and necrotic bone or fistulae that probes to the bone, with evidence of
infection and one or more of the following:

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).

Pathologic fracture.
Extraoral fistula.

Oral antral/oral–nasal communication.
Osteolysis extending to the inferior border of the mandible or sinus floor.

1.6. MRONJ Clinical and Radiographical Presentations

A persistent exposure of the alveolar bone for >8 weeks in patients with a long-
standing use of any bone modifying agent in the absence of head and neck radiation [1,2,58]
is considered a diagnostic prediction of MRONJ [58]. Also, radiographic investigations are
measured as good tools for MRONJ diagnosis and outcome evaluation [58].

1.7. MRONJ Management—Current Scientific Literature

Surgical and non-surgical approaches have been utilised in MRONJ management.
However, each of them has its limitations [59]. This has led researchers, in recent years,
to explore non-invasive treatment modalities; photobiomodulation therapy (PBM) has
emerged to overcome the challenges, due to its analgesic [60,61], immunomodulatory,
anti-inflammatory [62] and regenerative effects in wound [63,64] and bone repair [65,66].
Additionally, antimicrobial photodynamic therapy (aPDT) is considered an adjunct in
MRONJ management [67].

These treatment modalities have been explored by the scientific literature, and, hence,
we outlined these treatment strategies below.
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1.7.1. Medical Treatments

The updated AAOMS Position Paper published by Ruggiero et al. (2022) [58] stated
that conservative (non-surgical) treatments, consisting of antibiotic therapy and antimi-
crobial mouth rinses, are considered the gold standard in MRONJ management, but the
complete healing of lesions is not considered mandatory. However, stable lesion condition
or MRONJ downstaging, according to the AAOMS, is considered the goal of conservative
treatments [58,68,69].

It is noteworthy that the conservative approach can only lead to lesion resolution
at an early stage of MRONJ and in a limited number of cases, according to the current
AAOMS [58]. Hence, this treatment approach is poorly effective in more advanced stages
of MRONJ.

1.7.2. Invasive Treatment Modalities

The standard surgical approach (surgical drill)—either a minimally invasive (debride-
ment) or extensive-resection approach—has been investigated.

Sequestrectomy is a minimally invasive surgical approach to removing necrotic bone
sequestration, involving the margins of the adjacent healthy bone in order to generate
bleeding to enhance vascularisation [70]. An extensive invasive surgical approach involving
the removal of necrotic bone and its surrounding area (marginal mandibulectomy, or partial
maxillectomy) is recommended for MRONJ advanced stages II and III [71].

Another surgical approach is using ultrasonic electric surgery, which is less invasive,
offering a minimal trauma to the surrounding healthy bone tissue when the necrotic bone
is removed. This approach maintains the continuity of the vital bone, which is beneficial
for successful ONJ outcomes [72].

1.7.3. Hormonal Therapy

Recombinant human parathyroid hormone (rhPTH, teriparatide) has been utilised
as an adjunctive therapy in MRONJ management [73]. It assists in the healing process
of MRONJ lesions by accelerating the resorption of the necrotic alveolar bone, reducing
inflammation, enhancing neoformation of the alveolar bone and prompting epithelium
regeneration [73].

An in vivo animal study was conducted by Jung et al. (2021) that demonstrated the
potential effects of preoperative rhPTH as a preventive measure of ONJ development after
dental surgical procedures in patients with a long-term history of BP intake or those at a
high risk [74].

1.7.4. Autologous Hemoderivatives

The autologous preparations are formulated from the patient’s blood and known as
autologous platelet concentrates (APCs), such as platelet-rich plasma (PRP), platelet-rich
fibrin (PRF) and concentrated growth factor (CGF), leading to a release of multiple growth
factors to accelerate wound healing and tissue repair [75–78].

Currently, APCs are utilised in several clinical dental applications, due to their regener-
ative properties for hard and soft tissues [79–81], by stimulating the target cells to synthesise
various growth factors such as transforming growth factor-β1 (TGF-β1), platelets derived
growth factor-BB (PDGF-BB), VEGF-A and insulin growth factor-I (IGF-I). These growth
factors are essential in cell proliferation and differentiation, chemotaxis, extracellular matrix
production and tissue healing [82,83] because they promote leukocytes, increase collagen
production, generate anti-inflammatory agents and enhance osteogenesis [84].

Several clinical trials showed the effectiveness of PRP, PRF and CGF [85,86] in re-
ducing pain and post-operative infection [87,88], ultimately enhancing QoL in patients
with MRONJ.
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1.7.5. Antimicrobial Photodynamic Therapy (aPDT)

aPDT can be effective when infection and/or suppuration are present [27]. It relies on
activation of a photosensitiser by its compatible wavelength, resulting in production of a
singlet oxygen and ROS, which ultimately lead to cell death [27].

a-PDT can be a promising preventive treatment in reducing the risk of ONJ devel-
opment in non-oncologic osteoporotic patients, treated with non-intravenous ART or
underwent dentoalveolar surgery. The clinical guidelines that were set up by Yarom et al.
in 2019 [89] were designed to evaluate MRONJ outcome when aPDT was employed.

Due to the complex oral microbial environment, clinicians adopt more advanced
therapies to tackle the multi-organism of MRONJ-associated biofilm. In this context, aPDT
can be considered as an effective approach against many Gram-positive (Gram+ve) and
Gram-negative (Gram−ve) bacterial pathogens, as well as parasites, fungi and viruses [90].
Care must be taken to differentiate aPDT from PBM as the primary goal of the former
treatment is to debride or destroy its target, unlike PBM is non-destructive therapy that
evokes stimulatory or inhibitory biological responses for tissue repair.

1.7.6. PBM Therapy

There is a rapid expansion of the scientific research focusing on the potential of PBM in
MRONJ management. Previous studies have shown that PBM can regulate critical cellular
pathways and energetic cellular metabolism mediated by adenosine triphosphate (ATP),
calcium (Ca+2) or ROS [91].

Several studies have indicated that PBM is a potential biophysical non-invasive treat-
ment modality, contributing to wound healing by establishing homeostasis, reducing pain
and inflammation and enhancing collagen accumulation and angiogenesis [92,93].

The infrared (IR) and near-infrared (NIR) laser irradiations can enhance bone repair
and regeneration via two consecutive phases: cellular/intra-cellular and tissue modulating
cascades, which are inter-dependent processes [94]. These two proposed phases are as
follows [15]: (a) direct effects by stimulating the osteoblast proliferation, inhibiting the
osteoclast activities, increasing the proliferation and differentiation of the fibroblast cells,
upregulating the bone growth factors and modulating the cytokines and osteogenesis
factors; and (b) indirect effects by modulating and enhancing bone formation and creating
a friendly environment as a scaffold to facilitate bone regeneration and formation. This
involves promoting cellular/tissue ion exchange, enhancing bone mineralisation and
increasing NO, resulting in an increase in the vascularity and an improvement in the
lymphatic circulation. Ultimately, it optimises bone healing and regeneration [66].

1.8. Rationale of Conducting the Present Systematic Review

The most profound effect of MRONJ is its negative impact on patients’ QoL. Thus, the
challenge of the medical practitioner in treating these patients is undoubtedly to select the
most appropriate medical protocols for maximising positive clinical outcomes for patients.

Currently, there is a lack of consensus regarding the most appropriate treatment
strategy for MRONJ. This partially is due to the heterogeneity of MRONJ staging and
available treatments; indeed, a majority of the proposed protocols are surgical (conservative
or aggressive approach).

Despite the fact that MRONJ optimal treatment concept remains debatable, several
adjunct therapies have been introduced. Among these adjunctive measures, PBM emerged
as a promising alternative treatment due to its ability to modulate metabolic, biochemical
and photophysical processes; promote analgesia and tissue repair; and modulate inflamma-
tory cascades [6–8], but there is a lack of consensus in dosimetry and treatment protocols.
Therefore, the present study aimed to evaluate the efficacy and dosimetry of laser-PBM as a
monotherapy or combined therapy with the standard treatment approaches and aPDT (pre-
ventive or therapeutic) in MRONJ management. The objectives of the present review are as
follows: (1) to highlight and bridge the literature gaps in the diagnosis and management of
MRONJ, (2) to establish PBM dosimetry and treatment protocols for both preventive and
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therapeutic approaches in MRONJ management and (3) to offer consensus-based guidelines
and recommendations for future randomised controlled clinical trials (RCTs).

2. Materials and Methods
2.1. Protocol and PROSPERO Registration

This systematic review was conducted according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and Statement and Cochrane
Collaboration recommendations (Supplementary File S1). The protocol was registered at
PROSPERO, under the ID CRD42021238175. The review was conducted up to the period of
15 December 2023.

2.2. Focused Research Questions

(1) Can PBM as a monotherapy or adjunct to other standard treatment modalities pro-
vide superior positive effects by enhancing the healing process and reducing the recurrence
rate of MRONJ disease?

(2) Do various PBM wavelengths have different effects on the healing mechanism in
patients at a high risk of ONJ?

(3) Does a PBM preventive approach in MRONJ management improve patients’ QoL
and prevent complications compared to therapeutic treatment modality?

2.3. Patient, Interventional, Comparative and Outcome (PICO)

P: Subjects ≥ 18 years old who are on BPs or oncology medications and developed
MRONJ with different staging, as a result of oral intervention that affected the bone
integrity and was diagnosed according to AAOMS [27,58] or any classification that fulfils
the eligibility criteria.

I: PBM as a monotherapy or adjunct with other therapies for preventive or therapeutic
or combined approach in MRONJ management.

C: Monotherapy or a combination of any of the following therapies: medical approach
(Antibiotic and antifungal therapy); autologous hemoderivatives, (platelet-rich plasma
(PRF) or leucocyte-PRF (L-PRF)); recombinant human bone morphogenetic proteins (BMPs);
surgical approach—standard surgical debridement, sequestrectomy and surgical Er:YAG;
piezo-surgery; ozone; and aPDT.

O: Clinical evaluation (soft- and hard-tissue healing); radiographical examination;
histological analysis or microbiological assessment, as indicated.

2.4. Search Strategy

The search strategy included only terms related to or describing the study domain
and intervention, which were conducted by two review authors (R.H. and I.C.M.) inde-
pendently, and the studies were also screened by these reviewers independently, and a
matrix of relevant data was produced. Inter-reviewer reliability was assessed using Kappa
(κ) statistics, for which a minimum value of 0.8 was considered as acceptable [95]. In
the case of any inconsistencies, a third review author (S.D.) was consulted to reach con-
sensus. The following databases, using the relevant keywords and Medical Subjective
Headings (MeSH) Terms were systematically searched: MEDLINE (NCBI PubMed and
PMC), EMBASE, CINAHL, ClinicalTrials.gov, the Cochrane Library database, ProQuest,
Scopus, Trial Registry for RCTs, Cochrane Central Register of Controlled Trials (CCRCT),
ScienceDirect and Google Scholar, comparing PBM, as a monotherapy or adjunct therapy
to placebo/PBM shame or other standard-care intervention. Additionally, the following
journals were hand-searched: Photomedicine and Laser Surgery; Journal of Oncology; Journal
of Biophotonics; Oral Oncology; Journal of Osteoporosis; Journal of Dental Research; Lasers in
Medical Sciences; Photodiagnosis and Photodynamic Therapy; Journal of Photochemistry and Photo-
biology; Craniomandibular Disorders; Laser Therapy; Oral Surg Oral Med Oral Pathol Oral Radiol
Endod; Med Oral Patol Oral Cir Bucal, Lasers in Medical Science; Journal of Photochemistry and
Photobiology B: Biology; British Journal of Oral and Maxillofacial Surgery; Frontiers in Oncology;
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International Journal of Oral and Maxillofacial Surgery; Journal of Oral Maxillofacial Surgery; Jour-
nal of Oral Pathology and Medicine; Journal of Clinical Oncology; Journal of Cranio-Maxillofacial
Surgery; Oral Diseases; Oral Oncology; Oral Surgery, Oral Medicine, Oral Pathology, and Oral
Radiology; J Clin Exp Dent; and Journal of Applied Oral Science. The electronic search was
meticulously explored up to 15 December 2023.

The search strategy included only terms related to or described the study domain and
intervention. The terms were combined with the Cochrane MEDLINE filters for controlled
trials of interventions.

MEDLINE (NCBI PubMed and PMC), the Cochrane Central Register of Controlled
Trials (CENTRAL) (CCRCT), Scopus, ScienceDirect, Google Scholar, EMBASE and EBSCO
were scanned for an investigation into the effectiveness of PBM therapy, as monotherapy or
combined therapy, as a preventive or therapeutic approach, compared to the conventional
methods and aPDT in the management of MRONJ.

Additionally, a hand (manual) search of references of the retained papers was under-
taken to identify any further studies that the electronic search did not retrieve.

The search strategy included only terms related to or described the study domain
and intervention. The terms were combined with the Cochrane MEDLINE filters for
non-controlled trials of interventions.

2.5. Relevant Free Keywords and MeSH Terms

The resources Medical Subject Headings (MeSH), Health Sciences Descriptors (DeCS)
and Embase Subject Headings were used to select the search descriptors as well relevant
free keywords. The Boolean operators “AND” and “OR” were used to improve the search
strategy through various combinations.

The following terms were searched in combination: “Photobiomodulation therapy”
OR “phototherapy” OR “LLLT” OR “low-level laser therapy” OR “photochemotherapy”
AND “surgical debridement” OR “photodynamic therapy” OR “medical therapy” OR
“bone morphogenic protein therapy” OR “recombinant human bone morphogenetic pro-
teins (BMPs)” OR “platelet-rich plasma (PRF) OR “leucocyte-PRF” OR “ozone” AND
“Medications-related osteonecrosis of jaws” OR “MRONJ” OR “bisphosphate-induced
bone necrosis of jaws” OR “BRONJ” OR “Antiresorptive-induced osteonecrosis of jaws”
AND “Randomised controlled clinical trials” OR “case series” OR “non-randomised
controlled clinical trials” OR “prospective randomised” OR “quasi-randomised” OR “non-
randomised controlled clinical trials (CCTs)” OR “prospective clinical studies” OR “case
series of more than 20 patients whereby ≥10 in each arm” OR “long-term follow-up
(>3 months)” OR “retrospective clinical trials including RCTs” OR “cohort studies”.

Each of the below MeSH Terms used to find the relevant literature from the search
engines in Section 2.4: Photobiomodulation (MeSH Major Topic) OR Low-level laser
therapy (MeSH Major Topic) OR LLLT (MeSH Major Topic) OR Osteonecrosis of Jaw
(MeSH Major Topic) OR MRONJ (MeSH Major Topic) OR ONJ (Mesh) OR BRONJ (MeSH
Major Topic) OR aPDT (Mesh) OR PRF (Mesh) OR Ozone (Mesh) OR Bisphosphonates
(Mesh) OR Medical therapy (Mesh) OR Surgical debridement (Mesh) OR Leucocyte-PRF
(Mesh), OR PRF (Mesh).

2.6. Eligibility Criteria

Inclusion Criteria

1. Subjects ≥ 18 years old who were treated with bisphosphonate or oncology med-
ications and developed ONJ by various degrees of MRONJ according to AAOMS,
2009, 2014 and 2022 [27,58], or any classification, as a result of oral intervention, that
affected the bone integrity.

2. Subjects who did not receive radiotherapy in the craniofacial region and for whom
the lesion has not healed during the 8 weeks following its identification by healthcare
professional, according to the AAOMS.
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3. Subjects who underwent various oral interventional procedures and subsequently
developed ONJ.

4. Subjects who were on bisphosphates or any oncology medications regardless of dose,
route of administration and treatment duration.

5. Studies utilised PBM as a monotherapy or combined with any of the following
treatments and compared to any of them: medical approach (antibiotic and antifungal
therapy); autologous hemoderivatives—PRF or L-PRF; BMPs; surgical approach—
standard surgical debridement, sequestrectomy, surgical Er:YAG and piezo-surgery;
ozone; and aPDT.

6. Studies utilised PBM wavelengths within the optical window (600–1100 nm).
7. Studies reported completer or incomplete PBM dosimetry and parameters.
8. Studies with a mean follow-up period of ≥3 months.
9. Studies treated any size of bone lesion.
10. Prospective randomised, quasi-randomised, non-randomised controlled clinical trials

(CCTs), prospective clinical studies, case series of ≥20 patients or retrospective clinical
trials, including RCTs and cohort studies.

11. Studies included ≥10 subjects in each interventional arm.
12. Studies in the English language.
13. The period of the search was up to 15 December 2023.

Exclusion Criteria

1. In vitro and in vivo animal studies.
2. Case reports or short communications.
3. Letter to the editor or any type of literature.
4. Case series studies of <20 patients.
5. Studies utilised < 10 subjects per interventional arm.
6. Studies used PBM wavelengths outside the optical window.
7. Studies utilised aPDT as a primary treatment or any other treatment modalities apart

from PBM.
8. Subjects who had radiotherapy and developed osteoradionecrosis of the jaws.
9. Studies utilised home-based devices approach as part of the treatment protocols.
10. Studies utilised pharmacotherapy or any conventional treatment as a primary out-

come.
11. Subjects with active malignant tumours.
12. Studies utilised homeopathic therapy as a comparative therapy.
13. Studies with the mean follow-up <3 months.

2.7. Review Outcome and Assessment Measures

The authors of this review employed specific criteria to evaluate the primary endpoint
to allow them to extrapolate the optimal outcomes and their assessment tools for future
RCTs in terms of preventive or therapeutic approach whether the cohort was oncology or
non-oncology.

2.7.1. Primary Endpoints

• Mucosal healing.

We employed the criteria of [89] to evaluate the mucosal healing based on “resolved”,
“improving”, “stable” and “progressive”, taking into account symptoms, mucosal coverage
and radiographic interpretation.

2.7.2. Secondary Endpoint

• Healing time;
• QoL;
• Recurrence rate;
• Rate of complications and side effects of the intervention.
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The breakdown of the secondary endpoints for PBM as preventive or therapeutic
approach in MRONJ management is as follows:

1. Preventive Approach:

• QoL;
• Time-to-event;
• Rate of complications and side effects of the intervention.

2. Therapeutic Approach:

• QoL;
• Recurrence;
• Rate of complications and side effects of the intervention.

2.8. Data Extraction

A detailed electronic and hand search using our search strategy were performed.
Studies obtained through duplicate searches were eliminated and the title and abstract of
probable studies fulfilling the eligibility criteria were included in the review. Furthermore,
studies that did not satisfy the eligibility criteria were removed from the cohort.

All the eligible studies were assessed for study quality and evidence synthesis. The
data extracted from studies were noted in MS Excel. The data are categorised as study’s
reference, study design, sample size, participants’ demographic chrematistics, baseline
symptoms, MRONJ staging characteristics, intervention and comparator groups, risk fac-
tors, underlying comorbidity, primary diagnosis, MRONJ type, route of administration,
doses, duration, bone lesion localisation, management description, duration and outcomes;
and laser/LED dosimetry, number of sessions, duration of treatment, follow-up time-
points, statistical tests performed and outcomes. Two review authors (R.H. and I.C.M.)
independently extracted the data. If any discrepancies or disagreement identified, they
were resolved through a discussion until consensus was reached, and a third author (S.D.)
would be consulted if needed. A similar search strategy and similar eligibility criteria were
applied to obtain grey literature (unpublished data). In the case of missing information,
authors were contacted and given 6 weeks to respond. If the information was not provided,
the missing data were recorded as “not mentioned” (NM) in the text and in the tables.

2.9. Qualitative Analysis

As the included study cohort did not include any RCTs, as per the Cochrane col-
laboration’s guidelines, the evaluation of risk of bias (RoB) of observational and quasi-
experimental studies was performed using the Risk of Bias in Non-Randomized Inter-
vention Studies (ROBINS-I) tool [96,97]. The evaluated criteria were divided into pre-
intervention, intervention and post-intervention categories. The questions pertaining to
each domain were carefully and critically answered and the RoB was individually analysed
for each study, and, consequently, every study received an overall score classified as low,
moderate, serious, critical and no information [96,97]. In order to avoid any reviewer
bias, two primary reviewers (R.H. and S.D.) carried out the ROBINS-I-tool assessments
independently. For mitigation of any discrepancies in the findings in between the primary
reviewers, discussions with a third author (I.C.M.) were conducted sequentially in order to
obtain a final judgement [96,97]. A tabular, as well as graphical, representation was made
to collect the data and present the results of the assessment.

2.10. Quantitative Analysis

At the time of project planning, a potential quantitative analysis was planned in order
to assess the improvement in clinical signs of healing, if any, from the baseline visit to
the final follow-up visit independently for studies utilising PBM monotherapy/combined
therapy in comparison to other forms of treatment, as specified in our PICO for the man-
agement of ONJ. Accordingly, all relevant numerical data were to be extracted from the
included studies, and the pooled data would be statistically analysed using the RevMan
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software (Version 5.4.1) [98]. A random-effects meta-analysis (MA) for continuous outcome
measures would be utilised to assess heterogeneity. The plan was to group studies with
similar a study design and other essential criteria and to conduct a distinctive MA on
each cohort.

The use of pooled standardised mean differences (SMDs) with 95% confidence inter-
vals (CIs) would be performed in order to calculate the treatment effects. A p-value of
p < 0.05 was considered significant for the statistical analysis of pooled overall effect [99].
Furthermore, heterogeneity assessment would be carried out using forest and funnel plot
analysis (I2 statistics for homogeneity that ranged from 0% to 100% with the following
interpretation: 0% = no evidence of heterogeneity; 30–60% = moderate heterogeneity; and
75–100% = high heterogeneity) [99–102].

We would like to point out that an MA with significant findings could not be conducted
since a high level of heterogeneity and failure to find uniformity amongst the eligible studies
was noted by the authors. All the additional information obtained by the authors during
data collection still was not useful enough to justify a meta-analysis. We highlight the
discrepancies in our Results section.

3. Results
3.1. Study Selection

One thousand and ten study titles were obtained from a combined electronic and
manual search. One hundred and twenty-six study titles were removed due to duplication
(inter-reviewer agreement, κ = 0.92). Hence, a total of eight hundred and eight four study
titles were included, from all the databases, in the preliminary screening process. Six
hundred and seventy-seven articles were excluded by title and the remaining two hundred
and seven records were further evaluated (κ = 0.90). One hundred and eight-one articles
were excluded based on their abstracts, mainly due to an inappropriate study design
(κ = 0.92). Thus, twenty-six articles were evaluated for eligibility criteria of this review,
whereby twelve articles [103–114] were included in the review, and the remaining fourteen
studies [115–128] were excluded due to the following reasons: <10 patients per group were
in five studies [115–119]; PBM was not the primary intervention in four studies [120–122];
PBM wavelength outside the optical window in one study [123]; the mean follow-up
<3 months in one study [124]; no follow-up timepoints in two studies [125–127]; and cohort
underwent radiotherapy in one study [128] (κ = 0.94).

Figure 1 PRISMA flow diagram for the search strategy in the present systematic
review [129].

3.2. Study Characteristics
3.2.1. Country of Origin

Italy was the predominant country of origin of the majority of the included papers,
followed by Turkey and then France. The distribution of the studies was as follows: seven
from Italy [103,106,110–114], four studies [104,105,108,109] from Turkey and one study [107]
from France.

3.2.2. Study Design

Nine studies were conducted using a retrospective study design [104–109,111–113],
whereas a prospective study design was utilised in two studies [103,110], and the remaining
one study [114] was a case series. None of the studies mentioned the eligibility criteria
(inclusion and exclusion) in detail, but in six studies [103,105,108,109,111,113], the authors
mentioned only one or two items for either inclusion or exclusion criteria, whereas the
remaining six studies [104,106,107,110,114] did not specify. Moreover, none of the included
studies documented their consort flowchart.

It is noteworthy that no RCT or quasi RCT studies were reported in the current
scientific literature.
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Figure 1. PRISMA diagram for the review search strategy.

3.3. Participants Demographic Characteristics
3.3.1. Age and Gender

Eleven out of twelve studies [103–110,112–114] mentioned the age of their recruited
subjects; the mean age ranged between 55.4–72.6-year-old. The remaining study [111] failed
to mention this. In terms of gender, all the studies mentioned this, and it appeared that
both genders were employed in all the studies with unequal number. The percentage of
total number of females treated in all the eligible studies was 26.07% versus (vs.) 73.81% in
males. Table 2 shows all the data in detail.
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Table 2. Tabular representation of eligible non-randomised clinical studies in terms of demographic characteristics, primary diagnosis, lesion sites and numbers,
type of dental trauma and timing and symptoms’ onset. Abbreviations: NM, not mentioned; M, male; F, female; BMC, bone metastatic cancer; EO, extraoral; Patho,
pathological; yrs, years; Max, maxilla; Mand, mandible; OS, oral surgery; MOS, minor oral surgery; PDD, periodontal disease; LC, lung cancer; BC, breast cancer; PC,
prostate cancer; NPC, nasopharyngeal cancer; RA, rheumatic arthritis; DM, Diabetes mellitus; CT, chemotherapy; EOF, extraoral fistula; KC, kidney carcinoma; BM,
bone metastasis; DVT, deep venous thrombosis; HTN, hypertension; AC, anticoagulant; NA, not applicable; Y, yes; pt, patient.

Study
Reference

Mean Age
(yrs)

Sample Size
pt/Lesion

(M/F)
Smoking Underlining

Diseases
Associated
Treatments

Primary
Diagnosis

Site/s of
Lesion/No. of

Lesion

Initial MRONJ
Staging

Type of Dental
Trauma/Timing

Symptoms’
Onset

[103] 71.3
20

[6(30%)/14
(70%)]

2/20 (10%) NM Steroids
CT

BC: 6/20
(30%)/ MM

6/20 (30%)/os-
teoporosis

5/20 (25%)/
PC: 3/20

(15%)

NM

Stage IA 1/20
(5%)/Stage IB

1/20 (5%)/Stage
IIA 13/20

(65%)/Stage IIB
3/20

(15%)/Stage
IIIA 2/20 (10%)

Dental extractions:
15/20 (75%);

PDD: 2/20 (10%);
Prosthetic trauma:

1/20 (5%);
Dental implant:

1/20 (5%);
MOS 1/20 (5%)

EO oedema;
pus; EOF;

halitosis; bone
exposure;

pain; patho
fracture; EOF;
asymptomatic

[104] 64.1 11 (7/4)
63.63%/36.36% NM NM NM

BC: 3/11
(27.27%); MM

4/11 (36%);
PC: cancer

3/11 (27.27%);
LC: 1/11
(9.09%)

Max: 7/11
(63.63%);

Mand: 2/11
(18.18%); max

and Mand:
2/11 (18.18%)

Stage II 9/11
(81.81%); Stage

III 2/11 (18.18%)

Extraction 9/11
(81.81%)

Denture irritation
2/11 (18.18%)

Pain; necrotic
bone;

granulation
tissue; OAC

[105] 55.4
20

[7 (35%)/
13(65%)]

NM NM NM

BC: 1/20 (5%);
PC: 1/20 (5%);

MM 7/20
(35%); neuro-

endocrine
tumour 1/20

(5%)

20/20
Max: 11/20

(55%); Mand:
9/20 (45%)

Stage I 6/20
(30%)

Stage II 14/20
(70%)

MOS 100% Necrotic bone
exposure

[106] 71

106/131
[32

(30.18%)/74
(69.811)]

NM NM Steroids

Oncology:
72.51%

non-oncology:
27.48%

Max:
46/131(35.11%)
Mand: 85/131

(64.88%)

Stage I 11/131
(8.39%); stage II
65/131 (49.61%);
stage III 55/131
(41.98%)/(34.57%)

Spontaneous 44/131
(33.58%); OS:

87/131 (10.68%)

Bone exposure;
pus discharge;
tooth mobility
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Table 2. Cont.

Study
Reference

Mean Age
(yrs)

Sample Size
pt/Lesion

(M/F)
Smoking Underlining

Diseases
Associated
Treatments

Primary
Diagnosis

Site/s of
Lesion/No. of

Lesion

Initial MRONJ
Staging

Type of Dental
Trauma/Timing

Symptoms’
Onset

[107] 72.6 21[5 (23.80)/16
(76.19%)] 3/21 (14.28%)

HTN;
arrythmia;
DVT; DM

(NM, type);

Steroids

Solid tumour:
11/21

(52.38%). Os-
teometabolic

diseases:
10/21 (47.61%)

Max: 6/21
(28.6%);

Mand:15/21
(71.4%)

Stage I 2/21
(9.6%);

Stage II 15/21
(71.4%); Stage III

4/21 (19%)

Dental Prosthesis
8/21 (38.05%);

Dental implant 1/21
(4.76%);

NM 12/21 (57.14%)

NM

[108] 66.3

44
[12

(27.27%)/32
(72.72%)]

7 /44 (15.90%) DM
(NM, type) Steroids

BPs for
oncology:

21/44
(42.72%): BC:

14/21
(66.66%); PC:

6/21 (28.57%),
NPC: 1/21

(4.76%);
BPs for

non-oncology:
osteoporosis:

23/44 (52.27%)

NA NA NA NA

[109] 68.04 21 (7/14)
33.33%/66.66% 6/21 (28.57%) DM

(NM, type)
Steroids

CT

BC: 14/21
(66.66%); PC:

3/21 (14.28%);
LC: 2/21
(9.52%):

KC: 1/21
(4.76%);

MM: 1/21
(4.76%)

Max: 8/21
(38.05%)

Mand: 13/21
(61.90%)

Stage II 15/21
(71.42%)

Stage III 6/21
(28.57%)

Extraction 18/21
(85.71%); Dental

implant 2/21
(38.05%); Prosthesis

pressure: 1/21
(4.76%)

Bone exposure;
Swelling;
inflamed

mucosa; OAC

[110] 68.5 36 (12/24)
33.33%/66.66% NM NM Steroids

BM: 18/38
(50%);

MM 11/36
(30.55%);

osteoporosis
7/36 (19.44%)

NA/ 82
Extractions/
Max: 31/82

(37.80%)/Mand:
51/82 (62.19%)

NA NA NA
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Table 2. Cont.

Study
Reference

Mean Age
(yrs)

Sample Size
pt/Lesion

(M/F)
Smoking Underlining

Diseases
Associated
Treatments

Primary
Diagnosis

Site/s of
Lesion/No. of

Lesion

Initial MRONJ
Staging

Type of Dental
Trauma/Timing

Symptoms’
Onset

[111] NM 128 (33/95)
25.78%/74.21%

26/128
(20.31%) DM: 7.03% Steroids

MM 52/128
(40.62%)

BM: 53/128
(41.40%)

Osteoporosis
23/128

(17.96%)

Max: 30/128
(23.43%);

Mand: 85/128
(66.4%);

Max + Mand:
13/128

(10.15%)

Stage I 17/128
(13.28%);; Stage

II 92/128
(71.87%); Stage

III 19/128
(14.84%)

NM

Bone:
Exposed/

unexposed;
OAC

[112] 67
91(25/66)
27.47%/
72.52%

NM NM CT

MM 39/91
(42.85%);

BCM: 33/91
(36.26%);

Osteoporosis
16/91

(17.58%);
NM: 3/91
(3.26%);

1 pt bilateral
femur bone

necrosis

Max: 21/91
(23.07%)

Mand: 62/91
(68.13%)

Max+ Mand
8/91 (8.79%);

Treated
lesions: Max:

10/55
(18.18%);

Mand 45/55
(81.81%)

Stage I 8/91
(8.79%); Stage II
66/91 (72.52%);
Stage III 17/91

(18.68%)

Spontaneously
41/91 (45.1%);
After surgical

procedures 50/91
(54.9%)

Bone exposure;
Pain; Swelling;
Pus discharge;

Halitosis;
Paraesthesia

[113] 67.3
190 (52/138)

27.36%/
72.63%

39/190 (20.5%) DM:11.5% Steroids

MM 62/190
(32.63%); BM:

85/190
(44.73%);

Osteoporosis
43/190

(22.63%)

Max: 53/190
(27.89%);

Mand:
120/190
(63.15%);

Max+ Mand:
17/190 (8.94%)

Stage I 34/190
(17.89%);

Stage II 126/190
(66.31%);

Stage III 30/190
(15.78%)

NM

Necrotic bone
exposure;
inflamed

mucosa; OAC
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Table 2. Cont.

Study
Reference

Mean Age
(yrs)

Sample Size
pt/Lesion

(M/F)
Smoking Underlining

Diseases
Associated
Treatments

Primary
Diagnosis

Site/s of
Lesion/No. of

Lesion

Initial MRONJ
Staging

Type of Dental
Trauma/Timing

Symptoms’
Onset

[114] 68.72
217 (38/179)

17.51%/
82.48%

Y
(pt. no. NM)

DM; vascular
disease; renal

failure

Steroids;
chemo;

hormonal; AC

MM 23/217
(10.59%); BM:

72/217
(33.17%);

non-oncologic:
(osteoporosis;
RA; Paget’s

disease)
122/217
(56.22%)

NA NA NA NA
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3.3.2. Sample Size and MRONJ Diagnostic Criteria

The distribution of the sample size in each study in relation to its interventional
groups is as follows: 20 [103], 11 [104], 20 [105], 106 [106], 21 [107], 44 [108], 21 [113],
36 [110], 128 [111], 91 [112], 190 [113] and 217 [114]. Table 3 shows all the data details. None
of the studies reported sample size calculation to determine the sample size of their studies.
In terms of the employed MRONJ diagnostic criteria in the subject-recruitment process, a
wide variation observed among the eligible studies, and the distribution was as follows:
three studies [104,111,113] employed AAOMS 2009, two studies [105,112] utilised AAOMS
2007, three studies [106,107,109] used AAOMS 2014 and one study [103] employed Marx
2007 criteria. Meanwhile, the remaining three studies [108,110,114] failed to report.

Table 3. Representation of treatment approach, interventional groups, number of recruited subjects,
the total number of lesions in each included study and its distribution in each affected site. Also, the
total number of lesions in all the included studies, as well as the percentage of lesions in each site for
all the eligible studies. Abbreviations: Med, medications; CS, conventional surgery; LS, laser surgery;
PRP, platelets rich plasma; PBM, photobiomodulation; G1, group1; G2, group 2; G3, group 3; G4,
group 4; G5, group 5; pt, patient; No., number; Max, maxilla; Mand, mandible.

Treatment
Approach

Study
Refer-
ence

Group
No. Treatment Protocol

No. of
Treated pt.

Lesion
No.

Lesion Distribution in
Affected Site

Max Mand Combined
Max & Mand

Preventive

[108] G1 PBM 20

NA

NA

[110] G1 Med + CS + PBM 36 NA

[114] G1 Med + CS + PBM 217 NA

Therapeutic

[103] G1 PBM 20 NM NM NM NM

[104] G1 Med + CS + PBM 11 15 2 7 6

[105]
G1 Med + SL + PBM

20 20 11 9 0
G2 Med + CS

[106]
G1 Med + CS

106 131 46 85 0
G2 Med + PBM

[107] G1

G1a Med + CS + LS + Piezo + PRP + PBM

21 21 6 15 0

G1b Med + CS + PRP + PBM

G1c Med + CS + LS + PRP + PBM

G1d Med + CS + Piezo + PRP + PBM

G1e Med + Piezo + PRP + PBM

G1f Med + LS + PRP + PBM

G1g Med + LS + Piezo + PRP + PBM

[109] G1 Med + CS + Piezo + PRF + PBM 21 21 8 13 0

[111]

G1 Med

128

12

101 30 85 13G2 Med+ PBM 27

G3 Med+ CS 17

G4 Med + CS + LS + PBM 45

[112]

G1 Med

48

13

55 10 45 0G2 Med + PBM 17

G3 Med + CS 13

G4 LS + PBM 12

[113]

G1 Med

190

32

166 53 120 17
G2 Med + PBM 37

G3 Med + CS 17

G4 Med + CS + PBM 39

G5 Med + LS 41

Total of lesions in all the eligible studies 530 166 379 36

% of total lesions in each affected site 28.57 66.23 6.19
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3.3.3. Number of the Lesions/Sites in Studies Employed Therapeutic Approach

One out of twelve studies [103] failed to mention the number of lesions and their sites.
Three out of twelve employed preventive approach [108,110,114]. The remaining eight
studies [104–107,109,111–113] reported a varied number of the lesions per site (maxilla or
mandible or combined) and per study, and, hence, the total lesion per study varied from 15
to 190. Table 3 illustrates the number of the total lesions per study and their site distribution.

3.3.4. Underlying Comorbidity and Other Medical Conditions

Six out of twelve studies [103–107,110,112] failed to mention the underlying comorbid-
ity, whereas the remaining six mentioned the following comorbidities: hypertension [107],
DM (did not specify the type) [107–109,111,113,114], arrythmia [107], renal failure [114]
and vascular diseases [114]. In terms of other medical problems, ten out of twelve stud-
ies [103,106–114] mentioned the following conditions, and their distribution was as follows:
corticosteroids in nine studies [103,106–114], CT in four studies [103,109,112,114] and hor-
monal and anticoagulant therapies in one study [114]. The remaining two studies did not
specify [104,105].

Table 2 illustrates the details of all the above-mentioned data and their percentages.

3.3.5. Type of Predisposing Trauma

In the studies that aimed for therapeutic MRONJ, dental extraction and minor oral surgery
(MOS), respectively, were the predominant causes of MRONJ in eight studies [103–106,109,112],
and the distribution of the rest of the causes was as follows: prosthetic denture irrita-
tion [103,104,107,109], dental implant [103,107,109] and spontaneous cause [107,112]. It is
very clear that there is a lack of homogenous subjects in each group of each study. It is
evident in the studies that aimed for a preventive approach to tackle MRONJ that there
was no predisposing trauma [108,110,114].

All the above-mentioned data are illustrated in Table 2, along with their percentage values.

3.3.6. Smoking Status

Seven out of twelve studies [103,107–109,111,113,114] mentioned the smoking status
of their cohort, whereas the remaining studies failed to specify [104–106,110,112]. All the
data, along with their percentage values, are illustrated in Table 2.

3.3.7. Bisphosphonates Type, Duration and Route of Administration

Five out of twelve studies mentioned the use of BPs alone among their cohorts,
without specifying the type [106,110–113], whereas the remaining seven studies men-
tioned the type of BPs/monoclonal antibodies used alone or in combination with another
type of BPs or with monoclonal antibodies [103–105,107–109,114], and their distributions
were as follows: ZA alone [103–105,107–109,114]; Alendronate (ALE) alone [103,108,114];
Pamidronate (PAM) [103,114]; Ibandronate [108]; Risedronate [114]; Clodronate [114]; mon-
oclonal antibodies (DNB + Sunitinib) [107]; DNBs [106]; and BPs (type was not mentioned)+
DNB [106]. Ten out of twelve studies mentioned that the duration of BP intake by the cohort
ranged between 2 and 164 months, and the distribution of the mean duration (month)
was as follows: 42.95 ± 32.16 [103], 21.27 [104], 32.35 [105], 54.53 (61.9% cohort) and 38.1%
cohort: NM [107]; 44.6 for IV route and 36.3 for oral route [108]; 64.76 ± 21.53 [109]; 28 [111];
25 [112]; 26 ± 20 for oncology and 90 ± 40 for non-oncology [113]; and 17 for oncology and
53 for non-oncology [114], whereas the remaining two studies did not specify [106,110].
Nine out of twelve studies [103–109,114] mentioned the BPs’ route of administration, and
the distribution was as follows: orally [103,106–109], IV [103–109] and intramuscularly
(IM) [106]. The remaining four failed to mention. Only three out of twelve studies men-
tioned the BPs dose, as follows: ZA, 4 mg/monthly/IV (60%); ALE, 70 mg/weekly/orally
(30%); ZOL + PAM, 90 mg/monthly/IV (20%) [103]; ZOL, 4 mg/28 d/IV (90% of cohort);
ZOL, 3 mg/21 d/IV (10%) [104]; and ZA, 4 mg/month/IV (100%) [109].



Pharmaceuticals 2024, 17, 1011 20 of 59

3.3.8. Bisphosphonate Treatment Break Prior to Dental Intervention (Drug Holiday)

The participants of eight out of twelve studies [104–106,109–112,114] stopped BPs, but
with the number of cohorts who stopped BPs in each study varied, and their distribution
was as follows: all the participants stopped the drug in two studies [104,109]; 19 out of 20
in one study [105]; 85 out of 106 in one study [106]; and 49 out of 217 in one study [114].

Two studies failed to mention the number of the participates who stopped BPs [111,112],
whereas one study [110] mentioned 2 out of 36 subjects in which one of them stopped
and the other one did not. Table 4 is a representation of BPs’ drug holiday. In two
studies [103,108], all of the cohorts did not stop the drug, where four studies [111–114]
had a cohort who stopped and others did not, and four studies had all of their cohort
stop the drug. The remaining two studies [107,113] failed to mention the status of their
cohort. In terms of the duration of the drug holiday, it varied, and the distribution was as
follows: prior to surgery, 3 months [106] and 4.5 months [105,109]; 2 months pre- and post-
surgery [114]; and until mucosal healing [104]. Three studies failed to specify [110–113].

Table 4. Representation of BP duration and drug holiday and its duration. Abbreviations: BPs,
bisphosphonates; NM, not mentioned; G1, group 1; Y, yes; N, no; IV, intravenous; PO, orally.

Study
Reference

Duration of BP Medication in
Months (Range)

BPs Drug Holiday Duration-BPs Drug
Holiday-MonthY N All Subjects Few no. of

Cohort “Y” NM

[103] 42.95 ± 32.16 - x x - - NA

[104] 21.27 (9–629) x - x - - Until complete
mucosal healing

[105] 32.35 (6–132) x - - 19/20 1/20 4.5

[106] NM x - - 85/106 21/106 3 pre-op in G1
(85/106)

[107] 8/21 subjects-NM
13/21 subjects—54.53 (5–164) NM

[108] IV—44.6 (25–108); PO—36.3
(18–96) - x x - - NA

[109] 64.76 ± 21.53 (39–96) x - x - - 4.52 ± 1.12

[110] NM x x - 1/36 34/36 NM

[111] 28 (1–96) x x - x x NM

[112] 25 (2–120) x x - x x NM

[113]
Oncology, 26 ± 20 (3–72);
Non-oncology, 90 ± 40

(24–144)
NM

[114] Oncology, 17
Non-oncology, 53 (1–92) x - - 49/217 168/217 2 prior and after

tooth extraction

3.4. Interventional Groups and Primary Disease Distribution
3.4.1. Only Oncology Cohort

Three out of the twelve included studies [104,105,109] had only oncology cohort in
which all received therapeutic approach in MRONJ management. The distribution of
the primary diagnosis for this cohort was as follows: breast cancer [104,105,109], MM
and PC [104,105,109], lung cancer [104,109], neuroendocrine malignancy [105] and kidney
carcinoma [109]. Table 2 shows all the values including their percentages.

3.4.2. Mixed Cohort: Oncology and Non-Oncology Cohort

A total of nine out of twelve studies [103,106–108,110–114] had oncology and non-
oncology cohorts, and six of them offered a therapeutic approach [103,106,107,111–113],
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whereas the remaining three [108,110,114] received a preventive treatment approach. In
the studies that undertook preventive approach, the distribution of the primary diagno-
sis of their cohort is as follows: breast cancer (BC) [103,108], MM [110,114], osteomyeli-
tis [108,114], prostate cancer (PC) [13], nasopharyngeal cancer [(NPC) 108], bone metas-
tasis [110,114], RA [114] and Paget’s disease [24]. Meanwhile, in the studies that un-
dertook the therapeutic approach, the distribution of the primary diagnosis was as fol-
lows: BC [103], MM [103,111–113], osteomyelitis [103,111–113], PC [103], bone metasta-
sis [111–113], RA [113] and solid tumour and osteo-metastatic disease [107], and only one
study [107] failed to mention the primary diagnosis. Table 3 shows all the above details,
including their values in percentage.

3.5. MRONJ Staging

Prior to the treatment, stage II and III of MRONJ staging were observed in the majority of
the studies. There was a mixed of various MRONJ staging in each group of subjects for each
study. There was a ack of homogenous subject recruitments: stage I [103,105–107,111–113],
stage II [103–107,109,111–113] and stage III [103,104,106,107,109,111–113]. The remaining
studies [108,110,114] were in the preventive approach of MRONJ. Table 2 illustrates the data.

3.6. Presenting Symptoms

Three out of twelve studies [108,110,114] employed preventive approach, and, hence,
the initial symptoms were not applicable (NA), and one study failed to mention any
symptoms, whereas the distribution of the symptoms in the remaining eight studies was
as follows: bone exposure mentioned in eight studies [103–106,109,111–113], oroantral
communication (OAC) in five studies [103,104,109,111,113], symptomatic/mobile teeth
in two studies [104,106], pathological fracture in one study [103], extraoral fistula in one
study [103], pus in three studies [103,106,112], paraesthesia in one study [112], inflamed
mucosa in two studies [109,113], swelling in two studies [109,112], facial oedema in one
study [103], halitosis in two studies [103,112], pain in two studies [103,104,112] and asymp-
tomatic in one study [103]. Table 5 illustrates all the above-mentioned data.

Table 5. Representation of initial symptoms distribution of the eligible studies. Abbreviations: EO,
extraoral; OAC, oroantral communication; EOF, extraoral fistula; BE, bone exposure; PF, pathological
fracture; IM, inflamed mucosa.

Study
Reference

Asympto-
Matic Pain Halitosis EO

Oedema Swelling IM Paraest-
Hesia Pus EOF BE Symptomatic/Mobile

Teeth OAC PF

[103] x x x x - - - x x x - x x

[104] - x - - - - - x x x -

[105] - - - - - - - x - -

[106] - - - - - - x x x -

[107] NM NM NM NM NM NM NM NM NM NM NM NM NM

[108] NA (preventive)

[109] - - - - x x - - x - x -

[110] NA (preventive)

[111] - - - - - - - - x - x -

[112] - x x - x - x x - x - -

[113] - - - - - x - - - x - x -

[114] NA (preventive)

3.7. Documentation of the PBM Parameters

Table 6 shows the results of the dosimetry parameters and treatment protocol.
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Table 6. Represents the laser dosimetry and treatment protocols of all the eligible studies, including the percentage of the missing data for each parameter.
Abbreviations: NM, not mentioned; Hz, frequency; G, group, NA, not applicable; min, minute; W, watt; J, joule; λ, wavelength; d, day.

Study
Reference

λ (nm)
Laser

Emission
Mode

Contact/Non-
Contact

Energy (J)
per Spot

No. of
Irradiation

Points

Power
Output

(W)

Use of
Power
Meter

Laser–
Tissue

Distance

Spot
Size/Fibre

Diame-
ter/Spot

Diameter

Energy
Density
(J/cm²)

Irradiance
(W/cm²)

Exposure
Time

(min/s)

Irradiation
Frequency/

Time Interval

Treatment
Duration/No. of

Sessions

[103] 904 Pulsed/40%
duty cycle Contact NM NM NM NM NA 0.8 cm 28.4 NM NM

1st week: 4 sessions;
2nd week:
3 sessions;
3rd week:
3 sessions

20 d/10

[104] 808 CW Non-contact 1.4 NM 0.5 NM 0.5–1 cm 0.28 cm²
R = 6 mm 5 NM 3 s/point

total: 120 s
At day

1, 3, 5, 7, 10 10 d/5

[105] 1064 LP mode/
10 Hz Non-contact 2.5 NM 0.25 NM 4 cm 0.4 cm²/950 µm 6.25 NM 1 min 5 sessions for 10 d. 10 d/5 sessions

[106] 810 NM NM NM NM 0.5–1 NM NM 320 µm NM NM NM monthly NM

[107] 808 CW Non-contact NM NM 1 NM NM 600 µm Theoretical
21231 NM 1 min 5 times/session

1st session
immediately after

surgery; then twice
a week until mucosal

closure.

[108] 1064 15 Hz Contact NM NM 1.25 NM 1–2 mm 320 µm NM NM
1 min

repeated
5 times

At day; 2,5,7, 10,
14,21,28 1 month/7 sessions

[109] 1064 15 Hz Non-contact NM NM 1.25 NM 1–2 mm 320 µm NM NM
1 min,

repeated
5 times

At day;2,5,
7,10,14,21,28 1 month/7 sessions

[110] 1064 15 Hz Non-contact NM NM 1.25 NM 2 mm 320 µm 7 1562.5 1 min Repeated 5 times
Weekly for 1st

six weeks + until
mucosal closure

[111] 1064 Pulsed/5%;
15 Hz Non-contact NM NM 1.25 NM 2 mm 320 µm 14.37 268.81 1 min Repeated 5 times

G2: once a week for
2/12; G4: during

surgery, then weekly
for 2/12

[112] 1064 Pulsed,
15 Hz Non-contact NM NM 1.25 NM 2 mm 320 µm 2.01 268.57 1 min Repeated 5 times once a week for 2/12

[113] 1064 Pulsed:
VSP/15 Hz Non-contact NM NM 1.25 NM 2 mm 320 µm 14.37 268.81 1 min Repeated 5 times Once a week for 2/12

[114] 1064 15 Hz Non-contact NM NM 1.25 NM 2 mm 320 µm 7 1562.5 NM Repeated 5 times.
6 sessions (once
a week), until

complete healing

Missing
data (%) 0 0 8.33 83.33 100 8.33 100 16.66 0 16.66 58.33 25 0 8.33
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3.7.1. Utilised Wavelength (λ)

All the studies reported utilised wavelength. The distribution of PBM wavelengths
was as follows: 660 nm [103,104,106,107], 904 nm [103], 810 nm [106], 808 nm [104,107] and
1064 nm [105,108–114].

3.7.2. Power Output/Therapeutic Power Output (W, mW)/Emission Mode

A wide diversity in the employed power output was observed. It varied between 0.25
and 1.25 W. Seven out of twelve studies [108–114] employed 1.25 W in a pulsed emission
mode (the same PBM laser protocol); one study [107] employed 1 W in CW; one study [104]
utilised 0.5 W in CW emission mode; one study employed [105] 0.25 W in pulsed mode;
and one study [106] used 0.5–1 W in CW. Only one study [103] failed to mention the
power output but mentioned the emission mode (pulsed). Importantly, none of the studies
mentioned whether the reported output power was therapeutic and whether a power meter
was utilised. Table 6 illustrates these parameters.

3.7.3. Power Output/Therapeutic Power Output (W, mW)/Emission Mode

A wide diversity in the employed power output observed. It varied between 0.25 and
1.25 W. Seven out of twelve studies [108–114] employed 1.25 W in a pulsed emission mode
(those studies utilised the same PBM laser protocol); one study [107] employed 1 W in CW;
one study [104] utilised 0.5 W in CW emission mode; one study employed [105] 0.25 W in
pulsed mode; and one study [106] used 0.5–1 W in CW.

Only one study [103] failed to mention the power output in a pulsed-emission mode.
Importantly, none of the studies mentioned whether the reported output power was
therapeutic and measured with a power meter.

3.7.4. Irradiation Time and Points

Nine out of twelve studies [104,105,107–113] mentioned the irradiation time, which
has a wide range, from 3 to 60 s/spot; out of those nine, one study [104] reported 3 s/point
(total 120 s) and eight studies [105,107–113] reported 60 s/point. The remaining three
studies [103,106,114] failed to mention this parameter. Moreover, none of included studies
mentioned the number of irradiated points.

3.7.5. Reported Energy

Only two out of twelve studies [104,105] mentioned the energy parameter; of those
two studies, one study reported 1.4 J [104], and the second study [105] reported 2.5 J. The
remaining ten studies [103,106–114] failed to mention it.

3.7.6. Energy Density (Dose, J/cm2)

Nine out of twelve studies [103–105,107,110–114] reported the fluence, and the distri-
bution is as follows: 28.4 J/cm2 [103]; 5 J/cm2 [104]; 6.25 J/cm2 [105]; 21231 J/cm2 (theo-
retical according to the authors) [107]; 7 J/cm2 [110]; 14.37 J/cm2 [111]; 2.01 J/cm2 [112];
14.37 J/cm2 [113]; and 7 J/cm2 [114]. The remaining three studies [106,108,109] failed to
mention it.

3.7.7. Irradiance (W/cm2)

Five out of twelve studies [110–114] reported irradiance (W/cm2) parameters, and
their distributions as follows: 1262.5 [110], 268.81 [111], 268.57 [112], 268.81 [113] and
1562.5 [114]. These studies were conducted by the same research group and utilised the
same protocol. The remaining seven studies failed to mention the irradiance parame-
ters [103–109].
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3.7.8. Pulse Width (s, µs) and Frequency (Hz)

Nine out of twelve studies [103–105,109,110,114] employed pulsed emission mode,
and all of them mentioned the frequency, but none of them mentioned the pulse width. The
distribution of the frequency is as follows: 50 Hz [103], 15 Hz [104,109–114] and 10 Hz [105].

3.7.9. Spot Size/Spot Area/Beam Diameter/Beam Profile

All the studies mentioned the spot size, but it varied in terms of the diameters. A spot
size of 320 µm was utilised in eight studies [106,108–114], as they utilised the same protocol,
whereas only one study for each of the following parameters was reported: 0.8 cm2 [103],
0.28 cm2 [104], 0.4 cm2 [105] and 600 µm [107]. None of the studies mentioned the utilised
beam profile delivery system.

3.7.10. Distance of Laser Tip-to-Target Tissue (Contact/Non-Contact)

Ten out of twelve studies [103–105,108–114] employed non-contact mode, and one
of them failed to report the distance [103], whereas the other nine studies reported the
distance and the distribution as follows: 0.5–1 cm [104], 4 cm [105], 1–2 mm [108,109] and
2 mm [110–114]. The remaining two studies [106,107] failed to mention it.

3.7.11. Frequency and Treatment Duration

The treatment protocol varied. Table 6 represents the treatment frequency (number
of sessions per week) and duration.

3.8. Interventional Groups Number and Associated Treatment Modalities

One study utilised PBM as a monotherapy with no comparative arms [103]. Five
studies [104,108–110,114] had one group with different treatment modalities: PBM + med +
CS [104,110,114], PBM + med + CS +PRF [108]; and PBM + med + CS + piezo + PRF [109].

Two studies [105,106] had two groups: PBM + med + SL vs. med + CS [6]; and PBM +
med vs. med + CS [106].

Two studies [111,112] had four groups with different treatment modality protocols,
and their distributions were as follows: G1: med, G2: PBM + med, G3: med + CS, G4: PBM
+ med + CS + SL (Er:YAG) [111]; G1: med, G2: PBM + med, G3: CS, G4: PBM + SL [112].

One study [113] had five groups of different treatment modalities protocol, and its
distribution was as follows: G1, med; G2, PBM + med; G3, CS; G4, PBM + CS; and G5, SL.
One study [107] had seven groups, and the distribution of the treatments was follows: G1,
PBM + CS + SL + piezo+ PRP; G2, PBM + CS+ piezo + PRP; G3, PBM + CS+ SL + PRP; G4,
PBM + CS+ PRP; G5, PBM + SL + piezo + PRP; G6, PBM + piezo + PRP; and G7, PBM + SL
+ PRP. The results of this subsection are illustrated in Table 3.

It is noteworthy that none of the included studies utilised aPDT as an adjunct therapy
to PBM.

3.9. Medical and Antiseptic Treatment Regimens

Seven out of twelve studies [7,10,13,14,18,20,21] employed antibiotics and antiseptic
(mouthwash) regimens pre- and post-operatively for 14 d; however, the antibiotic type,
dose and route of administration varied. The remaining studies employed these regimen
protocols either pre- or post-operatively.

Table 7 illustrates the medical and antiseptic mouthwash protocols that were employed
in the eligible studies in terms of type, dose, frequency and duration of the antibiotics, as
well the antiseptic mouth-rinse schedule. Additionally, Table 7 represents the missing data.
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Table 7. Representation of the medical and antiseptic treatment regimens employed in the eligible studies in terms of type of medications, the dose whether
pre-operatively post-operatively or both, route of administration, frequency and duration. Abbreviations: pre-op, pre-operatively; post-op, post-operatively; Po,
orally; IV, intravenously; OD, once a day; BD, twice a week; TDS, three times a week; QDS, four times a week; NM, not mentioned; X, yes.

Study Reference Type of Antibiotics and Antiseptic Mouthwash Pre- and Post-op Pre-op Post-op Dose Route of
Administration Frequency Duration

(Day)

[103]
Antibiotics NA

Antiseptics NA

[104]
Antibiotics

Amoxicillin clavulanate x 1000 mg Po BD 7

Clindamycin x 150 mg Po BD 7

Sulbactam–ampicillin x 1500 mg IV QDS 7

Antiseptics Benzylamine hydrochloride
Chlorhexidine digluconate x 0.15%

0.12%
Mouth rinse
Mouth rinse

NM
NM

NM
NM

[105]
Antibiotics

Amoxicillin + Clavulanic acid x 1000 mg Po BD NM

Metronidazole x 500 mg Po BD NM

Antiseptics Chlorhexidine gluconate x 0.2% Mouth rinse BD 10

[106]
Antibiotics

Ceftriaxone x x 1 g IM OD 7

Metronidazole x x 500 mg Po BD 7

Antiseptics Chlorhexidine x x NM Mouth rinse NM NM

[107]
Antibiotics

Amoxicillin clavulanate x x 2 g Po OD 14

Metronidazole x x 500 mg Po OD 14

Clindamycin In case of allergy

Antiseptics NM NM NM NM NM NM NM NM NM

[108]
Antibiotics

Amoxicillin + Clavulanic acid x x 1000 mg Po NM 14

Metronidazole x x 500 mg Po NM 14

Antiseptics Chlorhexidine digluconate x x 0.12% Mouth rinse NM 14

[109] Antibiotics
Amoxicillin + Clavulanic acid x x 1000 mg Po NM 14

Metronidazole x x 500 mg Po NM 14

Antiseptics Chlorhexidine digluconate x x 0.12% Mouth rinse NM 14
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Table 7. Cont.

Study Reference Type of Antibiotics and Antiseptic Mouthwash Pre- and Post-op Pre-op Post-op Dose Route of
Administration Frequency Duration

(Day)

[110]

Antibiotics
Amoxicillin x x 2 g Po OD 14

Metronidazole x x 1 g Po OD 14

Antiseptics Chlorhexidine digluconate x 0.2% Mouth rinse TDS
Until

mucosal
healing

[111]

Antibiotics
Amoxicillin x x 1 g Po BD 14

Metronidazole x x 250 mg Po BD 14

Antiseptics Chlorhexidine
Hydrogen peroxide

x
x

0.2%
3%

Mouth rinse
Mouth rinse

BD
BD

NM
NM

[112]
Antibiotics

Amoxicillin x x 1 g Po TDS 14

Metronidazole x x 250 mg Po BD 14

Antiseptics Chlorhexidine
Hydrogen peroxide

x
x

NM
NM

Mouth rinse
Mouth rinse

BD
BD

NM
NM

[113]
Antibiotics

Amoxicillin x x 1 g Po BD 14

Metronidazole x x 250 mg Po BD 14

Antiseptics Chlorhexidine
Hydrogen peroxide x x 0.2%

3%
Mouth rinse
Mouth rinse

BD
BD

NM
NM

[114]

Antibiotics Amoxicillin x x 2 g Po OD 14

Antiseptics Chlorhexidine x NM Mouth rinse TDS
Until

mucosal
healing
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3.10. Outcome Assessment Tools

Table 8 shows outcome assessment measures that were employed in all the included
studies, which varied in terms of mucosal healing, clinical examination and clinical photos
and imaging (cone beam computer tomography (CBCT) and orthopantomogram (OPT))
were employed, whereas, in relation to pain intensity, visual analogue scale (VAS) was
employed.

Table 8. Illustrates the outcome variables, diagnostic and outcomes assessment tools. Abbreviations:
1/12, one month; 2–8/12, 2–8 months; 3/12, 3 months; NM, not mentioned; N, no; Y, yes; VAS,
visual analogue scale; OPT, orthopantomogram; CBCT, cone beam computer tomography; CTX,
c-terminal telopeptide; 1, primary; 2, secondary; CH, complete healing, ICH, incomplete healing; DH,
delayed healing.

Study
Reference

Outcomes (Variables) Diagnostic Tools Outcome Assessment Tools

Mucosal
Healing

Healing
Time

Pain
VAS

Clinical
Exam +
Photos

Imaging
(OPT/
CBCT)

Histology CTX
Clinical
Exam +
Photos

Imaging
(OPT/
CBCT)

Histology CTX

[103] CH 1/12 Y Y N N N Y N N N

[104] 1◦ and 2◦ healing NM N Y OPT+
CBCT Y N Y N N N

[105] CH/ICH NM N Y OPT N Y Y OPT N Y

[106] CH/DH NM N Y OPT Y N Y OPT N N

[107] CH; Recurrence NM N Y OPT+
CBCT Y N Y N N N

[108] CH 1/12 N Y OPT N N Y OPT N N

[109] CH 3/12 N Y OPT N N Y OPT N N

[110]
Complete

healing
@ 2 weeks

2–8/52 N Y OPT N N Y OPT N N

[111] CH NM N Y OPT+
CBCT N N Y CBCT N N

[112] CH 3/12 N Y OPT+
CBCT N N Y N N N

[113] CH NM N Y OPT+
CBCT N N Y CBCT N N

[114] 10% DH, 90%
NM NM N Y OPT+

CBCT N N Y OPT N N

3.11. MRONJ Diagnostic Tools

Table 8 illustrates the tools in which MRONJ lesion was diagnosed. Six out of twelve
studies [104,107,111–114] employed OPT and CBCT, whereas five studies [105,106,108–110]
utilised only OPT, and the remaining study did not specify [103]. A histological examination
was employed in three out of twelve studies [104,106,107], whereas one study utilised of
CTX test [104].

3.12. Evaluation of MRONJ Outcomes

Table 9 represents the MRONJ outcomes (resolved/improves/stable/progressive/
recurrence [89]), including staging improvement after treatment.
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Table 9. Representation of MRONJ lesion outcomes and staging improvements in relation to the interventional groups for each study and follow-up timepoints.
Abbreviations: P, preventive; T, therapeutic; CTX, c-terminal telopeptide; NM, not mentioned; G1, group1; Med, medications; PBM, photobiomodulation; SL, surgical
laser; CS, conventional surgery; PRP, platelet-rich plasma; OAC, oroantral communication; 1/12, one month; 3/12, 3 months; 5/12, five months; 8/12, eight months;
9/12, nine months; 33/12, 33 months; 2/52, two weeks; NM, not mentioned.

Study
Reference P/T Oncology/Non-

Oncology/Mixed Interventional Groups Follow-Up (Mean Value)/Statistical
Significance

MRONJ Staging
Improvement

Resolved/Improved/
Stable/Progressive Recurrence

[103] T Mixed G1: PBM

At 1/12 A statistically significant
difference was observed for reported pain,
lesion size, oedema and presence of pus

and OAC

NM
40% Stable;

60% Improved.
No adverse effects reported

No

At 8/12 NM
85% Stable (symptoms); 80% Stable

(lesion size); 10% Progressive (exposed
bone); 15% Progressive—new lesion

25%

[104] T Oncology G1: Med + CS + PBM NM NM
100% Resolved: 63% healing with

primary closure; 36.36% by secondary
closure

No

[105] T Oncology G1: Med + SL + PBM
G2: Med + CS

Nothing mentioned about the follow-up
timepoints.

Statistically significant difference in
MRONJ stage healing p = 0.050. Statistical

comparison of treatment-type healing
(p = 0.370). No significant correlation

between CTX and healing status.

Complete healing: Stage I:
16.7%, Stage II: 71,4%;

Incomplete healing: Stage I:
83.3%, Stage II: 28.6%

55% Resolved (complete healing)
45% Improved (incomplete healing) No

[106] T Mixed G1: Med + CS
G2: Med + PBM NM about statistics

G1: 86.5%—stage III to I,
13.5%—III to I

G1: 100%, complete healing—86%
resolved and 13.5% improved

OneG2: 0%—complete healing
2.2%: from stage II to I; and

III to II

G2: Complete healing (0%); 87.5%
stable, 2.2% Improved; 1.14%

Progressive

[107] T Mixed

G1a: Med + CS + SL +
Piezo + PRP + PBM

G1b: Med + CS + PRP + PBM
G1c: Med + CS + SL + PRP + PBM

G1d: Med + CS + Piezo + PRP + PBM
G1e: Med + Piezo +

PRP + PBM
G1f: Med + SL + PRP + PBM

G1g: Med + SL + Piezo + PRP + PBM

95.23%—complete healing.
Statistical analysis: NM NM 95.23% Resolved

One

At 9/12 One patient—recurrent—
Stage III 4.76% progressive

[108] p Mixed G1: PBM

At 1/12; No recurrence in long-term
follow-up based on clinical and

radiological assessment
NA 100% resolved No

No significant difference between the
variable (age, gender, BPs type/duration

and healing time)
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Table 9. Cont.

Study
Reference P/T Oncology/Non-

Oncology/Mixed Interventional Groups Follow-Up (Mean Value)/Statistical
Significance

MRONJ Staging
Improvement

Resolved/Improved/
Stable/Progressive Recurrence

[109] T Oncology G1: Med + CS + Piezo
+ PRF + PBM

At 3/12: Complete mucosal healing.
No significant difference between each

variable and delayed healing

100% Resolved, but 3%
showed delayed healing No

[110] P Mixed G1: Med + CS + PBM

At 2/52 100% Resolved

100% Resolved No
At 5/12, follow-up: 2 cases developed

delayed healing in which one of them was
under antiangiogenic therapy

100% resolved, but with 2
cases delayed healing

At 33/12 follow-up 100% Resolved 100% Resolved

[111] T Mixed

G1: Med
G2: Med + PBM
G3: Med + CS

G4: Med + CS + SL + PBM

At mean of 3/12

G1: 16.6% transition to
stage 0

G2: 33% transition to
stage 0

G3: 52.9% transition to
stage 0

G4: 88.8% (73.3%
permanent transition to

stage 0, 15.5% transition to
a lower stage)

G1: 25% improved; 16.6% resolved
G2: 66.6% improved in which 33% had

complete healing (resolved)
G3: 52.9% resolved

G4: 88.8% improved

No

Statistical significance comparing G1 with
G2 (p = 0.0346), G4: healing improved

compared with G1, G2 and G3 (p < 0.05);
Comparing G1 + G2 vs. G3 + G4 showed

complete healing and clinical
improvement in all (p = 0.0003).

No statistical difference in healing
between G1 + G3 vs. G2 + G4, but clinical
improvement in G4 (p = 0.0003); None of
the results influenced by site (p = 0.28) or

underlying diseases (p = 0.088).
No significant difference in drug holiday

protocols observed (p = 0.4656).
No significant difference between
smoking, type of BPs and lesion

improvement p = 0.9027

BRONJ stage III clinical
improvement (p = 0.0007)

[112] T Mixed

G1: Med
G2: Med + PBM
G3: Med + CS
G4: SL + PBM

Follow-up timepoints not specified
Nothing mentioned in

terms of staging
improvement for G1, G2
and G3; G4, transition to

stage 0

G1: 0% healed, but NM in reasons and
course of action.

G2: 41%—Resolved
G3: 46%—Resolved

G4: 100% improvement, but a relapse
of one patient after

10 months—Progressive

One at 10/12
Statistically significant (p < 0.001) in G4
compared to G1. Statistically significant

(p = 0.03) in G4 compared to G3.
G4 had best mucosal healing p < 0.0001.
Slight clinical improvement difference
between CS 46% and PBM alone 41%
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Table 9. Cont.

Study
Reference P/T Oncology/Non-

Oncology/Mixed Interventional Groups Follow-Up (Mean Value)/Statistical
Significance

MRONJ Staging
Improvement

Resolved/Improved/
Stable/Progressive Recurrence

[113] T mixed

G1: Med
G2: Med + PBM
G3: Med + CS

G4: Med + CS + PBM
G5: Med + SL

Non-oncology: Statistically significant
improvement in G1 + G2 compared with

G3 + G4 + G5 p = 0.0080.
Statistically significant in wound healing
in G1 + G2 compared with G3 + G4 + G5

p = 0.00001.
In Oncology: Statistically significant
improvement in G1 compared to G2;

Statistically significant improvement in
G1 + G2 compared with G3 + G4 + G5
p < 0.0001. Statistically significant in

terms of healing G1 + G2 compared with
G3 + G4 + G5 p < 0.0001. Statistically
significant improvement in G1 + G2

compared with G3 + G4 + G5 p = 0.0061;
Comparing oncology and non-oncology
patients in terms of complete healing for

G3 + G4 + G5 showed statistically
significant for surgical approach,

indicating complete mucosal healing and
clinical improvement with surgical

treatment at early stages (better results)

Stage I: 75%,
Stage II: 54.24%
Stage III: 33.3%

Improved: 81.57% sites treated in
non-oncology patients and 68.75% in
oncology patients. Complete healing:
71.05% sites treated in non-oncology

patients and 53% sites in
oncology patients.

Resolved; Nonsurgical approach
adopted on 69 sites induced an

improvement in 35 sites and complete
healing in 19 sites, while surgical
approach performed on 97 sites

induced an improvement in 84 sites, of
which 78 completely healed.

No

[114] P mixed G1: Med + CS + PBM

Only 15 patients had a delayed healing
with minimal bone exposure. NM for the
rest of the recruited patients; follow-up,

healing time

NM NM No
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3.13. Representation of MRONJ Staging Downscaled

Table 10 illustrates the results of the MRONJ staging downscaled after the treatments in
the studies employed the therapeutic approach. There was a wide range in the percentage
of downscaling MRONJ staging among various treatment protocols in the same study and
among the included studies. Moreover, there was no information in relation to the initial
staging of the cohort and for each interventional arm. Downscaled staging of MRONJ was
not applicable in three studies [108,110,114] that employed preventive approach.

Table 10. Representation of MRONJ Staging downscaled after treatment compared to initial staging
among the studies employed therapeutic approach.

Study Reference Therapeutic Protocol Initial Stage Downscaling MRONJ Grade and %

[103] PBM
I:5%; IB: 5%; IIA: 65%;

IIB:15%; IIIA: 10%
Stage I + II + III → downstaged → 60%

Stage I + Stage II → 40%

[104] Med + CS + PBM II: 81.81%; III: 18.18% NM the grade

[105] Med + SL + PBM
Med + CS

I: 30%
II: 70%

16.7% Stage I + 71.4% Stage II → Stage 0
83.3% Stage I + 28.6% Stage II → Downscaled

(NM)

[106]

Med + CS
I: 8.39%;

II 65/131 (49.61%); I
II: 55/131 (41.98%)

100% I + Stage II → Stage 0
31/37 (86.48%) Stage III → Stage 0
5/37 (13.51%) Stage III → Stage I

Med + PBM

1/24 (4.16%) Stage II → Stage I
1/24 (4.16%) Stage III → Stage II

21/24 (87.5%) → Stable
1/24 (4.16%) Stage II → Stage III

[107]

G1a: Med + CS + SL + Piezo + PRP + PBM
G1b: Med + CS + PRP + PBM

G1c: Med + CS + SL + PRP + PBM
G1d: Med + CS + Piezo + PRP + PBM

G1e: Med + Piezo + PRP + PBM
G1f: Med + SL + PRP + PBM

G1g: Med + SL + Piezo + PRP + PBM

I: 9.6%;
II: 71.4%;
III:19%

I + II + III → 0 (100%)

[109] Med + CS + Piezo + PRF + PBM II: 71.42%; III: 8.57% III → II

[111]

Med

I: 17/128 (13.28%)
II: 92/128 (71.87%)
III: 19/128 (14.84%)

3/12 (2%) → Stage 0

Med + PBM 66.6% → downscaled, in which
50% → Stage 0

Med + CS 9/17 (52.9%) → downscaled,

Med + CS + LD + PBM 88.8% → downstaged

[112]

G1: Med

I: 8.79%
II: 72.52%
III: 8.68%

0% → 0

G2: Med + PBM 41% → Stage 0

G3: Med + CS 46% → Stage 0

G4: LS + PBM 83.3% → downstaged

[113]

G1: Med

I: 17.89%
II: 66.31%
III: 15.78%

Stage I → Stage 0 → 75%
Stage II → Stage 0 → 54.2%

Stage III → Stage 0 → 33.33%

G2: Med + PBM

G3: Med + CS

G4: Med + CS + PBM

G5: Med + LS

3.14. Declaration of Funding

Only one out of twelve studies [108] declared no funding, whereas the remaining
eleven did not specified.

3.15. Assessment Clinical Parameters

Table 11 describes clinical parameters assessment used for the included studies.
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Table 11. Tabular representation describing the assessment of the clinical parameters used for the selected eligible studies. Abbreviations: Y = yes; N = no; NS = not
specified; NI = no information; NSS = not statistically significant; SS = statistically significant.

Study
Refer-
ence

Pain Infection Paraesthesia Bone Exposure Oro-Antral
Communication

Complete Mucosal
Healing Complete Resolution No Response Lesion Recurrence

SS
Y/N/NS/NI

NSS
Y/N/NS/

NI

SS
Y/N/

NS/NI

NSS
Y/N/

NS/NI

SS
Y/N/NS/NI

NSS
Y/N/NS/NI

SS
Y/N/NS/NI

NSS
Y/N/NS/NI

SS
Y/N/NS/NI

NSS
Y/N/NS/NI

SS
Y/N/NS/NI

NSS
Y/N/NS/NI

SS
Y/N/NS/NI

NSS
Y/N/NS/NI

SS
Y/N/NS/NI

NSS
Y/N/NS

/NI

SS
Y/N/NS/

NI

NSS
Y/N/NS/NI

[103] Y N Y N NI NI N Y NI NI Y N Y N NS NS NS NS

[104] NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI

[105] NI NI NI NI NI NI NI NI NI NI N Y NI NI NI NI NI NI

[106] NI NI NI NI NI NI NI NI NI NI NS NS NI NI NI NI NI NI

[107] NI NI NI NI NI NI NI NI NI NI NS NS NI NI NI NI NS NS

[108] NI NI NI NI NI NI NI NI NI NI N Y NI NI NI NI NI NI

[109] NI NI NI NI NI NI NI NI NI NI NS NS NI NI NI NI NI NI

[110] NS NS NS NS NI NI NI NI NI NI NS NS NI NI NI NI NI NI

[111] NI NI NI NI NI NI NI NI NI NI Y N NI NI NI NI NI NI

[112] NI NI NI NI NI NI NI NI NI NI Y N NI NI NI NI NI NI

[113] NI NI NI NI NI NI NI NI NI NI Y N Y N NI NI NI NI

[114] NS NS NS NS NI NI NI NI NI NI NS NS NS NS NI NI NI NI
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With regard to pain and infection, statistically significant results were obtained in one
study [103]. Meanwhile, in two studies [110,114], the statistical data were not specified.
There was no relevant information in the remaining studies [104–109,111–113].

No information was available on the clinical parameters, paraesthesia, OAC, no clinical
response and lesion recurrence amongst the eligible studies [103–114]. One study [103]
reported no statistically significant difference for bone exposure, whereas no information
on this parameter was available for the remaining eleven eligible studies [104–114].

A statistically significant difference in complete mucosal healing was observed in
four out of twelve studies [106,107,109,110,114], whereas it was not statistically significant
in two studies [105,108]. Five studies [106,107,109,110,114] did not specify the statistical
information on this parameter, whereas one study [104] provided no relevant information
at all. In terms of a complete lesion resolution, two studies [103,113] mentioned statistically
significant improvement in results, and one study [114] did not specify the statistical
data, whereas the remaining nine studies [104–112] provided no relevant information on
this parameter.

3.16. Qualitative Assessment

Each included study was assessed for its methodological quality using the ROBINS-I
tool, which is specially designed for observational and quasi-experimental studies [96,97].
Figure 2 is a graphical summary of the scores, in a percentage format, that each of the
included studies of this review received in the five domains of this tool, and an overall
risk-of-bias score is also denoted for each study.
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Figure 2. Graphical summary of distribution of risk-of-bias judgments in each bias domain for
ROBINS-I assessment.

Table 12 is an overview of the results of the ROBINS-I assessment. The results of our
qualitative analysis are based on the joint agreement of two independent reviewers (R.H.
and S.D.) (κ = 0.90). A third reviewer of this project (I.C.M.) was contacted to discuss any
disparities in the individual analysis of the above two reviewers [96,97]. The results were
elaborated as shown in Table 12.
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Table 12. Summary of ROBINS-I tool assessment of included studies.

Domains

Overall
Risk of

Bias
Study

Reference

Pre-Intervention Intervention Post-Intervention

Bias Due
to Con-

founding

Bias in
Selection
of Partici-
pants for
the Study

Bias in
Classify-

ing
Interven-

tions

Bias Due to
Deviations

from
Intended
Interven-

tions

Bias Due
to Missing

Data

Bias to
Measuring
Outcomes

Bias in
Selecting
Reported
Results

[103] Moderate Low Low Low Low Low Low Moderate

[104] Moderate Low Low Low Low Moderate Low Serious

[105] Moderate Low Low Low Low Moderate Low Serious

[106] Moderate Low Low Low Low Moderate Low Serious

[107] Moderate Low Low Low Low Moderate Low Serious

[108] Moderate Low Low Low Low Moderate Low Serious

[109] Moderate Low Low Low Low Moderate Low Serious

[110] Moderate Low Low Low Low Moderate Low Serious

[111] Moderate Low Low Low Low Moderate Low Serious

[112] Moderate Low Low Low Low Moderate Low Serious

[113] Moderate Low Low Low Low Moderate Low Serious

[114] Moderate Low Low Low Low Moderate Low Serious

All included studies have received a “moderate score” for the confounding domain
(100%). In terms of the domains based on selection of participants, classification of inter-
ventions, deviation from interventions, missing data and selection of reported results all
included studies that received 100%, “low score”.

For the domain on measurement of outcomes, 10% of the included studies received
a “low score”, and 90% of the studies received a “moderate score”. Overall, 90% studies
reported a high risk of bias, and 10% studies reported a low risk of bias based on the
guidance document provided with the tool [96,97].

3.17. Quantitative Assessment

In our Methodology section, we mentioned our intention to conduct a meta-analysis.
However, owing to several notable discrepancies, as well as lack of numerical data in the
included studies, a meta-analysis of the reported outcomes could not be carried out. Table 13
highlights all the key findings of our project analysis. Some noteworthy confounding
features amongst the eligible studies are as follows: study design, study type, study
protocol, laser parameters, risk-of-bias analysis, variations in outcome measures, lack
of/disparities in numerical-data presentation, diverse follow-up durations, etc., in the
individual eligible study results. Thus, owing to the large amount of clinical, statistical
and methodological heterogeneity, relevant numerical data could not be procured from the
included studies; hence, it was agreed by all review authors that a meta-analysis was not
justifiable at this time. Furthermore, the authors believe that the confounding elements
noted in this process could be utilised by researchers to imply in their research in order to
conduct a potential MA on this subject in the future.
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Table 13. Tabular representation of limitations for meta-analytical assessment of the included studies.

Study Reference Important Characteristics to Consider for a Potential MA

[103] Therapeutic PBM approach, prospective cohort study, no control group, study groups—only PBMT (diode
GaAs 904 nm laser), follow-up duration: 242 d (±38)–8 months, moderate RoB

[104]
Therapeutic PBM approach, retrospective case series, no control group, study groups—PBM (GaAlAs
diode 808 nm/laser) + medical/surgical interventions, missing numerical data, follow-up duration:
11.72 m (range between 6 m and 25 m), severe RoB

[105] Therapeutic PBM approach, retrospective study, study groups—PBMT (1064 nm Nd:YAG laser) + laser
surgery vs. conventional surgery, follow-up duration: 13.3 m (range between 3 m and 28 m), severe RoB

[106] Therapeutic PBM approach, retrospective study, study groups—surgical vs. non-surgical t/t (diode
810 nm/laser), missing numerical data, follow-up duration: 18 m (range 12–28), severe RoB

[107] Therapeutic PBM approach, prospective study, study groups surgery vs. laser surgery vs. PRP vs. PBMT
(diode 808 nm laser), missing numerical data, follow-up duration: 9.6 m (range 2–24 months), severe RoB

[108]
Preventive PBM approach, retrospective study, study groups—antibiotics vs. surgical vs. PRP vs. PBMT
(1064 nm Nd:YAG laser), missing numerical data, follow-up duration: 1, 3, 6 m (mean follow-up 14.2 m),
severe RoB

[109] Therapeutic PBM approach, prospective study, study groups—surgical vs. PRP vs. PBMT (1064 nm
Nd:YAG laser), missing numerical data, follow-up duration: 18.04 ± 2.14 months, severe RoB

[110]

Preventive PBM approach, prospective study, study groups—Group 1 (G1) included extractions performed
in patients previously treated and completely healed for MRONJ in a different site from extraction. Group
2 (G2) included extractions performed in patients previously affected with MRONJ in the same site of
extraction, laser parameters (1064 nm Nd:YAG laser), missing numerical data, follow-up duration: 33 m,
severe RoB

[111]
Therapeutic PBM approach, retrospective study, study groups—medical or surgical, traditional or
laser-assisted approach, with or without PBMT (1064 nm Nd:YAG laser), missing numerical data,
follow-up duration: 16 months (range of 6–54 months), severe RoB

[112]
Therapeutic PBM approach, retrospective study, study groups—medical vs. surgical vs. PBMT (1064 nm
Nd:YAG laser), missing numerical data, follow-up duration: G1: 4.1 m, G2: 7.5 m, G3: 8.8 m, G4:13 m),
severe RoB

[113]
Therapeutic PBM approach, retrospective study, study groups—oncology vs. non-oncology, medical or
surgical, traditional or laser-assisted approach, with or without LLLT (1064 nm
Nd:YAG laser), missing numerical data, follow-up duration: 16.44 ± 10.95 months, severe RoB

[114]
Preventive PBM approach, case series, study groups—no control group, study groups—only LLLT
(1064 nm
Nd:YAG laser), follow-up duration: 15 m (4–31 months), severe RoB

4. Discussion

MRONJ is a debilitating adverse effect of BPs, ART or antiangiogenic agents potentially
can lead to progressive ONJ. Despite the large number of systematic reviews examined
the potential preventive/therapeutic protocols for oncology and non-oncology cohorts, it
remains a conflicting issue among the scientific community without agreed consensus.

Based on the hypothesis of PBM as a monotherapy or as an adjunct to several treatment
protocols that can enhance the clinical or microbiological or immunological profile, a critical
appraisal of the available scientific evidence was conducted. After meticulous scrutiny
of the literature, twelve studies satisfied the eligibility criteria and were included in the
present systematic review.

Due to the heterogeneity in the methodology, diagnostic criteria and assessment
tools, as well as reported outcomes, it was impossible to conduct a meta-analysis of the
included papers.

In order to gain an insight on the merits and inadequacies of the included studies,
a comprehensive systematic investigation of the pertinent literature was performed and
described below, aiming to establish a rationalised consensus and recommendations, if pos-
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sible, for future well-designed, prospective, randomised clinical trials in the management
of MRONJ, as such trials are lacking in the current scientific literature.

4.1. Description Analysis of Demographic Characteristics

The prevalence of ONJ in the recruited subjects of all the eligible studies who were
treated with ART and BPs varied among genders, in which female was predominant
(73.81%) compared to male (26.07%) (Table 14). This was observed in a recent systematic
review and meta-analysis conducted by Diioguardi et al. (2023) [130].

Table 14. Summary representation of the recruited subjects’ demographic and clinical variables of the
recruited subjects of the eligible studies of the present systematic review.

Demographic and Clinical Variable of all the Eligible Studies % of Data Present % of
NM

Gender M: 26.07; F: 73.92 NA

Mean age (yrs) 67.52 8.33

Primary disease
Malignant 25 NA

Mixed (Malignant/
Non-malignant) 75 NA

Type of malignant

Prostate 41.66

8.33
Breast 41.66

Kidney 8.33

Others 83.33

Risk factors

Extraction/MOS 77.77

NA

Denture wearer 44.44

Absence of traumatic factors 22.22

Systematic corticosteroids 75

DM 50

Comorbidities

1 33.33

502 0

≥3 16.66

ART/antiangiogenic
medications

Zoledronic acid 58.33

NA

Alendronic acid 25

Ibandronic acid 8.33

Pamidronate 16.66

Denosumab 8.33

Sunitinib 16.66

Route of drug administration

IV 66.66

NAPO 41.66

IM 8.33

Length of the administration (months) (mean) 40.24 (in 83.33%) 16.66

In this context, it was evident that osteoporotic patients were mainly female largely
involved with MRONJ, as well as subjects with BC among the eligible studies of the present
systematic review.

Additionally, the mean age of the recruited subjects in this review was 67-years-old
(52%), taking into account 8.33% of the total studies failed to specify. This is supported by a
systematic review conducted by Gaudin et al. (2015) [131].
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4.2. MRONJ Incidence, Associated Risk Factors and Affected Site

Taking the above-mentioned notes into consideration, it is noteworthy that oncology
and non-oncology scenarios are likely to determine the differences in the proportion of
osteonecrosis onset tendency for both genders who are undergoing MOS, knowing that
ART for oncology increases the risk of ONJ development [132], including the drug route of
administration and duration (Table 14). Hence, the authors of the present review indicate
that the primary pathology can determine the incidence of MRONJ rather than the gender-
dependent response. Further research is required.

In all the eligible studies, the percentage distribution of the contributed risks factors in
increasing MRONJ incidence was as follows: 77% extraction/MOS, 75% corticosteroids,
50% DM, 44% denture wearer, and 22.22% absence of traumatic factors.

Depending on the drug type, dosage and the duration of treatment exposure, drug
adverse reaction may rarely occur following oral administration of BPs or denosumab for
osteoporosis, or antiangiogenic agent-targeted cancer treatment, or commonly occurs in
more than 90% of MRONJ cases, receiving high doses of IV BPs or SC denosumab (120 mg
every 4 weeks) for cancer treatments.

An IV route was the predominant route of drug administration (66.66%) among the
cohort of the included studies in the present systematic review. Zoledronic acid (58.33%)
was the prevalent drug of choice, and this in agreement with a recent meta-analysis
conducted by Momesso et al. (2020) [133].

The introduction of denosumab in oncology and osteoporosis patients has generated
a higher rate of spontaneous ONJ development than in BPs [134]. An increase in the
proportion of cases of spontaneous MRONJ does not eliminate the risk factor of MOS
induced ONJ in this population, and, hence, precautions should be followed, according
to the American Society of Clinical Oncology (ASCO) clinical practice guidelines of July
2019 [89].

The patient’s immune response was negatively influenced by treatment duration,
trigger factor, lesion location in the mandible and recurrence rate [135]. Hence, follow-up
timepoint should be at least three years for this primary outcome.

MRONJ involves progressive destruction of bone in the mandible or maxilla, and its
occurrence depends on the medication type, dosage and duration of exposure. Mandible
is the most affected site of osteonecrosis lesion (66.23%) (Table 3), and this finding is in
agreement with a meta-analysis conducted by Momesso et al. (2020) (64.5%) [133].

On a molecular level, BPs can induce ROS production, resulting in the inhibition of
oral fibroblasts’ proliferation and migration [136]. Although BPs affect osteoclast function
throughout the skeletal system, only the jawbones can suffer from MRONJ by which the
mandible is two-fold more often affected than the maxilla [137,138]. This is due to a low
vascularity in the mandible; hence, it is more susceptible for a higher infection rate [139].

Bone exposure (100%) was present in the cohort of all the nine studies [103–107,109,111–113]
that employed the therapeutic approach of MRONJ. Local infection (55.55%) and pain
(44.44%) were noted in all the nine studies. On this note, stage II of MRONJ was prevalent
in all the nine studies that employed therapeutic approach (100%), and this finding is in
agreement with a meta-analysis conducted by Momesso et al. (2020) (68.9%) [133], followed
by stage III (88.88%) and stage I (77.77%).

A study conducted by Querrer et al. (2021) reported an increase in bone sequestra,
cortical bone necrosis and less bone density observed in BP-related ONJ, whereas larger
bone sequestra, more frequent periosteal reactions and mandibular canal enhancement
were noted in denosumab-related ONJ [140]. In the present review, the cohort of only two
out of twelve studies [106,107] were on denosumab. On this note, drug holiday of BPs,
ART and antiangiogenic was implemented at least 3 months prior to treatment to all the
cohort, but none of those two studies reported a correlation between type of drug and the
risk of ONJ development.



Pharmaceuticals 2024, 17, 1011 38 of 59

4.3. Methodology Quality
4.3.1. Evaluation of Study Design

Nine studies [104–109,111–113] in the present review were retrospective, whereas
a prospective study design was utilised in two studies [103,110], and the remaining one
study [114] was a case series. None of the studies mentioned the eligibility criteria (inclusion
and exclusion) in details, but in six studies [103,105,108,109,111,113], only one or two items
for either inclusion or exclusion criteria mentioned. Moreover, none of the included studies
reported consort flowchart.

It is noteworthy, according to the review’s eligibility criteria, that there was no evi-
dence of any RCT or quasi-RCT studies published in the scientific literature during the
review timeframe (up to 15 December 2023). This was supported by several systematic
reviews [141,142] employed different eligibility criteria, review research-focused questions
and PICO.

Tables 2–4 illustrate discrepancy and inconsistency between/among the interventional
arms of the included studies in terms of the number of recruited subjects and their gender,
number of lesions and sites, comorbidity, primary disease, oncology and non-oncology
cohort, BPs or ART duration, MRONJ grading, drug holiday and duration. Moreover,
none of the studies employed sample size calculation to determine the number of recruited
subjects in each interventional arm to fulfil the study endpoints and objectives. Identifying
the correct sample size of any study is critical to determine the confidence level of the
results. A large sample size increases the statistical power, leading to higher precision in
study estimation and a smaller margin of error.

4.3.2. Role of Diagnostic Criteria and Outcome Tools in MRONJ Prediction

There is a discrepancy among the current European and American Guidelines in the
diagnostic criteria and assessment tools in MRONJ prediction. This inconsistency was
evident among the included studies of the present systematic review. We comprehensively
outlined the current evidence-based literature in the MRONJ prediction below.

• MRONJ Staging

Several modifications have been reported since the first AAOMS 2009 staging proposal,
reflecting scientific progress. However, controversies persist when comparing the main
available staging systems.

The AAOMS guidelines primarily staged MRONJ based on clinical presentation, while
the SICMF–SIPMO guidelines [143] incorporated detailed clinical and radiological criteria.
The American board has been hesitant to include radiological findings as a diagnostic or
staging criterion due to inconsistencies in the clinical studies.

According to AAOMS classification 2022 [58] (Table 1), MRONJ is categorised into
four stages. In contrast, the Italian Socies of Maxillofacial Surgery (SICMF)–Italian Societies
of Oral Pathology and Medicine (SIPMO) 2020 recommendations outlined three stages
based on the clinical and radiological findings, omitting “stage 0” that was proposed by the
AAOMS counterpart. Stage 0 refers to patients who exhibit suggestive symptoms without
obvious radiological or clinical evidence of MRONJ. This classification rationale aligns
with orthopaedic practices, where “stage 0” encompasses patients at risk of developing
avascular necrosis without evident disease findings [58,144]. Moreover, the rational of
AAOMS adopting different perspective was based on the reported evidence, highlighting
the advantages of early surgical treatment.

Both the Italian and American committees have acknowledged that a significant
percentage of patients with “stage 0” MRONJ would progress to more severe stages. Based
on this evidence, however, the SICMF–SIPMO board declined to include it in their proposed
staging system [58,143]. Notably, the AAOMS guidelines published in 2022 [58] provided
more clinical definition based on the presence of the following features: (1) current or
previous treatment with antiresorptive therapy alone or in combination with immune
modulators or antiangiogenic medications; (2) exposed bone or bone that can be probed
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through an intraoral or extraoral fistula in the maxillofacial region that has persisted for
> eight weeks; and (3) no history of radiation therapy to the jaws or metastatic disease in
the jaws.

Despite Italian expert board introduced radiological criterion based on computer
tomography scans in their guidelines, certain controversies remain, particularly in relation
to standardised use of radiological findings for staging purposes. However, all the included
studies in the present review employed imaging investigations for diagnosis and outcomes
assessments. It is important to highlight one out of twelve studies [103] in the present
review included osteonecrosis lesions of <2.5 cm in size, whereas one study [106] included
any lesion size without specification in their inclusion criteria. The remaining ten studies
failed to mention.

Despite some initial controversies in the two sets of recommendations (AAOMS 2022
and SICMF-SIPMO 2020) were resolved, differences in relation to diagnosis and staging
remain controversial [145].

In the present review, a wide variation was observed among the eligible studies in
terms of employed diagnostic criteria, and this could be partly due to the time period in
which six studies were conducted between 2007 and 2013 [103,105,111–114], whereas the
remaining six studies were published in the period between 2014 and 2021 [104,106–110]
in which only three utilised AAOMS 2014 criteria [104,106,107,109], two studies failed to
report and one study utilised AAOMS 2009, despite the fact that it was published in 2014.

Only one study [103] that was published in 2010 employed Marx criteria [146], and
none of the included studies employed SICMF–SIPMO 2020 criteria.

• Molecular Biomarkers

In terms of molecular biomarkers, extensive efforts have been invested to explore
whether biomarkers can add value to MRONJ diagnostic criteria and endpoints assessment.
Nevertheless, the scientific literature remains debatable on the validity of the association
between predictive biomarkers and risk of MRONJ.

A systematic review conducted by Moraschini et al. (2019) [147] investigated the
evidence of 22 biomarkers in the diagnosis, prediction and severity of MRONJ. The follow-
ing eleven biomarkers showed positive evidence: CTX, bone alkaline phosphate (BAP),
IL-17, neutrophil function, OS, N-telopeptide (NTX), metalloproteinase-9 (MMP-9), VEGF,
c-reactive protein (CRP) and leukocyte count. Meanwhile, the remaining eleven biomark-
ers showed no evidence and were as follows: osteocalcin (OCN), parathyroid hormone
(PTH), triiodothyronine (T3), thyroxine (T4), thyroid stimulating hormone (TSH), vitamin
D 25-hydroxy, dihydropyrimidine dehydrogenase (DPD), procollagen type I N-terminal
propeptide (P1NP), sclerostin, alkaline phosphate (ALP) and RANKL/OPG ratio. There is
a little clinical evidence to support the validity of these markers; hence, any association
between biomarkers and MRONJ should be interpretated with caution. This was supported
by another systematic review conducted by Lorenzo-Pouso et al. (2019) [148], reporting
no useful biomarkers are currently available to evaluate MRONJ onset, but it indicated a
paradigm shift from bone turnover biomarkers to angiogenesis and endocrine markers,
paves the path for future research. Another systematic review conducted by Prá et al.
(2017) indicated that CTX is not a predictive tool in determining the onset risk of BRONJ in
patients taking BPs [149].

Only one out of twelve studies [105] (Table 5) in the present systematic review utilised
CTX as diagnostic and outcome assessment tools. Nevertheless, all the eligible studies
employed clinical and imaging instrumentations, as diagnostic and treatment outcomes
tools and this was supported by the scientific literature [150].

Interestingly, the availability of reliable salivary biomarkers for an early diagnosis of
MRONJ could make a major contribution in prescribing appropriate management strategy,
aiming to reduce morbidity.

Hypotaurine is an intermediate in the biosynthesis of taurine, which acts as an antioxi-
dant in cellular defence against OS, and the detection of an increase in salivary levels may
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be an indicative tool for early MRONJ diagnosis [151], but the authors suggested further
studies to further validate the biomarkers.

Began et al., in 2012 and 2013 [152,153], observed an increase in IL-1RA, IL1α, IL1β
and IL6 in the saliva of patients with MRONJ compared to healthy individuals. Two studies
conducted by Thumbigere-Math et al. (2013 and 2015) [154,155], showed elevated salivary
levels of MMP-9 in patients with MRONJ; hence, they proposed this protein as a biomarker
of this disease.

• Correlation between Duration of BPs Intake and MRONJ Prediction

The evidence suggests an association between the duration of BPs intake and risk
of MRONJ [156] due to BPs’ half-life of 11.2 years, and all BPs connect severely to bone
mineralised matrix. Hence, this cumulative mechanism of BPs molecules in the alveolar
bone (rapid turnover) can be considered the pathogenetic cause of MRONJ involving the
jaw bones [156]. On another hand, DB has a short half-life (26 d) and does not bind to
the bone, but it is potent enough to induce ONJ, affecting osteoclast growth in the bone
marrow [157].

In the present systematic review, the duration of BPs intake varied among oncology
and non-oncology cohorts (Table 4) at an average of 66 months and 22 months respectively.
None of the studies’ results indicated whether the duration of BPs or DB intake had an
impact on the healing outcome of the osteonecrosis lesion.

Currently, there is no robust predictive tools identifying individuals who take BPs can
be at a higher risk of developing MRONJ. Equally, there are no prognostic indicators That
can predict outcomes. This was supported by the AAOMS 2022 [58]. The authors of the
present systematic review encourage future studies to determine this link.

• Histological Analysis

Microbiological analysis of osteonecrosis lesions revealed the presence of species such
as Fusobacterium, Eikenella, Bacillus, Actinomyces, Staphylococcus and Streptococcus [158–160].
The majority of the microbes in affected patients appears to be facultative anaerobes. These
organisms are predisposed to survive in oxygen-depleted areas of necrotic bone associated
with a lack of adequate blood supply, typically in MRONJ cases [161]. This diagnostic tool
can indicate the nature of the microorganisms and the relevant effective systemic antibiotic,
if the medical therapy was appropriate.

Taking into consideration all the above-mentioned data, currently, the most reliable
tools for the onset of MRONJ risk and outcomes evaluation are the clinical examination
(clinical photographs/clinical symptoms) (Table 5) and patient’s thorough medical history
supplemented with imaging investigations.

The authors of the present review encourage more studies evaluating further the
validity of the proinflammatory salivary and bone molecular biomarkers, as well as the
link between duration of BPs and DB intakes and risk of ONJ.

Based on the above best critically appraised evidence-based scientific literature, includ-
ing the present systematic review, the authors proposed suggested recommendations for the
diagnostic and outcome assessment tools that can be employed in future extensive RCTs.

4.4. Evaluation of Holiday Protocols in MRONJ Reduction

A drug holiday is a temporary discontinuation of a drug and has been suggested
among risk reduction strategies, but up to date, there is a lack of evidence-based science and
practice among the scientific community and literature and hence drug holiday remains
controversial and this is due to a limited number of eligible patients, and a great variation
among them, as well as the difficulty to obtain data of ART holiday cohort [162].

Interestingly, employing a drug-holiday protocol prior to any invasive procedure
remains a controversial issue [163]. Ottesen et al. (2020) [164] suggested that high-dose
of AR drug holiday at the time of dental extraction or any MOS intervention should be
considered to prevent MRONJ development in oncology cohort AAOMS position paper on
MRONJ stated that two-month drug holiday before and after dental surgery in patients
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receiving oral BPs may be prudent. An international ONJ task force recommended that
treatment should be withheld after invasive dental surgery in patients receiving high-dose
BPs or DB [165,166].

The AAOMS recommendations 2014 and 2022 acknowledged the evidence of BPs
drug holiday is scary; hence, the concept remains controversial.

Table 4 shows the variation in the drug-holiday protocols employed in the eligible
studies of the present review. Only one study [114] adhered the AAOMS recommendations.
Four studies [111–114] had their cohort stopped others, whereas four studies had all their
cohort stopped the drug. Due to the inconsistency and diversity in the drug holiday
protocols in the present review, as well as its controversial in literature, the authors of the
present review would not be able to offer suggested recommendations for future RCTs, but
they truly believe a consensus between physicians, oncologists and dentists would be the
appropriate approach, weighting the benefits versus the risks.

4.5. Therapeutic Protocol Strategy

Despite several therapeutic protocols have been proposed in the literature, there is no
common rationalised consensus. Hence, the authors of this review scrutinised the included
studies, as well as the scientific literature in this section, to establish proposed suggested
recommendations of therapeutic PBM as a single or as an adjunct therapy.

4.5.1. Medical Regimen (Antibiotics and or Antiseptic Mouthwash)

There is inconsistency and diversity in the protocol and effectiveness of medical
therapy among the scientific community and available literature in the treatment of MRONJ.

Different types, doses, route of administration, frequency and duration of antibiotics
combined with antiseptic mouth rinse have been utilised with different protocols either
pre- and post-treatment or only pre- or only post-treatment (Table 7), at different MRONJ
staging, either as a single or combined therapy with CS + PBM or SL + PBM or SC or PBM
or CS + LS + Piezo + PRF + PBM or CS + PRF + PBM or CS + LS + PRF + PBM or CS +
Piezo + PRF + PBM. Studies showed statistically significant improvement in combined
Med + PBM protocol than Med + CS + PBM and Med + SL protocols among oncology and
non-oncology cohort [113].

Several studies suggested antibiotics should be given either for one week [104,106],
ten days [127], 14 d [107–114], three or four weeks, or until complete mucosal healing [167].

In recent treatment guidelines, there was a consensus that prolonged antibiotic treat-
ment was indicated in MRONJ patients with signs of infection, i.e., in all patients with
MRONJ stage II or III [27,89]. Contradictory, a study conducted by De Bruyn et al.
(2018) [168] reported no significant advantage of metronidazole and doxycycline treat-
ment in patients with MRONJ and concluded the total bacterial level in MRONJ patients
was higher even when treated with systemic antibiotics significantly different bacterial
amounts of the selected species, suggesting an alteration in the microbial population. This
was supported by studies [169,170] reporting various bacterial species associated with
MRONJ, such as Aggregatibacter actinomycetemcomitans, Prevotella spp., Fusobacterium or
Capnocytophaga spp., Streptococcus mitis, Streptococcus gordonii, Actinomyces odontolyticus and
Veillonella spp.

Medical protocols (antibiotics and antiseptic mouthwashes) have been utilised as
standard pitfalls associated with long-term antibiotic use, resulting in the development
of antimicrobial resistance (AMR) and cumulative risk of adverse events [171]. The latter
was reported in a study conducted by Walker et al. (2019) [172] highlighting frequent
colonisation of Gram-ve bacteria in necrotic bone lesions, and such bacteria are known to
have a high probability of intrinsic or acquired resistance toward penicillin. Interestingly, a
study conducted by Ji et al. (2012) [173] reported antibiotics should not be abused at any
MRONJ stage because infection does not directly lead to ONJ development.

Another limitation in the included studies of the present review was the heterogeneity
in reported antibiotics indications and regimens. Although this limits our ability to draw
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specific conclusions, it reflects the real-life challenges of managing these heterogeneous and
often medically complex patients on long-term antibiotics. Our study highlights the im-
portance of susceptibility testing, as recommended by the AAOMS [58] and Multinational
Association of Supportive Care in Cancer (MASCC)/International Society Oral Oncology
(ISOO)/American Society Clinical Oncology (ASCO) [89].

Since most patients are treated at outpatient setting, antibiotic treatment should not
only be effective against Gram-ve bacteria, but also provides a good oral bioavailability and
hence, currently a routine use of fluoroquinolones (moxifloxacin or ciprofloxacin) instead
of penicillin in MRONJ patients with stage II or III of the disease. Nevertheless, the use of
fluoroquinolones can have severe side effects, especially in elderly patients and those with
multiple comorbidities.

Using routine susceptibility testing may help to avoid using fluoroquinolones in cases
where it may not be necessary. If antibiotic treatment is warranted in patients with MRONJ,
the empiric choice of antibiotics should consider the high rate of Gram-ve bacteria, or
utilisation of cultivation methods as a guide for antibiotic treatment.

The frequent use of antibiotics especially clindamycin or amoxicillin in dental or oral
surgical procedures can lead to an increase in the bacterial resistance, resulting in serious
consequences, especially in patients with MRONJ. Hence, antibiotic treatment should be
reconsidered in each case and each patient (case-dependent decision), especially in MRONJ
patients. Therefore, further research is warranted to evaluate and develop potentially more
rational antibiotic therapies, with a special emphasis on the efficient antibiotic delivery to
the hypovascular bone matrix [174].

The AAOMS’ guidelines [27] demonstrated that rinsing the mouth with different
antiseptic solutions for 10 min results in various effects on the bone samples. For example,
rinsing with CHX significantly maintained a higher cell viability and protein release of
growth factors, which are potent to the bone remodelling cycle [175]. The percentage of
CHX at value of 0.2% or povidone iodine (PI) at value of 0.5% increases the cellular viability
and the release of potent growth factors, inducing bone remodelling and angiogenesis;
hence, this was recommended as an antiseptic-rinse protocol [175]. In the present review,
0.2% CHX mouth rinse pre- and post-operatively protocol was employed in the majority of
the included studies [104–106,108,109,113], which was aligned with AAOMS guidelines.

4.5.2. Autologous Platelet Concentrates (APCs)

The scientific evidence in utilising APCs as a single therapy (preventive or therapeutic
approach) in MRONJ management remains debatable. The results of a recent systematic
review that was conducted by Fortunato et al. (2020) [176] did not provide unequivocal
findings on the effectiveness of this therapy but did not exclude further studies that can
improve otherwise. This was supported by two studies concluded that there was an
uncertain true effect of APC in MORNJ management; hence, the overall level of evidence is
low [177,178].

PRP was utilised in two studies [107,109], as an adjunctive therapy to various treatment
protocols as follows: G1b: Med + CS + PRP + PBM; G1c: Med + CS + SL + PRP + PBM;
G1d: Med + CS + Piezo + PRP + PBM; G1e: Med + Piezo + PRP + PBM; G1f: Med + S +
PRP + PBM; and G1g: Med + SL + Piezo + PRP + PBM [107] and Med + CS + Piezo + PRF
+ PBM protocol [109]. Hence, it would be difficult to conclude whether PRP has added a
value to the clinical outcomes. Well-designed RCTs are warranted to justify this.

4.5.3. Surgical Approaches

Despite several surgical approaches (CS, LS and piezo) were utilised for various
MRONJ staging for therapeutic strategy, this treatment modality remains controversial.

The surgical approach indeed allows ablation of necrotic tissues with minimal regener-
ative and restorative capacity, which can interfere with wound healing [179]. Nevertheless,
a major challenge of the surgical treatment is to differentiate between the viable and
necrotic bone [180], which allows a minimal amount of bone removal, facilitates healing
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with minimal jawbone weakening and maximises dental prosthetic rehabilitation [180].
Fluorescence-guided surgery can be helpful in determining the resection margins; however,
it did not improve patients’ QoL instead of CS techniques [181]. On this note, importantly
to mention that surgeon’s skill and expertise are crucial to achieve minimally required
necrotic bone removal [180].

A 2940 nm surgical laser and piezo surgical tool offer a minimally invasive ablation
of the necrotic bone without compromising the integrity of the adjacent healthy bone, but
they are slower compared with the standard drill machine [182].

There is no clear guidance on how to determine the surgical plan for patients with
MRONJ stages II and III for whom conservative treatment was ineffective. Also, there is
no defined guidelines to determine the incisal margin safety and soft tissue management.
Hence, CS is advocated [183]. In the present review, the following three surgical approaches
were implemented as a single or combined therapy: CS, piezo surgery and SL (2940 nm).

Despite knowing the surgical approach offers good results for cohort with stage I and
II ONJ aiming to control the long-term effects of the disease [184,185], but it does not allow
wound healing and closure [179]. It is advised to manage the disease, as conservative as
possible, since the surgical management is not always successful in creating a new surgical
site in avascular region.

Reduced angiogenesis at MRONJ site compromises the access for monocytes/macrophages
and infection-fighting cytokines, reaching the affected area [186]. Hence, different therapies
are recommended depending on MRONJ staging defined by the AAOMS. Conservative
treatments can be performed in cases of early stages (I and II) of MRONJ and in less com-
plex cases. Whereas surgical treatment is more frequently performed in advanced stages
of MRONJ (stage III) or when medical therapy is ineffective to improve stage II symp-
toms [89,187]. Nevertheless, this pattern has increasingly been questioned and debated.

Ewald et al. (2021) [174] reported systemic antibiotic treatment is a key component in
the treatment of MRONJ stage II and III, according to the recent guidelines and recommen-
dations. The complete removal of the necrotic bone, smoothing sharp bony edges and ob-
taining a complete wound closure, accompanied by perioperative antibiotic treatment, are
generally considered to be the most suitable approach to achieve ONJ healing [23,76,77,87].
This needs to be considered with caution, taking into account the evidence the AMR that
compressively explained in subheading 4.5.1.

It remains unclear which subset(s) of patients can derive most benefit from CS and
hence multiple treatment approaches, as a single or combined therapy were as follows: Med,
SL (2940 nm), APC, PBM, piezo surgery, ozone, exhibited promising results in facilitating
the healing process. The current clinical practice guidelines predominantly recommend
antibiotic therapy as a non-surgical approach, primarily to address secondary infections in
the necrotic areas. Adjunct PRP therapy to CS tends to improve the recurrence rate with
good healing in 85–90% of the cases [177,178,188].

Med + ozone + CS + LS treatment protocol achieved complete clinical and radiographic
recovery (100%), with a complete remission of osteonecrosis [189]; hence, ozone therapy
can also be used in patients with stages II and III of MRONJ, where surgical approach
is not suitable and prolonged Medication therapy is unadvisable especially in medically
compromised oncology cohort. It is noteworthy that an average of 7.6 months of complete
remission was reported with surgical treatments compared with a period between 13 and
19 months in conservative treatments [190].

The mean duration of the lesion healing time in the eligible studies of the present
review was 40.24 months in 83.33% of them and the remaining 16.66% failed to mention.
Also, no significant association was observed between the outcomes and MRONJ locali-
sation and stage, drug treatment duration, gender, DM, corticosteroid therapy, smoking
habits, underlying disease and history of CT at both the three- and six-month follow-up.
Contradictorily, a study that was conducted by Khan et al. (2015) [165] reported that
multiple variables, such as age, gender, disease status, MRONJ stage and lesion size, played
a role in MRONJ outcomes. This controversial could be due to the subjects’ heterogeneity
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associated with different systemic diseases, comorbidities (e.g., DM type II), local factors,
mixed oncology (various type of tumour) and non-oncology (osteoporosis, Paget disease).

4.5.4. Therapeutic PBM

According to the Clinical Practice Guidelines of MASCC/ISOO/ASCO, for patients
with confirmed MRONJ, the treatment goal is to alleviate pain, control infection in soft
and hard tissues and decrease the progress or occurrence of ONJ [89]. Hence, PBM can
be considered an ideal therapy in modulating pain intensity [60–64], prompting wound
healing [191] and regulating cell metabolism [117]. In the present review, several treatment
protocols were employed in which therapeutic PBM was utilised as a monotherapy or
combined to one or more of the treatment modalities mentioned in Section 4.5.

It is important to highlight that one study employed PBM as a monotherapy [103], and
two studies utilised PBM either as an adjunct therapy to combined Med + CS protocol, [104]
or to multiple therapies protocols, Med + CS + Piezo + PRF [109].

A study conducted by Nica et al. (2021) showed the overall success of PBM as a
monotherapy with a complete wound healing (96%) was reported in 241 patients who were
exposed to antiresorptive or antiangiogenic therapy and developed MRONJ at various
stages. Of the 108 patients treated with CS + Med + PBM, 96% resolved, with only one
case progressing [125], indicating PBM effectiveness as a single therapy or combined in
achieving a complete wound closure. This is in agreement with a study conducted by
Scoletta et al. (2010) [103], utilising PBM as a monotherapy for mixed cohort (oncology and
non-oncology), which significantly decreased the fistula after 4 weeks, where 60% improved
and 40% stable at one-month follow-up with no adverse effects reported. However, at
8 months, 85% reported stable. In this context, a study conducted by Altay et al. (2014) [104]
utilised PBM + Med + CS protocol for oncology cohort and reported 100% lesion resolution
and another study [109] employed PBM to Med + CS + Piezo + PRF protocol for oncology
cohort reported similar results (100% resolution). This is in agreement with another study
conducted by Tenore et al. (2020) [115].

The above-mentioned notes indicate the therapeutic PBM as an adjunct to Med + CS
protocol or Med + CS + Piezo + PRF protocol for oncology cohort have optimised the
clinical outcomes to 100% MRONJ lesion resolution compared with PBM as a monotherapy.

Taking into account the adverse effects of antibiotic resistance, aPDT has emerged
as a viable alternative to conventional antimicrobial agents due to its ability to modulate
metabolic, biochemical, photophysical and inflammatory processes and promote analgesia
without the adverse effects of drug resistance.

aPDT and PBM attenuate the severity of ONJ, promote reduction of necrotic lesion
expansion and MRONJ downstage from III to II. They also reduce the inflammatory activi-
ties of the macrophages and T lymphocytes and upregulate cytokines that stimulate cell
proliferation and differentiation [192]. Importantly, a complete mucosal closure is crucial in
osteonecrosis lesion healing rather than bone healing. Hence, PBM can improve primary
soft tissue healing by IL-1RA-mediated tissue inflammation inhibition and epithelial cell
migration, resulting in promoting the underlying osseous tissue repair and preventing
MRONJ development. Additionally, PBM plays a crucial role in regulating transforming
growth factor β1 (TGF-β1) signalling pathway, which relatively certain is involved in
MRONJ development [193–195]. Extensive studies to explore the latter is important to
optimise clinical outcomes.

A study conducted by Abdolrahmani et al. (2024) [67] reported combined Pentoxi-
fylline and alpha tocopherol (PENT-E), teriparatide, PBM, aPDT and the use of growth
factors have shown to enhance tissue healing in MRONJ patients. Implementing these
methods alone or in conjunction with surgical treatment has been linked to reduce discom-
fort, improve wound healing and enhance bone neoformation. Further studies are required
to validate this protocol.

Taking the above-mentioned notes into consideration, we summarised the therapeutic
approach for MRONJ and, hence, suggested recommendation based on evidence-based
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science and practice in utilising PBM as adjunct therapy to combined CS + aPDT +/− piezo
and PRF (oncology and non-oncology cohorts).

4.6. Assessment of the Reported PBM Parameters

Controversies remain on tissue biostimulation induced by laser irradiation due to a
lack of uniform reported physical and biological variables, such as type of laser, output
power, frequency of light pulse, fluence, time of application, distance of source from the
irradiated tissue and histological differences between treated tissues; thus, summarising
the results is extremely difficult. Also, the molecular factors such as light absorption by
mitochondrial enzymes, cytochromes, flavins are poorly reported.

In terms of therapeutic PBM in oncotherapy associated bone necrosis, WALT recom-
mends intraoral visible (red 630–680 nm) or transcutaneous NIR (800–1100 nm) wavelength
LED/laser device with a power density (treatment surface irradiance) of 10–150 mW/cm2

for a total dose of 2 Einstein (photon fluence at 810 nm = 9 p.J/cm2) per treatment field
performed [196]. They stated that “the treatments should be repeated 3 to 4 times a week for 4 to
6 weeks, or until clinical benefit is evident”. The latter more or less coincides with the findings
of the present review where the treatment protocol was five sessions per week either for
6 weeks or for 8 weeks.

Interestingly, in terms of wavelength, the majority of the included studies in the
present review utilised 1064 nm [105,108–114], but the remaining studies utilised 808, 810
and 909 nm (Table 6). There was no distinguished protocol whether the cohort was oncology
or non-oncology within each interventional arm. Moreover, none of the included studies
utilised intraoral visible laser light (WALT recommendations), but all of them utilised NIR
(808–1064 nm) intraorally. Nevertheless, we suggest in advanced cases of MRONJ (stage III)
where extraoral sinus or fistula is present, an extraoral PBM approach can be employed
based on WALT recommended dosimetry noted above.

It is noteworthy that a study conducted by Merigo et al. (2018) [107] reported a fluence
value of 21231 J/cm2 (theoretically) for PBM. We need to emphasise that such a fluence
value is not possible for PBM, as it would definitely generate thermal responses. Equally,
the following PBM irradiance values (W/cm2) would generate thermal effects: 1262.5 [110],
268.81 [111], 268.57 [112], 268.81 [113] and 1562.5 [114].

Taking all the above-mentioned notes into account, we extrapolated the laser dosimetry
of only two out of twelve included studies in the present review [104,105], reporting the
most required parameters and are within the range of the WALT recommendations. The
laser parameters are as follows: 808 nm (laser), 0.5 W, CW, 3 s/spot, 1.4 J/spot, 5 J/cm2,
0.28 cm2, laser–tissue distance was ranged between 0.5–1 cm [104] and 1064 nm, 0.25 W,
pulsed, 10 Hz, 1.25 J, 60 s, 6.25 J/cm2, 0.4 cm2; and laser–tissue distance was 4 cm [105].
Based on the latter, we calculated the suitable laser dosimetry for future RCTs, which are
as follows: 808 nm at 5 J/cm2 is 7.5 p.J/cm2 which is 1.7 Einstein. Moreover, 1060 nm at
6.5 J/cm2 is also 7.5 p.J/cm2, which is 1.7 Einstein.

4.7. Preventive Protocol Strategy

MRONJ detection and diagnosis at an early stage to avoid the risk of progression and
effectively prevent its occurrence are the fundamental keys for MRONJ management, by
screening high-risk patients (AAOMS) [89].

The diagnosis and prevention of ONJ play a significant role not only in QoL im-
provement in MRONJ cohort, but also in decision-making process among the majority of
Multidisciplinary team (MDT) (doctors, dentists, oncologists and dental hygienists), to
screen high-risk patients [89,197].

4.7.1. Preventive PBM

The prevention of MRONJ has been indicated as a crucial factor in those patients
receiving ART. In the present review, 3 out of 12 studies [108,110,114] employed preventive
approach in MRONJ management based on one group in each study, and their protocols
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were as follows: PBM as a monotherapy [108], PBM as an adjunct to CS + Med in two
studies [110,114]. The results were positive.

Based on the above-mentioned notes, PBM therapy as preventive measure to avoid
MRONJ following MOS procedure exploit biostimulation of the mitochondrial cells in-
duced by the irradiation, resulting in improved healing of both hard and soft tissues. After
tooth extraction, however, bone directly exposed to the oral environment is vulnerable to
colonisation by organised microbial biofilms. Such polymicrobial communities composed
of bacteria and occasionally yeast, fungi and viruses embedded in extracellular polymeric
substance, have been found in bone specimens from sites affected by MRONJ [120]. There-
fore, aPDT can be effective prior to the dental procedure as a preventive measure [120].

MDT should collaborate and work with patients at an early stage of this disease,
addressing the risk factors for MRONJ. Additionally, oncologists, dentists and dental
specialists should be practised at every period of treatment, sharing treatment informa-
tion contemporaneously. Preventive measures of preoperative professional oral hygiene
and antimicrobial mouthwashes, as well as post-operatively, until complete mucosal heal-
ing [167,198–200]. Additionally, to optimise the preventive approach of MRONJ, a meticu-
lous physical and subjective examination, periodic correction of dental prostheses, as well
as any necessary dental treatments are necessary to prevent or minimise the risk of ONJ.
This is illustrated in Section 4.7.2’s subheading.

4.7.2. Oral and Dental Care Pathways

Primary prevention aims to eliminate oral and dental risk factors by focusing on
restoring and/or maintaining good oral health, thereby reducing the risk of pathological
conditions or other adverse events. MRONJ prevention should be tailored, considering the
individual patient’s risk of MRONJ, frailty and life expectancy. It is essential to identify
and remove all oral conditions that are known to trigger MRONJ and restore meticulous
oral health, starting pre-treatment and continuing throughout the course of BPs therapy.
Oral surveillance and appropriate dental care should be prolonged after drug cessation,
due to its known long-standing inhibition of jawbone remodelling [89,197]. The authors
summarised the oral and dental pathway protocols in Table 15.

Table 15. Representation of the oral and dental pathway strategies.

ART Timeframe Risk Oral and Dental Care Protocol and Treatment Plan Reference

Pre/peri/post-
ART

At low and
high

• MDT consultation to evaluate the case.
• Regular dental check-up at least 4 times a year.
• A thorough physical and subjective examination.
• Periodic correction of dental prostheses.
• Intraoral examination: posterior 2/3 tongue emerges as a valid indicator of

the patient’s microbiota status.
• Initial consultation with X-ray, OPT.
• DMFT (Decayed, Missed and Filled Teeth).
• Oral Health-Related Quality of Life.
• Periodontal disease management.
• Removal of unrestored teeth/eradicate pathologies in atraumatic approach,

at least 3 weeks prior ART for mucosal healing/4–6 weeks prior initiating
ART for initial bone healing).

• Minimal restorative treatment and manual instruments/Er:YAG laser.
• Mouthwash regimens.
• Employing PBM for pain management, wound healing and

anti-inflammatory effects.
• aPDT in management of periodontal diseases, viral and bacterial

management.
• Periodic professional oral hygiene.
• Patient education and motivation and make them aware of the drug

complications.
• Home oral-hygiene protocol.

Table 7
Subheadings 4.5.4. and

4.7.1.
[27,200–202]
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4.8. Limitations of the Quantitative Analysis

A very first systematic review was by Rupel et al. (2014) [203] aimed to identify differ-
ent treatment approaches for bisphosphonate related osteonecrosis of the jaws (BRONJ)
that are reported in literature and to assess healing rates for each category of treatment and
for each BRONJ stage. The authors found out that the overall outcome results and results
for every disease stage were the highest when patients were treated with extensive surgery
or extensive laser assisted surgery.

Another systematic review was conducted by Weber et al. (2016) [204] aimed to assess
the efficacy of laser therapy in the management of BRONJ and concluded in their review
that combined treatment with antibiotics, minimally invasive surgery (including Er:YAG
LS) and PBM therapy in the early stages of the disease should be the gold standard for
bisphosphonate-related osteonecrosis of the jaw management.

A systematic review conducted by Li et al. (2020) [205] assessed the effectiveness of
laser-assisted treatments for MRONJ. The authors found that PBM therapy using visible
and infrared GaAs laser demonstrated significant differences in pain scores across the
included studies. The effectiveness of other laser assisted treatments was uncertain [205].
They concluded that more RCTs of a good quality with a low risk of bias are needed
to examine whether laser-assisted treatment should be a routine part of management of
patients with MRONJ.

A recent systematic review with a pooled analysis was conducted by Di Fede et al.
(2021) [141] in order to compare MRONJ surgical techniques (conservative or aggressive)
versus combined surgical procedures (surgery plus a non-invasive procedure). They found
that a statistically significant difference in the 6-month improvement rate, comparing
combined conservative surgery versus only aggressive (91% versus 72%, p = 0.05), was
observed [141]. No significant difference regarding any group with respect to the 6-month
total resolution rate (82% versus 72%) was demonstrated [141].

Another key finding was that CS combined with various, adjuvant, non-invasive
procedures (ozone, PBM, or blood component + LS) were reported to achieve partial or full
healing in all stages, with improved results and the improvement of many variables. The
reviewers further emphasised on the need for more well-controlled studies on this topic in
order to obtain definitive results [141].

Razavi et al. (2022) [206] aimed to assess the efficacy of adjunctive PBM in the manage-
ment of MRONJ. Based on their findings, the authors concluded that PBM, as an adjuvant
therapy, can significantly improve the outcomes of each treatment plan; however, surgical
intervention for the complete healing of the lesions is suggested.

The results of our systematic review analysis are in accordance with the existing
research on this subject. A common agreement amongst all reviewers is the lack of well
controlled trials with robust methodology quality and long-term follow-up. Till date, a
meta-analysis on this topic remains unaccomplished. The high heterogeneity and lack of
uniformity in the methodology of the available research along with high levels of risk of
bias affecting the quality of the conducted research are a few major concerns that may be
accountable for the lack of quantitative analysis existing on this topic.

4.9. Suggested Rationalised Recommendations and Consensus for Future RCTs

Addressing the results of all the subheadings in this discussion section, it is evident
there is a discrepancy in the methodology, diagnostic and outcomes assessment criteria,
which undoubtedly have a great impact on the optimal outcomes of the treatment commen-
surate with statistically significant inconsistency, despite significant MRONJ improvements
and stage downscaling at follow-up timepoints. Importantly, these methodological inade-
quacies can increase the risk of inconsistency of the general guidelines worldwide, resulting
in lack of effectiveness in handling patients at risk or affected by MRONJ.

We employed Level of Evidence assigned to address the above-mentioned indications
grounded by the study design, according to Somerfield criteria [207].
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A suggestion was possible for lower-level evidence, only when consistent evidence
from multiple studies and panel consensus on the interpretation of this evidence. Thus,
to enable maximal, practical clinical use and promote future research for PBM in MRONJ.
Hence, the results of the included studies were categorised as “suggested” levels (IV, V and
panel consensus) as follows: Level IV [103–113] and Level V [114].

Based the Somerfield criteria, the authors suggested rationalised consensus and rec-
ommendations for robust and valid methodology for future multi-centre well-designed
RCTs based on the Level of Evidence of the extrapolated data and the available scientific
literature. This is illustrated in Table 16.

Table 16. Representation of authors suggested rationalised consensus and recommendations based
on the Level of Evidence of the included studies of the present review and the current the scientific
literature for robust and valid methodology for future extensive RCTs.

Key Factors Suggested Recommendation Citation of Evidence

Recruiting subjects and sample size

• Mean age: >60 years old
• Gender: Same gender cohort in each

interventional arm. Mixed-gender subjects can
be determined based on the RCTs’ aims and
objectives.

• Sample size: equal distribution of the sample
size in the intervention and placebo groups.

• Sample size calculation should be employed to
determine the significant number of participants,
serving the study’s endpoints.

• Subjects with the same systemic disease, primary
diagnosis and MRONJ grade.

• Oncology or non-oncology cohort. Mixed cohort
with different BPs intake has a great impact on
the management protocol.

• Subjects with one affected site either; maxilla or
mandible in all interventional arms.

Subheadings 4.1 and
4.2,

[208] and Tables 2
and 14

Randomisation and blinding processes

• Two independent blind investigators to assess
the variables at all timepoints.

• Double-blind and record the data.
• Robust randomised process.
• Parallel arm study design.

Subheading 4.3.1
Evaluation of study

design

Risk factors

• Local; systemic; drug-related factors (drug class;
bioavailability; administrative route; cumulative
drug dose, which is influenced by drug
half-shelf-life; and treatment duration).

• Holiday drug depends on MDT decision.
• MRONJ staging.
• Oncology or non-oncology cohort.
• Identifying patients at risk: detect disease early

and treat appropriately based on severity.

Subheadings: 1.1.,1.4,
4.2., 4.4 and 4.3.2

Table 14

Eligibility criteria

• Currently, AAOMS 2022 is very comprehensive
to employ.

• Identifying subjects at highest risk for MRONJ
treated with ART.

[58]

Study protocol

• Needs for improvement in study methodology.
• Provision of data related to all aspects of

study protocol.
• Provision of numerical data of treatment

outcomes for quantitative analysis.

Subheadings: 3.13, 3.14
and 3.17.

Tables 2 and 9
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Table 16. Cont.

Key Factors Suggested Recommendation Citation of Evidence

Interventional arms

Therapeutic

• Main arm: PBM
• Comparable arms:

PBM + aPDT; LS +
aPDT + PBM;
PBM + CS + aPDT
+/− piezo + PRF

• Standard
treatment
care/sham
PBM arm

Subheading 4.5.4

Preventive

• Main arm: PBM
• Comparable arms:

PBM + CS + aPDT;
PBM + CS + aPDT

• Standard
treatment
care/sham
PBM arm

Subheading 4.7.1

Note: advanced stage III MRONJ

Invasive surgery (resection) would be the primary
treatment modality, and combined PBM and aPDT, as
adjunct with or without bone augmentation (APCs or

bone graft depending on the size of the defect).
MDT consensus is crucial prior to the therapeutic

Subheading 4.5.3

PBM and aPDT
dosimetry and

treatment
protocols

(therapeutic or
preventive)

PBM

WALT suggested dosimetry (oncology and
non-oncology cohort) Based on the included studies
[104,105], the authors suggested the following laser

dosimetry: 808 nm at 5 J/cm2 is 7.5 p.J/cm2 which is
1.7 Einstein; 1060 nm at 6.5 J/cm2 is also 7.5 p.J/cm2

which is 1.7 Einstein.

Subheading
4.6[104,105,196]

aPDT
0.01% methylene blue and its derivative, 0.01%

phenothiazine chloride were the reported
photosensitisers.

[120,209]

Oral and dental assessment pathways
• Pre-, peri- and post-ART oral and dental care

protocols
• Mouthwash regimens pre/peri/post-ART

Tables 7 and 15

Diagnostic criteria/assessment tools for
preventive and therapeutic approaches

• OS measurement
• Oxidised glutathione (GSSG)/glutathione (GSH)

ratio is a significant factor in predicting the
development of MRONJ.

• Salivary levels of various biomarkers
(hypotaurine, IL1alpha, IL-Beta, IL-1RAA and
IL6).

• CTX, BAP, IL-17, neutrophil function, OS, NTX,
metalloproteinase-9 (MMP-9), VEGF, CRP and
leukocyte count.

• BTM for treatment response prediction/control
of treatment compliance

• Imaging: CBCT, CT and MRI.
• Clinical examinations, clinical photos.
• Histological analysis (biopsy).
• Microbiological profile: detecting oral bacterial

load; resistance, susceptibility.

Subheadings 1.3.3.,
1.3.1. and 4.3.2;

Table 8; and
[47,89,210]

CT treatment protocol increase MRONJ incidence.
Medication type and dose;

Subheadings 1.2.
1.1.1 and 1.4.2; and [38]
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Table 16. Cont.

Key Factors Suggested Recommendation Citation of Evidence

Comorbidity/primary lesion evaluation Validated Adult Comorbidity Evaluation (ACE) Results section and
Tables 2 and 14

Endpoints Quantifiable and clinically relevant. Subheadings 2.2 and
2.7, Table 14 and [89]

Response assessment criteria

Complete healing time; lesion response criteria:
resolved; recurrence; stable; complete healing; VAS

for pain;
Wound-healing grades for mucosal healing

[89]

Follow-up timepoint

1/12; 3/12; 6/12; 12/12; 18/12; 24/12 for
both therapeutic

and preventive approaches for both oncology and
non-oncology cohorts.

The authors advise the follow-up period to be up to
4 years in advanced MRONJ (stage III) and in

oncology cases.
MDT needs is the decision maker

Tables 4 and 14

5. Conclusions

The present systematic review, for the first time, showed that PBM, as a monotherapy
or as a primary adjunct therapy to aPDT or to any standard treatment(s), is a promising
modality for therapeutic or preventive approach in MRONJ management.

The authors concluded that the preventive approach in MRONJ management is signif-
icant in prompting bone healing, minimising complications and enhancing patient’s QoL;
hence, they recommend this approach. Moreover, MDT consultation and patients’ oral
and dental assessment, as well as disease awareness prior to ART commencement, play a
crucial role in minimising ONJ complications. Moreover, the author suggested bone and
salivary biomarkers that can be utilised for MRONJ risk prediction. Nevertheless, robust
studies are warranted to validate the most suitable predictive biomarkers for ONJ risk.

The authors established a proposed PBM laser dosimetry protocol for future RCTs, for
the first time, which is as follows: 808 nm at 5 J/cm2 is 7.5 p.J/cm2, which is 1.7 Einstein;
1060 nm at 6.5 J/cm2 is also 7.5 p.J/cm2, which is 1.7 Einstein.

As there are no clinical RCTs in the current scientific literature employing PBM as
a single or adjunct modality (preventive or therapeutic) for oncology or non-oncology
cohort in MRONJ management, the authors produced suggested a rationalised consensus
and recommendations, for the first time, as a guide for future multi-centre, well-designed,
prospective clinical RCTs with a long-term follow-up.
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